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Introduction

The toxicological monographs and monograph addenda contained in this volume were 
prepared by a WHO Core Assessment Group on Pesticide Residues that met with the FAO 
Panel of Experts on Pesticide Residues in Food and the Environment in a Joint Meeting on 
Pesticide Residues (JMPR) in Rome, Italy, on 21–30 September 2010.

Nine of the substances evaluated by the WHO Core Assessment Group (chlorothalonil 
metabolite R611965, clothianidin, cyproconazole, dicamba, etoxazole, fl ubendiamide, fl uo-
pyram, meptyldinocap and thiamethoxam) were evaluated for the fi rst time. Two compounds 
(dithianon and tebuconazole) were re-evaluated within the periodic review programme of the 
Codex Committee on Pesticide Residues (CCPR). Reports and other documents resulting 
from previous Joint Meetings on Pesticide Residues are listed in Annex 1.

The report of the Joint Meeting has been published by the FAO as FAO Plant Produc-
tion and Protection Paper 200. That report contains comments on the compounds considered, 
acceptable daily intakes established by the WHO Core Assessment Group and maximum 
residue limits established by the FAO Panel of Experts. Monographs on residues prepared by 
the FAO Panel of Experts are published as a companion volume, as Evaluations 2010, Part I, 
Residues, in the FAO Plant Production and Protection Paper series.

The toxicological monographs and monograph addenda contained in this volume are 
based on working papers that were prepared by temporary advisers before the 2010 Joint 
Meeting. A special acknowledgement is made to those advisers and to the Members of the 
Joint Meeting who reviewed early drafts of these working papers. 

The designations employed and the presentation of the material in this publication do 
not imply the expression of any opinion whatsoever on the part of the World Health Organi-
zation concerning the legal status of any country, territory, city or area or of its authorities, or 
concerning the delimitation of its frontiers or boundaries. The mention of specifi c companies 
or of certain manufacturers’ products does not imply that they are endorsed or recommended 
by the World Health Organization in preference to others of a similar nature that are not 
mentioned. 

Any comments or new information on the biological properties or toxicity of the com-
pounds included in this volume should be addressed to: Joint WHO Secretary of the Joint 
FAO/WHO Meeting on Pesticide Residues, Department of Food Safety and Zoonoses, World 
Health Organization, 20 Avenue Appia, 1211 Geneva, Switzerland.
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CHLOROTHALONIL METABOLITE R611965 (addendum)

First draft prepared by
G. Wolterink1 and V. Dellarco2

1 Centre for Substances and Integrated Risk Assessment, National Institute for
Public Health and the Environment, Bilthoven, the Netherlands

2 Offi ce of Pesticide Programs, Environmental Protection Agency,
Washington, DC, United States of America (USA)
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Explanation

R611965 (3-carbamyl-2,4,5-trichlorobenzoic acid, formerly known as SDS-46851) is a 
c hlorothalonil metabolite that is formed in the soil and taken up through the roots by crops. The 
present Meeting evaluated R611965 for the fi rst time.

Chlorothalonil (Chemical Abstracts Service [CAS] No. 1897-45-6) and SDS-3701, a 
c hlorothalonil metabolite that is found in plants, soil and ruminants, were last evaluated by the Joint 
FAO/WHO Meeting on Pesticide Residues (JMPR) in 2009.

The present Meeting evaluated the newly submitted studies on R611965 at the request of the 
2009 JMPR, to address the toxicological relevance of this soil degradation product.

All critical studies complied with good laboratory practice (GLP).
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Evaluation for acceptable daily intake

1. Biochemical aspects

1.1 Absorption, distribution and excretion

Rats

A single dose of 14C-ring-labelled R611965 (radiochemical purity 98.6%) and unlabelled 
R611965 (purity 99.3%; Lot No. 0207) was administered to Sprague-Dawley (Crl:CD Br VAF/Plus) 
rats (fi ve of each sex per dose) at 10 or 1000 mg/kg body weight (bw). Two males and two females 
received vehicle only (0.75% methylcellulose). Expired air was collected at 6, 12 and 24 hours after 
dosing. Urine and faeces were collected at 6 (urine only), 12 and 24 hours and daily thereafter. After 
7 days, the animals were killed, and levels of radioactivity were determined in a range of organs and 
tissues. Statements of adherence to quality assurance (QA) and GLP were included.

Average recovery ranged from 91% to 99%. Following administration, 90% of the admin-
istered dose was excreted within 48 hours (10 mg/kg bw) or 96 hours (1000 mg/kg bw). At both 
doses, the major route of excretion was faeces (68–77% of the dose), with 16–27% being excreted 
in urine. Less than 0.02% of the administered dose was expired, and after 7 days, less than 0.3% of 
the dose was recovered from tissues and carcass. At termination, highest concentrations were found 
in liver (0.02–0.05% of the dose). No obvious sex differences were observed (Ho, Marciniszyn & 
Killeen, 1990).

2. Toxicological studies

2.1 Acute toxicity

The results of studies of acute toxicity with R611965 are summarized in Table 1. 

2.2 Short-term studies of toxicity

Mice

In a range-fi nding study, Crl:CD-1(ICR) VAF/Plus mice (fi ve of each sex per dose) were fed 
diets containing R611965 (purity 99.3%; Lot No. 0207) at 0, 250, 500, 1000, 5000 or 10 000 parts 
per million (ppm), equal to 0, 46, 96, 188, 963 and 2028 mg/kg bw per day in males and 0, 54, 108, 
217, 1023 and 2112 mg/kg bw per day in females, for 28 days. Clinical observations were made daily, 
and a complete physical examination was performed weekly. Body weights and feed consumption 
were measured weekly. At termination after 28 days, haematology was performed, and the animals 
were necropsied. Selected organs were weighed, and lungs, liver, kidneys, testes and ovaries were 
examined histologically. Statements of adherence to QA and GLP were included.

The only fi nding in this study was slight to mild hyperplasia of the renal tubule epithelium in 
males at 250 (1/5), 1000 (1/5) and 10 000 ppm (2/5), but not at 500 or 5000 ppm. The severity of 
the lesion did not increase with dose, and there was no dose–response relationship. Moreover, in an 
18-month dietary study in mice of the same strain, using 60 animals of each sex per dose, no treat-
ment-related effects on kidneys were found at doses up to about 1000 mg/kg bw per day (Lucas & 
Laveglia, 1994). Therefore, it is concluded that the slight to mild hyperplasia observed in the present 
study is likely to be an incidental fi nding. Other parameters were also not affected by t reatment 
(M izens & Killeen, 1991).
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In a 90-day dietary study, Crl:CD-1 (ICR) VAF/Plus mice (10 of each sex per dose) received 
diets containing R611965 (purity 99.3%; Lot No. 0207) at 0, 250, 750, 2200 or 7500 ppm, equal to 
0, 41, 122, 368 and 1270 mg/kg bw per day for males and 0, 47, 145, 456 and 1532 mg/kg bw per 
day for females. The animals were observed daily for mortality and clinical signs and were given a 
detailed physical examination weekly. Body weights and feed consumption were measured weekly. 
At the end of the treatment period, blood was collected for haematology. At the end of the scheduled 
period, the animals were killed and necropsied. Brain, liver, kidneys and testes were weighed. An 
extensive range of tissues was examined histologically. Statements of adherence to QA and GLP 
were included.

One low-dose moribund female was killed. The poor physical state of the animal was consid-
ered not related to treatment. There were no treatment-related effects on clinical signs, body weight, 
body weight gain, feed consumption, organ weights or macroscopic abnormalities. Isolated statisti-
cally signifi cant differences in haematological parameters between control and treated groups were 
not dependent on dose and were considered not treatment related. Slight to moderate renal tubular 
epithelial hyperplasia was observed in some male mice in the 250 (1/10), 750 (2/10) and 7500 ppm 
(4/10) dose groups, but not in controls or at 2200 ppm. There was no evidence of a dose–response 
relationship for this effect or an increase in the severity of the lesion with increasing dose. Given that 
no treatment-related effects on kidneys were found at doses up to about 1000 mg/kg bw per day in 
an 18-month dietary study in mice of the same strain, using 60 animals of each sex per dose (Lucas 
& Laveglia, 1994), it is concluded that the renal hyperplasia observed in the present study is likely 
to be an incidental fi nding.

The no-observed-adverse-effect level (NOAEL) was 7500 ppm, equal to 1270 mg/kg bw per 
day, the highest dose tested (Fillmore, Mizens & Killeen, 1991). 

Rats

In a range-fi nding study, CD Sprague-Dawley rats (fi ve of each sex per dose) were fed diets 
containing R611965 (purity > 94%; Lot No. 0202) at concentrations of 0, 125, 250, 500, 1000 or 
2000 mg/kg bw per day (the dietary concentrations were adjusted based on body weight and feed 
consumption to maintain the target doses) for at least 14 days. Clinical observations (daily), complete 
physical examinations, body weights and feed consumption (weekly), haematology, clinical chemis-
try and urinalysis (at termination) were assessed. At the end of the scheduled period, the animals were 
killed and subjected to a full postmortem examination. Selected organs were weighed, and a limited 
range of specifi ed tissues was taken for subsequent histopathological examination. Statements of 
adherence to QA and GLP were included.

The animals consumed between 83% and 90% of the target doses of R611965. There were no 
treatment-related effects on mortality, clinical fi ndings, body weight, body weight gain, feed con-
sumption, haematology, urinalysis or organ weights, and there were no macroscopic or histopatholog-
ical abnormalities. Isolated statistically signifi cant differences, observed in some clinical c hemistry 

Table 1. Results of studies of acute toxicity with R611965

Species Strain Sex Route Vehicle Purity (%) LD
50

 (mg/kg bw) Reference

Rat Sprague-
Dawley

Male/female Oral 0.5% methylcellulose ~95 > 5000 Shults & Killeen 
(1985)a,b

LD
50

, median lethal dose
a  Statements of adherence to GLP and QA were included.
b   Only two animals of each sex per dose were used. Soft stool and mucus in the stool were noted in two rats dosed at 1000 mg/kg bw. Soft 

stool, mucus and tan-coloured particles in the stool were noted in all rats dosed at 5000 mg/kg bw. One rat dosed at 5000 mg/kg bw also 
exhibited anogenital staining. Red nasal discharge and/or chromodacryorrhoea were observed in one male on day 7 and in one female 
on day 10. There was no effect on body weight, and no compound-related gross pathological changes were noted.
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parameters at 125 and 250 mg/kg bw per day, were small and not observed at higher doses and were 
considered not to be treatment related (Wilson, Sadler & Killeen, 1985).

CD Sprague-Dawley rats (fi ve of each sex per dose) received R611965 (purity > 94%; Lot 
No. 0202) in the diet at 0, 500 or 2000 mg/kg bw per day (the dietary concentrations were adjusted 
based on body weight and feed consumption to maintain the target doses) for at least 30 days. Clinical 
observations (daily), complete physical examinations, body weights and feed consumption (week-
ly), haematology, clinical chemistry and urinalysis (at termination) were assessed. At the end of the 
scheduled period, the animals were killed and subjected to a full postmortem examination. Selected 
organs were weighed, and an extensive range of tissues was examined histologically. S tatements of 
adherence to QA and GLP were included.

The animals consumed between 92% and 105% of the target doses of R611965. There were 
no treatment-related effects on mortality, clinical fi ndings, body weight, body weight gain, feed con-
sumption, haematology, clinical chemistry, urinalysis or organ weights, and there were no macro-
scopic abnormalities. Relative liver weights were increased in both sexes at 500 mg/kg bw per day 
(10–13%, statistically signifi cant for females) and 2000 mg/kg bw per day (17–18%, statistically 
signifi cant in both sexes). It was noted, however, that the relative liver weights of controls were below 
the historical control range and that only the relative liver weights of males at 2000 mg/kg bw per day 
exceeded the historical control range. Very slight to slight centrilobular hypertrophy was seen in all 
high-dose animals and in one male at 500 mg/kg bw per day. In the absence of histopathological dam-
age and relevant clinical chemistry changes, the increased relative liver weight and h epatocellular 
hypertrophy should not be considered adverse effects.1

The NOAEL was 2000 mg/kg bw per day, the highest dose tested (Wilson & Ignatoski, 1986).

A combined 90-day toxicity and single-generation reproductive toxicity study with R611965 
was performed in which 35 rats of each sex per dose were given feed containing R611965. Twen-
ty-fi ve rats of each sex per dose were used to study the reproductive effects of R611965. The fi ndings 
of the 90-day study are summarized here. Sprague-Dawley rats (10 of each sex per dose) received 
R611965 (purity > 99%; Lot No. 46851-0204) in the diet at 0, 250, 750 or 2000 mg/kg bw per day 
(the dietary concentrations were adjusted based on body weight and feed consumption to maintain 
the target doses) for a duration of 90 days. The animals were subjected to clinical observations (dai-
ly), physical examinations, body weight and feed consumption measurements (weekly), haematology 
and clinical chemistry (weeks 6 and 13), urinalysis (weeks 5 and 12) and ophthalmoscopy (day 75). 
At the end of the scheduled period, the animals were killed and necropsied. Selected organs were 
weighed, and an extensive range of tissues was examined histologically. Statements of adherence to 
QA and GLP were included.

From week 7 of treatment onward, occasional soft stools were observed in animals fed 2000 mg/
kg bw per day, more commonly in males than in females. However, induction of soft stools by 
R611965 was not reported in a 2-year study in rats (Killeen, Laveglia & Serrone, 1993) and in stud-
ies of reproductive toxicity (Serrone & Killeen, 1988; Lucas & Killeen, 1993), and therefore these 
fi ndings are considered not toxicologically signifi cant. An increase (19%) in prothrombin levels was 
seen in high-dose males at week 6, but not at week 13. At the high dose, increases in blood glucose in 
males (29%) and potassium in females (9%) and a decrease in alanine aminotransferase (ALT) activ-
ity in females (21%) were signifi cantly different from control at week 6, but not at week 13. These 
fi ndings in blood are therefore considered fortuitous and not related to treatment. No toxicologically 

1  Guidance on the interpretation of hepatocellular hypertrophy, General consideration 2.7 in Annex 1, 
r eference 107.
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relevant macroscopic or microscopic fi ndings were observed. Statistically signifi cant increases in 
relative liver weights (9–10%) and relative kidney weights (10–12%) in mid- and high-dose males, 
in relative liver weights (10%) in high-dose females and in relative adrenal weights (20–27%) in fe-
males of all dose groups were observed. These weight changes were not accompanied by histological 
changes. In the absence of associated histopathological fi ndings, these changes were considered not 
to be adverse. 

The NOAEL was 2000 mg/kg bw per day, the highest dose tested (Serrone & Killeen, 1988). 

Dogs

In a preliminary feeding study, R611965 (purity 98%; Lot No. 0202) was administered by 
capsule to Beagle dogs (two of each sex per dose) at 0, 100, 500 or 1000 mg/kg bw per day for 
up to 38 days. All animals were observed daily for mortality and clinical signs. Detailed physical 
examinations were conducted weekly. Body weight was measured weekly, and feed consumption 
was measured daily. Ophthalmoscopy was performed prior to the start of the study and prior to ter-
mination. Blood and urine samples were collected pretest and at the end of the treatment period for 
haematology, clinical chemistry and urinalysis. At termination, the dogs were killed and subjected 
to gross examinations. Selected organs were weighed. An extensive range of organs was examined 
histologically. Statements of adherence to QA and GLP were included.

There were no mortalities. At 1000 mg/kg bw per day, one male and one female were lethargic 
during week 5, with red faeces and red emesis seen in the female and tarry faeces seen in the male. 
Both of these animals, in particular the male, lost weight during the study. The male dog showed an 
increased haemoglobin, haematocrit and total erythrocyte count and low sodium, potassium and chlo-
ride levels, indicative of a dehydrated condition and a disturbed electrolyte balance. One mid-dose 
male showed body weight loss, and one mid-dose female had a low weight gain that was outside the 
normal limits of variability. Overall, the feed consumption coincided with the body weight pattern of 
the dogs. In high-dose dogs, urinary pH was decreased from around 8.0 in controls to 6.0. Reductions 
in absolute (60%) and relative (38%) testes weights in the two high-dose dogs were found. Relative 
liver weight was increased in all dogs at 1000 mg/kg bw per day (43–61%) and in one dog of each sex 
at 500 mg/kg bw per day (31% and 75%). Microscopic examination showed a dose-related centrilobu-
lar to diffuse hypertrophy in the livers of all treated dogs. The testes of both dogs at 1000 mg/kg bw 
per day showed diffuse hypoplasia of the seminiferous tubules with aspermatogenesis. Both dogs at 
500 mg/kg bw per day had reduced spermatogenesis compared with controls. The prostates of both 
dogs at 1000 mg/kg bw per day had moderately severe diffuse hypoplasia. The prostates of both dogs 
at 500 mg/kg bw per day and of one dog at 100 mg/kg bw per day had minimal to slight diffuse hypo-
plasia. At 1000 mg/kg bw per day, the ovaries and uterus of the female dog that lost body weight dur-
ing the study had moderately severe diffuse hypoplasia. It is unclear whether these effects were r elated 
to treatment or were a secondary consequence of body weight loss (Serrone & Killeen, 1989a).

In a 90-day study, performed in accordance with European Commission guideline 87/302/EEC 
B.27, which resembles Organisation for Economic Co-operation and Development (OECD) guide-
line 409, groups of four male and four female Beagle dogs were dosed daily via gelatine capsules 
with R611965 (purity > 99%; Lot No. 0207) at 0, 5, 15, 50 or 500 mg/kg bw per day. All animals 
were observed daily for mortality and clinical signs. Detailed physical examinations were conducted 
weekly. Body weight was measured weekly, and feed consumption was measured daily. Ophthalmos-
copy was performed prior to the start of the study and prior to termination. Blood and urine samples 
were collected pretest, after about 45 days of treatment and at the end of the treatment period for 
haematology, clinical chemistry and urinalysis. At termination, the dogs were killed and subjected 
to gross examinations. Selected organs were weighed. An extensive range of organs was examined 
histologically. Statements of adherence to QA and GLP were included.
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There were no mortalities. Increased incidences of watery stools were seen in both sexes at 
500 mg/kg bw per day (observed in four of four males and females, 88 observations, compared with 
three of four males and females in the control group, 25 observations). At the high dose, watery stools 
were fi rst observed at day 9 of treatment. Body weight gain was reduced in males at the top dose to 
1.6 kg (0.5–3.2 kg) compared with 3.2 kg (2.2–3.9 kg) in controls (body weight gain in three high-dose 
males was outside the control range), but no such effect was observed in females. The reduction in 
body weight gain in the three high-dose males was most marked during the fi rst 6 weeks of treatment. 
Feed consumption and haematological and urinalysis parameters were not affected by treatment. Rela-
tive liver weights were increased in males and females at the high dose by 28% and 23%, respectively, 
reaching statistical signifi cance in males only. Absolute liver weights at this dose were increased by 
10% and 23% (not statistically signifi cant), respectively. In the absence of changes in clinical chem-
istry parameters and microscopic changes, the increased liver weights are considered an adaptive re-
sponse.1 Increases in glucose levels were observed at doses of 15 mg/kg bw per day and higher at week 
8, but not at week 13. The differences were small, not always dose dependent and reported to be within 
the historical control range (data not shown), and they are not considered toxicologically relevant. 
No treatment-related fi ndings on ophthalmoscopy or macroscopic and microscopic examination were 
r eported. The effects on the testes reported in the preliminary dog study were not confi rmed.

The NOAEL was 50 mg/kg bw per day, based on reduced body weight gain in males and 
w atery stools in both sexes at 500 mg/kg bw per day (Serrone & Killeen, 1990). 

2.3 Long-term studies of toxicity and carcinogenicity

Mice

In an 18-month carcinogenicity feeding study, performed in accordance with European Com-
mission guideline 87/302/EEC, which resembles OECD guideline 451, groups of Crl:CD-1 (ICR) 
BR VAF/Plus mice (60 of each sex per dose) were fed diets containing R611965 (purity 99.3%; Lot 
No. 0207) at 0, 1000, 3500 or 7000 ppm. Based on the lowest measured weekly compound intake, 
this is equal to 0, 136, 488 and 1022 mg/kg bw per day in males and 0, 155, 566 and 1123 mg/kg bw 
per day in females. Animals were checked twice daily for clinical signs, and a detailed clinical ex-
amination was performed weekly. Body weights and feed consumption were recorded weekly for 
the fi rst 13 weeks and every other week thereafter. Differential leukocyte counts were conducted in 
10 mice of each sex of the control and high-dose groups at 12 months and at termination. At termina-
tion, gross examination was performed on all animals. Brain, liver, kidneys and testes of 10 animals 
of each sex per dose were weighed. An extensive number of tissues were examined microscopically. 
Statements of adherence to QA and GLP were included.

No treatment-related effects on mortality or body weight gain were observed. The observed slight 
increases in aggression, activity and anogenital staining in high-dose males might be treatment related. 
Feed consumption in the high-dose group tended to be higher than in controls, which may refl ect the 
lower nutritional value due to the high concentration of R611965. No effects of treatment on differential 
leukocyte count, necropsy, organ weights or histology (including neoplastic changes) were observed.

The NOAEL was 1022 mg/kg bw per day, the highest dose tested (Lucas & Laveglia, 1994).

Rats

In a combined chronic toxicity and carcinogenicity feeding study, R611965 (purity 99.3%; Lot 
No. 0207) was administered in the diet to Sprague-Dawley (Crl CD VAF/Plus) rats (60 rats of each 
sex per dose) for 105 weeks. Concentrations of R611965 in the diet were adjusted based on body 

1  Guidance on the interpretation of hepatocellular hypertrophy, General consideration 2.7 in Annex 1, 
r eference 107.
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weight and feed consumption data in order to achieve desired intakes of 0, 80, 200, 500 and 1000 
mg/kg bw per day. The animals were checked daily for clinical signs. The physical condition of the 
animals was monitored weekly. Body weight and feed consumption were measured weekly for the 
fi rst 13 weeks and once every month thereafter. Ophthalmoscopy was performed prior to treatment 
and at months 12, 18 and 24. For haematological and clinical chemistry examinations and urinalysis, 
blood and urine samples were collected from 10 animals of each sex per group after 3, 6, 12 and 18 
months and at termination. All rats were subjected to gross pathology, and liver, kidneys, brain and 
testes were weighed. A wide range of tissues was evaluated microscopically. Statements of adherence 
to QA and GLP were included.

Overall mean compound intake was greater than 95% of target intake for all doses. No treat-
ment-related effects on mortality, clinical signs, ophthalmoscopy, body weight gain or organ weights 
were observed. Slightly higher feed consumption in treated animals was considered to be compen-
sating for the lower nutritional value of the feed. Incidental fi ndings on haematological, clinical 
chemistry and urinalysis parameters were considered not treatment related. Histological examination 
revealed increased incidences of bilateral retinal atrophy. For the 0, 80, 200, 500 and 1000 mg/kg 
bw per day groups, the incidences out of 60 rats were 1, 1, 2, 3 and 6 for males and 1, 2, 2, 6 and 
9 for females, respectively. The increased incidences in high-dose males and in females at 500 and 
1000 mg/kg bw per day are considered related to treatment. The incidences at 80 and 200 mg/kg bw 
per day are considered not to be different from control. In males of all treatment groups, slight, not 
dose-dependent increases in the incidence of severe chronic progressive nephropathy were observed, 
which could be related to treatment. However, chronic progressive nephropathy is a common fi nding 
in ageing rats that is not considered toxicologically relevant for humans (Hard & Khan, 2004). No 
other treatment-related histological changes, including neoplastic changes, were seen.

The NOAEL was 200 mg/kg bw per day, based on bilateral retinal atrophy observed at 
500 mg/kg bw per day (Killeen, Laveglia & Serrone, 1993).

2.4 Reproductive toxicity

(a) Multigeneration studies

Rats

In a one-generation study of reproductive toxicity, as part of a combined study with a 90-day 
toxicity study (see section 2.2), Sprague-Dawley rats (25 of each sex per dose) were fed diets con-
taining R611965 (purity > 99%; Lot No. 0204) at 0, 250, 750 or 2000 mg/kg bw per day (the dietary 
concentrations were adjusted based on body weight and feed consumption to maintain the target 
doses) during the 14-week premating phase. From the start of the reproduction phase to the end of 
the lactation phase, males received diets with constant concentrations of 0, 5200, 15 500 or 40 000 
ppm in males, and females received diets with concentrations of 0, 4000, 12 000 or 32 000 ppm (i.e. 
the dietary concentrations fed during week 13 of the premating phase). The parental clinical condi-
tion, body weights and feed consumption were monitored throughout the treatment period. Mating, 
fertility and gestation indices, length of gestation, number of implants, number of live and dead pups, 
sex of pups, pup weights and pup abnormalities were recorded. At postnatal day (PND) 4, litters 
were culled to 10 pups. At the end of the scheduled period, the animals were killed and necropsied. 
S tatements of adherence to QA and GLP were included.

In the parental animals, no effects of treatment on clinical signs, body weights, feed consump-
tion, fertility or reproductive performance, or necropsy were observed. At PND 21, high-dose pups 
showed a small (9%) reduction in body weight compared with controls. As pups will have started eat-
ing test diet, this may be the result of the decreased nutritional value of the food as a result of the high 
test compound concentration. Moreover, this fi nding was not observed in the two-generation study of 
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reproductive toxicity (see below). Therefore, the slight reduction in body weight in high-dose pups is 
not considered toxicologically relevant. No other effects on pups were observed.

The NOAEL for parental, reproductive and offspring toxicity was 2000 mg/kg bw per day, the 
highest dose tested (Serrone & Killeen, 1988). 

In a dietary two-generation study of reproductive toxicity, performed in accordance with Eu-
ropean Commission guideline 87/302/EEC B.35, which resembles OECD guideline 416, R611965 
(purity 99.3%; Lot No. 0207) was administered to Sprague-Dawley (CD-VAF/Plus) rats (35 rats of 
each sex per dose) at dietary concentrations of 0, 2000, 6000 or 20 000 ppm. Based on the lowest 
weekly compound intake, this is equal to 0, 93, 276 and 943 mg/kg bw per day in males and 0, 121, 
370 and 1246 mg/kg bw per day in females of the P generation and 0, 88, 269 and 911 mg/kg bw per 
day in males and 0, 131, 390 and 1323 mg/kg bw per day in females of the F

1
 generation. The rats 

were observed daily for clinical signs. Detailed physical examinations were performed weekly for all 
males throughout the study and for all females prior to mating and during the resting week in between 
weaning of the F

1a
 generation and mating for the F

1b
 generation. Body weights and feed consumption 

were recorded weekly in males, except during the mating periods. In females, body weights and feed 
consumption were measured weekly prior to mating and during the resting periods. Body weights 
were also recorded on gestation days (GDs) 0, 7, 14 and 20 and PNDs 0, 7, 14 and 21 for the P and F

1
 

females. On PND 4, litters were culled to eight pups. Until weaning at PND 21, litters were examined 
for number of live and dead pups, litter weight, pup weight and sex, clinical signs and external altera-
tions. After the F

1b
 or F

2b
 litter production, all P and F

1
 parents were subjected to gross pathology. The 

reproductive organs, liver, kidneys, lungs and all gross lesions of all P parents of all dose groups and 
F

1
 parents of the control and high-dose groups were examined histologically. In addition, kidneys, 

stomachs and gross lesions of parental animals of the low- and mid-dose groups, the epididymis, 
prostate and seminal vesicles of the P adults and the testes of the F

1
 adults were examined. Statements 

of adherence to QA and GLP were included.

In parental animals (P and F
1
), there were no treatment-related effects on mortality, clinical 

signs, body weight, feed consumption, reproductive parameters or macroscopic and microscopic 
parameters. In mid-dose and high-dose P females, an increase in incidence, but not severity, of re-
generative tubular epithelium was observed, which was statistically signifi cant for high-dose females 
only. This increase was not found in F

1
 females or in P or F

1
 males. It was noted that the incidence in 

females of the P control group may have been unusually low. It is concluded that the kidney fi ndings 
in the P females were not treatment related. In the offspring, no treatment-related effects on any of 
the evaluated parameters were noted.

The NOAEL for parental, reproductive and offspring toxicity was 20 000 ppm, equal to 
911 mg/kg bw per day, the highest dose tested (Lucas & Killeen, 1993).

(b) Developmental toxicity

Rats

In a developmental toxicity study performed in accordance with European Commission guideline 
87/302/EEC B.31, which resembles OECD guideline 414, R611965 (purity 99%; Lot No. 0204) was 
administered in 1% aqueous methylcellulose by oral gavage to pregnant Sprague-Dawley rats (25 per 
dose group) on GDs 6–15 at doses of 0, 500, 1000 or 2000 mg/kg bw per day. Animals were examined 
daily for clinical signs. A detailed physical examination and body weight measurements were performed 
on GDs 0, 6, 9, 12, 16 and 20. Feed consumption was recorded over the intervals between body weight 
measurements. At termination on GD 20, numbers of live and dead fetuses, corpora lutea, implantation 
sites, and early and late resorptions were recorded, live fetuses were weighed and sexed, and external 
alterations and intrauterine locations were recorded. Approximately one half of the fetuses from each 
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litter were examined for skeletal alterations. All remaining live fetuses were examined for visceral 
a bnormalities. Dams were necropsied. Statements of adherence to QA and GLP were included.

No effects of treatment on any of the examined maternal parameters were noted. No treatment-
related effects on any of the fetal parameters tested were noted.

The NOAEL for maternal and developmental toxicity was 2000 mg/kg bw per day, the highest 
dose tested.

No teratogenic properties of R611965 were identifi ed (Chun, Wilson & Killeen, 1989).

Rabbits

In a developmental toxicity study performed in accordance with European Commission guide-
line 87/302/EEC B.31, which resembles OECD guideline 414, R611965 (purity > 99%; Lot No. 0202) 
was administered in 0.5% aqueous methylcellulose by gavage to pregnant New Zealand White rab-
bits (20 per dose) on GDs 7–19 at doses of 0, 250, 500 or 1000 mg/kg bw per day. Animals were 
examined daily for clinical signs. On GDs 0, 7, 13, 16, 19, 24 and 29, a detailed physical examination 
was performed, and body weights were recorded. Feed consumption was recorded over the intervals 
between body weight measurements. At termination on GD 29, numbers of live and dead fetuses, 
fetal resorptions, implantation sites and corpora lutea were recorded. Live fetuses were weighed and 
sexed, and external/visceral alterations and intrauterine locations were recorded. All live fetuses were 
subsequently examined for skeletal alterations. Dams were necropsied. Statements of adherence to 
QA and GLP were included.

In the low-, mid- and high-dose groups, two, one and seven dams were killed, respectively, 
after showing signs of abortion, compared with none in the control group. Three deaths in the control 
group and one death in the low-dose group were attributed to gavage error. Two high-dose animals 
were found dead, and one moribund animal was killed. These deaths were not attributed to a specifi c 
pathological fi nding or dosing error. 

Clinical observations are presented in Table 2. Increased incidences of mucus-like faeces, few 
or no faeces, soft faeces, anorexia and thinness (increases in both number of animals and total number 
of clinical observations) were found in all treated groups. No historical control data were provided.

Effects on body weight gain are presented in Table 3. During the treatment period (GDs 7–19), 
the high dose group animals showed a body weight loss (0.27 kg), whereas control animals gained 
weight (0.11 kg) over the same period. In the low-, mid- and high-dose groups, overall body weight 
gains (0.16, 0.18 and 0.13 kg, respectively) were lower compared with controls (0.28 kg), although the 
differences were not statistically signifi cant. Over the entire treatment period, feed consumption of the 
high-dose group was decreased (1062 g) compared with control (1930 g), low-dose (1956 g) and mid-
dose animals (1826 g). At 500 mg/kg bw per day, feed consumption was decreased during GDs 17–20. 
Necropsy showed gall bladder lesions, enlarged gall bladder, reddened and gaseous intestines, pale 
liver and foci and erosions of the gastric mucosa in the high-dose group. At 1000 mg/kg bw per day, 
the number of live fetuses per litter (n = 6.6, 82% of total number of fetuses) and fetal weight (34.7 g) 
were slightly decreased (not statistically signifi cantly) compared with control (n = 8.5, 98% of total 
number of fetuses, and 39.2 g, respectively). No other effects were observed upon fetal examination.

A NOAEL for maternal toxicity could not be determined. The lowest-observed-adverse-effect 
level (LOAEL) is 250 mg/kg bw per day, based on abortions, clinical signs (increased incidences of 
mucus-like faeces, few or no faeces, soft faeces, anorexia and thinness) and slightly reduced body 
weight gain. 

The NOAEL for fetal toxicity is 500 mg/kg bw per day, based on a decreased number of live 
fetuses and decreased fetal weight observed at 1000 mg/kg bw per day, in the presence of maternal 
toxicity. 

No teratogenic properties of R611965 were identifi ed (Serrone & Killeen, 1989b). 
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2.5 Genotoxicity

The results of genotoxicity tests with R611965 are summarized in Table 4. 

Comments

Biochemical aspects

Following a single oral dose of R611965 at 10 or 1000 mg/kg bw in rats, at least 16–27% is ab-
sorbed (based on urinary excretion within 48–96 hours). Excretion is rapid, with 90% being excreted 
within 48–96 hours, predominantly in faeces (68–77% of the dose). Biliary excretion was not assessed. 
Seven days after administration, less than 0.3% of the administered dose was found in tissues and 
c arcass; highest levels were observed in liver. No obvious sex differences in kinetics were observed.

Toxicological data

The acute oral toxicity of R611965 in rats is low (LD
50

 > 5000 mg/kg bw). No data on acute 
dermal or inhalation toxicity, eye or skin irritation or skin sensitization were available.

Repeated-dose toxicity studies showed that R611965 had low oral toxicity in mice, rats and 
dogs. The overall NOAEL in short-term (28 and 90 days) and chronic studies (18 months) in mice 
was 1022 mg/kg bw per day, the highest dose tested in an 18-month carcinogenicity study. In rats, the 

Table 2. Clinical observations in pregnant rabbits treated from GD 7 to GD 19 with R611965

Dose (mg/kg bw per day)

0 250 500 1000

Found dead or moribund 3a 1a 0 3

Abortions 0 2 1 7

Mucus-like faeces 0 (0)b 0 (0) 3 (6) 13 (39)

Few or no faeces 10 (34) 17 (91) 19 (143) 20 (183)

Soft faeces 2 (6) 6 (20) 6 (17) 16 (65)

Anorexia 0 (0) 6 (35) 10 (56) 18 (153)

Thinness 0 (0) 1 (1) 1 (1) 6 (20)

From Serrone & Killeen (1989b)
a  Deaths due to gavage error.
b  Number of animals showing effect out of 20 (total number of days observed).

Table 3. Body weight gain in rabbits during pregnancy

Gestation days Body weight gain (kg)

Dose (mg/kg bw per day)

0 250 500 1000 

0–7 0.14 0.16 0.14 0.18

7–13 0.02 0.01 0.03 −0.11

13–16 0.05 0.01 0.02 −0.07

16–19 0.04 0.01 −0.03 −0.09

19–24 0.05 0.03 −0.02 −0.07

24–29 −0.03 −0.04 0.01 0.03

From Serrone & Killeen (1989b)
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overall NOAEL in short-term (14, 30 and 90 days) and chronic studies (2 years) was 200 mg/kg bw 
per day, based on bilateral retinal atrophy observed at 500 mg/kg bw per day in a 2-year combined 
chronic toxicity and carcinogenicity study. 

In a 90-day study in dogs, the NOAEL was 50 mg/kg bw per day, based on reduced body 
weight gain in males and watery stools in both sexes at 500 mg/kg bw per day.

In an 18-month study in mice and a 2-year study in rats, no carcinogenic effects of R611965 
were observed. The Meeting concluded that R611965 is not carcinogenic in rodents.

R611965 was tested in an adequate range of studies of genotoxicity in vitro and in vivo. There 
was no evidence for genotoxicity. The Meeting concluded that R611965 is unlikely to be genotoxic.

In view of the lack of genotoxicity and the absence of carcinogenicity in mice and rats, the 
Meeting concluded that R611965 is unlikely to pose a carcinogenic risk to humans.

In one-generation and two-generation studies of reproductive toxicity with R611965 in rats, 
the overall NOAEL for parental, reproductive and offspring toxicity was 20 000 ppm, equal to 
911 mg/kg bw per day, the highest dose tested.

In a study of developmental toxicity in rats, the NOAEL for maternal and developmental tox-
icity was 2000 mg/kg bw per day, the highest dose tested. In a study of developmental toxicity in 
rabbits, a NOAEL for maternal toxicity could not be determined. The LOAEL for maternal toxicity 
was 250 mg/kg bw per day, the lowest dose tested, on the basis of abortions, clinical signs (increased 
incidences of few or no faeces, soft faeces, anorexia and thinness) and slightly reduced body weight 

Table 4. Results of studies on the genotoxicity of R611965a

End-point Test object Concentration Purity (%) Results Referenceb

In vitro

Reverse mutation Salmonella t yphimurium 
TA98, TA100, TA1535, 
TA1537, TA1538

39–3900 µg/plate
(±S9)c

99.4 Negative Jones & Killeen 
(1985a)

Reverse mutation S. typhimurium TA98, TA100, 
TA1535, TA1537, TA1538

100–10 000 µg/plate (±S9)d 99.4 Negative Jones & Killeen 
(1985b)

Gene mutation Mouse lymphoma L5178Y 
TK+/− cells 

75–1000 µg/ml (±S9)e ≥ 98 Negative Mizens & 
Killeen (1988)

Sister chromatid 
exchange 

K1-BH4 cells
(Chinese h amster ovary)

200–2000 µg/ml (±S9)f 99.4 Negative Jones & Killeen 
(1985c)

Unscheduled 
DNA synthesis

Rat hepatocyte primary 
cultures

0.008–240 µg/wellf 99.4 Negative Jones & Killeen 
(1985d)

In vivo

Micronucleus 
formation

Mouse bone marrow
(male and female)

500, 2500 or 5000 mg/kg 
bw (by gavage)g

≥ 92.3 Negative Mizens, Killeen 
& Siou (1985)

DNA, deoxyribonucleic acid; S9, 9000 × g rat liver supernatant
a  Positive and negative (solvent) controls were included in all studies. 
b  Statements of adherence to QA and GLP were included for all studies.
c   Lot No. 0202. The highest dose was selected on the basis of a preliminary assay using TA100 and TA1538, in which slight toxicity was 

observed at 5000 µg/plate.
d  Lot No. 0202. S9 homogenate was prepared from kidneys from Aroclor 1254–treated rats. 
e  Lot No. 0202. In a preliminary assay, toxicity was observed at 10 000 µg/ml, but not at doses at or below 1000 µg/ml.
f  Lot No. 0202.
g   Lot No. 0202. In a pilot study at 10 000 mg/kg bw, no signs of toxicity were noted. At 20 000 mg/kg bw, diarrhoea was observed. In 

the main study, two males and one female at 2500 mg/kg bw and one female at 5000 mg/kg bw died. The treatment of mice with the 
test substance did result in slight, irregular increases in the number of micronuclei in the initial test. The increases were small, within 
the acceptable solvent control range and not considered indicative of a clastogenic effect. Polychromatic erythrocyte/normochromatic 
erythrocyte ratio was statistically signifi cantly decreased at 5000 mg/kg bw 72 h after dosing. A repeat test, in which two females at 
5000 mg/kg bw died, did not show the test substance–induced micronuclei. 
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gain. The NOAEL for fetal toxicity was 500 mg/kg bw per day, based on a decreased number of live 
fetuses and decreased fetal weight observed at 1000 mg/kg bw per day. 

No neurotoxicity studies with R611965 were available. In acute and repeated-dose oral stud-
ies in mice, rats, rabbits and dogs in which R611965 was administered in the diet, by gavage or by 
capsule, no neurotoxic signs were observed.

No data on R611965 in humans were provided. 

The Meeting concluded that the existing database on R611965 was suffi cient to characterize 
the potential hazards to fetuses, infants and children.

Toxicological evaluation 

The Meeting noted that the soil metabolite R611965 is considerably less toxic than the parent 
compound chlorothalonil (e.g. NOAELs of 200 versus 1.8 mg/kg bw per day in 2-year rat studies, 
respectively). R611965 is not acutely toxic by the oral route. The metabolite induced adverse effects 
in only a few repeated-dose oral toxicity studies in rats and dogs, at levels of 250–500 mg/kg bw 
per day. In the majority of the repeated-dose studies in rodents, no effects were observed at doses of 
911–2000 mg/kg bw per day.

In view of the lower toxicity of the metabolite R611965 in comparison with the parent com-
pound chlorothalonil (acceptable daily intake [ADI] = 0–0.02 mg/kg bw; acute reference dose 
[ARfD] = 0.6 mg/kg bw), the Meeting considered it unnecessary to derive a separate ADI and ARfD 
for this metabolite for risk management purposes.

Levels relevant for risk assessment

Species Study Effect NOAEL LOAEL

Mouse Eighteen-month study of 
carcinogenicity

Carcinogenicity 1022 mg/kg bw per daya —

Rat Two-year study of toxicity 
and carcinogenicityb

Toxicity 200 mg/kg bw per day 500 mg/kg bw per day

Carcinogenicity 1000 mg/kg bw per daya —

One- and two-generation 
studies of reproductive 
toxicityb

Parental toxicity 20 000 ppm, equal to 
911 mg/kg bw per daya

—

Offspring toxicity 20 000 ppm, equal to 
911 mg/kg bw per daya

—

Reproductive toxicity 20 000 ppm, equal to 
911 mg/kg bw per daya

—

Developmental toxicityc Maternal toxicity 2000 mg/kg bw per daya —

Fetotoxicity 2000 mg/kg bw per daya —

Rabbit Developmental toxicityc Maternal toxicity — 250 mg/kg bw per dayd

Fetotoxicity 500 mg/kg bw per day 1000 mg/kg bw per day

Dog Ninety-day studye Toxicity 50 mg/kg bw per day 500 mg/kg bw per day

a  Highest dose tested. 
b  Dietary administration.
c  Gavage administration.
d  Lowest dose tested.
e  Capsule administration.

Estimate of acceptable daily intake for humans

Unnecessary
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Estimate of acute reference dose

Unnecessary

Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
e xposures in humans

Critical end-points for setting guidance values for exposure to chlorothalonil metabolite R611965

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of absorption Rapid; at least 16–27% at 10 and 1000 mg/kg bw (rat)

Distribution Highest concentration in liver (rat)

Potential for accumulation Low (rat)

Rate and extent of excretion 90% excretion within 48–96 h (rat) 

Metabolism in animals No data

Toxicologically signifi cant compounds
(in animals, plants and the environment)

R611965

Acute toxicity

LD
50

, oral > 5000 mg/kg bw (rat)

LD
50

, dermal No data

LC
50

, inhalation No data

Dermal irritation No data

Ocular irritation No data

Dermal sensitization No data

Short-term studies of toxicity

Target/critical effect Body weight, clinical signs (dog)

Lowest relevant oral NOAEL 50 mg/kg bw per day (dog)

Lowest relevant dermal NOAEL No data

Long-term studies of toxicity and carcinogenicity

Target/critical effect Bilateral retinal atrophy (rat)

Lowest relevant NOAEL 200 mg/kg bw per day (rat)

Carcinogenicity Not carcinogenic 

Genotoxicity

Not genotoxic

Reproductive toxicity

Reproduction target/critical effect No reproductive effects (rat)

Lowest relevant reproductive NOAEL 20 000 ppm, equal to 911 mg/kg bw per day, highest dose 
tested (rat)
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Developmental target Decreased number of live fetuses, decreased fetal weight in 
the p resence of maternal toxicity (rabbit); not teratogenic

Lowest relevant developmental NOAEL 500 mg/kg bw per day (rabbit) 

Neurotoxicity/delayed neurotoxicity

Neurotoxicity No data; no indication of neurotoxic potential in acute and 
repeated-dose oral studies

Medical data

No data

References

Chun JS, Wilson NH, Killeen JC (1989) A teratology study in rats with 3-carbamyl-2,4,5-trichlorobenzoic acid 
(SDS-46851). Unpublished report No. CTL/C/3370 from Bio/dynamics Inc., East Millstone, NJ, USA. 
Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Fillmore GE, Mizens M, Killeen JC (1991) A 90-day feeding study in mice with SDS-46851. Unpublished 
report No. CTL/C/3310 from Ricerca Inc., Painesville, OH, USA. Submitted to WHO by Syngenta Crop 
Protection AG, Basel, Switzerland.

Hard GC, Khan KN (2004) Invited review: A contemporary overview of chronic progressive nephropathy in the 
laboratory rat, and its signifi cance for human risk assessment. Toxicologic Pathology, 32:171.

Ho DM, Marciniszyn JP, Killeen JC (1990) Study of the excretion and distribution of radiolabel following oral 
administration of 14C-SDS-46851 to Sprague-Dawley rats. Unpublished report No. CTL/C/3375 from Ricer-
ca Inc., Painesville, OH, USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, S witzerland.

Jones RE, Killeen JC (1985a) Salmonella/mammalian-microsome plate incorporation assay (Ames test) with 
and without renal activation with 2,4,5-trichloro-3-carboxy-benzamide. Unpublished report No. CTL/
C/3307 from SDS Biotech Corporation, Painesville, OH, USA. Submitted to WHO by Syngenta Crop 
Protection AG, Basel, Switzerland.

Jones RE, Killeen JC (1985b) Salmonella/mammalian-microsome plate incorporation assay (Ames test) with 
and without activation with 2,4,5-trichloro-3-carboxy-benzamide. Unpublished report No. CTL/C/3308 
from SDS Biotech Corporation, Painesville, OH, USA. Submitted to WHO by Syngenta Crop Protection 
AG, Basel, Switzerland.

Jones R, Killeen J (1985c) In vitro sister chromatid exchange assay in Chinese hamster ovary (CHO) cells with 
3-carboxy-2,5,6-trichlorobenzamide. Unpublished report No. CTL/C/3306 from SDS Biotech C orporation, 
Painesville, OH, USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Jones R, Killeen J (1985d) DNA repair test in rat hepatocyte primary cultures with 3-carboxy-2,5,6-trichlo-
robenzamide. Unpublished report No. CTL/C/3699 from SDS Biotech Corporation, Painesville, OH, 
USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Killeen JC, Laveglia J, Serrone DM (1993) A combined chronic toxicity/oncogenicity study in rats with 3-car-
bamyl-2,4,5-trichlorobenzoic acid (SDS-46851). Unpublished report No. CTL/C/3312 from Ricerca Inc., 
Painesville, OH, USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Lucas F, Killeen JC (1993) A two generation reproduction study in rats with SDS-46851. Unpublished re-
port No. CTL/C/3242 from Ricerca Inc., Painesville, OH, USA. Submitted to WHO by Syngenta Crop 
P rotection AG, Basel, Switzerland.

Lucas F, Laveglia J (1994) An oncogenicity study in mice with SDS-46851. Unpublished report No. CTL/
C/3294 from Ricerca Inc., Painesville, OH, USA. Submitted to WHO by Syngenta Crop Protection AG, 
Basel, Switzerland.



17

CHLOROTHALONIL METABOLITE R611965 3–18 JMPR 2010

Mizens M, Killeen J (1988) L5178Y TK+/− mouse lymphoma forward mutation assay with 3-carboxy-2,5,6-
trichlorobenzamide (SDS 46851). Unpublished report No. CTL/C/3241 from Ricerca Inc., Painesville, 
OH, USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Mizens M, Killeen JC (1991) A 28-day feeding study in mice with SDS-46851. Unpublished report No. CTL/
C/3626 from Ricerca Inc., Painesville, OH, USA. Submitted to WHO by Syngenta Crop Protection AG, 
Basel, Switzerland.

Mizens M, Killeen JC, Siou G (1985) The micronucleus test in mice with 2,5,6-trichloro-3-carboxy-benzamide 
(SDS-46851). Unpublished report No. CTL/C/3239 from SDS Biotech Corporation, Painesville, OH, 
USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Serrone DM, Killeen JC (1988) Combined 90-day feeding study and one-generation reproduction study in 
rats with 3-carboxy-2,5,6-trichlorobenzamide. Unpublished report No. CTL/C/3311 from Ricerca Inc., 
P ainesville, OH, USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Serrone DM, Killeen JC (1989a) A 30-day oral toxicity study in dogs with 3-carbamyl-2,4,5-trichlorobenz-
amide (SDS-46851). Unpublished report No. CTL/C/3459 from Bio/dynamics Inc., East Millstone, NJ, 
USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Serrone DM, Killeen JC (1989b) A teratology study in rabbits with 3-carbamyl-2,4,5-trichlorobenzoic acid 
(SDS-46851). Unpublished report No. CTL/C/3371 from Ricerca Inc., Painesville, OH, USA. Submitted 
to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Serrone DM, Killeen JC (1990) A 90-day oral toxicity study in dogs with 3-carbamyl-2,4,5-trichlorobenzamide 
(SDS-46851). Unpublished report No. CTL/C/3309 from Bio/dynamics Inc., East Millstone, NJ, USA. 
Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.

Shults S, Killeen J (1985) Acute oral toxicity screening in rats with SDS-46851. Unpublished report No. CTL/
C/3374 from SDS Biotech Corporation, Painesville, OH, USA. Submitted to WHO by Syngenta Crop 
Protection AG, Basel, Switzerland.

Wilson NH, Ignatoski JA (1986) A 30-day feeding study in rats with 3-carboxy-2,5,6-trichlorobenzamide 
(SDS-46851). Unpublished report No. CTL/C/3704 from SDS Biotech Corporation, Painesville, OH, 
USA. Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland. 

Wilson NH, Sadler EM, Killeen JC (1985) A 14-day feeding study in rats with 3-carboxy-2,5,6-trichloroben-
zamide. Unpublished report No. CTL/C/3373 from SDS Biotech Corporation, Painesville, OH, USA. 
Submitted to WHO by Syngenta Crop Protection AG, Basel, Switzerland.





CLOTHIANIDIN 19–116 JMPR 2010

CLOTHIANIDIN

First draft prepared by 
F. Metruccio1 and A. Boobis2

1 International Centre for Pesticides and Health Risk Prevention, Milan, Italy
2 Experimental Medicine & Toxicology,

Faculty of Medicine, Imperial College London, London, England

Explanation .........................................................................................................19

Evaluation for acceptable daily intake ................................................................20

 1. Biochemical aspects ..............................................................................20

  1.1 Absorption, distribution, metabolism and excretion .....................20

   (a) Oral administration .................................................................20

   (b) Exposure via lactation .............................................................29

 2. Toxicological studies .............................................................................29

  2.1 Acute toxicity ................................................................................29

   (a) Lethal doses ............................................................................29

   (b) Dermal and ocular irritation and skin sensitization ................31

  2.2 Short-term studies of toxicity ........................................................32

   (a) Oral administration .................................................................32

   (b) Dermal application .................................................................48

  2.3 Long-term studies of toxicity and carcinogencity .........................48

  2.4 Genotoxicity ..................................................................................54

   (a) In vitro ....................................................................................54

   (b) In vivo .....................................................................................60

   (c) Conclusion ..............................................................................62

  2.5 Reproductive toxicity .....................................................................63

   (a) Multigeneration studies ..........................................................63

   (b) Developmental toxicity ...........................................................67

  2.6 Special studies ...............................................................................72

   (a) Neurotoxicity ..........................................................................72

   (b) Immunotoxicity .......................................................................80

   (c) Toxicity of metabolites ...........................................................88

   (d) Pharmacological studies .........................................................99

 3. Observations in humans ......................................................................103

Comments .........................................................................................................104

Toxicological evaluation ...................................................................................107

References .........................................................................................................110

Explanation

Clothianidin is the International Organization for Standardization (ISO)–approved name for 
(E)-1-(2-chloro-1,3-thiazol-5-ylmethyl)-3-methyl-2-nitroguanidine (International Union of Pure and 
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Applied Chemistry [IUPAC]) (Chemical Abstracts Service [CAS] No. 210880-92-5). Clothianidin is 
a neonicotinoid insecticide that controls insects by acting as an agonist at the nicotinic acetylcholine 
receptor, affecting the synapses in the insect central nervous system.

Clothianidin has not been evaluated previously by the Joint FAO/WHO Meeting on Pesticide 
Residues (JMPR) and was reviewed at the present Meeting at the request of the Codex Committee on 
Pesticide Residues (CCPR).

All pivotal studies with clothianidin were certifi ed to be compliant with good laboratory prac-
tice (GLP) and met the basic requirements of the relevant Organisation for Economic Co-operation 
and Development (OECD) or national test guideline.

Evaluation for acceptable daily intake

1. Biochemical aspects

The absorption, distribution, metabolism and excretion of clothianidin were investigated in 
rats, goats and hens.

The structural formulae of the [nitroimino-14C]- and [thiazolyl-2-14C]-labelled compounds are 
given in Figure 1.

1.1 Absorption, distribution, metabolism and excretion

(a) Oral administration

Rats

The toxicokinetic behaviour of clothianidin in the rat, including distribution using whole-
body autoradiography and metabolism, was studied using a protocol in compliance with test method 
B.36 of European Commission directive 87/302/EEC. Sprague-Dawley Crl:CD BR rats (196–228 g, 
7–8 weeks of age) received a single oral dose of clothianidin in 0.5% aqueous tragacanth solution as 
follows:

Preliminary study:

• (Test 1) Four male rats received [nitroimino-14C]clothianidin at 2.5 mg/kg body weight (bw) for 
the assessment of expired air, urine, faeces and carcass.

Defi nitive studies: 

• (Tests 2–3) Four rats of each sex received [nitroimino-14C]clothianidin at 2.5 mg/kg bw (low 
dose) for the assessment of urine, faeces, organs and blood plasma.

• (Test 4) Four male rats received [nitroimino-14C]clothianidin at 250 mg/kg bw (high dose) for the 
assessment of urine, faeces, organs and blood plasma.

• (Test 5) Four male rats received [nitroimino-14C]clothianidin at 25 mg/kg bw, subsequent to a 
pretreatment period of 14 days with unlabelled clothianidin at 25 mg/kg bw, for the assessment 
of urine, faeces, organs and blood plasma.

• (Test 6) Six male rats received [nitroimino-14C]clothianidin at 5.0 mg/kg bw for whole-body 
autoradiographical assessment.

• (Test 7) Four male rats received [thiazolyl-2-14C]clothianidin at 2.5 mg/kg bw for the assessment 
of urine, faeces, organs and blood plasma.



21

CLOTHIANIDIN 19–116 JMPR 2010

Between 95.5% and 99.7% of the administered radioactivity was recovered in expired air, urine, 
faeces, organs and tissues at termination. From the proportion of radioactivity excreted in urine, the 
extent of absorption of clothianidin was at least 90% (Table 1). Both renal excretion and plasma 
kinetic data indicated almost complete absorption, with a short onset and rapid absorption rate at the 
low dose. Absorption was somewhat delayed at higher doses, in a dose-dependent manner. 

Distribution was assessed by measuring the concentration of radioactivity in the blood plasma 
and by whole-body autoradiography. 

Peak radioactivity in the plasma (C
max

) was observed at about 1.5 hours in both males and 
females at the low dose. At the high dose, the time to C

max
 (T

max
) was about 6–8 hours; plasma lev-

els then decreased at 24 hours, with apparent rebound at about 32 hours (probably due to a second 
phase of absorption of clothianidin during the passage of non-absorbed active substance through the 
small intestine). Pretreatment for 14 days before administration of active ingredient at 25 mg/kg bw 
(intermediate dose) shifted the T

max
 to about 3 hours. Plasma concentrations appeared to show good 

proportionality with administered dose.

From the plasma low-dose and pretreatment data, various pharmacokinetic parameters were 
calculated (Table 2). Owing to the biphasic plasma concentration–time curve after high-dose 
a dministration, calculation of parameters for this dose group was not meaningful.

The total radioactive residue (TRR) in organs and tissues (measured by liquid scintillation count-
ing) after 72 hours was low. A total of between 0.085% and 0.253% of the administered dose was found 
in the body (excluding gastrointestinal tract). The highest concentration was detected in the liver and in 
the kidneys, irrespective of dose level, sex or pretreatment. When results in low-dose males using the 
two different 14C-labelled forms were compared, levels of radioactivity with the thiazolyl-labelled form 
were about 2- to 3-fold those with the nitroimino-labelled form. Levels of radioactivity with the former 
were also the highest in the kidney, which was indicative of the slower absorption, b iotransformation 
and excretion of the putative metabolites detected by this labelled p recursor (Table 3). 

The residue distribution was comparable to that obtained with quantitative whole-body 
a utoradiography. 

Urinary bladder, nasal mucosa, kidney and liver were the sites with the highest radioactive con-
centration at 1 hour after administration. The level in the blood (3 µg/g) was similar to that found in 
both liver and kidney. This fi nding, as well as the initial high level in the excretory organs, illustrates 
the fairly rapid absorption and start of excretion immediately after administration of the compound. 
For most organs, the radioactivity decreased gradually at 4, 8, 24, 48 and 72 hours after administra-
tion. At 72 hours, trace concentrations of radioactivity were observed in the liver (0.021 µg/g), nasal 
mucosa (0.022 µg/g) and vitreal body of the eye (0.020 µg/g). Lower but quantifi able levels were also 
present in the renal cortex and the adrenals (Table 4). 

Figure 1. Structural formulae of [nitroimino-14C]- and [thiazolyl-2-14C]-labelled compounds 
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Table 1. Cumulative excretion of radioactivity after administration of clothianidin to ratsa

Compartment Time (h) Cumulative excretion of radioactivity (% of dose)

Dose (mg/kg bw)

2.5 2.5 250 25b 2.5c 25c,d

Test 1 Tests 2–3 Test 4 Test 5 Test 7 Test 7

Male Male Female Male Male Male Male

Expired air 4 0.005 — — — — — —

8 0.005 — — — — — —

24 0.013 — — — — — —

48 0.015 — — — — — —

72 0.017 — — — — — —

Urine 4 27.12 34.90 43.09 3.01 16.32 32.65 15.24

8 53.97 71.62 78.20 21.31 56.62 66.47 65.11

24 90.60 88.21 93.32 57.17 91.33 87.85 94.16

48 91.24 88.80 94.21 88.86 92.57 88.88 95.00

72 91.48 89.10 94.56 90.47 92.99 89.25 95.19

Faeces 24 6.56 5.99 2.90 3.49 6.18 7.02 7.09

48 6.80 6.18 3.20 7.82 6.35 7.34 7.32

72 6.89 6.27 3.29 8.58 6.60 7.79 7.53

Total (mass balance) 98.39 95.37 97.85 99.05 99.58 97.04 102.7

From Weber (2000) 
a  Values reported are averages of four animals, except where noted otherwise.
b  Preceded by 14-day pretreatment period with 25 mg/kg bw per day. 
c  14C label on thiazolyl-2. 
d  Only one animal. 

Table 2. Calculated plasma kinetics parameters after administration of clothianidin to rats

Parameter Dose (mg/kg bw)

2.5 25a 2.5b

Tests 2–3 Test 5 Test 7

Male Female Male Male

AUC (µg·h/ml) 10.3 7.3 116.0 10.2

t
lag

 A (h) 0.045 0.050 0.060 0.078

t
½
 A (h) 0.51 0.27 0.022 0.0036

t
½
 Eα (h) 1.20 1.49 1.89 0.88

t
½
 Eβ (h) 54.1 22.6 28.3 37.0

CL (µg/ml) 4.1 5.7 3.6 4.1

T
max

 (h) 1.5 1.4 2.7 2.1

C
max

 (µg/ml) 1.8 1.3 15.0 1.3

MRT
disp

 (h) 5.9 5.5 4.3 9.2

From Weber (2000) 
AUC, area under the concentration–time curve; CL, total clearance of drug from plasma; C

max
, highest observed concentration; MRT

disp
, 

mean disposition residence time; t
½
 A, absorption half-life; t

½
 E, elimination half-life (α, rapid phase; β, slow phase); t

lag
 A, lag time 

between gavage and onset of absorption; T
max

, time of highest concentration after gavage 
a  Preceded by 14-day pretreatment period with 25 mg/kg bw. 
b  Position of 14C label on thiazolyl-2 instead of nitroimino.
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Data from liquid scintillation counting measurements and whole-body autoradiography pointed 
towards a rapid and homogeneous distribution of the radioactive tracer across the various organs. 
Despite the delayed elimination of radioactivity from both the nasal mucosa and vitreal eye body, 
the accumulation was transient, and there was no evidence of accumulation at 72 hours after admin-
istration, with most, but not all, values decreasing below the limit of detection (LOD) or limit of 
quantifi cation (LOQ).

Most of the radioactivity was rapidly excreted in the urine, with about 90% at 24 hours at both 
the low dose and after repeated dosing and with about 57% at the high dose.

At the low dose, renal excretion was slightly more important in females than in males at all 
sampling times, accounting for 94.6% (females) and 89.1% (males) at termination (see Table 1).

The possible involvement of biliary excretion was not assessed, but the presence of biphasic 
k inetics in the plasma after administration of a high dose of clothianidin suggests limited enterohe-
patic circulation. This fi nding was in line with the presence of radioactivity in both liver and gut at 
that time, as visualized by whole-body autoradiography. At termination, urinary and faecal elimina-
tion combined accounted for about 95–99% of the administered dose. At the high dose, a slight delay 
of excretion was observed, but excretion was also essentially complete at 72 hours.

For quantifi cation of metabolites, pooled urine samples (from tests 2, 3, 4, 5 and 7) and faecal 
extract (from tests 2, 3 and 7) were chromatographed by high-performance liquid chromatography 

Table 3. Total radioactive residue in tissues measured by liquid scintillation counting, 72 hours 
after administration of clothianidin to ratsa

Sample TRR (µg/g)

Dose (mg/kg bw)

2.5 250 25b 2.5c

Tests 2–3 Test 4 Test 5 Test 7

Male Female Male Male Male

Red blood cells 0.0056 0.0044 0.789 0.0537 0.0119

Plasma 0.0033 0.0027 0.361 0.0257 0.0079

Spleen 0.002 < LOQ 0.263 < LOQ 0.0047

Gastrointestinal tract 0.0021 0.0031 0.245 < LOQ 0.0234

Liver 0.0313 0.0167 2.880 0.2077 0.0329

Kidney 0.0093 0.0070 0.864 0.0693 0.0380

Testes 0.0011 — 0.167 0.0124 0.0031

Skeletal muscle < LOQ < LOQ 0.235 < LOQ 0.0028

Bone (femur) < LOQ < LOQ < LOQ < LOQ 0.0041

Heart 0.0022 0.0022 0.318 0.0219 0.0046

Lung 0.0042 0.0037 0.560 0.0400 0.0084

Brain < LOQ < LOQ < LOQ < LOQ 0.0018

Skin 0.0035 0.0034 0.317 < LOQ 0.0104

Carcass 0.0020 0.0021 0.254 0.0267 0.0037

From Weber (2000) 
LOQ, limit of quantifi cation
a   Values reported in equivalent concentration (µg/g or parts per million [ppm]) are averages of four animals; radioactivity levels in 

adrenals, adrenal fat, thyroid, ovaries and uterus are less than the LOQ. 

b  Preceded by 14-day pretreatment period with 25 mg/kg bw. 
c  Position of 14C label on thiazolyl-2 instead of nitroimino.
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(HPLC). An overview of the radioactivity balance is given in Table 5 (data integrated from different 
analyses). The main compound detected in all tests was clothianidin itself, accounting for 55–74% 
of the administered dose. The compound should thus be considered metabolically moderately labile. 
In the urine, the main metabolites detected were TZNG, MNG, NTG and MTCA, whereas TMG was 
the major metabolite in the faecal extract.1 Unidentifi ed metabolites accounted for approximately 
2–7% of the total administered dose. The higher value, 7%, was obtained after administration of 14C-
thiazolyl-2-labelled compound at a dose of 2.5 mg/kg bw. In the urine fractions 0–4 hours, 4–8 hours 
and 8–24 hours, 10 metabolites were unresolved. The metabolites are listed in Table 6. The nature and 
relative proportions of the metabolites did not change with increasing dose.

Table 4. Quantitative whole-body autoradiography time course of total radioactive residue in 
organs and tissues after administration of clothianidin at 5.0 mg/kg bw to ratsa 

Organ/tissue Time of termination (h)

1 4 8 24 48 72

Adrenal 2.943 1.925 0.641 0.025 0.010 0.010

Blood 3.000 1.140 0.376 0.010 0.004b 0.005b

Bone marrow 0.908 0.687 0.240 0.004b 0.001c 0.001c

Brain 0.338 0.250 0.116 0.002c 0.000c 0.000c

Brown fat 1.854 1.330 0.331 0.018b 0.004c 0.004c

Eye (vitreal body) 0.009 0.550 0.324 0.112 0.048 0.020

Heart 1.993 1.174 0.428 0.007 0.002b 0.001c

Kidney (cortex) 4.075 2.472 0.778 0.020 0.009 0.008

Kidney (medulla) 2.892 4.389 0.870 0.019 0.004 0.002b

Liver 3.424 2.229 0.821 0.065 0.026 0.021

Lung 0.492 0.148 0.215 0.006 0.001c 0.001c

Muscle 1.877 1.132 0.392 0.006b 0.001c 0.001c

Nasal mucosa 5.641 3.816 4.306 0.072 0.04 0.022

Pineal body 1.348 0.878 0.318 0.007 n.a. n.a.

Pituitary gland 1.878 1.082 0.354 0.006 n.a. n.a.

Salivary gland 2.215 1.497 0.544 0.008 0.002c 0.002c

Skin 2.239 1.337 0.556 0.013 0.004b 0.003b

Spinal marrow 0.276 0.205 0.105 0.002c 0.000c 0.000c

Spleen 1.532 0.959 0.316 0.006 0.002c 0.001c

Testes 0.656 0.553 0.211 0.004 0.001c 0.000c

Thymus 1.370 0.861 0.282 0.004c 0.001c 0.001c

Thyroid 2.340 1.531 0.472 0.006 0.003b 0.001c

Tongue 2.231 1.333 0.398 0.007 0.002c 0.001c

Urinary bladder 5.998 6.169 5.987 n.a. 0.018 0.002b

From Weber (2000)
n.a., not available (no value measured)
a   Values reported in equivalent concentration (µg/g or parts per million [ppm]) at 1–72 h after administration (5.0 mg/kg bw, 14C label on 

nitroimino, one male per time point). 
b  Radioactivity levels below limit of quantifi cation. 
c  Radioactivity levels below limit of detection. 

1 See Table 6 for full chemical names of the abbreviations used.
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Table 5. Metabolites excreted in urine and faeces after administration of clothianidin to rats 

Metabolite Metabolites excreted (% of dose)

Dose (mg/kg bw)

2.5 2.5 250 25a 2.5b

Test 1 Test 2 Test 4 Test 5 Test 7

M, urine M, faeces F, urine F, faeces M, urine M, urine M, urine M, faeces

ACTc — — — — — — 1.03 0.28

CTCAc — — — — — — 0.88 0.06

MTCAc — — — — — — 8.52 0.02

Polar HPLC fractiond — 0.6 — 0.34 — — — —

Ureae 0.26 — 0.13 — 0.06 0.09 — —

NTGe 3.92 — 1.42 — 3.49 1.92 — —

MNGe 13.21 — 7.5 — 9.46 8.78 — —

MGe 0.45 — 0.3 — 0.30 0.24 — —

TZGf — 0.36 — 0.19 — — — 0.54

TMGf 0.11 1.44 0.13 0.6 0.19 0.16 0.2 2.17

TZUf 0.52 0.12 0.49 0.07 0.64 0.67 0.21 0.2

THMNf 0.11 — 0.12 — 0.09 0.17 — —

TZMUf 0.15 0.1 0.1 0.03 0.29 0.06 0.19 —

TZNGf 11.25 0.14 7.01 0.06 12.48 10.18 10.44 0.18

Clothianidinf 54.66 0.9 73.49 0.53 59.98 66.53 59.83 1.51

Total identifi ed 84.64 3.66 90.94 1.82 86.99 88.82 81.31 4.95

Not identifi ed 3.59 0.29 2.36 0.24 1.86 2.48 6.54 0.42

Total analysed 88.23 3.95 93.3 2.06 88.85 91.30 87.85 5.37

Total excreted 95.37 93.32 99.05 99.58 97.04

From Weber (2000) 
F, female; M, male
a  Preceded by 14-day pretreatment period with 25 mg/kg bw. 
b  Position of 14C label on thiazolyl-2 instead of nitroimino. Metabolites detectable. 
c  Only by thiazolyl label. 
d  Polar fraction in faeces, not further identifi ed.
e  Only by nitroimine label. 
f  By both thiazolyl and nitroimine label. 

The main metabolic reactions of clothianidin are 1) oxidative demethylation to form TZNG and 
2) cleavage of the nitrogen–carbon bond between the thiazolyl-methyl position and the nitroimino 
moiety (see Figure 1). About 10–18% of the metabolites detected result from this cleavage of clothi-
anidin. The main detectable metabolites formed from the nitroimino-labelled compound are MNG 
and NTG, whereas with the thiazolyl-2-labelled compound, the main detectable metabolite formed is 
CTCA, which is further metabolized into MTCA. A minor catabolic pathway leads to ACT. The deg-
radation of clothianidin by transformation of the nitroimino moiety into the urea compounds TZMU 
and TZU and into the guanidines TMG, TZG and THMN is considered a minor metabolic reaction.

The fate of clothianidin in the rat is illustrated in Figure 2.

In summary, clothianidin was almost completely absorbed from the gastrointestinal tract (90%) 
within 24 hours. The rate and extent of absorption were essentially independent of sex, dose or dose 
rate. The compound was widely and homogeneously distributed across various organs (T

max
 = 1.5 
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Table 6. Nomenclature of identifi ed metabolites of clothianidin in the rat

Code Chemical name

TI-435 (E)-1-(2-Chloro-1,3-thiazol-5-ylmethyl)-3-methyl-2-nitroguanidine; clothianidin

ACT 5-Aminomethyl-2-chlorothiazole

CTCA 2-Chlorothiazole-5-carboxylic acid

MG Methylguanidine

MNG N-Methyl-N′-nitroguanidine

MTCA 2-Methylthiothiazole-5-carboxylic acid

NTG Nitroguanidine

THMN N-2-Chlorothiazol-5-ylmethyl-N-hydroxy-N′-methyl-N′′-nitroguanidine; thiazolhydroxymethylnitroguanidine

TMG N-(2-Chlorothiazol-5-ylmethyl)-N′-methylguanidine; thiazolmethylguanidine

TZG 2-Chlorothiazol-5-ylmethylguanidine; thiazolguanidine

TZMU N-(2-Chlorothiazol-5-ylmethyl)-N′-methylurea; thiazolylmethylurea

TZNG N-(2-Chlorothiazol-5-ylmethyl)-N′-nitroguanidine; thiazolylnitroguanidine

TZU 2-Chlorothiazol-5-ylmethylurea; thiazolylurea

Urea Urea

From Weber (2000)

hours), with a rapid decrease in residues to levels near or at the LOQ at 72 hours. There was no evi-
dence of accumulation, although up to 4 hours post-dosing, higher levels were detected in kidney 
and liver. 

At 24 hours, about 94–96% of the compound was excreted. Urinary excretion was the major 
elimination route, with about 89% (males) and 95% (females) at termination (72 hours). Faecal 
elimination accounted for about 6% (males) and 3% (females). The excretion profi le after high-dose 
administration at 72 hours (elimination half-life = 1.9 hours) was almost identical to that after low-
dose administration (elimination half-life = 1.2 hours), although the plasma concentration exhib-
ited biphasic kinetics, with concentration peaks at 6 hours and 32 hours, suggesting a moderate 
e nterohepatic cycling. 

Clothianidin was metabolized to a moderate extent, with 56–74% excreted unchanged over 
72 hours. The main metabolic pathways were 1) oxidative demethylation and 2) cleavage of the 
nitrogen–carbon bond between the thiazolyl-methyl position and the nitroimino moiety. The main 
urinary metabolites recovered after low-dose testing were TZNG (7–11%), MNG (8–13%) and NTG 
(1–4%). In the faeces, MTCA (9%) and TMG (2%) were recovered. Other characterized metabolites 
were present at less than 2% of the dose (Weber, 2000).

Goat

The metabolism of clothianidin was studied in the goat using a study protocol partly in com-
pliance with test method B.36 of European Commission directive 87/302/EEC. One lactating goat 
(“Bunte Deutsche Edelziege”) (35.5 kg, 30 months of age) received [nitroimino-14C]clothianidin by 
gavage at a dose of 10 mg/kg bw per day on 3 consecutive days. This dose corresponded to a concen-
tration of 201 parts per million (ppm) in the feed. Urine, faeces and samples of blood and milk were 
collected. The animal was terminated 53 hours after the fi rst administration. Specifi c radioactivity 
was 3.91 MBq/mg, radiochemical purity was greater than 98% and chemical purity was greater than 
99%. The batch number of the non-labelled clothianidin was M00343 (purity 99.8%). Samples of 
liver, kidney, muscle and fat were taken. Radioactivity in samples was quantifi ed, and metabolites 
were identifi ed by thin-layer chromatography.
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From the time of administration to termination, the amounts of radiolabel excreted in urine, 
faeces and milk were 48.8%, 13.5% and 1.5%, respectively. However, only 70.4% of radioactivity 
was recovered, owing to the short time before termination (5 hours) after the last administration. 
Hence, the exact extent of absorption could not be determined. The radioactivity in edible tissues at 
termination was estimated to be 6.6% of the dose.

C
max

 (= 4.31 µg/ml) occurred at approximately 4 hours after the fi rst dose. A rapid monopha-
sic depletion was observed (elimination half-life = 5.3 hours), with an equivalent concentration of 
0.69 µg/ml at 24 hours.

Eight hours subsequent to dosing, the residues in milk were 6.57 ppm (fi rst dose) and 5.98 ppm 
(second dose). At termination (5 hours post-dosing), the value was 6.35 ppm. At 24 hours post-
dosing, the residue levels declined to 0.97 and 0.92 ppm, respectively, corresponding to about 0.14% 
and 0.13% of the radioactivity. 

Figure 2. Metabolic transformation of clothianidin (TI-435) in the rat
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Clothianidin was the main residue in milk (1.6 ppm, 51.2%), fat (0.8 ppm, 36.6%) and mus-
cle (1.1 ppm, 25%), whereas it was undetectable in liver and kidney. Only two metabolites found in 
the goat were not covered by the rat metabolism: N-(2-chlorothiazol-5-ylmethyl)-N′-hydroxy-N′′-
methylguanidine (TMHG) (milk: 0.048 ppm, 1.6%) and N′-[(2-chlorothiazol-5-ylmethylamino)-
(methylamino)methylene]-2-oxopropanohydrazide (ATMG-Pyr) (other compartments: range 
0.14–0.97 ppm, 2.54–10.4%). 

TMHG was formed by hydroxylation of the imino part of clothianidin, followed by denitrifi -
cation and then oxidation of TMG. It is a more polar molecule and considered toxicologically less 
relevant than its precursors (see section 2.6(c)). 

ATMG-Pyr was present in all tissues, but not in milk. In the rat, it was not acutely toxic by the 
oral route and negative for in vitro mutagenicity (see section 2.6(c)).

Characterized (on HPLC) but non-identifi ed metabolites accounted for about 7% (milk), 25.6% 
(liver), 14.2% (muscle), 38.3% (kidney) and 8.6% (fat) of the administered dose (Spiegel & Weber, 
2000).

Hen

The metabolism of clothianidin was studied in the hen using a study protocol partly in compli-
ance with test method B.36 of European Commission directive 87/302/EEC. Six laying hens (Gallus 
domesticus, “White Leghorn”) (1.53 kg, about 27 weeks of age) received [nitroimino-14C]clothiani-
din by gavage at a dose volume of 1 ml/kg bw and at a dose of 10 mg/kg bw per day on 3 consecutive 
days. This dose corresponded to a concentration of 134 ppm in the feed (assuming a daily feed uptake 
of 7.5% of body weight). The animals were terminated 53 hours after the fi rst administration. Sam-
ples of eggs, liver, kidney, muscle, skin (without subcutaneous fat) and fat were taken. Radioactivity 
in samples was quantifi ed and then analysed by thin-layer chromatography. 

From the time of administration to termination, the amount of radioactivity excreted was about 
94.7%, with about 0.15% found in eggs. The estimated residue in prepared tissues was about 3.12%. 
The total radioactivity recovered was on average 98%. As the extent of absorption cannot be determined 
directly from the excretion values in birds, it was inferred from the relatively high residue values in both 
liver and kidney that gastrointestinal absorption had occurred. The excretion rate was relatively high, as 
about 38%, 35% and 22% of the radioactivity was excreted at 24, 48 and 53 hours, respectively. 

In eggs, the cumulative radioactivity amounted to 0.201% of the TRR; the equivalent concen-
trations were 0.384, 0.753 and 0.943 ppm at 24, 48 and 53 hours, respectively (plateau phase was 
not achieved). At termination, the equivalent concentrations were determined in the various compart-
ments: kidneys, 7.859 ppm (0.18% of dose administered); liver, 5.147 ppm (0.42%); dissected eggs, 
1.835 ppm; breast and leg muscle, 1.735 ppm and 1.419 ppm, respectively; skin, 1.091 ppm; and 
subcutaneous fat, 0.193 ppm. The whole-body values for muscle, skin and fat (mean values from 
different locations) were 2%, 0.14% and 0.07%, respectively, and were calculated assuming relative 
weights of 40% (muscle), 4% (skin) and 12% (fat).

Metabolites were analysed in eggs, liver, muscle and fat. When the sum of identifi ed and charac-
terized radioactivity and solids (unresolved radioactivity) was taken as unity in order to normalize the 
data, the identifi ed and characterized radioactive fractions were as follows: 98.6% and 0.56% (eggs), 
75.4% and 13.56% (liver), 65.27% and 31.61% (muscle) and 74.45% and 18.11% (fat), r espectively. 

The identifi ed metabolites at greater than 5% of TRR were distributed as follows: eggs, TZNG 
0.504 ppm (87.52% of TRR) and clothianidin 0.122 ppm (21.21%); liver, TZNG 2.211 ppm (45.97%) 
and TZG 1.07 ppm (22.26%); muscle, N′-[amino(2-chlorothiazol-5-ylmethylamino)methylene] 
acetohydrazide (ATG-Ac) 0.551 ppm (35.12%), TZNG 0.124 ppm (7.91%) and TZG 0.091 ppm 
(5.78%); fat, ATG-Ac 0.048 ppm (31.32%), TZNG 0.036 ppm (23.71%), N′-[amino(2-chlorothiazol-
5-ylmethylamino)methylene]-2-oxopropanohydrazide (ATG-Pyr) 0.011 (7.13%) and clothianidin 
0.008 ppm (5.30%).
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Two metabolites were found that were not recovered in the rat (ATG-Ac and ATG-Pyr), but 
the structurally equivalent goat metabolite ATMG-Pyr has been shown to be non-mutagenic and of a 
lower order of toxicity than clothianidin itself. Likewise, ATG-Ac was also tested and considered less 
toxic than clothianidin (Weber & Weber, 2000) (see section 2.6(c)). 

(b) Exposure via lactation

Rats

In a study to determine whether pup exposure results through lactation when dams are exposed 
to clothianidin, a suspension of [nitroimino-14C]clothianidin was administered by oral gavage to fi ve 
female Sprague-Dawley rats each with a litter of four female and four male pups at an average dose 
of 257 mg of active ingredient per kilogram of body weight once daily for 4 consecutive days starting 
on day 9 postpartum. At 2, 4, 8 and 24 hours after the fi nal dose, fi ve pups of the same sex, one from 
each litter, were killed, homogenized and radioassayed to determine the exposure of the offspring to 
the test substance through lactation. Samples from the 4-hour and 24-hour sampling intervals were 
extracted, and the extracts were analysed by HPLC.

At 2, 4, 8 and 24 hours after the fourth oral dose to the dams, the TRRs (expressed as clothiani-
din equivalents) found in the female pups were 11.10, 11.22, 11.39 and 11.06 ppm, respectively. The 
TRRs found in the male pups at these sampling intervals were 12.08, 14.98, 11.07 and 11.32 ppm, 
respectively. The major residue found in pups killed at the 4- and 24-hour sampling intervals was clo-
thianidin, the parent material. It was concluded that following four consecutive doses of [nitroimino-
14C]clothianidin to dams, the litters were exposed to the test substance through lactation, and the oral 
exposure of dams is suffi cient to evaluate the potential effects of exposure to clothianidin for infants 
and children (Duah, Lopez & Nguyen, 2005).

2. Toxicological studies

2.1 Acute toxicity 

(a) Lethal doses

In a test for acute oral toxicity, fi ve mice (CRL:CD®1(ICR)BR) of each sex per dose received 
clothianidin in 5% weight per volume (w/v) aqueous gum arabic by gavage at a dose level of 304, 380, 
475, 594 or 742 mg/kg bw (dose volume 10 ml/kg bw) following a preliminary range-fi nding study. 
The study was conducted in compliance with test method B.1 of European Commission d irective 
92/69/EEC and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987).

Deaths occurred on days 1 and 2. No deaths occurred in either males or females treated with 
a dose of 304 mg/kg bw, whereas dose levels of 380 mg/kg bw and above caused mortalities in both 
sexes. Clinical signs included palpebral closure, decreased activity, ataxia and tremor. Lethargy and 
respiratory impairment were seen at the two highest doses. Onset of principal clinical signs was 0.5 
hour post-dosing and persisted until day 2 in the survivors. 

There were no consistent necropsy fi ndings associated with active ingredient administration. 
The median lethal dose (LD

50
) was 389 mg/kg bw in males and 465 mg/kg bw in females (Gardner, 

1997b).

In a test of acute oral toxicity, fi ve rats (CRL:CD®BR) of each sex per dose received clothianidin 
in 5% w/v aqueous gum arabic by gavage at a dose level of 1758, 2283, 2965, 3850 or 5000 mg/kg bw 
(dose volume 10 ml/kg bw). The study was conducted in accordance with test method B.1 of European 
Commission directive 92/69/EEC and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 
1987).
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At all doses, palpebral closure, decreased activity and tremor, followed by hunched posture, 
wasted appearance and hair loss, were observed. Onset of principal clinical signs was on day 2 and 
persisted until day 15 at higher dose levels, whereas recovery from all clinical signs except hair loss 
occurred by day 15 at lower dose levels. Occasional appearance of ataxia, chromodacryorrhoea and 
discoloured urine was also observed, especially in females. 

Signifi cant and dose-related decreases in body weights and body weight gains of both males 
and females were observed at day 8 and day 15; these fi ndings were more pronounced in the females. 
There was no consistent necropsy fi nding associated with dosing. 

A single female rat treated with a dose of 2965 mg/kg bw died on day 2, and one dosed with 
5000 mg/kg bw died on day 4. Two rats were killed on humane grounds on day 12 as a result of 
marked weight loss: a male at a dose of 5000 mg/kg bw and a female at a dose of 3850 mg/kg bw. 
The LD

50
 in both males and females is greater than 5000 mg/kg bw (Gardner, 1997a).

In a test of acute oral toxicity, fi ve rats (Fischer 344 CDF (F-344)/BR) of each sex per dose 
received clothianidin in 5% w/v aqueous methylcellulose/0.4% Tween 80 by gavage (dose volume 
10 ml/kg bw) at a dose of 250, 5000 or 1000 mg/kg bw (actual doses based on analytical results were 
290, 523 and 1216 mg/kg bw). The study was conducted partially in accordance with test method B.1 
of European Commission directive 92/69/EEC.

Deaths occurred beween days 1 and 4. Compound-related signs were evident in males and 
females that received a dose of 500 or 1000 mg/kg bw but not 250 mg/kg bw. Clinical signs in high-
dose males and females included tremors, locomotor incoordination, hypoactivity, oral clear/red/
brown stain and lacrimation. Clinical signs at 500 mg/kg bw were similar in nature and incidence 
(particularly for females) to the effects seen at the 1000 mg/kg bw dose level. Coolness to touch, 
gasping and moribundity were evident in animals that died at either dose level. 

The earliest clinical signs were evident 3 hours after treatment, consisting of tremor and 
decreased activity. Many additional effects were evident at the 4-hour observation. Animals con-
tinued to exhibit marked evidence of toxicity 24 hours after treatment, with incomplete recovery at 
72 hours.

Males and females at 500 mg/kg bw and above had reduced body weight or body weight gain; 
these fi ndings were more pronounced in the females.

The survivors were killed on day 4 rather than, as more usually, on day 14, when recovery was 
evident, and when it was apparent that no additional animals would die as a result of treatment. No gross 
necropsy examination was performed, as the study was intended as a range-fi nding study for an acute 
neurotoxicity study (determination of time of peak for clinical signs). The acute oral LD

50
 was between 

1216 and 2000 mg/kg bw for males and between 523 and 1216 mg/kg bw for females (Sheets, 2002).

In a test for acute dermal toxicity, fi ve male and fi ve female rats (CRL:CD®BR) were exposed to 
clothianidin moistened with 200 µl water at a dose level of 2000 mg/kg bw and a surface density of about 
0.018–0.021 g/cm2 by dermal semiocclusive application for 24 hours following a preliminary range-
fi nding study. The protocol was in compliance with test method B.3 of European Commission directive 
92/69/EEC and OECD Guideline No. 402 (Acute Dermal Toxicity; 24 February 1987). There were no 
deaths or local or systemic signs of toxicity. Two out of fi ve females showed a slightly impaired body 
weight gain on day 8 and day 15. No abnormal fi ndings were observed in any of the animals at necropsy. 
The acute dermal LD

50
 in males and females was greater than 2000 mg/kg bw (Gardner, 1997c). 

In a head-only inhalation assay, fi ve male and fi ve female rats (CRL:CD®BR) were exposed to 
clothianidin as a micronized dust aerosol at a concentration of 5.538 ± 1.954 mg/l (by gravimetry) for 
4.5 hours. The mass median aerodynamic diameter was 2.78 ± 2.38 µm (range 1.46–8.40 µm); about 
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55% of the particles were 1–4 µm. A concomitant control group of fi ve rats of each sex was included. 
The study protocol was partly in compliance with test method B.2 of European Commission directive 
92/69/EEC and OECD Guideline No. 403 (Acute Inhalation Toxicity; 12 February 1981). There were 
no mortalities during the study. Clinical signs in both sexes included hypothermia during exposure; 
ataxia, ptosis, hunched posture, stained body/eyes/nose and lethargy were observed up to day 4. 
There were no necropsy fi ndings of note. Body weights of treated animals were decreased by about 
9%, compared with controls. Owing to intermittent jamming of the aerosol generator during the fi rst 
hour of exposure, with concomitant drop of the atmospheric concentration to about 1.6 mg/l, the 
test duration was extended by 0.5 hour. The acute inhalation median lethal concentration (LC

50
) was 

greater than 5.538 mg/l (gravimetric determination for 4.5 hours) (Shepherd, 1998). 

(b) Dermal and ocular irritation and skin sensitization

The skin irritation potential of clothianidin was tested in six rabbits (Crl: NZW Kbl©BR) (one 
female and fi ve males). The study was conducted according to test method B.4 of European Commis-
sion directive 92/69/EEC and OECD Guideline No. 404 (Acute Dermal Irritation/Corrosion; 17 July 
1992). The animals were exposed to 0.5 g clothianidin moistened with 100 µl water, applied to 6 cm2 of 
back skin under a semiocclusive cover for 4 hours. No skin irritation or dermal reaction was observed 
from 24 hours through 3 days. Clothianidin was not irritating to the skin in this test (Gardner, 1997d).

The eye irritation potential of clothianidin was investigated in six male rabbits (Crl: NZW©BR) 
by instillation of 0.066 g, corresponding to 0.1 ml of the undiluted test substance, into the everted lid 
of the left eye. The study was conducted in accordance with test method B.5 of European Commis-
sion directive 92/69/EEC and OECD Guideline No. 405 (Acute Eye Irritation; 24 February 1987). 
Minor conjunctival reactions were observed on the treatment day in all rabbits. These reactions had 
resolved by 24 hours post-treatment. There were no ocular effects at any of the evaluation time points 
from 24 through 72 hours. Clothianidin is considered to be practically non-irritating to the eye in this 
test (Gardner, 1997e). 

The skin sensitization potential of clothianidin was investigated using the maximization method 
in groups of 20 (control and test) female Dunkin-Hartley (Tif:DHP) guinea-pigs. The protocol was 
partly in compliance with test method B.6 of European Commission directive 92/69/EEC and OECD 
Guideline No. 406 (Skin Sensitisation; 17 July 1992). Clothianidin was dissolved in Alembicol D 
(fractionated coconut oil). Test concentrations were selected on the basis of preliminary testing and 
were 1% for intradermal injection (maximum practical concentration injectable with Freund’s com-
plete adjuvant and/or Alembicol D), 55% by occlusive application over 48 hours for dermal induction 
(seen to be slightly irritating) and 10% and 20% for application on one fl ank, with vehicle on the 
other fl ank, for 24 hours for challenge (highest non-irritant concentration). 

Slight to well-defi ned erythema was observed at 1 day after intradermal injection in both con-
trol and test animals receiving Alembicol D alone (controls) or the test material in Alembicol D. On 
the next day after removal of percutaneous induction, slight to well-defi ned erythema was observed 
in the control animals, but no response was observed in the test animals. 

At 24 hours after challenge, 10% and 15% of the test animals showed slight erythema after, 
respectively, 10% weight per weight (w/w) and 20% w/w test substance exposure, whereas 5% of 
the animals showed this response in the concomitant controls. At 48 hours after challenge, 5% of the 
controls showed slight erythema. None of the dermal reactions in the test animals was clearly more 
marked than those of the control group. Therefore, clothianidin was concluded not to be sensitizing 
in this study (Denton, 1997).

In summary, the acute toxicity by the oral, dermal and inhalation routes of exposure to clo-
thianidin was low. Certain clinical signs observed after oral dosing of rats or mice suggest mild and 
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transient neurotoxic effects (tremor, ataxia, hypoactivity, hunched posture, piloerection, respiratory 
impairment, hypothermia). These effects are considered to be due to overdosage of the compound. 
However, in both acute neurotoxicity and pharmacological studies, similar dose-dependent signs 
were observed, suggesting nicotinic central nervous system effects. 

In a range-fi nding acute neurotoxicity study of the active ingredient formulated in aqueous 
carboxymethylcellulose rather than aqueous gum arabic, the oral LD

50
 value was between 500 and 

1000 mg/kg bw (in the female rat). Both the clinical signs and recovery appeared earlier in the latter 
study, suggesting a more rapid and/or more complete absorption than in the former. Moreover, mice 
appeared more sensitive than rats when both mortality and clinical signs were considered. No dermal 
toxicity was observed. The compound is not a skin irritant, is practically non-irritating to the eye and 
is not a skin sensitizer.

The results of studies of acute toxicity of clothianidin administered orally, dermally or by 
i nhalation are summarized in Table 7. 

2.2 Short-term studies of toxicity 

(a) Oral administration

Mice

Groups of six mice (CRL:CD-1®(ICR)BR) of each sex per dose were fed a diet of clothianidin 
(purity 97.5%; batch No. 30033623) at dose levels of 0, 500, 1000, 2000 and 4000 ppm, which were 
equal to 0, 90, 190, 383 and 683 mg/kg bw per day for males and 0, 122, 248, 491 and 619 mg/kg bw 
per day for females, for a period of 4 weeks. Accuracy, homogeneity and stability of the administered 
diet were confi rmed by chemical analysis. The protocol was partly in compliance with test method 
B.7 of European Commission directive 92/69/EEC and OECD Guideline No. 407 (Repeated Dose 
Oral Toxicity – Rodent; 12 May 1981). This study was a dose range–fi nding exercise for further 
study; limitations of the study design included the lack of performance of histopathology of interme-
diate-dose groups when effects were observed at the top dose and the unreliability of urinalysis data 
as a result of insuffi cient samples in the female control group. 

Four males and all females died at 4000 ppm (week 2); two male deaths occurred among 
2000 ppm animals as a result of the anaesthestic used for the blood sampling procedure. At the 

Table 7. Summary of acute toxicity, including irritancy and skin sensitization, of clothianidin

Type of test Result Purity (%) Batch No. Reference

Rat, oral LD
50

 > 5000 mg/kg bw 96 30034708 Gardner (1997a)

Rat, oral 1216 < LD
50

 < 2000 mg/kg bw (males)

523 < LD
50

 < 1216 mg/kg bw (female)

96 30037120 Sheets (2002) 

Mouse, oral 389 mg/kg bw (males)

465 mg/kg bw (females)

96 30034708 Gardner (1997b)

Rabbit, dermal > 2000 mg/kg bw 96 30034708 Gardner (1997c)

Rat, 4 h inhalation > 5.54 mg/l 96 30034708 Shepherd (1998)

Rabbit, skin irritation Non-irritating 96 30034708 Gardner (1997d)

Rabbit, eye irritation Practically non-irritating 96 30034708 Gardner (1997e)

Guinea-pig, skin sensitization 
(Magnusson and Kligman test)

Not sensitizing 96 30034708 Denton (1997)
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top dose, lethargy, tremors, hunched posture, piloerection, emaciation, half-closed eyes, unsteady 
gait, hypothermia and extremity pallor were observed during week 2 and, to a lesser extent, dur-
ing week 1; at 2000 ppm, emaciation and hunched posture (week 3 and beyond) were the principal 
c linical fi  ndings.

Feed consumption was impaired at 500 ppm. Body weight was decreased dose-dependently 
throughout the study at 2000 and 4000 ppm. Females treated at 1000 ppm also showed weight loss, 
and males treated at 1000 ppm showed decreased weight gain during week 1, but subsequently gained 
weight. Thus, there was a treatment-related reduction in the overall weight gains of both sexes at 
1000 ppm, although there was no statistical signifi cance (P > 0.05). The weight gains of animals at 
500 ppm were unaffected by treatment. Overall, during the 4-week treatment period, feed consump-
tion was signifi cantly reduced among all treated male and female groups when compared with that 
of their respective controls, with animals receiving 2000 or 4000 ppm showing the largest reduction 
in feed consumption.

Feed utilization was slightly superior to that of controls for males receiving 500 ppm, whereas 
it was impaired among the remaining treated male groups and all the treated female groups when 
compared with that of their respective controls, refl ecting the body weight changes noted among the 
treated groups.

At the top dose, packed cell volume, red blood cells, haemoglobin, mean corpuscular volume 
(MCV), mean corpuscular haemoglobin (MCH) and lymphocyte count were decreased in the two 
surviving males. At 1000 ppm and above, neutrophil counts increased in males. Minor decreases 
in MCV and mean corpuscular haemoglobin concentration (MCHC) and an increase in eosinophils 
were also observed in the females at 2000 ppm. 

Increases in alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities 
were observed at 2000 ppm and above. Increases in sodium and chloride ion concentrations were 
observed at 2000 and 4000 ppm, and in females also at 500 and 1000 ppm. Potassium ion concentra-
tion was also increased in females at 1000 and 2000 ppm. At 2000 ppm and above, triglyceride and 
glucose levels were markedly decreased. These fi ndings were consistent with the observed reduced 
feed intake and associated weight losses.

At 2000 and 4000 ppm, most organ weight changes were interpreted as secondary to the body 
weight loss due to underfeeding. At necropsy, size diminution was noted in the organs of the immune 
system (thymus, spleen), adipose tissue, thyroids, stomach and gonads at 4000 ppm. The majority of 
these animals died during the study.

Reduced white pulp cellularity and red pulp atrophy in spleens and thymic involution or atro-
phy were observed with increased incidence among animals at 2000 and 4000 ppm; these are consid-
ered to refl ect induced stress and markedly reduced weight gain. In the adrenal cortex, vacuolation of 
cells in the zona fasciculata (males) and congestion of the zona reticularis (females) were observed 
at the top dose. In males at 4000 ppm, the incidence of atrophic change (testicular atrophy, reduced 
colloid in prostate or seminal vesicle) was increased. In females, reduced thickness of the uterine 
wall was found at the top dose, and an increased incidence of animals lacking corpora lutea in the 
ovary was reported at 2000 ppm. These changes in the reproductive system are considered to refl ect 
induced stress and markedly reduced weight gain. 

Selected clinical and histopathological fi ndings from this 28-day toxicity study in mice are 
summarized in Tables 8 and 9, respectively.

On the basis of mortalities, clinical fi ndings, reduction of body weight and reduction of body 
weight gain, it can be concluded that the maximum tolerated dose (MTD) was attained at 2000 ppm 
(383–491 mg/kg bw per day). The no-observed-adverse-effect level (NOAEL) was 1000 ppm 
(190 mg/kg bw per day), and the lowest-observed-adverse-effect level (LOAEL) was 2000 ppm 
(383 mg/kg bw per day), based on effects on body weight gain, clinical signs and clinical chemistry 
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Table 8. Oral 28-day toxicity of clothianidin in mice: selected clinical fi ndings 

% change relative to controls

Dietary concentration (ppm)

0 500 1000 2000 4000

M F M F M F M F M F

Mortality 0 0 0 0 0 0 2 0 4 6

Feed consumptiona — — ↓21* ↓19* ↓16* ↓16* ↓26** ↓33** ↓53** —

Body weight (week 4) — — — — ↓6 — ↓25 ↓27 ↓53 —

Body weight gaina 2.7 2.1 3.4 0.9 2.1 1.1 −2.6* −2.1** −5.2* —

Haematology

Haematocrit — — — — — — — — ↓31**b c

Haemoglobin — — — — — — — — ↓27**b c

Red blood cells — — — — — — — — ↓23**b c

MCV — — — — — — — ↓3* ↓11**b c

MCH — — — — — — — ↓4* ↓6*b c

White blood cells — — ↑71 ↓29 ↑56 ↓33 ↓3 ↑25 ↓49 —

Neutrophils — — — — ↑81* — ↑54* ↑180**b ↑98*b c 

Lymphocytes — — — — — — — — ↓73*b c 

Eosinophils — — — — — — — — ↑180**b c

Blood chemistry

ALT — — — — — — ↑55 ↑100* ↑204b c

AST — — — — — — ↑61* ↑30 ↑285b c

Na+ — — — — — ↑1.3* ↑3.3** ↑3.3** ↑3.3b c

K+ — — — — — ↑20* — ↑17* — c

Cl− — — — ↑1.8* — ↑1.8* ↑3.6** ↑3.6** ↑3.6b c

Glucose — — — — — — — ↓31** ↓43b c

Triglycerides — — — — — — ↓36 ↓52* ↓73b c

From Chambers (1997b)
F, female; M, male; * P < 0.05; ** P < 0.01 (Williams’ test) 
a  Body weight gain and feed consumption in grams per mouse during weeks 1–4. 
b  Results on 2/6 (haematology, organ weights) or 1/6 (clinical chemistry, urinalysis) samples only. 
c  No results available (mortality).

changes. On the basis of these results, it was concluded that dose levels in excess of 2000 ppm, equal 
to 383 mg/kg bw per day, would not be suitable for future study (Chambers, 1997b).

In a 90-day study, 10 mice (Crl:CD BR) of each sex per dose were fed a diet of clothianidin (purity 
95.8%; batch No. 30034708) at a dietary concentration of 0, 100, 500, 1000 or 1500 ppm (achieved 
doses: 0, 16, 82, 160 and 263 mg/kg bw per day for males and 0, 22, 107, 207 and 329 mg/kg bw per day 
for females). Animals were housed two per cage. Accuracy, homogeneity and stability of the diet were 
confi rmed by chemical analysis. The protocol is partly in compliance with test method B.26 of Euro-
pean Commission directive 92/69/EEC. The report is GLP certifi ed, but reporting of the study was not 
fi nalized and the study may be disregarded, because the test facility was in breach of GLP r egulations 
at the time.

Twelve mice (nine male) distributed among the 500, 1000 and 1500 ppm groups were found 
dead following the stress of the routine blood sampling procedure during weeks 12 and 13. 
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There were no relevant ophthalmological fi ndings. Vocalizations were noted from week 4 in 
both males and females at the top dose. Over the whole treatment period, reduced body weight gains 
were observed in both sexes at 1000 ppm and above. There were no relevant haematological fi nd-
ings. The alkaline phosphatase values were slightly increased for females receiving 1000 ppm and 
above. AST and phosphorus levels were also increased at 500 ppm and above, although without clear 
dose dependency at the top dose or any treatment-related histopathological fi ndings. There were no 
relevant fi ndings in urinalysis. 

At necropsy, decreased relative kidney weight in males at 100, 500 and 1000 ppm was not 
considered biologically meaningful by the study director, because of the high control value of the 
absolute kidney weight (0.791 ± 0.090 g) compared with the mean value of the historical control 
(0.629 ± 0.110 g). The decreased relative kidney weight was not corroborated by any gross pathologi-
cal or histopathological lesion. Weight decreases of other organs (absolute and relative lung weight 
in females and slight, but not signifi cant, decrease of relative liver weight in both males and females) 
were considered secondary to the observed body weight loss.

During histological evaluation, “sparse numbers of corpora lutea” were found in the ovaries at 
the top dose (6/10 females). Detailed re-evaluation (Sangha, 2000) revealed decreases in the numbers 
of corpora lutea (−49%), large follicles (−54%) and degenerating follicles (−51%) in both ovaries 
at the top dose. In the uterus, an increased number of animals were in estrus, and the study patholo-
gist described an increased prominence of uterine endometrial glands at the top dose. The change 
was described as an increase of enlarged, pale endometrial glandular cells, frequently with vesicular 
nuclei. In addition, varying degrees of glandular luminal dilatation with or without the presence of 
luminal eosinophilic material were reported. 

Table 9. Oral 28-day toxicity of clothianidin in mice: selected histopathological fi ndings

No. of positive fi ndings/no. of examined animals (decedent 
+ terminal) 

Dietary concentration (ppm)

0 500 1000 2000 4000

M F M F M F M F M F

Thymus: involution/atrophy — — — — — — 1/1 3/3 2/2 —

Spleen: reduced white pulp cellularity — — — — — — — 1/6 3/3 6/6

Spleen: red pulp atrophy — — — — — — — 2/6 3/3 5/6

Liver: apparent reduction in hepatocyte size — — — — — — — — 1/2 —

Liver: slight centrilobular vacuolization — — — — — — — 1/6 — —

Adrenals: vacuolated cells zona fasciculata — — — — — — — — 1/3 —

Adrenals: congestion zona reticularis — — — — — — — — — 3/3

Prostate: absent colloid — — — — — — — — 2/2 —

Seminal vesicles: reduced seminal colloid — — — — — — — — 1/2 —

Epididymis: spermatozoa absent — — — — — — — — 1/2 —

Epididymis: abnormal shape/reduced spermatozoa number — — — — — — — — 1/2

Testes: seminiferous epithelial atrophy — — — — — — — — 2/2 —

Uterus: reduced mural thickness — — — — — — — 5/6 5/6 —

Ovaries: absence/reduced number of corpora lutea — — — — — — — 3/5 — —

From Chambers (1997b) 
F, female; M, male
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In the view of the study director, however, these changes refl ected normal structures within 
the range of cyclical change of the mouse reproductive tract, due to prolongation of the estrous stage 
of the cycle or cycle arrest in estrus. It is possible that the effects could also be secondary to the 
underfeeding and stressful state of the animals. The NOAEL was 100 ppm, equal to 16 mg/kg bw per 
day, based on increased AST activity at 500 ppm, equal to 82 mg/kg bw per day (Chambers, 1997d). 
The notifi er considers the results of this study to be inconsistent with those of other studies, poten-
tially compromised by poor GLP practices at the test facility, and should be discarded. The study is 
s ummarized here for information purposes only.

Rats

Groups of fi ve rats (CRL:CD®BR) of each sex per dose were fed a diet of clothianidin (purity 
97.5%; batch No. 30033623) at a concentration of 0, 1250, 2500, 5000 or 7500 ppm (0, 120, 249, 475 
and 602 mg/kg bw per day for males and 0, 137, 228, 454 and 689 mg/kg bw per day for females) 
for 4 weeks. Accuracy, homogeneity and stability of the administered diet were confi rmed by chemi-
cal analysis. The protocol was partly in compliance with test method B.7 of European Commission 
directive 92/69/EEC and OECD Guideline No. 407 (Repeated Dose Oral Toxicity – Rodent; 12 May 
1981), with the exception that the study was a dose range–fi nding exercise for further study; hence, 
histopathology of intermediate-dose groups was performed only when there were m acroscopic 
a bnormalities in these animals. 

There were no deaths. Clinical signs of toxicity at 5000 and 7500 ppm included half-closed 
eyes and occasional hair loss. At the top dose, brown nasal staining was observed. Findings are 
s ummarized in Table 10. 

Body weights, body weight gains, feed consumption and feed effi ciency were impaired at 
2500 ppm and above, in a dose-related manner, in both males and females. Haematocrit, haemo-
globin and red blood cell counts were increased at 2500 ppm and above, whereas reticulocytes were 
decreased at 5000 and 7500 ppm. In the males, white blood cell counts were lower at 5000 ppm and 
above; differential counts revealed a signifi cant decrease in all cell populations. In the females, there 
was no corresponding marked decrease in white blood cell count, but eosinophils decreased in a dose-
dependent way at 2500 ppm and above. An increased blood urea nitrogen at the top dose was related to 
effects in the kidneys, and urinalysis showed a decrease in specifi c gravity, decrease in urinary protein 
concentration and increase in pH. However, there were no corresponding changes in renal pathology, 
with no effect on organ weights, gross pathology or histopathology. Decreased chloride content at all 
doses and increased triglycerides at 2500 ppm and above are considered biologically irrelevant in the 
absence of a dose–effect relationship. Bilirubin levels were signifi cantly increased at the top dose. 
Alkaline phosphatase activity was increased at 5000 ppm and above in females, whereas AST activity 
was increased at the top dose in both sexes. Although the alkaline phosphatase increase may be attrib-
utable to an effect on the liver, it may also be secondary to underfeeding of the animals.

A decrease in absolute weight and an increase in relative weight were detected for a number of 
organs at 2500 ppm and above and were attributed to the observed body weight decrease. Absolute 
weight of thyroids (females), thymus (males and females), liver (males and females), spleen (males 
and females), kidneys (males and females), adrenals (males and females) and testes (males) showed 
a dose-related decrease, but it did not attain statistical signifi cance. The thymus and the liver showed 
a decrease in relative weight. 

Histologically, atrophic change of spleen, thymus and reproductive tract at 5000 ppm and above 
was mostly in line with organ weight fi ndings. The observed fi ndings are most probably a secondary 
effect to the underfeeding of the animals (effects in reproductive organs) or to the induced stress as a 
consequence of this fact (thymus: involution and atrophy; spleen: reduced white pulp).

On the basis of reductions in body weight and body weight gain, it was concluded that die-
tary concentrations of 5000 ppm and above were unsuitable for further study and that the observed 
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haematological, biochemical, organ gravimetrical, gross pathological and histopathological fi ndings 
were a consequence of the underfed status of the animals. The data from this study did not permit 
unequivocal identifi cation of a specifi c target organ.

The NOAEL was 1250 ppm, equal to 120 mg/kg bw per day, and the LOAEL was 2500 ppm, 
equal to 249 mg/kg bw per day, based on effects on feed consumption, body weight and body weight 
gain (Chambers, 1997a).

In a dietary study in rats, 10 rats (CRL:CD®BR, Sprague-Dawley) of each sex per dose were 
fed a diet of clothianidin (purity 95.8%) at a dose level of 0, 100, 250, 1250 or 2500 ppm (achieved 
doses: 0, 7.7, 19.7, 96.0 and 189 mg/kg bw per day for males and 0, 9.4, 24.0, 119 and 232 mg/kg bw 
per day for females) for 13 weeks. Animals were housed fi ve per cage. Accuracy, homogeneity and 
stability of the administered diet were confi rmed by chemical analysis. The protocol was partly in 

Table 10. Oral 28-day toxicity of clothianidin in rats: selected clinical fi ndings

% change relative to controls

Dietary concentration (ppm)

0 1250 2500 5000 7500

M F M F M F M F M F

Feed consumptiona — — ↓4 — ↓12 ↓21 ↓33 ↓31 ↓51 ↓37

Body weight (week 4) — — — ↓5 ↓12 ↓12 ↓35 ↓25 ↓53 ↓37

Body weight gaina 155 84 160 76 116** 52** 37** 26** −22** −5**

Haematology

Haematocrit — — — — ↑15** ↑12** ↑14** ↑12** ↑17** ↑17**

Haemoglobin — — — ↑7* ↑16** ↑14** ↑14** ↑16** ↑19** ↑19**

Red blood cells — — — — ↑13** ↑12** ↑14** ↑14** ↑21** ↑20**

Reticulocytesb — — — — — — ↓59** — ↓84** ↓67*

Platelets — — — — — — — — — ↓22**

White blood cells — — — — — — ↓33* — ↓68** —

Neutrophils

Lymphocytes

Eosinophils

Basophils

Monocytes

Large unstained cells

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓58*

—

—

—

↓74*

—

—

—

—

—

—

—

↓67*

—

—

—

↓91**

↓57**

↓92**

↓75**

↓86**

↓84**

—

—

↓84**

—

—

—

Blood chemistry

Blood urea nitrogen — — — — — — ↑50* — ↑200** ↑71**

Alkaline phosphatase — — — — — — — ↑57* — ↑97**

AST — — — — — — — — ↑34** ↑25**

Urinalysis

pHc 6.7 6.6 7.0 6.6 6.9 6.8 7.1** 6.7 7.5** 7.2**

Density — — ↓0.9** — ↓0.7** — ↓1.5** — ↓1.2** ↓1.1**

From Chambers (1997a) 
F, female; M, male; * P < 0.05; ** P < 0.01 (Williams’ test or Student’s t-test)
a  Feed consumption and body weight gain in grams per rat during weeks 0–4. 
b  % change compared with actual reported. 
c  Actual study values.
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compliance with test method B.26 of European Commission directive 92/69/EEC. A methodological 
limitation was damage to the adrenal tissues during necropsy, which prevented a complete evalua-
tion of possible effects on the adrenals. Reporting of this study was not fi nalized, and results may be 
disregarded, because the test facility was in breach of GLP regulations at the time.

One female at 1250 ppm was found dead on week 13 (cause of death not compound related). 
There were no relevant ophthalmological fi ndings and no clinical signs. At the top dose, feed con-
sumption was signifi cantly reduced during week 1 in males, whereas in females, there was a non-
statistically signifi cant reduction in feed consumption at both the top dose and 1250 ppm. Slight 
decreases in feed consumption were noted in both sexes over the whole treatment period. During the 
fi rst week of treatment, body weight gain compared with controls was appreciably reduced for both 
sexes receiving 2500 ppm and to a lesser extent among females receiving 1250 ppm. A marginal 
reduction in body weight gain was also apparent among males receiving 1250 ppm and in females 
receiving 250 ppm (both non-signifi cant). For weeks 1–13, body weight gain for both sexes was 
c onsidered to be similar to that of controls.

At the top dose, increases in haemoglobin in both sexes, red blood cells and haematocrit in 
males and MCHC in females were observed in comparison with controls. At 250 ppm and above, 
lower white blood cell counts were found in males, but without dose dependency. Differential counts 
indicated decreases in monocytes and large unstained cells in females receiving 2500 ppm. 

The impaired feed intake was most likely responsible for the changes in a number of p arameters 
(ALT, alkaline phosphatase, glucose, chloride ion, inorganic phosphorus, calcium ion). 

Both absolute and relative uterine and ovarian weights at 1250 ppm were increased. Increases 
at 1250 ppm and/or the top dose in relative liver weight (males and females), relative lung weight 
(females), relative heart weight (females), relative adrenal weight (females) and relative spleen weight 
(females) were attributed to the decreased body weight at week 14. The histopathological analysis 
showed the presence of parenchymal infl ammatory cells and sinusoidal dilatation/congestion in the 
liver of males.

At all doses, about 40% of females exhibited uterine fl uid distension at necropsy. Microscopi-
cally, this was corroborated by evidence of uterine luminal dilatation. In a later re-evaluation of the 
histopathology, the stage of the reproductive cycle was determined, and in all treated animals, about 
2–3 out of 10 were in proestrus (Table 11). According to the study author, this incidence was a chance 
occurrence and may be associated with cycle synchronization subsequent to co-housing of the ani-
mals (fi ve per cage). When relative uterine weights were considered for animals that exhibited no 
cytological fi ndings (such as proestrus, dilatation), a dose-dependent increase was apparent, attaining 
high signifi cance at 1250 ppm and above. It was concluded by the study director that the increase 
could not be attributed entirely to uterus dilatation. In the ovaries, a slight increase of persistent 
c orpora lutea was observed, but without statistical signifi cance.

The NOAEL was 250 ppm, equal to 19.7 mg/kg bw per day, based on body weight and body 
weight gain at 1250 ppm, equal to 96.0 mg/kg bw per day (Chambers, 1997c). 

In a 90-day toxicity study, 15 rats (Sprague-Dawley) of each sex per dose (low and intermediate 
doses) and 30 rats of each sex per dose (control and high doses) were fed diets containing clothianidin 
(purity 96%; batch No. 30037120) at concentrations of 0, 150 (low), 500 (intermediate) and 3000 
(high) ppm (achieved doses: 0, 9.0, 27.9 and 202.0 mg/kg bw per day for males and 0, 10.9, 34.0 
and 254.2 mg/kg bw per day for females). Following the exposure period, 15 rats of each sex of the 
0 and 3000 ppm groups were placed on control feed for another 50 days (recovery group). Accuracy, 
homogeneity and stability of the administered diet were confi rmed by chemical analysis. In addition to 
typical clinical chemistry tests, portions of liver were used to determine the activity of p-nitroanisole-
O-demethylase (NODM), aminopyrine-N-demethylase (ANDM), 7-ethoxyresorufi n O-deethylase 
(EROD), 7-pentoxyresorufi n O-dealkylase (PROD) and cytochrome P450 (CYP) c ontent. Thyroid 
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function was assessed by measuring triiodothyronine, thyroxine and thyroid stimulating hormone lev-
els by radioimmunoassay. Additionally, special attention was given to the estrous cycle, by examining 
vaginal smears daily over a 21-day period prior to termination. Animals were selected for termina-
tion each day on the basis of being in the same estrous cycle (i.e. day 2 diestrus), thus alleviating any 
possible effects of non-synchronous estrous cycle stage on the various measured parameters (uterus 
weight, ovarian follicular population). The protocol was partly in compliance with test method B.26 
of European Commission directive 92/69/EEC and OECD Guideline No. 408 (Repeated Dose Oral 
Toxicity – Rodent; 12 May 1981). During European Union review, methodological limitations noted 
included the lack of measurement of urine volume (stated in the methodology, but no results) and the 
absence of individual data for vaginal smears to control estrous cycling activity.

One male at 500 ppm was found dead on day 17 (cause of death not reported); no females died 
during the study. One incidence of cataract was found in the males at the top dose; none was found 
in the females. An increase of top-dose females with alopecia, dark red discharge, moderate to many 
amorphous phosphate crystals in urine and amber/cloudy urine appearance was also seen.

Lower body weights and body weight gains were observed at the top dose for both males 
and females. After recovery, minimal body weight decreases were still observable in both sexes, 

Table 11. Oral 90-day toxicity of clothianidin in rats: selected fi ndings

% change relative to controls 

Dietary concentration (ppm)

0 100 250 1250 2500

Organ weight

Liver absolute

Liver relative

—

—

—

—

—

—

—

—

—

14**

Adrenals absolute

Adrenals relative

—

—

—

—

—

—

—

—

12

24*

Uterus absolute — — — 29 39*

Uterus relativea 18 22 22 25 (39*) 28 (55**)

Uterus relativeb 17 17 18 21 (24**) 24 (41**)

Ovaries absolute — — — 16 19

Ovaries relative — — — 25* 32**

Gross pathology

Uterine fl uid distensionc 0 3 3 3 4

Histopathology

Uterus

Uterus luminal dilatationc 1 3 2 3 4

Cervix

Proestrus stagec 0 3 2 3 3

Ovaries

Corpora lutea 18.7 ± 4.8 — — — 25.2 ± 9.0

“Large” follicles 9.7 ± 2.5 — — — 11.8 ± 4.2

Degenerating follicles 3.0 ± 1.9 — — — 3.4 ± 2.7

From Chambers (1997c) 
* P < 0.05; ** P < 0.01 (Williams’ test or Student’s t-test)
a  In all animals; fi rst number = relative weight (g/10 kg bw). 
b  In animals with uteri without histological changes (neither dilatations nor proestrus); fi rst number = relative weight (g/10 kg bw).
c  Occurrence per 10 animals. 
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whereas body weight gain had increased. Feed consumption was not affected. In males at the top 
dose, some slight increases of red blood cell mass were noted. In females, there was slight lengthen-
ing of prothrombin time (the differences were unremarkable after recovery). However, there was no 
corresponding increase in white blood cell counts or reticulocyte counts, nor was any evidence of 
haematopoiesis noted at microscopic examination of the tissues.

A dose-related increase in phosphate and total protein levels attained signifi cance among 
top-dose males. Creatine kinase and lactate dehydrogenase activities were statistically signifi cantly 
decreased in 3000 ppm recovery males and both 150 and 3000 ppm females and were increased in 
3000 ppm recovery females. These changes were considered not treatment related. No signifi cant 
changes were observed in females.

Small increases of N- and O-demethylase activities were observed in both males (approxi-
mately 1.5-fold) and females (approximately 1.3-fold) at the top dose; however, increases in females 
were not statistically signifi cant. After recovery, the activities had returned to control levels. Slight, 
non-signifi cant increases of CYP in 3000 ppm males and females were noted. In tissue homogenates, 
the activities of EROD (2.2-fold) and PROD (3-fold) were increased in the males at the top dose. 
Overall, these data suggest that clothianidin is a weak inducer of hepatic monooxygenase activities, 
the changes in enzyme activities indicating induction of CYP2B and possibly CYP1A enzymes. 

Thyroid hormone levels did not change; the slight dose-related increases in thyroid stimulating 
hormone in treated female groups (+3%, +13%, +38%) did not attain statistical signifi cance and were 
not considered relevant in the absence of any corroborating data.

No adverse fi ndings in urinalysis were noted at any dose for either sex during treatment.

In males, decreases in absolute heart and liver weights (liver weight decrease persistent after 
recovery) as well as increases in relative brain, heart, kidney and testes weights were consistent with 
lower body weights at the top dose. In females, the observed decreases in absolute organ weights 
were not statistically signifi cant and in all cases were less than 10%. Relative uterine weight in the 
high-dose group was increased by 16%. However, in contrast to an earlier study (Chambers, 1997c), 
neither this change nor the ovary weight of treated animals was statistically signifi cantly altered at 
termination, compared with the controls.

One animal showed a testicular mass at the top dose; no histological correlate was reported. 
In the recovery group, one testicular cyst was detected at the top dose. At the top dose, an excess 
of spleen pigmentation was detected at study termination (but not after recovery) in the treated 
males, but not in the females. This histological observation was not supported by haematological, 
serum chemical, organ weight or gross necropsy fi ndings of the spleen. The fi nding is suggestive for 
h aemosiderin deposition subsequent to haemoglobin breakdown. 

Concerning the ovary follicular count, no difference in follicular population distribution was 
noted in the top-dose group compared with the control group (Table 12). From the vaginal smear 
analysis, according to the study director, estrous cycle stages were equally distributed throughout all 
groups (raw data are missing, however). 

The NOAEL was 500 ppm, equal to 27.9 mg/kg bw per day, based on body weight and body 
weight gain at 3000 ppm, equal to 202.0 mg/kg bw per day (Wahle, 2000).

Dogs

In a range-fi nding/palatability study, two female dogs (Beagle purebred) per dose were fed a 
diet of clothianidin (purity 95.2%; batch No. 30037120) at dose levels of 0 or 3000 ppm on days 1–3, 
4000 ppm on days 4–8 and 5000 ppm on days 9–11, over a period of 11 days in total. Observations 
and measurements were limited to clinical signs, body weights, feed consumption and test article 
intake. The study was not conducted in compliance with GLP. The animals were not killed and were 
returned to stock. 
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Table 12. Oral 90-day toxicity of clothianidin in rats: selected clinical and histopathological 
fi  ndings 

% change relative to controls

Dietary concentration (ppm)

0 150 500 3000

Males Females Males Females Males Females Males Females

Body weight: 

- day 91

- day 140 (recovery)

—

—

—

—

—

—

—

—

—

—

—

—

11*

5

12*

9.4*

Body weight gain: 

- day 91

- day 140 (recovery)

—

—

—

—

—

—

—

—

—

—

—

—

23**

—

—

—

Clinical signs

Red nose dischargea:

- day 90 

- day 139

—

—

0

0

—

—

0

—

—

—

1 (3)

—

—

—

2 (1, 6)

1 (1)

Haematology

Red blood cells — — — — — — 5.6§ —

Haemoglobin — — — — — — 6.1§ —

Haematocrit — — — — — — 4.9§ —

Prothrombin time — — — — — — — 9.5*

Clinical chemistry

Inorganic phosphorus — — — — — — 11* —

CYP content — — — — — — 29 43

N-demethylase (ANDM) — — — — — — 32* —

O-demethylase (NODM) — — — — — — 50* —

EROD: 

- day 90

- day 139 (recovery)

—

—

—

—

—

—

—

—

—

—

—

—

127†

25

46

50

PROD: 

- day 90

- day 139 (recovery)

—

—

—

—

—

—

—

—

—

—

—

—

211†

36

36

48

Histopathology

Spleen pigmentationa:

- day 89

- day 139 (recovery)

6

12

14

—

6

—

13

—

8

—

14

—

13*

11

15

—

Ovary follicle counts (left/right):

- “non-anthral” follicles — 27.3/27.5 — — — — — 24.1/28.9

- “anthral” follicles — 12.7/11.3 — — — — — 9.9/11.3

- corpora lutea — 20.6/18.8 — — — — — 19.4/19.0

From Wahle (2000)
* P < 0.05 or ** P < 0.01 (ANOVA + Dunnett’s); § P < 0.05 (Kruskal-Wallis + Mann-Whitney); † P < 0.05 (Student’s t-test) 
a  Occurrence per 15 animals; number of days with fi nding in parentheses.
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There were no deaths and no relevant clinical signs. The mean daily feed consumption was 
decreased by 35% (3000 ppm period), 57% (4000 ppm period) and 63% (5000 ppm period), com-
pared with that of the control dogs. The average daily consumption of active ingredient at days 1–3, 
days 4–8 and days 9–11 was, respectively, 68, 60 and 66 mg/kg bw per day (dog 1) and 34, 42 and 
38 mg/kg bw per day (dog 2). No differences in body weights were observed between treated and 
control groups. For the period days 1–9, a treatment-related body weight change was observed in the 
treated group (−0.85 kg) compared with the controls (−0.25 kg). During days 9–11, the difference 
was −0.25 kg, compared with −0.10 kg.

Within the time frame of this study, it was not possible to determine whether improved 
a cceptance of diet concentrations up to 5000 ppm would occur over longer periods of time, as in a 
longer-term study (Moore, 1998). 

In a 30-day dietary study, three dogs (Beagle purebred) of each sex per dose were offered 
clothianidin (purity 95.2%; batch No. 30037120) at dose levels of 0, 1250, 2500 or 5000 ppm in 
diet, which are equivalent to 0, 36.3, 35.8 and 62.4 mg/kg bw per day for males and 0, 35.6, 52.3 
and 57.4 mg/kg bw per day for females (data calculated for days 1–15 of the testing period). Accu-
racy, homogeneity and stability of the diet were confi rmed by chemical analysis. The protocol was 
partly in compliance with test method B.7 of European Commission directive 92/69/EEC. Limita-
tions included compromised interpretation of certain haematological, clinical chemistry and body 
weight/organ weight results due to high mortality at the intermediate and high doses. The achieved 
test article intake for the 2500 ppm (males) and 5000 ppm treatment groups was lower than expected; 
2500 ppm is considered the MTD. However, dose–response evaluation is impeded for all effects at 
termination. 

Because of the exclusion of some 2500 and 5000 ppm group data points in the statistical evalu-
ation (missing samples in unscheduled termination, statistics only when n = 3), non-statistically sig-
nifi cant changes as well as changes at the interim sample time (week 3) are also reported in Table 13 
where appropriate. 

At the top dose, one male died (day 18), and all remaining dogs in this group were terminated 
early (days 19–22) due to declining health. At 2500 ppm, one male and one female were terminated 
on day 32. Other animals survived to scheduled termination (day 33). At the top dose, commencing 
from approximately day 8, prostration, hunched posture, dyspnoea, emaciation, moderate dehydra-
tion, no/few/mucoid/discoloured faeces, salivation or hyperthermia were observed in the decedents. 
At 2500 ppm, commencing from day 18, animals ultimately terminated early exhibited prostration, 
hypoactivity, pale gums, hypothermia, moderate dehydration, polypnoea, salivation, chromorhin-
orrhoea/dacryorrhoea, discoloured/mucoid faeces and emaciation. Other animals from this dosing 
group showed clinical signs occasionally. 

Feed consumption was decreased in males at 2500 ppm on weeks 2, 3 and 4 and in females at 
5000 ppm on weeks 3, 4 and 5. At 1250 ppm, lower values of both feed consumption and body weight 
gain were noted in both sexes, but without attaining statistical signifi cance at termination. Owing to 
the low feed consumption, test article intakes were not meaningfully different between males offered 
2500 and 5000 ppm or females offered 1250 and 2500 ppm. Body weight gain was impaired at 
2500 ppm, whereas dogs at 5000 ppm lost weight.

Decreased erythrocytic mass, white blood cell count and segmented neutrophils (which may 
additionally be explained by an observed pulmonary bacterial infection in mid- and high-dose ani-
mals) were correlated with the observed depletion of lymphoid cells in bone marrow, lymph node, 
thymus and spleen (Table 14).

An increase in alkaline phosphatase and cholesterol levels was in general not accompanied 
by hepatic histological fi ndings, although enlarged liver volume was detected on occasion. Changes 
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in other parameters were most likely explained by the severe nutritional deprivation and starvation 
status of treated animals. 

No meaningful changes were detected in most organ weights of tested animals. Enlarged liver 
was noted in females at 2500 ppm and in males at 5000 ppm. At the top dose, increased liver weight 
of the surviving males occurred in association with cytoplasmic vacuolization, possibly suggestive 
of severe nutritional deprivation, although the observed alkaline phosphatase increase points towards 
a hepatotoxic effect. 

The observed enlargement of kidney was not supported by histopathological fi ndings. One 
caecum infarct was observed in females at the top dose.

Mottling of the lung, sometimes accompanied by signs of congestion and/or haemorrhage and 
alveolar oedema, was explained by a bacterial infection. The presence of dark mucosa was observed 
in different parts of the gastrointestinal tract (ileum, jejunum, duodenum, colon, caecum) in males 
at the top dose and in females at 2500 ppm, but was not clearly associated with histopathological 
fi ndings. One caecum infarct was observed among males at 5000 ppm. At the middle and high doses, 
histological changes were observed in several immunocompetent or haematopoietic organs, such as 
bone marrow (hypocellularity and congestion/haemorrage), thymus (lymphoid depletion), spleen, 
ileum and mesenteric lymph node (lymphoid depletion). In the same animals, duodenum showed 
crypt gland dilatation and/or gland epithelial necrosis (necrosis particularly in females). Colon gland 
dilatation was also observed in one top-dose male. 

It was concluded that the dietary level of 2500 ppm (equal to 36 mg/kg bw per day in males) 
exceeded the maximum feasible dose for a longer-term study. 

The dietary concentration of 1250 ppm, also equal to an intake of 36 mg/kg bw per day in 
males, was concluded to be a NOAEL, based on mortalities, clinical signs and body weight decreases 
at 5000 ppm, equal to 62.4 mg/kg bw per day (Moore, 2000). 

In a 90-day study, four Beagle dogs of each sex per dose were fed a diet of clothianidin (purity 
95.2%; batch No. 30037120) at dietary concentrations of 0, 325, 650, 1500 and 2250 ppm for 90 days. 

Table 13. Oral 28-day toxicity of clothianidin in dogs: effects on body weight and feed c onsumption

Dietary concentration (ppm)

0 1250 2500 5000

M F M F M F M F

Active ingredient intake
(mg/kg bw per day)

0 0 36.3 35.6 35.8 52.3 62.4 57.4

Mortality (/3) 0 0 0 0 1 1 3 3

Feed consumption (% of control): 

- weeks 1–2

- weeks 1–3

- weeks 1–4

—

—

—

—

—

—

↓2.8%

↓3.6%

↓4.5%

↓21%*

↓19%

↓18%

↓49%**

↓50%**

↓47%*

↓26%*

↓20%

↓18%

↓59%**

—

—

↓57%**

—

—

Body weight gain (kg):  

- weeks 1–3

- weeks 1–5a

0.5

0.8

0.7

0.7

0.3

0.6

0.2

0.2

−0.4*

−0.7

0.0*

0.1

−0.8**

—

−0.8**

—

Body weight (week 4) (% of control) — — — — — — ↓28% ↓12%

From Moore (2000)
F, female; M, male
* P < 0.05; ** P < 0.01
a  Data analysed following rank transformation.
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Achieved doses were 0, 9.2, 19.3, 40.9 and 58.2 mg/kg bw per day for males and 0, 9.6, 21.2, 42.1 
and 61.8 mg/kg bw per day for females. Accuracy, homogeneity and stability of the administered 
diet were confi rmed by chemical analysis. The protocol was partly in compliance with test method 
B.27 of European Commission directive 92/69/EEC and OECD Guideline No. 409 (Subchronic Oral 
Toxicity Non-rodent 90-day; 12 May 1981). 

There were no deaths and no adverse ophthalmological fi ndings. Emaciation was the main 
clinical fi nding in dogs of both sexes at the high-middle and high doses. In males at 1500 ppm and 
above, one of four animals showed excessive salivation. In females at 650 ppm and above, one of 
four animals showed food-containing emesis. Neither feed consumption nor body weight was sig-
nifi cantly affected, but body weight change from week 1 to week 13 was slightly decreased among 
top-dose males.

In males, slight decreases in haematocrit at the top dose and in haematocrit, haemoglobin and 
red blood cells at the high-middle dose were noted. At 1500 ppm (high-middle dose), the slight anae-
mia was exacerbated by the presence of one male animal showing interdigital cysts (chronic bleed-
ing), whereas platelet decrease was consistent with observed enlarged spleen; in the same animal, 
chronic infl ammation in several organs (lung, kidney and liver) was seen in parallel with neutropenia, 

Table 14. Oral 28-day toxicity of clothianidin in dogs: haematology

% change relative to controls

Dietary concentration (ppm)

0 1250 2500 5000

M F M F M F M F

Red blood cells:

- week 3

- week 4

—

—

—

—

—

—

—

—

—

—

—

—

↓5.7

↓8.6

—

—

Haemoglobin:

- week 3

- week 4

—

—

—

—

—

—

—

—

—

—

↓15

↓11

↓4.7

↓9.2

↓4.9

↓3.6

Haematocrit:

- week 3

- week 4

—

—

—

—

—

—

—

—

—

—

↓16

↓11

↓6.5

↓8.2

↓6.4

↓3.4

Platelets: 

- week 3

- week 4

—

—

—

—

—

—

—

—

↓5

—

↓5

—

↓46

—

↓52

↓48

White blood cells:

- week 3

- week 4

—

—

—

—

—

—

—

—

↓35

↓47

↓45

↓31

↓56

↓31

↓73

↓77

Segmented neutrophils (absolute counts): 

- week 3

- week 4

—

—

—

—

—

—

—

—

↓41

↓58

↓54

↓25

↓60

↓37

↓91

↓93

Lymphocytes:

- week 3

- week 4

—

—

—

—

—

—

—

—

↓22

↓21

↓20

↓26

↓53

↓17

↓32

↓44

From Moore (2000)
F, female; M, male
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whereas thymic atrophy and necrosis in lymph nodes explained lymphopenia on weeks 9–13 (other 
males not affected). In the top-dose females, white blood cell decrease was observed at weeks 5, 
9 and 13, attaining signifi cance only on week 5. In the females at the top dose, there was a trend 
towards decreased white blood cells, neutrophils and lymphocytes during weeks 5–13. Because one 
top-dose female animal showed marked leukocytosis, neutrophilia and lymphocytosis on weeks 5 and 
9, differences were not statistically signifi cant (the animal was treated with antibiotics during weeks 
5–6 for lymphadenitis; the temporary increase is consistent with the acute infl ammation status and 
was confi rmed by a diagnostic sampling at week 8). Excluding these outliers revealed a mean drop 
in observed values (see footnote b in Table 15). There were no relevant fi ndings in the organ weights 
or gross necropsy. Lymphoid necrosis was observed in ileum, colon, caecum and rectum in a single 
female at the top dose. Lymphoid hyperplasia was observed in males at 650 ppm and above and in 
females at 1500 ppm and above. However, these fi ndings were consistent with commonly o ccurring 
lesions of spontaneous etiology, and none was considered to be treatment related. 

The report indicated that the erythropoietic system was the probable target organ in this study, 
despite an absence of histological change in spleen and bone marrow.

The NOAEL was 650 ppm, equal to 19.3 mg/kg bw per day, based on clinical signs, red blood 
cell and white blood cell parameters and lymphoid hyperplasia at 1500 ppm, equal to 40.9 mg/kg bw 
per day) (Bernier, 2000a).

In a 1-year study, four Beagle dogs of each sex per dose were fed a diet of clothianidin (purity 
95.2%; batch No. 30037120) at dose levels of 0, 325, 650, 1500 or 2000 ppm, which convert to dose 
levels of 0, 7.8, 16.6, 36.3 and 46.4 mg/kg bw per day in males and 0, 8.5, 15.0, 40.1 and 52.9 mg/kg bw 
per day in females. Samples were checked analytically to ensure accuracy, homogeneity and stability of 
the administered diet. The protocol was in compliance with test method B.30 of European Commission 
directive 92/69/EEC and OECD Guideline No. 452 (Chronic Toxicity Studies; 12 May 1981). 

There were no deaths, relevant clinical signs or ophthalmological fi ndings. Signifi cant body 
weight changes were seen in week 1 of treatment in males at the top dose. Slight, non-statistically 
signifi cant reductions in body weight and growth rate were observed in females at the top dose at 
study termination. Slight decreases in red blood cell mass indices, haematocrit, haemoglobin and red 
blood cell count were observed in the females at the top dose. These signs of slight anaemia may be 
related to the observed decreased body weight gain. In the same group, transient (week 5, week 39) 
decreases in total leukocytes, essentially caused by neutropenia, were observed. On week 5, these 
changes were accompanied by decreased monocyte and eosinophil counts, whereas at week 13, only 
monocytaemia was observed. The lymphopenia observed in the males at 650 ppm and above on week 
5 was neither time nor dose related (pre-study sampling showed slightly lower values, whereas study 
control was relatively high). 

A slight increase in cholesterol level was observed in males at the top dose. A decrease in ALT 
activity in both males and females at 650 ppm and above was noted. There was a clear dose–effect 
relationship and a clear time–effect relationship at the high-middle and high doses. These fi ndings 
were not associated with any gross or microscopic hepatic change. There were no relevant fi ndings 
from the urinalysis.

The increased adrenal weight in the females at the top dose, attaining statistical signifi cance 
only when expressed relative to body weight, was considered treatment related (Table 16). A slight 
dose-related effect was apparent. Other observed changes were not statistically signifi cant or dose 
related. 

There were no relevant fi ndings in the gross pathology. Notable occasional fi ndings of infl am-
mation (lung) and of thymus lymphoid depletion (males: 1, 0, 0, 0, 1; females: 0, 1, 0, 0, 1) were not 
dose related or also occurred in the control group. One animal per dose showed minimal p rostate 
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Table 15. Oral 90-day toxicity of clothianidin in dogs: selected clinical and histopathological 
fi ndings 

% relative to controls

Dietary concentration (ppm)

0 325 650 1500 2250

M F M F M F M F M F

Clinical signs ( /4)

Emaciation 0 1 0 0 0 0 2 1 2 3

Ptyalism 0 0 0 0 0 0 1 0 1 0

Body weight gaina 1.1 1.0 2.1* 0.9 2.5* 1.6 0.5 0.9 0.3* 0.7

Haematology

Haematocrit — — — — — — ↓13 ↓12** ↓6.5* —

Haemoglobin — — — — — — ↓13 ↓11** ↓4.2 ↓2.8

Red blood cells — — — — — — ↓14 ↓9.2* ↓5.2 —

MCHC — — — — — — — — ↑2.7* —

Platelets:

- week 5

- week 9

- week 13

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓6

↓14

↓15

↓25

↓13

↓15

↓3

↓8

↓15

↓40*

↓24

↓32

White blood cells:

- week 5

- week 9

- week 13

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓40*

↓24

↓30

↓61b

↓33b

↓52*

Neutrophils:

- week 5

- week 9

- week 13

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓38

↓24

↓23

↓69b

↓30b

↓61*

Lymphocytes:

- week 5

- week 9

- week 13

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓42**

↓23

↓39

↓32b

↓30b

↓30

Monocytes:

- week 13 — — — — — — — — — ↓75**

Clinical chemistry

ALT: 

- week 5

- week 13

—

—

—

—

—

—

—

—

—

—

—

—

↓26

↓38

↓53*

↓55*

↓55*

↓38

↓72**

↓65**

Protein — — — — — — — ↓8.5 — ↓17*

Albumin:

- week 5

- week 13

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓11*

—

—

↓13*

↓7.9*

Histopathology ( /4)

Jejunum: lymphoid hyperplasia 0 0 0 0 1 0 1 1 2 1

From Bernier (2000a)
F, female; M, male; * P < 0.05; ** P < 0.01 (Dunnett’s t-test) 
a  Body weight gain in kilograms per dog during weeks 0–13.
b  Values of 3/4 animals, excluding dog with antibiotic therapy at weeks 5–6 following lymphadenitis.
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Table 16. Oral 1-year toxicity of clothianidin in dogs: selected fi ndings 

% of control values

Dietary concentration (ppm)

0 325 650 1500 2000

M F M F M F M F M F

Body weight — — — — — — — — — ↓5.5

Body weight gaina 1.3 1.5 1.7 1.8 3.3 1.9 1.8 1.7 1.2 0.8

Haematology

Haematocrit — — — — — — — — — ↓18*

Haemoglobin — — — — — — — — — ↓17*

Red blood cells — — — — — — — — — ↓15*

White blood cells:

- week 5

- week 39

- week 52

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓34

↓6

↓9

↓46*

↓27*

↓22

Neutrophils:

- week 5

- week 26

- week 39

- week 52

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓33

↓23

—

↓4

↓59

↓31

↓40*

↓27

Lymphocytes:

- week 5 — — — — ↓24* — ↓43* — ↓36* —

Monocytes: 

- week 5

- week 13

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓83*

↓67*

Eosinophils:

- week 5 — — — — — — — — — ↓25*

Clinical chemistry

Cholesterol:

- week 13 — — — — — — — — ↑37* —

ALT:

- week 13

- week 26

- week 39

- week 52

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓29

—

—

↓32*

—

—

—

↓36*

↓44*

↓42*

↓38*

↓45*

↓54*

↓51*

↓49*

↓60*

↓63*

↓63*

↓55*

↓63*

↓68*

↓71*

↓73*

Organ weight

Adrenal:

- absolute

- relative

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↑27

↑45*

From Bernier (2000b) 
F, female; M, male; * P < 0.05 (Dunnett’s t-test)
a  Body weight gain in kilograms per dog during weeks 0–52.



48

CLOTHIANIDIN 19–116 JMPR 2010

i nfl ammation at 650 ppm and higher. Testicular atrophy and seminiferous tubular vacuolization 
(moderate) were observed in one animal at the top dose. However, in the absence of other animals 
in this treatment group with similar fi ndings, the relationship with test substance administration is 
doubtful. 

The NOAEL was 1500 ppm, equal to 36.3 mg/kg bw per day, based on decreased white blood 
cells and decreased neutrophils. The LOAEL was 2000 ppm, equal to 46.4 mg/kg bw per day (B ernier, 
2000b). 

The overall NOAEL for subchronic toxicity in the dog was 36.3 mg/kg bw per day. 

(b) Dermal application 

In a 28-day dermal toxicity study, 10 rats (Crl:CD®(SD)IGS BR) of each sex per dose were 
exposed to clothianidin (purity 95.2%; batch No. 30037120) at a dose level of 0, 100, 300 or 1000 mg/
kg bw per day for 29 days (6 hours per day, 7 days per week). The protocol was in compliance 
with test method B.9 of European Commission directive 92/69/EEC and OECD Guideline No. 410 
(R epeated Dose Dermal Toxicity 21/28 Day Study; 12 May 1981). 

One female at the low dose (cause of death not evident) and one at the highest dose (collar 
caught in cage) died on day 15. There were no relevant clinical signs during the study; no evidence 
of irritancy or other changes at the application site were found. Male animals treated at 1000 mg/
kg bw per day showed a statistically signifi cant reduction in weight gain during week 1 (−61%), but 
thereafter showed weight gains comparable to those of all other groups. At the end of treatment, there 
was a slight decrease in body weight gain, by −21%, refl ecting the change in week 1. Therefore, the 
initial lower weight gain is considered incidental to treatment.

Slight increases in red blood cells, haemoglobin, haematocrit and prothrombin time were 
observed in both sexes at the middle dose, but not at the top dose, and are considered not treat-
ment related. There were no relevant fi ndings in clinical chemistry, necropsy, organ weights or 
h istopathology. The systemic NOAEL is 1000 mg/kg bw per day (Weiler, 2000). 

2.3 Long-term studies of toxicity and carcinogenicity

Mice

In a carcinogenicity study, 50 mice (Crl:CD-1®(ICR) BR-VAF/Plus®) of each sex per dose 
were fed a diet containing clothianidin (purity 95.2–95.5%; batch No. 30037120) at initial dose 
levels of 0, 100 (low dose), 350 (low-middle dose), 700 (high-middle dose) or 1250 (high dose) 
ppm for 18 months. However, in order to ensure exposure to an MTD, the high-middle dose was 
increased so that this group eventually received the highest dose. In order to achieve this, several 
adjustments to the high-middle dose were necessary, as follows: weeks 5–10, from 700 to 2000 ppm; 
weeks 11–34, from 2000 to 2500 ppm; weeks 35–78, males, from 2500 to 2000 ppm, and females, 
from 2500 to 1800 ppm. Thus, the administered dietary levels are cited in this report as 0, 100 (low 
dose), 350 (low-middle dose), 1250 (high-middle dose), 2000 ppm (high dose, males) and 1800 ppm 
(high dose, females). Accuracy, homogeneity and stability of administered diets were confi rmed by 
chemical analysis. Achieved test article intakes were 0, 13.5, 47.2, 171.4 and 251.9 mg/kg bw per 
day for males and 0, 17.0, 65.1, 215.9 and 281.1 mg/kg bw per day for females (the intake for the 
highest dose was calculated on the basis of the fi nal dose level, i.e. weeks 35–78). Blood smears were 
prepared for all doses at 53 weeks and evaluated in control and high-dose groups only. The protocol 
was partly in compliance with test method B.32 of European Commission directive 92/69/EEC and 
OECD G uideline No. 451 (Carcinogenicity Studies; 12 May 1981). 

An increase in mortality was noted in females at 350 ppm and at the top dose. In the pathology 
report, the absence of microscopic fi ndings explaining the preterminal death of the top-dose females 
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was partly explained by “accidental asphyxiation with CO
2
 following blood collection procedure” 

(17/27 cases). For the high-middle-dose females, the main cause of death was malignant lymphoma 
and amyloidosis. In males, the main cause of death was amyloidosis. Noticeable was the early onset 
of mortality in the top-dose females, with a steep increase, starting on week 20. Mortality of 25% 
was attained between 30 and 40 weeks at the top dose, whereas for the high-middle-dose females, this 
percentage was attained between 70 and 80 weeks. It is probable that mortality in this dose group was 
consequent to the increased concentration of test article in the diet from 2000 to 2500 ppm d uring 
weeks 11–34.

Both body weights and body weight gains were signifi cantly decreased at 1250 ppm and above 
in males and females. At 1250 ppm, the changes were observed throughout a major part of the study 
in the females and between weeks 12 and 30 in the males. Feed consumption was decreased only at 
the top dose, mainly during weeks 10–45 (males) and 11–33 (females) and on occasions thereafter. 
Average feed effi ciency (proportion body weight gain/feed consumption) was altered at the top dose 
in both sexes, when calculated for the period between weeks 5 and 33. On the basis of the observed 
rebound of feed effi ciencies in females and to a lesser extent in males, it was concluded that the 
a dministration of 2500 (males) or 2000 (females) ppm clearly exceeded the MTD.

Dose-dependent vocalization was observed in both sexes at 1250 ppm and above. A slight 
increase in neutrophil fraction (and concomitant decrease in lymphocyte fraction) was observed on 
the smears of animals at the top dose at scheduled termination. The fi nding may be correlated with 
the stressed and underfed status of this group.

Signifi cant organ weight reductions were recorded in the heart and kidneys of males given 350, 
1250 or 2000 ppm, and this trend extended to the kidneys of males given 100 ppm. However, in the 
kidney, no related histological fi ndings were observed. In heart, weight changes were minimal, but 
histopathological fi ndings (e.g. myocardial degeneration) were observed. The organ weight altera-
tions observed at the higher dose levels may have been, at least in part, secondary to the observed 
decreases in body weight (Table 17).

There were no signifi cant gross pathological fi ndings. Histologically, in both sexes, an increased 
incidence of hepatocellular hypertrophy was detected in animals treated with 1250 ppm and above.

In females, an increase in fi bromuscular hyperplasia of the cervix in the 1250 and 1800 ppm 
groups was observed both at scheduled termination and on unscheduled death. Although non-neo-
plastic uterine and cervical lesions are common in nulliparous ageing females, an association with 
clothianidin administration cannot be excluded, in view of the apparent dose–response relationship. 
Moreover, there was no correlation between the incidence of hyperplasia and mortality. In the ovary, 
a greater incidence of supernumerary corpora lutea was observed in the top-dose animals.

Other histopathological fi ndings included an increased incidence of myocardial heart degen-
eration, non-glandular stomach hyperkeratosis, adrenal cortex congestion and lung congestion 
( Table 18). 

Clothianidin is not carcinogenic in these experimental conditions. 

The toxicity NOAEL was 350 ppm, equal to 47.2 mg/kg bw per day, and the LOAEL was 1250 
ppm, equal to 171.4 mg/kg bw per day, based on body weight effects, clinical signs, and heart and 
cervical lesions (Biegel, 2000b). 

Rats

In a combined chronic toxicity/carcinogenicity study in the rat, 80 rats (Crl:CD(SD)IGS BR-
VAF/Plus®) of each sex per dose were fed diets containing clothianidin (purity 95.2–95.5%; batch 
No. 30037120) at dietary concentrations of 0, 150 (low dose), 500 (low-middle dose), 1500 (high-
middle dose) and 3000 (high dose) ppm for 103/104 weeks. Analytical verifi cation revealed that 
dose levels were 89–109% of nominal values. Compound stability for 4 weeks in the diet at ambient 
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t emperature and compound homogeneity proved to be satisfactory. Achieved test article intakes were 
0, 8.1, 27.4, 82.0 and 157 mg/kg bw per day for males and 0, 9.7, 32.5, 97.8 and 193 mg/kg bw per 
day for females. Additional to the daily standard clinical observations, 10 rats of each sex per dose 
were randomly selected during weeks 66–67 and subjected to a functional observational battery 
(FOB). Animals with physical abnormalities, possibly precluding proper assessment of functional 
neurological abnormalities, were excluded from the test and replaced by suitable animals. Twenty 
rats of each sex per dose were scheduled for interim termination (53 weeks). The protocol was partly 
in compliance with test method B.33 of European Commission directive 92/69/EEC and OECD 
Guideline No. 453 (Combined Chronic Toxicity/Carcinogenicity Studies; 12 May 1981). Limitations 
included low survival (below 50%) at 88 weeks in the control, 150 ppm and 500 ppm groups. How-
ever, survival was in line with OECD Guideline No. 453 at 1500 and 3000 ppm up to week 96. In the 
absence of test article–related neoplasms at the top dose, the deviation was unlikely to have altered 
the integrity of the study.

Table 17. Carcinogenicity study of clothianidin in mice (78 weeks): clinical fi ndings

Dietary concentration (ppm)

0 100 350 1250 2000 1800

M F M F M F M F M F

Mortality (%) 32 20 16 14 40 42* 20 24 32 54**

Feed c onsumptiona — — — — — — — — ↓8–22%*,**

(weeks 
10–45)

↓16–24%*,**

(weeks 
11–33)

Body weighta — — — — — — ↓5%*,**

(weeks 
12–30)

↓5–13%*,** 
(weeks 13, 
14, 22–78)

↓5–18%** 
(weeks 
6–78)

↓4–18%** 
(weeks 
10–78)

Body weight gaina — — ↓6.8% ↓1.6% ↓9.9% ↓13.5% ↓9% ↓26%** ↓24%** ↓35%**

Clinical signsb

Vocalizations 0 0 1 0 2 3 22 46 45 42

Haematology (differential count)a

Neutrophils — — — — — — — — — ↑29%*

Lymphocytes — — — — — — — — — ↓21%*

Organ weighta 

Heart: 

- absolute

- relative

—

—

—

—

↓5.9%

↓4.2%

↑3%

↑4.9%

↓9.0%*

↓7.1%

↑5.3%

↑11.5%

↓9.3%**

↓8.6%

↓4%

↑9%

↓13%**

↓4.2%

↓10.1%

↑4.5%

Kidney:

- absolute

- relative

—

—

—

—

↓8.7%*

↓6.8%

↓2%

↑1.3%

↓8.9%**

↓6.8%

↑0.6%

↑7.1%

↓11%**

↓10%*

↓11%

↑1.7%

↓17%**

↓8.8%*

↓20%*

↓5.6%

Liver:

- absolute

- relative

—

—

—

—

↓3%

↑2.3%

↑0.3%

↑2.4%

↓0.2%

↑2.6%

↓2.8%

↑2.4%

↓2.5%

↓1.4%

↓16%*

↓4%

↓0.4%

↑5.4%

↓17.5%*

↓3%

From Biegel (2000b) 
F, female; M, male; * P < 0.05, ** P < 0.01 (mortality: Cox-Tarone test; body/organ weights: one-way analysis of variance [ANOVA]).
a  % relative to control. 
b   Incidences in 50 animals (observations noted from weeks 7 to 80 in middle-high-dose and high-dose animals and during week 69 for 

the other dose level animals. 
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The survival rate of top-dose animals was better than that of controls. Among unscheduled 
deaths, the cause of death was most commonly the presence of pituitary neoplasms, followed by mam-
mary gland carcinoma. The incidence of neoplasms was not related to dosage. Owing to high mortal-
ity in rats from the lower-dose groups (controls, 150 ppm and 500 ppm), females were t erminated at 
week 103, whereas males continued on study for the full 104 weeks. 

There were no relevant ophthalmological fi ndings. Thin appearance was observed in a few 
females at the top dose, in the terminal group as well as among the unscheduled deaths, but not in the 
interim termination group.

There were no relevant fi ndings in the FOB. Decreases in feed consumption were observed at 
500 ppm and above in females and at 1500 ppm and above in both sexes. At 1500 ppm and above, 
decreases in both body weight and body weight gain were observed. These decreases were of greater 
magnitude in males than in females and essentially confi ned to weeks 1–53. Feed effi ciency was not 
affected.

Slight increases in red blood cell parameters were observed in males at the top dose on most 
interim bleeding times, but not on scheduled termination. Increased inorganic phosphorus levels 
were consistently observed in males at the top dose and were associated with the observed renal 
effects. The observed changes in creatinine (+13%), calcium (+4.7%) and potassium (+13%) levels 
in the top-dose females were confi ned to terminal animals.

Only at the interim sampling time of week 13 was a decrease in both urine volume and specifi c 
gravity observed in the females at the top dose; the decreases at intermediate doses were dose related. 
No change was observed on later sampling times.

On termination, the statistically signifi cant increases in relative organ weights (adrenal, brain, 
heart, kidney, lung) in the females at the top dose were attributed to the observed body weight d ecrease 

Table 18. Carcinogenicity study of clothianidin in mice (78 weeks): histopathological fi ndingsa

Incidence in 50 animals

Dietary concentration (ppm)

0 100 350 1250 1800 2000

M F M F M F M F M F

Liver

Hepatocellular hypertrophy§§ 17 5 34** 5 15 3 27* 11** 40** 15**

Cervix

Fibromuscular hyperplasia§§ — 14 — 12 — 12 — 27** — 29**

Heart

Myocardial degeneration 8 6 10 10 9 9 20** 5 8 1

Lung 

Congestion 2 0 0 0 1 2 2 0 3 13**

Adrenal cortex

Congestion§§ 0 1 0 0 1 3 0 0 0 11**

Non-glandular stomach

Hyperkeratosis 3 3 8 4 7 12* 8 8 5 9

Ovary

Supernumerary corpora lutea — 0 — 0 — 0 — 0 — 4

From Biegel (2000b)
F, female; M, male; * P < 0.05 and ** P < 0.01 (Fisher-Irwin exact test for groupwise comparisons); § P < 0.05 and §§ P < 0.01 (Cochran-
Armitage test for trends)
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(of about 20%, P < 0.01). The increase in relative liver weight in females at 1500 and 3000 ppm on 
interim termination and at the top dose on fi nal termination was supported by histology. Absolute and 
relative uterine weights were slightly increased at the top dose at interim termination, but not at fi nal 
termination (Table 19).

In males with both scheduled termination and unscheduled deaths, granular material or cal-
culi were observed in the renal pelvis at 1500 ppm and above. The degree of mineralization was 
dose dependent. In the interim termination group, the same observation was made at the same dose 
levels, but only in the males (unilateral mineralization). Increases in erosion/ulceration (males) and 
dark foci/areas (both sexes) in the glandular stomach were observed at the top dose. Dark foci/areas 
were also found with greater incidences at this dose in both sexes of the interim termination group. 
The incidence of mottled livers was increased in the males at the top dose and was related to various 
subtle histopathological fi ndings. In the interim group, mottling was restricted to males fed 1500 and 
3000 ppm, with the histological correlate of periportal hepatocellular vacuolization. A slight increase 
in diffusely red/fl uid-fi lled mass within the uteri was observed at the top dose. A slight increase in 
mottled lungs/light foci/areas was observed in the females at the top dose, which was histologically 
related to an increase in cases of chronic infl ammation, in both unscheduled deaths and the terminal 
group. 

At interim termination, stifl e joint (hindlimb) articular cartilage cavitation was slightly increased 
at the top dose, mainly in males, but also in females (males: 1, 3, 2, 2, 6; females: 2, 3, 3, 4, 5), and 
observed in association with epiphysial cysts/fi brosis. The fi nding was unremarkable at termination. 
In addition, the changes in stifl e joints of males given test material did not increase in incidence and 
severity in a dose-related manner, which could be expected if the changes were test material related. 
Consequently, the increase in slight joint changes seen at the interim termination in males was con-
sidered an incidental fi nding unrelated to administration of test material.

At the top dose, males exhibited renal pelvic mineralization, directly associated with second-
ary transitional cell hyperplasia and pelvic angiectasis. In females, both tubular ectasia and pelvic 
angiectasis were signifi cantly increased in incidence and severity. These effects were associated with 
urinalysis fi ndings in females.

The emergence of eosinophilic hepatocellular foci at the top dose in both sexes was the most 
prominent non-neoplastic fi nding. The lymphohistiocytic infi ltrate in the liver at both high-middle 
and high doses in the females was of uncertain biological signifi cance. Other observed non-neo-
plastic fi ndings, such as mixed-cell foci, telangiectasis (hepatic sinusoid dilatation), centrilobular 
hypertrophy and biliary cyst, were considered of unclear biological signifi cance because of lack of a 
dose–effect relationship or minimal occurrence. Hepatocellular carcinomas in males were found in 
the low-middle dose group (one at scheduled termination and two in unscheduled deaths) and at the 
top dose (four in unscheduled deaths). According to the pathology report and owing to the absence 
of any dose–effect relationship and the low incidence (only slightly exceeding laboratory historical 
control data and falling within the historical control level reported by other laboratories), the tumours 
are unlikely to be related to test substance administration.

The observed chronic infl ammations in the lung of females at the top dose were most promi-
nent in the scheduled termination group and may be explained by a generally lower health status at 
this stage.

The slightly increased incidence of thymus hyperplasia in females at the top dose was probably 
not biologically signifi cant, because the increases were merely confi ned to the terminal group and 
may thus be attributed to the increased survival of the treated animals. 

An increase in thyroid C-cell adenoma was observed in the females at 1500 and 3000 ppm, 
when compared with controls. Combined incidence (adenoma + carcinoma) showed an increase in 
females at 1500 ppm, but not at the top dose. C-cell adenomas and carcinomas represent a continuous 
biological spectrum, with adenomas progressing to carcinomas. Consequently, the most appropriate 
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Table 19. Carcinogenicity study of clothianidin in rats (males 104 weeks, females 103 weeks): 
selected clinical fi ndings

% relative to controla

Dietary concentration (ppm)

0 150 500 1500 3000

M F M F M F M F M F

Mortality (%) 72 75 71 73 70 80 60 62 45** 50**

Body weight — — — — — ↓5% ↓5% ↓5–10% ↓10% ↓15–20%

Body weight gain:

- weeks 1–13

- weeks 1–50

- weeks 1–102

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓5%

—

—

↓5%

↓6%

—

↓12%**

↓13%**

↓5%

↓12%**

↓13%**

↓5%

↓25%**

↓28%**

↓30%**

Haematology
Red blood cells:

- week 13

- week 27

- week 53

- week 79

- week 104/103

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↑3.5%

↑5.9%

↑7.6%

↑11%*

—

—

—

—

—

—

Haemoglobin:

- week 13

- week 27

- week 53

- week 79

- week 104/103

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↑6.3%*

↑6.2%*

↑4.7%

↑7.8%*

—

—

—

—

—

—

Haematocrit:

- week 13

- week 27

- week 53

- week 79

- week 104/103

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↑4.6%*

↑6.2%

↑5.9%

↑8.4%*

—

—

—

—

—

—

Blood chemistry
Inorganic phosphorus:

- week 13

- week 27

- week 53

- week 79

- week 104/103

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↑13%*

↑9.3%

↑15%*

↑23%*

↑20%*

↑10%

↑9.8%

—

↑14%

↑15%

Urinalysis (week 13)
Urine volume — — — — — — — — — ↓60%*

Specifi c gravity — — — — — — — — — ↓1.3%*

Organ weight
Liver, relative

- week 53

- week 104/103

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↑10%*

—

↑24%**

↑23%**

Uterus, week 53:

- absolute

- relative

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↑21%

↑53%*

From Biegel (2000a)
F, female; M, male; * P < 0.05, ** P < 0.01 (mortality: Cox-Tarone test; others, except haematology/clinical chemistry: one-way ANOVA) 
a  Except where otherwise noted.
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analysis is to compare the combined incidence of C-cell adenomas and carcinomas. As the combined 
incidence of C-cell adenomas and carcinomas in females at the top dose was not signifi cantly greater 
when compared with controls and as there was no positive trend with dose, the greater incidence of 
C-cell neoplasms was not considered to be related to the administration of the test material.

The irritating effect of the substance in the stomach at the top dose was refl ected by glandular 
erosion, glandular necrosis and oedema, mostly observed adjacent to the eroded focal lesions. The 
effect was more pronounced in the females, but the presence of haemorragic foci in the males showed 
that the effect was also present in this sex. 

Histological uterine congestion confi rmed the macroscopic observations (diffuse reddening). 
Suppurative infl ammation was increased in the high-dose 2-year group. Statistically signifi cant 
increases in the incidence of interstitial hyperplasia of the ovaries occurred in females treated at 500, 
1500 and 3000 ppm. The increased incidences of this lesion are considered not to be a direct effect 
of treatment, but a secondary effect related to the normal ageing process, as females at 1500 and 
3000 ppm survived longer than the corresponding controls. All other neoplastic changes and inci-
dences were consistent with spontaneously occurring lesions expected in Sprague-Dawley-derived 
rats ( Table 20). 

Clothianidin was not carcinogenic in these experimental conditions. The NOAEL for chronic 
toxicity was 150 ppm, equal to 9.7 mg/kg bw per day, and the LOAEL was 500 ppm, equal to 
32.5 mg/kg bw per day, based on decreased feed consumption and body weight effects (Biegel, 
2000a).

2.4 Genotoxicity

A summary of genotoxicity studies is given in Table 21, and details of the studies are given in 
the text.

(a) In vitro 

Clothianidin was investigated for its potential to induce mutations in an assay for gene mutation 
in Salmonella typhimurium and Escherichia coli WP2uvrA. The study satisfi ed test methods B.13–14 
of European Commission directive 2000/32/EEC. Two tests were performed (range-fi nding and 
main). Overnight-grown bacteria (0.1 ml) from the different characterized strains of S. typhimurium 
(TA98, TA100, TA1535, TA1537) or E. coli (WP2uvrA) were exposed to clothianidin (purity 99.7%; 
batch No. 12256321) dissolved in dimethyl sulfoxide (DMSO) at concentrations up to 5000 µg/plate 
 ±S9 mix for 48 hours and in duplicate. 

No toxicity to any of the bacterial strains used was exhibited. In all experiments, clothianidin 
provoked no increase of revertant colonies compared with negative controls. Clothianidin is not 
m utagenic under these experimental conditions (Otsuka, 1990a).

Clothianidin was investigated for its potential to induce mutations in an assay for gene muta-
tion in S. typhimurium. The study satisfi ed test method B.14 of European Commission directive 
2000/32/EC and OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse 
Mutation Assay; 26 May 1983). Two tests were performed (plate incorporation and preincubation). 
Bacteria from the different characterized strains of S. typhimurium (TA98, TA100, TA102, TA1535, 
TA1537) were exposed to clothianidin (purity 95.2%; batch No. 30037120) dissolved in DMSO at 
concentrations up to 5000 µg/plate (all strains  ±S9 mix) and 0, 16, 32, 48, 64, 80, 96 and 112 µg/plate 
(TA102 +S9 mix) for 48 hours and in triplicate. In test 1, 0.1 ml of an overnight culture of cells was 
exposed to the active ingredient and plated, whereas in test 2, the cells were preincubated at 37 °C for 
20 minutes in the presence of the active ingredient.
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Table 20. Carcinogenicity study of clothianidin in rats (males 104 weeks, females 103 weeks), all 
intervals (interim, terminal and unscheduled deaths): selected histopathological fi ndings 

Dietary concentration (ppm) Trend

0 150 500 1500 3000

M F M F M F M F M F M F

Number examined 80 80 80 80 80 80 80 80 80 80

Kidney

Pelvic mineralization

Pelvic angiectasis

Transitional cell hyperplasia

Tubular ectasia

Tubular epithelial vacuolization

34

10

33

3

0

77

9

60

4

1

30

5

30

1

0

76

12

58

4

3

34

7

29

0

2

74

5

59

8

3

43

9

29

2

2

75

7

65

4

1

52**

16

51**

4

4

79

21*

65

13*

4

§§

§

§§

—
§§

§

§

—
§

—

Liver

Lymphohistiocytic infi ltration

Eosinophilic hepatocellular focus

Mixed hepatocellular focus

Telangiectasis

Biliary cyst

Centrilobular hypertrophy

Carcinoma (secondary)

Hepatocellular carcinomab

48

6

2

4

1

0

1

0

42

9

4

9

0

0

0

0

45

12

4

7

0

0

0

0

45

14

0

14

0

0

0

0

49

6

7

9

1

0

0

3

53

6

4

5

0

0

0

0

53

8

8*

13*

2

1

0

0

55*

17

2

12

0

0

0

0

54

16*

7

11

4

2

0

4*

55*

29**

8

14

0

0

2a

0

—
§

§

§

§

§

—

—

§§

§§

—

—

—

—

—

—

Lung

Chronic infl ammation

Chronic active infl ammation

2

5

2

1

5

5

2

1

3

2

5

3

5

5

4

4

4

5

11**

4

—

—

§§

§

Thymus

Epithelial hyperplasia 3 0 2 0 0 1 0 0 1 5* — §§

Thyroid

Follicular cyst

C-cell adenoma

C-cell carcinoma

Combined (adenoma/carcinoma)

20

8

5

13

17

7

2

9

20

13

1

14

24

13

2

14

24

17*

1

18

18

9

1

10

26

16*

1

17

25

17*

1

18*

26

5

3

8

30*

16*

1

17

—

—

—

—

§

—

—

—

Glandular stomach

Cyst

Glandular erosion

Glandular necrosis

Haemorrhage

Oedema

38

5

5

0

1

39

2

1

0

0

35

6

2

0

1

40

0

2

0

2

48

3

1

0

0

43

2

1

0

2

48

5

2

1

1

46

7

3

1

2

46

8

2

5*

8*

45

11**

4

1

6*

§

—

—
§§

§§

—
§§

—

—
§§

Uterus

Suppurative infl ammation

Dilatation week 53

Dilatation week 105

Congestion

—

—

—

—

0

0

0

0

—

—

—

—

0

1

1

0

—

—

—

—

0

4

4

0

—

—

—

—

2

4

5

0

—

—

—

—

3

2

3

5*

—

—

—

—

§§

—
§

§§

Ovary

Interstitial gland hyperplasia — 5 — 10 — 13* — 20** — 33** — §§

From Biegel (2000a)
F, female; M, male; * P < 0.05 and ** P < 0.01 (Fisher-Irwin exact test for groupwise comparisons); § P < 0.05 and §§ P < 0.01 (Cochran-
Armitage test for trends)
a   Two secondary tumours, found in unscheduled deaths (animal C87073, + week 54, metastasis from adrenal cortex, and animal C87096, 

+ week 95, metastasis from uterus).
b  Historical control of test laboratory (2/60 = 3.3%, 1036 males, 1990–1993).



56

CLOTHIANIDIN 19–116 JMPR 2010

Table 21. Summary of genotoxicity studies of clothianidin 

Type of test Result Purity (%); batch 
No.

Reference

In vitro

Salmonella typhimurium (TA98, TA100, TA1535, TA1537), 
plate incorporation assay,  ±S9, DMSO

Negative 99.7; 12256321 Otsuka (1990a)

S. typhimurium (TA98, TA100, TA102, TA1535, TA1537), 
plate incorporation and preincubation assay,  ±S9, DMSO

Negative 95.2; 30037120 Herbold 
(1999a)

S. typhimurium (TA98, TA100, TA1535, TA1537) and Escher-
ichia coli (WP2uvrA), plate incorporation assay,  ±S9, DMSO

Positive in TA1535 
(+S9) only

96.0; 30034708 Thompson 
(2000)

S. typhimurium (TA1535), plate incorporation and preincuba-
tion assay, ±S9, DMSO

Negative 98.6; NLL6100-3

96.0; 30034708

Herbold 
(1999b)

S. typhimurium (TA98, TA100, TA102, TA1535, TA1537), 
plate incorporation ±S9, and preincubation assay, +S9, 
DMSO

Negative 99.8; 
PF0000256K

Sokolowski 
(2003)

Bacillus subtilis (H17, M45), rec assay, ±S9, DMSO Negative 99.7; 12256321 Otsuka (1990b)

L5178Y/TK+/−, mouse lymphoma gene mutation assay, ±S9, 
DMSO

Positive (small 
colonies indicating 
clastogenicity) 

96.0; 30034708 Durward 
(2000a)

V79, CHL gene mutation assay, ±S9, DMSO Negative 95.2; 30034708 Brendler-
Schwaab 
(1999a)

V79, CHL gene mutation assay, ±S9, DMSO Negative 96.4; 30037120 Poth (2003a)

V79, CHL gene mutation assay, ±S9, DMSO Negative 99.8; 
PF0000256K

Poth (2003b)

CHL, chromosomal aberration assay, ±S9, DMSO Positive 96.0; 30034708 Wright (2000)

V79, CHL chromosomal aberration assay, ±S9, DMSO Positive 96.4; 30037120 Schulz (2003a)

V79, CHL chromosomal aberration assay, ±S9, DMSO Negative 99.8; 
PF0000256K

Schulz (2003b)

In vivo

Mouse, bone marrow, micronucleus assay (oral, 25, 50, 100 
mg/kg bw, arachis oil)

Negative 96.0; 30034708 Durward 
(2000b)

Mouse, bone marrow, micronucleus assay (ip, 50, 100, 200 
mg/kg bw, 0.5% Cremophor)

Negative 96.4; 30037120 Honarvar 
(2003a)

Mouse, bone marrow, micronucleus assay (ip, 75, 150, 300 
mg/kg bw, 0.5% Cremophor)

Negative 99.8; 
PF0000256K

Honarvar 
(2003b)

Rat, liver, unscheduled DNA synthesis assay (oral, 2500, 
5000 mg/kg bw, aqueous Cremophor)

Negative 95.2–96.2; 
30034708

Brendler-
Schwaab 
(1999b)

Rat, liver, unscheduled DNA synthesis assay (oral, 1000, 
2000 mg/kg bw, 0.5% Cremophor)

Negative 96.4; 30037120 Honarvar 
(2003c)

Rat, liver, unscheduled DNA synthesis assay (oral, 1000, 
2000 mg/kg bw, 0.5% Cremophor)

Negative 99.8; 
PF0000256K

Honarvar 
(2003d)

CHL, Chinese hamster lung; DMSO, dimethyl sulfoxide; DNA, deoxyribonucleic acid; ip, intraperitoneal; S9, 9000 × g rat liver 
s upernatant

No toxicity was exhibited to any of the bacterial strains used. In all experiments, clothiani-
din provoked no increase of revertant colonies compared with negative controls. The confi rmative 
experiment was also negative. Clothianidin is not mutagenic under these experimental conditions 
(Herbold, 1999a). 
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Clothianidin (purity 96.0%; batch No. 30034708) dissolved in DMSO was investigated for 
its potential to induce mutations in a plate incorporation assay for gene mutation in S. typhimurium 
strains TA98, TA100, TA1535 and TA1537 and E. coli WP2uvrA, both with and without metabolic 
activation (±S9 mix), at concentrations up to 5000 µg/plate for 48 hours and in triplicate. The pro-
tocol was in compliance with test methods B.13–14 of European Commission directive 2000/32/
EC and OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation 
Assay; 26 May 1983). 

No toxicity to any of the bacterial strains used was exhibited. In all experiments, clothianidin 
provoked no increase of revertant colonies compared with negative controls in the test strains TA98, 
TA100, TA1537 and WP2uvrA. In contrast, in test strain TA1535, a slight increase of revertants was 
observed in the presence of metabolic activation at 1500 µg/plate (experiment 1) and 5000 µg/plate 
(experiments 1 and 2) (Table 22). A weaker response was observed with the same test strain in the 
absence of metabolic activation. However, the increase was less than 2-fold. Clothianidin is weakly 
mutagenic in TA1535 with metabolic activation under these experimental conditions (Thompson, 
2000). 

Clothianidin was investigated for its potential to induce mutations in an assay for gene muta-
tion in S. typhimurium. The study was in compliance with test method B.14 of European Commission 
directive 92/69/EEC and OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, 
Reverse Mutation Assay; 26 May 1983). Two tests were performed (plate incorporation and preincu-
bation). Overnight-grown bacteria (0.1 ml) from the characterized strain of S. typhimurium TA1535 
were exposed to clothianidin of two different batches (batch 1: purity 98.6%, batch No. NLL6100-3; 
and batch 2: purity 96.0%, batch No. 30034708) dissolved in DMSO. In test 1 (plate incorporation), 
fi nal concentrations were up to 5000 (batch 1) or 7000 (batch 2) µg/plate ( ±S9 mix). In test 2 (pre-
incubation), 0.1 ml of bacteria was additionally preincubated at 37 °C in the presence of the active 
ingredient at fi nal concentrations up to 8000 µg/plate for both test materials. 

Based upon bacterial counts, it was observed that the active ingredient caused bacteriotoxicity 
at 5000 µg/plate (plate incorporation) or 6000 µg/plate (preincubation) and above in the absence of 
S9 mix. At 8000 µg/plate (preincubation), the compound precipitated. No increase of revertants above 
control levels was observed in any experiment. Clothianidin is not mutagenic in strain TA1535 with 
or without metabolic activation under these experimental conditions (Herbold, 1999b). No confi rma-
tion of the positive response in TA1535 with metabolic activation (Thompson, 2000) was o btained 
with the same batch (batch No. 30034708).

Clothianidin (purity 99.8%; batch No. PF0000256K) dissolved in DMSO was investigated for 
its potential to induce mutations in an assay for gene mutation in S. typhimurium with and without 
metabolic activation. The study satisfi ed test methods B.13–14 of European Commission directive 
2000/32/EEC.

Clothianidin did not induce signifi cant bacteriotoxicity in any strain, except in TA102, for 
which a decrease of the number of revertants was observed at the top dose of 5000 µg/plate (±S9 
in the plate incorporation assay, +S9 in the preincubation assay). Compared with solvent control, 
the test article did not increase the number of spontaneous revertants in any test strain, either in the 
presence or in the absence of S9. Clothianidin is not mutagenic under these experimental conditions 
(Sokolowski, 2003).

Clothianidin (purity 99.7%; batch No. 12256321) was investigated for its potential to induce 
mutations in a spore rec assay for gene mutation in Bacillus subtilis. 

The compound provoked no growth inhibition of germinating bacterial spores, either in the 
presence or in the absence of metabolic activation (±S9), at concentrations of 0, 375, 750, 1500, 
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3000 or 6000 µg/plate. Clothianidin is not mutagenic under these experimental conditions (Otsuka, 
1990b). 

Clothianidin (purity 96.0%; batch No. 30034708) was investigated for its potential to induce 
mutations in a test with mouse lymphoma cells L5178Y/TK+/−. The study was in compliance with test 
method B.17 of European Commission directive 2000/32/EC and OECD Guideline No. 476 (Genetic 
Toxicology: In vitro Mammalian Cell Gene Mutation Tests; 4 April 1984). 

In the fi rst experiment, the test material did not induce any statistically signifi cant or dose-
related increases in the mutant frequency either in the presence or in the absence of metabolic activa-
tion. In the second experiment, in the absence of S9, an increased mutant frequency was observed 
at 1600 µg/ml; in the presence of S9, an increased mutant frequency was observed at 2000 µg/ml 
and above, in conditions of cytotoxicity. In addition, a signifi cant linear dose–effect trend was noted 
(P < 0.01). There was a dose-related increase of the proportion of small colonies, indicating clas-
togenic activity, both in the presence and in the absence of metabolic activation (Table 23).

Clothianidin is mutagenic under these experimental conditions at concentrations inducing 
cytotoxicity. The emergence of small colonies is an indication of the clastogenic nature of the muta-
tion (Durward, 2000a). 

Clothianidin (purity 95.2%; batch No. 30034708) dissolved in DMSO was investigated for its 
potential to induce gene mutations in a test with the V79 Chinese hamster cell line. The study was 
in compliance with test method B.17 of European Commission directive 92/69/EEC and OECD 
G uideline No. 476 (Genetic Toxicology: In vitro Mammalian Cell Gene Mutation Tests; 4 April 
1984).

No reproducible increase in mutant frequency could be observed, in either the presence or the 
absence of a metabolic activation system. Clothianidin is not mutagenic under these experimental 
conditions (Brendler-Schwaab, 1999a).

Clothianidin (purity 96.4%; batch No. 30037120) dissolved in DMSO was investigated for its 
potential to induce gene mutations in a test with the V79 Chinese hamster cell line. The study was 
in compliance with test method B.17 of European Commission directive 2000/32/EC and OECD 
Guideline No. 476 (Genetic Toxicology: In vitro Mammalian Cell Gene Mutation Tests; 21 July 
1997). 

The dosing of clothianidin was without signifi cant effect on the mutation frequency. Up to the 
highest investigated concentration (2500 µg/plate in experiment I and 1500 µg/plate in experiment 
II), no relevant increase of the mutation frequency was observed in either the presence or the absence 
of metabolic activation (Poth, 2003a).

Table 22. Mean number of revertants in test strain TA1535 treated with clothianidin 

S9 mix Concentration (µg/plate)

0 50 150 500 1500 5000

Experiment 1 + 11 12 15 13 20* 28***

− 20 27 21 26 30* 32*

Experiment 2 + 12 13 15 12 12 26***

− 19 19 25 24 29 37***

From Thompson (2000)
* P < 0.05; *** P < 0.005
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Clothianidin (purity 99.8%; batch No. PF0000256K) dissolved in DMSO was investigated for 
its potential to induce gene mutations in a test with the V79 Chinese hamster cell line. The study was 
in compliance with test method B.17 of directive 2000/32/EC and OECD Guideline No. 476 (Genetic 
Toxicology: In vitro Mammalian Cell Gene Mutation Tests; 21 July 1997).

The dosing of clothianidin was without signifi cant effect on the mutation frequency. Up to the 
highest investigated concentration (2500 µg/plate), no relevant increase of the mutation frequency 
was observed in either the presence or absence of metabolic activation (Poth, 2003b).

Clothianidin (purity 96.0%; batch No. 30034708) dissolved in DMSO was investigated for 
its potential to induce chromosomal aberrations with Chinese hamster lung cells. The study was 
in compliance with test method B.10 of European Commission directive 2000/32/EC and OECD 
Guideline No. 473 (Genetic Toxicology: In vitro Mammalian Cytogenetic Test; 26 May 1983). Cells 
were exposed over 12 hours (−S9), 4 hours (+S9) with 8-hour recovery, 6 hours (±S9) with 18-hour 
recovery, 24 hours (−S9) or 48 hours (−S9).

In the cells treated for 12 hours (−S9), reductions of mitotic index to 41% and of cell count to 
55% of control were observed at 937.5 µg/ml. In the presence of S9, a reduction of mitotic index to 
39% of control was observed at 1562.5 µg/ml and to 7% of control at the top dose, whereas cell count 
at these doses was not markedly affected. 

Clothianidin produced statistically signifi cant (P < 0.001) increases in the frequency of cells 
with aberrations at the highest dose level (1875 µg/ml) in the 6-hour (with 18-hour recovery) e xposure 

Table 23. Mutagenic activity of clothianidin in the mouse lymphoma assay 

Dose (µg/ml) −S9 +S9

Relative 
survival 
(%)

Relative 
total growth 
(%)

Mutant 
frequencya

Small 
colony 
mutants 
(%)b

Relative 
survival 
(%)

Relative 
total growth 
(%)

Mutant 
frequencya

Small 
colony 
mutants 
(%)b

Experiment 1

0 100 100 108.76 61 100 100 85.14 51

312.5 97.72 109 133.17 61 89.56 89 75.79 50

625 94.42 112 72.70 68 99.34 126 68.56 39

1250 72.88 82 137.44 74 91.97 113 49.87 41

1667 22.46 14 179.65 86 56.78 87 133.77 71

2500 1.43 1 123.42 100 8.77 5 493.31c 74

Experiment 2

0 100.00 100 93.5 31 100 100 94.09 29

300 126.91 113 87.08 37 — — — —

600 101.84 95 109.21 34 83.22 96 108.22 33

1200 79.01 95 177.66 56 88.25 100 115.86 31

1600 31.28 30 272.04* 52 79.24 93 94.72 33

2000 3.42 2 179.62 69 57.81 67 217.03* 55

2400 — — — — 19.03 26 307.28* 57

From Durward (2000a)
* P < 0.05
a  Mutant frequency: trifl uorothymidine-resistant mutants/106 viable cells (48 h treatment).
b  % of total observed colonies.
c  Data excluded from statistical analysis due to excessive heterogeneity.
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group with metabolic activation and at 625 µg/ml in the 48-hour continuous exposure group. Smaller, 
but statistically signifi cant (P < 0.05 or P < 0.01) increases in the incidence of aberrant cells also 
occurred at the highest dose level (1250 µg/ml) in the 6-hour (with 18-hour recovery) group with 
metabolic activation and in both of the 12-hour harvest groups treated at 937.5 µg/ml without activa-
tion and 1562.5 µg/ml with activation. A weak response also occurred at 625 µg/ml in the 24-hour 
exposure group. Clothianidin did not induce an increased incidence of polyploidy at any dose level 
in any of the exposure groups.

Clothianidin is clastogenic in cells treated at near-cytotoxic or cytotoxic doses, for both short 
and long treatment periods. In the absence of S9, there was both a time- and dose-dependent increase 
of cells with aberrations. No increase of polyploid cell number was observed, however (Wright, 
2000).

Clothianidin (purity 96.4%; batch No. 30037120) dissolved in DMSO was investigated for 
its potential to induce chromosomal aberrations in a test with the V79 Chinese hamster cell line. 
The study was in compliance with test method B.10 of European Commission directive 2000/32/EC 
and OECD Guideline No. 473 (Genetic Toxicology: In vitro Chromosome Aberration Test; 21 July 
1997).

In the experiment (4 hours + 14-hour recovery), statistically signifi cant and biologically rel-
evant increases in the number of cells carrying structural chromosomal aberrations were observed in 
the absence of S9 mix. However, in the presence of S9 mix, no biologically relevant increase in the 
number of cells carrying structural chromosomal aberrations was observed. No relevant increase in 
the frequency of polyploid metaphases was found after treatment with the test item compared with 
the frequencies of the controls. 

Clothianidin was clastogenic in the absence of metabolic activation under these experimental 
conditions (Schulz, 2003a).

Clothianidin (purity 99.8%; batch No. PF0000256K) dissolved in DMSO was investigated 
for its potential to induce chromosomal aberrations in a test with the V79 Chinese hamster cell line. 
The study was in compliance with test method B.10 of European Commission directive 2000/32/EC 
and OECD Guideline No. 473 (Genetic Toxicology: In vitro Chromosome Aberration Test; 21 July 
1997). Clothianidin was tested in the V79 cells up to 1500 µg/ml, equivalent to a dose causing some 
cytotoxicity (–S9) and/or compound precipitation (±S9).

In the fi rst experiment (4 hours + 14-hour recovery), a slight, statistically signifi cant increase 
in aberration frequency was observed at the top dose (1500 µg/ml) in the presence of S9 mix. How-
ever, the value was equal to that of the untreated control. In the second experiment, in the presence of 
S9 mix (4 hours + 24-hour recovery), the aberration frequency was statistically increased above the 
solvent control level. However, the incidence was still within the historical control range (historical 
control: aberrant cells 0–7% inclusive of gaps, 0–4% exclusive of gaps, 0–2% with exchanges). 

Clothianidin was not clastogenic under these experimental conditions (Schulz, 2003b).

(b) In vivo 

Clothianidin (purity 96.0%; batch No. 30034708) was investigated for its potential to induce 
chromosomal aberrations in an in vivo mouse micronucleus test. The study was in compliance with 
test method B.12 of European Commission directive 92/69/EEC and OECD Guideline No. 474 
(Genetic Toxicology: Micronucleus Test; 23 May 1983). Five mice (CD1) of each sex per dose per 
time point were exposed to clothianidin dissolved in arachis oil at the nominal dose levels of 0, 25, 
50 and 100 mg/kg bw by gavage; the dose volume was 10 ml/kg bw. Animals were killed at 24, 48 
or 72 hours after dosing.
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At the top dose, three of fi ve females died at the 48-hour sampling time. Clinical signs were 
observed at all doses and included hunched posture, decreased/laboured respiration, ptosis and leth-
argy. For neither dosage nor sampling point was the polychromatic erythrocyte/normochromatic eryth-
rocyte ratio (PCE/NCE) different from the solvent control value. The frequency of micronucleated 
polychromatic erythrocytes (MNPC) was not altered in either dose group compared with the concur-
rent solvent controls. Clothianidin is not clastogenic under these experimental conditions (Durward, 
2000b). 

Clothianidin (purity 96.4%; batch No. 30037120) was investigated for its potential to induce 
chromosomal aberrations in an in vivo mouse micronucleus test. The study was in compliance with 
test method B.12 of European Commission directive 2000/32/EC and OECD Guideline No. 474 
(Genetic Toxicology: Micronucleus Test; 21 July 1997). Twelve (top dose) or six (other doses) mice 
(NMRI) of each sex per dose were exposed to clothianidin dissolved in 0.5% w/v Cremophor at a 
dose level of 50, 100 or 200 mg/kg bw by intraperitoneal injection at a dose volume of 10 ml/kg bw. 
Animals were killed 24 hours (all doses) or 48 hours (top dose) after dosing. 

Two male animals died 6 hours after dosing at the top dose of 200 mg/kg bw. These animals 
also had the following clinical signs within 24 hours of treatment: reduction of spontaneous activity, 
abdominal position, eyelid closure, ruffl ed fur and tremor (one male). For neither dosage nor sam-
pling point was the PCE/NCE ratio different from the solvent control value. The frequency of MNPC 
was not altered in either dose group compared with the concurrent solvent controls. Clothianidin is 
not clastogenic under these experimental conditions (Honarvar, 2003a).

Clothianidin (purity 99.8%; batch No. PF0000256K) was investigated for its potential to induce 
chromosomal aberrations in an in vivo mouse micronucleus test. The study was in compliance with 
test method B.12 of European Commission directive 2000/32/EC and OECD Guideline No. 474 
(Genetic Toxicology: Micronucleus Test; 21 July 1997). Twelve (top dose) or six (other doses) mice 
(NMRI) of each sex per dose were exposed to clothianidin dissolved in 0.5% w/v Cremophor at a 
dose level of 75, 150 or 300 mg/kg bw by intraperitoneal injection at a dose volume of 10 ml/kg bw. 
Animals were killed 24 (all doses) or 48 hours (top dose) after dosing. 

Two males and one female died within 24 hours of dosing. These animals also had the follow-
ing clinical signs within 6 hours of treatment: reduction of spontaneous activity, abdominal position, 
eyelid closure, ruffl ed fur and tremor (one female). For neither dosage nor sampling point was the 
PCE/NCE ratio different from the solvent control value. The frequency of MNPC was not altered 
in either dose group compared with the concurrent solvent controls. Clothianidin is not clastogenic 
under these experimental conditions (Honarvar, 2003b).

Clothianidin (purity 95.2–96.2%; batch No. 30034708) was investigated for its potential to 
induce gene mutations in an ex vivo rat hepatocyte unscheduled deoxyribonucleic acid (DNA) syn-
thesis (UDS) test. The study was in compliance with test method B.39 of European Commission 
directive 2000/32/EC. Three male rats (Crl: (WI) BR (SPF)) per dose (range-fi nding assay) or four 
male rats per dose per time point (main assay, except for the vehicle control group for 16-hour 
exposure, which used six rats) received clothianidin formulated in 0.5% (w/v) Cremophor at dose 
levels up to 5000 mg/kg bw by gavage. Animals were killed 4 or 16 hours after administration. 
Both net nuclear grain count values and fraction of cells in repair (nuclear grain count ≥ 5) were not 
elevated compared with controls. Clothianidin is not mutagenic under these experimental conditions 
(B rendler-Schwaab, 1999b).

Clothianidin (purity 96.4%; batch No. 30037120) was investigated for its potential to induce 
gene mutations in an ex vivo rat hepatocyte UDS test. The study was in compliance with test method 
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B.39 of European Commission directive 2000/32/EC and OECD Guideline No. 486 (Unscheduled 
DNA Synthesis (UDS) Test with Mammalian Liver Cells In Vivo; 21 July 1997). Two rats (Wistar 
Han lbm:WIST (SPF)) of each sex per dose (range-fi nding assay) or four (main assay) male (starved) 
rats per dose per time point received clothianidin formulated in 0.5% (w/v) Cremophor at dose levels 
up to 2000 mg/kg bw by gavage. Animals were killed 2 or 16 hours after administration. 

No dose level of the test item resulted in UDS induction in the hepatocytes of the treated ani-
mals compared with the concurrent vehicle controls. Neither the nuclear grains nor the resulting net 
grains were distinctly enhanced due to the in vivo treatment of the animals with the test compound 
for 2 hours or 16 hours, respectively. The fraction of cells in repair was unaffected.

Clothianidin does not induce UDS in vivo under these experimental conditions (Honarvar, 
2003c).

Clothianidin (purity 99.8%; batch No. PF0000256K) was investigated for its potential to induce 
gene mutations in an ex vivo rat hepatocyte UDS test. The study was in compliance with test method 
B.39 of European Commission directive 2000/32/EC and OECD Guideline No. 486 (Unscheduled 
DNA Synthesis (UDS) Test with Mammalian Liver Cells In Vivo; 21 July 1997). Two rats (Wistar 
Han lbm:WIST (SPF)) of each sex per dose (range-fi nding assay) or four (main assay) male (starved) 
rats per dose per time point received clothianidin formulated in 0.5% (w/v) Cremophor at dose levels 
up to 2000 mg/kg bw by gavage. Animals were killed 2 or 16 hours after administration. 

No dose level of the test item resulted in UDS induction in the hepatocytes of the treated ani-
mals compared with the concurrent vehicle controls. Neither the nuclear grains nor the resulting net 
grains were distinctly enhanced due to the in vivo treatment of the animals with the test compound 
for 2 hours or 16 hours, respectively. The fraction of cells in repair was unaffected.

Clothianidin does not induce UDS in vivo under these experimental conditions (Honarvar, 
2003d).

(c) Conclusion 

Clothianidin (batch No. 30034708) was weakly positive at the limit dose of 5000 µg/plate 
in S. typhimurium strain TA1535 with metabolic activation in one bacterial reverse gene mutation 
assay (Thompson, 2000). However, in a further study by Herbold (1999b) of the same batch in the 
same strain, clothianidin was not mutagenic at doses up to 8000 µg/plate. Clothianidin was also 
consistently negative in the related, more sensitive strain, TA100. Plate incorporation and preincu-
bation studies on three other batches of clothianidin at doses up to 5000 µg/plate demonstrate the 
absence of point mutagenic potential in all S. typhimurium strains used, including TA1535 (Otsuka, 
1990a; Herbold, 1999a; Sokolowski, 2003). A clastogenic response occurred in vitro at the TK locus 
in mouse L5178Y cells (Durward, 2000a), both with and without metabolic activation. Batch Nos 
30034708 and 30037120 also induced clastogenic responses in Chinese hamster lung cells in vitro 
(Wright, 2000) and in Chinese hamster V79 cells in vitro (Schulz, 2003a), respectively. However, in 
other in vitro mammalian tests with Chinese hamster V79 cells, clothianidin was not mutagenic at 
the HPRT locus (Brendler-Schwaab, 1999a; Poth, 2003a,b) and was not clastogenic (Schulz, 2003b). 
C lothianidin did not induce a genotoxic response in an in vitro DNA repair test (Otsuka, 1990b).

The fact that the in vitro clastogenicity was observed only at doses that induced greater than 
50% cell loss and/or greater than 50% decrease in mitotic index suggests that this is most likely a 
high-cytotoxicity effect.

Clothianidin does not induce genotoxic responses in in vivo mouse micronucleus assays 
(Durward, 2000b; Honarvar, 2003a,b) or in vivo UDS assays (Brendler-Schwaab, 1999b; Honarvar, 
2003c,d), indicating that clothianidin is not clastogenic and did not induce UDS in mammalian in 
vivo test systems. 

Based on the weight of evidence, clothianidin is unlikely to be genotoxic in vivo.
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2.5 Reproductive toxicity 

(a) Multigeneration studies 

Clothianidin (purity 95.2–96.0%; batch No. 30037120) was investigated in a one-generation 
dose range–fi nding study in rats. The study was partly in compliance with test method B.34 of Euro-
pean Commission directive 92/69/EEC and OECD Guideline No. 416 (Two-Generation Reproduction 
Toxicity Study; May 1983). Twenty randomly selected rats (Sprague-Dawley) of each sex per dose 
received clothianidin at a concentration of 0, 50, 100, 500 or 1000 ppm in the diet. Analytical verifi ca-
tion revealed that dose levels were 86.3–88.8% of nominal values. Achieved test article intakes were 
0, 2.9, 5.8, 29.1 and 58.9 mg/kg bw per day for males and 0, 3.4, 6.6, 34.2 and 68.6 mg/kg bw per day 
(premating period) and 0, 3.4, 6.4, 34.4 and 69.1 mg/kg bw per day (gestation period) for females. 
The test compound was administered to rats for about 8 weeks before mating, during gestation and 
through day 21 of lactation. F

1
 litter size was not adjusted following delivery. The doses used were 

based upon the 90-day study in rats (Chambers, 1997a), in which the NOAEL was 1250 ppm.

Minimal decreases in body weight were observed in males at 500 ppm and in females at the top 
dose in week 1 of administration but were not considered toxicologically meaningful. There were no 
other indications of toxicity in parental animals. There were no abnormalities detected in the litters.

The NOAEL in this study was 1000 ppm, equal to 68.6 mg/kg bw per day, the highest dose 
tested (Astroff, 2000).

Clothianidin (purity 95.2–96.0%; batch No. 30037120) was investigated in a two-generation 
study of reproduction. Thirty randomly selected rats (Sprague-Dawley) of each sex per dose received 
clothianidin at a concentration of 0, 150, 500 or 2500 ppm in the diet. The study was partly in compli-
ance with test method B.35 of European Commission directive 92/69/EEC. Accuracy, homogeneity 
and stability of the treated diet were confi rmed by chemical analysis. Achieved test article intakes were 
0, 10.2, 32.7 and 179.6 mg/kg bw per day for males and 0, 11.8, 37.9 and 212.9 mg/kg bw per day for 
females (calculations based on premating period for the fi rst generation; similar intake during gesta-
tion). The test compound was administered throughout a 10-week premating phase, then throughout 
mating, gestation and lactation, for a total of about 16/20 weeks (F

0
 males/F

0 
females) or 20/24 weeks 

(F
1
 males/F

1
 females). The mating period was 2 weeks (1:1 mating ratio). Animals not delivering post-

mating were scheduled to be necropsied at day 24 and their cervical/uterine patency determined (via 
uterine horn fl ushing). F

1
 litter size was adjusted following delivery to provide four males and four 

females per litter. Vaginal smears were examined daily in parental F
0
 and F

1
 females for 3 weeks prior 

to mating and in all females at termination, in order to determine estrous cyclicity (characterization: 
diestrus, presence of white blood cells; and estrus, cornifi cation). For the F

1
 pups selected for the next 

generation, preputial separation and vaginal patency were determined. A quantitative evaluation of the 
primordial ovarian follicle histology was scheduled in the F

1
 generation on lactation day (LD) 2 if any 

ovarian or estrous cycle abnormality, female infertility or male germ cell abnormality was observed. 
In F

0
/F

1
 adults, one testis and caudal epididymis were processed for enumeration of spermatids and 

spermatozoids, respectively. Spermatozoid morphology and motility were examined on a distal vas 
deferens sample. Anogenital distance was measured in all F

2
 pups at LD 0.

Signifi cant body weight decreases were observed in both adult males and females of the F
0
 and 

F
1
 generations at the top dose. Relative feed consumption (g/kg bw per day) was generally increased 

(decreases were noted only during the fi rst treatment week, indicating initial poor palatability). In 
both F

0
 and F

1
 animals, absolute and relative organ weight changes were in line with the observed 

body weight loss (Table 24). 

There were no necropsy or histological fi ndings showing a clear dose-related trend.

In both F
0
 and F

1
 animals, no difference in number and duration of estrous cycles between 

treated and control animals was observed on the basis of the smear analyses (Table 25).
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There were no relevant clinical observations in the pups.

At the top dose and in both sexes, a time-dependent decrease in body weight was observed in 
both generations. Body weight gain was impaired in the fi rst-generation litters at 500 ppm and above 
and in both generations at the top dose.

A statistically signifi cant increase in number of early stillborn deaths occurred in the 2500 ppm 
F

1
 pups and in the 500 and 2500 ppm F

2
 pups.

Table 24. Two-generation reproductive toxicity of clothianidin in adult rats: body and organ 
weight data 

% relative to control

Dietary concentration (ppm)

0 150 500 2500

F
0

F
1

F
0

F
1

F
0

F
1

F
0

F
1

Body weight 

Males — — — — — — ↓8–10** ↓16–20**

Females

- days 7–70pm

- days 0, 6, 13, 20ge

- days 0, 4, 7, 14, 21la

- day 14la

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓6.5*

—

—

—

—

↓9–15**

↓12–14**

↓11–18**

—

↓16–19**

↓13–16**

↓13–15**

—

Body weight gain

Females (days 0, 6, 13, 20)ge — — — — — — ↓17** ↓8

Feed consumption

Males — — — — ↓4* week 1pm — ↓18** week 1pm

↑8* week 3;** 
weeks 4, 5, 8 pm

↑16** weeks 1–10pm

Females — — — — ↑7.6* week 
10pm

— ↓18** week 1pm

↑16** weeks 8–10pm

↑11* days 6–13ge

↑13* days 14–21la

↑21* weeks 1, 5–6pm; 
** weeks 2–4, 7–10pm

↑11* days 6–13ge

↑13* days 7–21la

Organ weight 

Thymus

- absolute (male)

- relative (male) 

—

—

—

—

—

—

—

—

—

—

—

—

↓16*

↓8

↓29*

↓13*

- absolute (female)

- relative (female)

—

—

—

—

—

—

—

—

—

—

—

—

↓35*

↓32*

↓41*

↓32*

Ovary

- absolute

- relative

—

—

—

—

—

—

—

—

—

—

—

—

↓19*

↓16*

↓11

—

Uterus 

- absolute

- relative

—

—

—

—

—

—

—

—

—

—

—

—

↓25*

↓20*

↓21

↓10

From Freshwater & Astroff (2000)
ge, gestation; la, lactation; pm, premating; * P < 0.05; ** P < 0.01 (parametric data: ANOVA + Dunnett’s; non-parametric data: Kruskall-
Wallis + Dunnett’s or Mann-Whitney U-test [organ weight]) 
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Litters evaluated for early stillborn deaths in the 2500 ppm F
1
 and F

2
 pups were not statistically 

elevated above controls. In light of the fact that the litter is generally accepted to be the appropri-
ate unit for reproductive assessment and there was no effect on viable pup numbers (Table 26), the 
a pparent increase in stillbirths was not considered to be toxicologically meaningful.

Thymus weight was decreased at 500 ppm (males) and above (males and females), and spleen 
weight was decreased at the top dose. 

Single incidences of hydrocephalus and anophthalmia were reported at the top dose in F
1
 pups. All 

other gross pathological fi ndings were at low incidence and without a dose–response r elationship.

Table 25. Two-generation reproductive toxicity of clothianidin in adult rats: gross pathology and 
histopathology 

Dietary concentration (ppm)

0 150 500 2500

F
0

F
1

F
0

F
1

F
0

F
1

F
0

F
1

Developmental markers

Preputial separationa — 41.2 — 41.9 — 42.5** — 47.9**

Body weight at preputial separation (g) — 190 — 199 — 192 — 190

Vaginal openinga — 32.4 — 32.2 — 32.1 — 34.7**

Body weight at vaginal opening (g) — 104.6 — 104.4 — 98.8 — 90.6

Histopathology/cytopathology

Sperm morphology

- % normal

- % abnormal

- % detached

83.5

15.9

0.6

69.3

30.0

0.7

—

—

—

—

—

—

—

—

—

—

—

—

81.9

16.0

2.1

67.0

29.0

4.0

Total sperm count 

- epididymis

- testis

146.1

129.9

149.5

105.7

—

—

—

—

—

—

—

—

141.6

129.5

133.7

103.8

Sperm motility

- % motile

- % progressively motile

82.9

64.1

81.7

59.9

—

—

—

—

82.6

61.5

79.0

53.9

79.2

56.2**

73.4**

46.1**

Estrous cycle

- duration (days)

- number

4.2

3.3

4.3

3.4

—

—

—

—

—

—

—

—

4.1

3.7

4.4

3.4

Estrous stage (sacrifi ce)b

n 29 30 29 30 29 30 27 30

- diestrus

- proestrus

- estrus

18

2

9

19

0

11

19

0

10

18

3

9

25

1

3

16

0

14

24

1

2

25

1

4

Ovarian follicle count (mean/ovary)

- “non-anthral” follicles 12.17 — — — — — — 12.22

- “anthral” follicles 3.94 — — — — — — 4.53

- corpora lutea 3.71 — — — — — — 3.24

From Freshwater & Astroff (2000)
*  P < 0.05; ** P < 0.01 (parametric data: ANOVA + Dunnett’s; non-parametric data: Kruskall-Wallis + Dunnett’s or Mann-Whitney 
U-test [organ weight, histopathology]; non-parametric dichotomous data: χ² + Fisher Exact Test/Bonferroni adjustment)

a  Expressed in days.
b  Number of animals. 
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Table 26. Two-generation reproductive toxicity of clothianidin in rats: pup data

Dietary concentration (ppm)

0 150 500 2500

F
1

F
2

F
1

F
2

F
1

F
2

F
1

F
2

Litter data

No. observed (day 21) 24 23 29 25 28 20 29 28

No. of pups missinga 2 1 2 4 1 4 4 6

No. of stillborn pupsa,b

- earlyc

- lated

- totala

0 (0)

1 (1)

1 (1)

1 (1)

3 (3)

4 (4)

3 (3)

0 (0)

3 (3)

3 (3)

1 (1)

4 (4)

3 (6)

2 (3)

6 (9)

5 (8*)

0 (0)

5 (8)

6 (9*)

1 (1)

7 (10)

4 (13*)

2 (2)

6 (15)

No. of viable pupsa 

- day 0

- day 4

14

13

14

13

14

14

14

13

14

14

13

13

13

12

12

12

Birth indexe 0.898 0.918 0.905 0.934 0.945 0.874 0.940 0.878

Live birth indexf 1.00 0.998 0.993 0.991 0.984 0.974 0.979 0.965

Viability indexg 0.992 0.980 0.994 0.981 0.987 0.988 0.924 0.970

Lactation indexh 0.995 0.995 0.996 0.985 0.978 0.974 0.960 0.960

Body weight, male + female

- day 0

- day 4

- day 7

- day 14

- day 21

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓8%*

↓16%**

↓18%**

↓22%**

↓26%**

↓3%

↓9%

↓13%**

↓16%**

↓21%**

Body weight gain, male + female — — — — ↓11%*

(days 7–14)

— ↓29%**

(days 0–21)

↓23%**

(days 0–21)

Organ weights 

Thymus weight, male: 

- absolute 

- relative

—

—

—

—

—

—

—

—

↓13%*

↓10%

—

—

↓29%**

↓5%

↓25%**

↓8%

Thymus weight, female:

- absolute 

- relative

—

—

—

—

—

—

—

—

↓10%

↓8%

—

—

↓28%**

↓7%

↓24%**

↓9%

Spleen weight, male: 

- absolute 

- relative

—

—

—

—

—

—

—

—

—

—

—

—

↓30%**

↓7%

↓31%**

↓16%**

Spleen weight, female:

- absolute 

- relative

—

—

—

—

—

—

—

—

—

—

—

—

↓35%**

↓16%**

↓30%**

↓17%**

From Freshwater & Astroff (2000) 
*  P < 0.05; ** P < 0.01 (parametric data: ANOVA + Dunnett’s; non-parametric data: Kruskall-Wallis + Dunnett’s or Mann-Whitney 

U-test [organ weight, histopathology]; non-parametric dichotomous data: χ2 + Fisher Exact Test/Bonferroni adjustment)
a  Data expressed as litter incidence; early and late stillborn determined by observation of non-fl oating or fl oating lung.
b  Litter (pups). 
c  Non-fl oating lung. 
d  Floating lung.
e  Birth index = number of pups born/number of implantation sites.
f  Live birth index = number of pups liveborn/total number of pups. 
g  Viability index = number of pups alive (day 4)/number of pups liveborn. 
h  Lactation index = number of pups alive (day 21)/number of pups post-culling (day 4).
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In F
1
 pups, preputial separation was delayed at 500 ppm and above. The notifi er considered the 

delay of preputial separation at 500 ppm as part of the normal variation of the test laboratory (±5%). 
However, the trend showed a dose dependency. Body weights of all dose groups were comparable at 
the time of preputial separation. Vaginal opening was also retarded at the top dose (in parallel with a 
body weight decrease of −13%).

At the top dose, histopathological fi ndings included a mammary gland cyst and chronic active 
infl ammation (one male).

Total sperm count was only slightly affected at the top dose compared with controls; the dif-
ferences did not reach statistical signifi cance (Table 27). Also, sperm morphology revealed a subtle 
increase in the mean incidence of cells with detached spermatozoid at the top dose in both genera-
tions, but the differences between control and test groups were not statistically different (Table 28).

At the top dose, the proportion of motile sperm was slightly reduced (−10%) in the F
2
 males, 

and progressive motility was reduced in both generations (−12% to −23%); there was no effect on 
motility at lower doses (Table 29). 

The analysis of ovarian follicle count on serial sections revealed no remarkable differences 
between top-dose and control animals. Both number and duration of the complete estrous cycles were 
essentially unaltered in treated animals compared with controls. At termination, incidence of diestrus 
was slightly higher in F

1
 females at 500 ppm and above and in F

1
 and F

2
 females at the top dose. 

Clothianidin showed no toxicity to reproduction under these experimental conditions. 

The NOAEL for both parental and offspring toxicity was 150 ppm, equal to 10.2 mg/kg bw per 
day, based on decreased body weight at 500 ppm, equal to 32.7 mg/kg bw per day, for parental ani-
mals and on decreased body weight and subsequent effect on preputial separation at 500 ppm, equal 
to 32.7 mg/kg bw per day, for offspring.

The NOAEL for reproductive toxicity was 2500 ppm, equal to 179.6 mg/kg bw per day, the 
highest dose tested (Freshwater & Astroff, 2000). 

(b) Developmental toxicity

Rats

In a developmental toxicity range-fi nding study, eight successfully mated female rats (Sprague-
Dawley Crl:CD®BR VAF/Plus®) per dose (mating ratio one male:one female) received clothianidin 
(purity 96%; batch No. 30034708) dissolved in a 0.5% aqueous solution of methylcellulose at a dose 
level of 0, 125, 250, 500 or 1000 mg/kg bw per day by gavage. The dose volume was in all cases 10 
ml/kg bw. The protocol followed no guideline, as it was designed to set dose levels for a defi nitive 
study. Analytical verifi cation revealed that dose levels were 93–101% of nominal values. Compound 
stability for 2 weeks in the vehicle at ambient temperature and compound homogeneity proved to be 
satisfactory. Negative control was obtained by treating with the vehicle. The data are not considered 
in the fi nal evaluation.

At the top dose, all animals were found dead or killed moribund. At 250 mg/kg bw and above, 
clinical signs included localized alopecia, scant faeces and red perivaginal substance. At 500 mg/kg 
bw and above, piloerection, tremors, hypoactivity, emaciation, ptosis, coldness to touch, dehydration 
and chromorhinorrhoea were observed. At 1000 mg/kg bw, urine-stained abdomen and chromodacry-
orrhoea were noted. At necropsy, a dose-dependent incidence of small spleen was seen at 250 mg/kg 
bw and above. At all doses, body weights, body weight gains and feed consumption were decreased 
compared with the control animals. The decreases were time and dose related and started on day 1 of 
gavage. Spleen weights were decreased at all doses (confi rming gross pathology) (Table 30).

Most fetal data indicate adverse effects at 250 mg/kg bw and above. Fetal external abnor-
malities were observed at that dose (n = 5) and included short snout (1), bilateral fl exed forelimbs 
and hindlimbs (1), exencephaly (1), gastroschisis (abdominal wall fi ssure) (1), bilateral eye bulge 
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d epression (1) and short trunk (1). At 500 mg/kg bw (n = 2), fi ndings were anasarca (body oedema) 
(2), short trunk (1), short tail (1) and umbilical hernia (1). 

The MTD was considered to be 125 mg/kg bw; no NOAEL was observed (York, 1999a). 

In a developmental toxicity study, 25 successfully mated female rats (Sprague-Dawley 
Crl:CD®BR VAF/Plus®) per dose (mating ratio one male:one female) received clothianidin (purity 
95.2%; batch No. 30037120) dissolved in a 0.5% aqueous solution of methylcellulose at a dose level 
of 0, 10, 40 or 125 mg/kg bw per day by gavage on gestation days (GDs) 6–19. The dose volume was 

Table 27. Total sperm count 

Generation Group n Mean (standard error)

Epididymis Testis

1 Control 30 146.1 (7.7) 129.9 (4.7)

High 30 141.6 (8.1) 129.5 (3.9)

2 Control 30 149.5 (9.0) 105.7 (5.1)

High 30 133.7 (11.4) 103.8 (5.5)

From Freshwater & Astroff (2000)

Table 28. Sperm morphology 

Generation Group na Mean (standard error)b

% normal % abnormal % detached

1 Control 30 83.5 (1.1) 15.9 (1.1) 0.6 (0.1)

High 30 81.9 (1.8) 16.0 (1.2) 2.1 (1.1)

2 Control 28 69.3 (2.0) 30.0 (2.0) 0.7 (0.2)

High 29 67.0 (2.0) 29.0 (2.1) 4.0 (1.7)

From Freshwater & Astroff (2000)
a  Animals with fewer than 100 sperm excluded.
b  No statistically signifi cant differences between groups at the 0.05 signifi cance level.

Table 29. Sperm motility

Generation Group n Mean (standard error)

% motile % progressive

1 Control 30 82.9 (1.9) 64.1 (2.5)

Low 28 82.6 (1.9) 66.2 (1.9)

Mid 30 82.6 (1.6) 61.5 (2.2)

High 29 79.2 (1.5) 56.2 (1.7)**

2 Control 29 81.7 (1.5) 59.9 (2.0)

Low 29 82.6 (1.6) 61.7 (2.0)

Mid 30 79.0 (1.9) 53.9 (2.2)

High 29 73.4 (2.5)** 46.1 (2.7)**

From Freshwater & Astroff (2000)
** P ≤ 0.01
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in all cases 10 ml/kg bw. The protocol was in compliance with test method B.31 of European Com-
mission directive 92/69/EEC and OECD Guideline No. 414 (Prenatal Developmental Toxicity Study; 
12 May 1981). Analytical verifi cation revealed that dose levels were 98–115% of nominal values. 
Compound stability for 2 weeks in the vehicle at ambient temperature and compound homogeneity 
proved to be satisfactory. Negative control was obtained by treating with the vehicle. 

There were no deaths or relevant clinical signs. At the top dose, a slight decrease in body 
weight was observed from day 8. The body weight change was decreased at the top dose and was 
essentially attributable to effects during days 6–9. At 40 mg/kg bw per day, body weight gain was 

Table 30. Teratogenicity range-fi nding study of clothianidin in rats

Dose (mg/kg bw per day)

0 125 250 500 1000

Maternal dataa

Mortality

- found dead

- sacrifi ced 

0

0

0

0

0

0

0

0

5days 9, 10, 11

3days 12, 14, 18

Clinical signs No No Yes Yes Yes

Feed consumption

- g/day

- g/kg bw per day

—

—

↓18%

↓11%

↓32%

↓21%

↓49%

↓30%

—

—

Body weight 

- day 20

- day 20b

—

—

↓10%

↓12%

↓19%

↓19%

↓43%

↓31%

—

—

Body weight gain (g)

- day 20

- day 20b

+125 ± 21

+46 ± 14

+88 ± 19

+12 ± 16

+52 ± 27

−9 ± 26

−49 ± 30

−53 ± 29

—

—

Absolute spleen weight

Relative spleen weight

—

—

↓14%

↓4%

↓14%

—

↓45%

↓6%

—

—

Gross pathology: small spleen incidence 0 0 1 6 7

Gravid uterine weight — ↓7.3% ↓26% ↓95% —

Caesarean section dataa

Number of pregnant females

No. of analysed litters

No. of litters with ≥ 1 live fetuses

8

8

8

7

7

7

6

5b

5b

8

8

2c

7

7

0

Corpora lutea (mean/ovary) 18.1 18.1 17.4 16.6 —

Implantations (litter incidence) 15.5 16.0 15.8c 14.1 —

Resorptions, early/late (litter incidence) 1.0 / 0.0 1.1 / 0.1 1.8 / 0.0 13.8 / 0.0 —

Live fetusesd (litter incidence) 14.5 14.7 14.0c 1.5d —

Live male fetuses (%)d 54 53 51c 0d —

Fetal weight (g),d male/female 3.53 / 3.46 3.22 / 3.21 2.66 / 2.49c — / 1.04d —

Fetal external anomaliesd — — Yesc Yesd —

From York (1999a)
a  Maternal data are calculated for gestation days 6–20; caesarean section data are expressed in number of fetuses per litter.
b  Corrected body weight = gestation body weight minus gravid uterine weight. 
c  Excludes one dam that gave birth to no live fetuses. 
d  Only dams with ≥ 1 live fetus taken into consideration. No statistical analysis reported.
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impaired during days 6–9. No change of gravid uterine weight was observable when compared with 
the control dams.

Caesarean section observations revealed no remarkable differences between treated and con-
trol animals (Table 31). Fetal alterations occurred at similar incidences in litters of all dose groups, 
were comparable with recent historical controls or showed no consistency with dose (Table 32).

Clothianidin is not a developmental toxicant under these experimental conditions.

The maternal NOAEL was 10 mg/kg bw per day, based on decreased feed consumption and 
body weight effects at 40 mg/kg bw per day. The developmental and fetal NOAEL was 125 mg/kg 
bw per day, the highest dose tested (York, 1998a).

Rabbit 

In a developmental toxicity range-fi nding study, fi ve successfully mated female rabbits (New 
Zealand White, Hra:NZW(SPF)) per dose received clothianidin (purity 96%; batch No. 30034708) 
dissolved in a 0.5% aqueous solution of methylcellulose at a dose level of 0, 62.5, 125, 200 or 500 
mg/kg bw per day by gavage on days 6–28 after mating. The dose volume was in all cases 5 ml/kg 
bw. Analytical verifi cation revealed that dose levels were 93–102% of nominal values. Compound 
stability for 2 weeks in the vehicle at ambient temperature and compound homogeneity proved to be 
satisfactory. Negative control was obtained by treating with the vehicle. 

All does at 125 mg/kg bw per day and above either died during the study or were killed mori-
bund or due to abortion. At 62.5 mg/kg bw per day, one doe was terminated due to premature deliv-
ery. Two animals in the 125 mg/kg bw per day group died as a consequence of an intubation accident. 
At 62.5 and 125 mg/kg bw per day, dark urine was found. At 125 mg/kg bw per day and above, 
observations included a red substance in the cage pan (associated with litter resorption or moribun-
dity) and scant/mucoid/no faeces. At 250 mg/kg bw per day and above, animals showed emaciation, 
hypoactivity and laboured breathing. At the top dose, additional signs included lacrimation, tilted 
head position, lost/impaired righting refl ex and presence of red vaginal substance.

At 250 mg/kg bw per day and above, at necropsy, a trichobezoar (hairy conglomerate) was 
present in the stomach of a small number of rabbits, possibly as a consequence of decreased gastroin-
testinal activity. Dose-dependent decreases in body weight and feed consumption were observed at 
125 mg/kg bw per day and above (Table 33). In the absence of statistical analysis, it was not possible to 
assess differences between the fetuses of the treated group (n = 28) and the control group (n = 48). 

The MTD was considered to be 125 mg/kg bw per day; no NOAEL was identifi ed (York, 
1999b). 

In a developmental toxicity study, 23 successfully mated female rabbits (New Zealand White, 
Hra:NZW(SPF)) per dose (mating ratio one male:one female) received clothianidin (purity 95.2%; 
batch No. 30037120) dissolved in a 0.5% aqueous solution of methylcellulose at a dose level of 0, 
10, 25, 75 or 100 mg/kg bw per day by gavage on days 6–28 after mating. The dose volume was in all 
cases 10 ml/kg bw. The protocol was in compliance with test method B.31 of European Commission 
directive 92/69/EEC and OECD Guideline No. 414 (Prenatal Developmental Toxicity Study; 12 May 
1981). Analytical verifi cation revealed that dose levels were 96–103% of nominal values. Compound 
stability for 2 weeks in the vehicle at ambient temperature and compound homogeneity proved to be 
satisfactory. Negative control was obtained by treating with the vehicle. 

Two animals were found dead at 75 and 100 mg/kg bw per day, and one animal was killed mori-
bund at the high dose. Both decreased faecal output and orange/red urine were observed at 25 mg/kg 
bw per day and above. There were no relevant necropsy fi ndings. Feed consumption was signifi cantly 
decreased at 75 mg/kg bw per day and above, whereas uncorrected body weight (i.e. taking into 
account uterine weight) and body weight gain were affected only at the top dose. The reductions in 
u terine weight at 75 mg/kg bw per day and above were considered biologically signifi cant (Table 34).
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The test substance dose of 100 mg/kg bw per day tended to increase postimplantation loss, 
reduce fetal body weight and retard sternal ossifi cation. These effects were considered related to 
administration of the test substance (Tables 35 and 36). Other alterations observed at 25 mg/kg bw 
per day and above (Table 36), including medially rotated hindlimbs, fused caudal vertebrae and 
absent hindpaw phalanges, were considered unrelated to administration of the test substance because 
1) the fetal and/or litter incidences were within the ranges observed historically at the testing facil-
ity; 2) there was no dose-dependent pattern of effect; 3) the alteration was frequent in this rabbit 
strain; 4) the incidences did not signifi cantly differ from the concurrent control group values; and/or 
5) the alteration occurred in only one high dosage group litter. Other effects observed at the top dose, 
including small kidney, incompletely ossifi ed sternal centra and absent hindpaw phalanges, were 
m inimally but signifi cantly increased on a litter incidence basis at the top dose.

The maternal NOAEL was 10 mg/kg bw per day, based on clinical signs at 25 mg/kg bw per day.

The developmental NOAEL was 75 mg/kg bw per day, based on increased resorption, reduced 
fetal body weight and retarded sternal ossifi cation at 100 mg/kg bw per day (York, 1998b). 

Table 31. Teratogenicity main study of clothianidin in rats

Dose (mg/kg bw per day)

0 10 40 125

Maternal data

Feed consumption:

- days 6–9

- days 6–20

—

—

—

—

↓9%*

↓3.8%

↓47%**

↓17%**

Body weight: 

- day 20

- day 20a

—

—

—

—

—

—

↓5.3%**

↓6.8%**

Body weight gain: 

- days 6–9

- days 6–20

- days 6–20a

—

—

—

—

—

—

↓42%**

—

—

↓152%**

↓17%**

↓45%**

Fetal data

Number of pregnant females 23 22 24 25

Corpora lutea (litter incidence) 15.9 15.8 15.9 16.0

Implantations (litter incidence) 13.6 14.3 14.2 14.3

Resorptions, early/late (litter incidence) 0.6 / 0.0 0.9 / 0.0 0.4 / 0.0 0.6 / 0.1

Live fetuses (litter incidence) 13.0 13.4 13.8 13.6

Live male fetuses (%) 49 49 52 48

Fetal weight (g), males/females 3.60 / 3.43 3.57 / 3.44 3.63 / 3.46 3.40 / 3.28

Fetal variations (fetal incidence % / litter incidence %) 4 / 34.8 3.1 / 40.9 3.6 / 37.5 4.7 / 40.0

Fetal malformations (fetal incidence % / litter incidence %) 0.7 / 8.7 0.3 / 4.5 0.3 / 4.2 0.3 / 4.0

From York (1998a) 
*  P < 0.05; ** P < 0.01 (continuous data: Dunnett’s test [homogeneous variances]; Kruskall-Wallis/Dunn’s test [non-homogeneous 

variances, ≤ 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data: Kruskall-Wallis procedure)
a  Corrected body weight = gestation body weight minus gravid uterine weight. 
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2.6 Special studies

(a) Neurotoxicity

Clothianidin is a neonicotinoid and has no structural relationship with organophosphate com-
pounds. In repeated-dose toxicological investigations, the compound provoked no histopathological 
changes in the brain, and no changes in spinal cord or peripheral nerve pathology were reported. For 
these reasons, delayed neurotoxicity studies were not performed.

Studies to assess behavioural effects from acute and subchronic administration and effects on 
animals potentially exposed in utero or via the milk are described in detail below.

Acute neurotoxicity

In a preliminary range-fi nding study, fi ve rats (Fischer 344 CDF (F-344)/BR) of each sex per 
dose received clothianidin (purity 95.2–96%) dispersed in 0.5% methylcellulose/0.4% Tween 80 in 
water by gavage at a dose level of 0, 250, 500 or 1000 mg/kg bw (dose volume 10 ml/kg bw). Deaths 
occurred from day 2 onwards at 500 mg/kg bw and above. Clinical signs were observed from 3 hours 
at 500 mg/kg bw and included tremors and decreased activity. Mortality incidence at 1000 mg/kg 
bw was 40% in the males and 100% in the females. Toxicity signs persisted for up to 72 hours fol-
lowing treatment. From these data, the peak of neurobehavioural effects was estimated to be 4 hours 
f ollowing treatment (Cain, Sheets & Stuart, 2000).

In the acute oral neurotoxicity study itself, 12 rats (Fischer 344 CDF (F-344)/BR) of each 
sex per dose received clothianidin (purity 95.2–96%; batch No. 30037120) dispersed in 0.5% 

Table 32. Summary of fetal alterations in the main teratogenicity study of clothianidin in rats 

Location Parameter Number of fetuses (litter incidence in %)a

Dose (mg/kg bw per day)

0 10 40 125

No. of litters evaluated 23 22 24 25

External Umbilical hernia 1 (4.3) 0 (0.0) 0 (0.0) 0 (0.0)

Oedema 1 (4.3) 0 (0.0) 0 (0.0) 0 (0.0)

Visceral Depressed eye bulgem 0 (0.0) 1 (4.5) 1 (4.2) 0 (0.0)

Microphthalmiam 0 (0.0) 0 (0.0) 1 (4.2) 0 (0.0)

Innominate artery absentv 0 (0.0) 0 (0.0) 1 (4.2) 1 (4.0)

Umbilical artery descended to the left of the bladder 2 (8.7) 1 (4.5) 0 (0.0) 0 (0.0)

Aortic arch dorsal to trachea/oesophagusv 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.0)

Carotid (left) arises right of subclavian (right)v 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.0)

Skeletal Small eye socketm 0 (0.0) 1 (4.5) 0 (0.0) 0 (0.0)

Fused ribsm 0 (0.0) 0 (0.0) 0 (0.0) 1 (4.0)

Bifi d centrum in thoracic vertebrav 1 (4.3) 0 (0.0) 1 (4.2) 2 (8.0)

Cervical rib present at 7th cervical vertebrav 0 (0.0) 1 (4.5) 1 (4.2) 2 (8.0)

Incompletely/not ossifi ed sternal centrav 5 (21.7) 4 (18.2) 6 (25.0) 5 (20.0)

Incompletely/not ossifi ed pelvisv 1 (4.3) 3 (13.6) 3 (12.5) 2 (8.0)

Short fi bula and tibia in the hindlimbs 1 (4.3) 0 (0.0) 0 (0.0) 0 (0.0)

From York (1998a)
m, malformation; v, variation 
a  Historical control litter incidence: microphthalmia = 0.59%, fused ribs = 0.46%, small eye socket/depressed eye bulge: not reported.
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methylcellulose/0.4% Tween 80 in water by gavage at a dose level of 0, 100, 200 or 400 mg/kg bw 
(dose volume 10 ml/kg bw). The protocol was in compliance with United States Environmental 
Protection Agency (USEPA) test method OPPTS 870.6200. Dose levels were 93.2–106% of nominal 
values. Compound stability for 1 week in the refrigerator and compound homogeneity were stated to 
be satisfactory. In addition to the clinical and mortality observations (daily) and body weight meas-
urements (weekly), animals were tested for FOB end-points and for motor/locomotor activity on day 
−7, day 0 (hour 4), day 7 and day 14. FOB included the following observations: cage-side behav-
iour, behaviour during handling, open-fi eld behaviour and refl ex/physiological end-points. Motor/
locomotor activity was studied by assessing rat behaviour in a fi gure-eight maze, equipped with 
infrared emitter/detector pairs. The movements were automatically sampled in 10-minute intervals 
(total test session: 90 minutes). Motor activity is defi ned as the number of beam interruptions per 
session, whereas locomotor activity is defi ned as the number of interruptions minus the consecutive 
counts for a given beam (until the next beam is encountered). All animals were subjected to gross 

Table 33. Teratogenicity range-fi nding study of clothianidin in rabbitsa

Dose (mg/kg bw per day)

0 62.5 125 250 500

Maternal data

Mortality

- found dead

- sacrifi ced moribund

0

0

0

1day 29

5b days 16, 18, 19, 24

1day 21

5days 13, 14, 15, 16, 17

0

4days 14, 16

1day 15

Clinical signs No Yes Yes Yes Yes

Feed consumption — — ↓ ↓ ↓

Body weight 

- day 13

- day 29

—

—

—

—

↓10%

n.a.

↓17%

n.a.

↓13%

n.a.

Body weight gain — — — — —

Gravid uterine weight — ↓26%c n.a. n.a. n.a.

Caesarean section data

Number of pregnant females

Aborted/premature litters

Surviving litters

5

0

5

5

1d

4

5

1e

0

5

0

0

5

0

0

Corpora lutea (mean/ovary) 11.2 11.0 — — —

Implantations (litter incidence) 9.8 7.0 — — —

Resorptions, early/late (litter incidence) 0.2 / 0.2 0.0 / 0.0 — — —

Live fetuses (litter incidence) 9.6 7.0 — — —

Live male fetuses (%) 59.7 42.0 — — —

Fetal weight (g), males / females 36.97 / 36.37 40.66 / 38.25 — — —

Fetal external anomalies — — — — —

From York (1999b) 
n.a., not applicable
a   Maternal data are calculated for gestation days 6–28; caesarean section data are expressed in number of fetuses per litter; no statistical 

analysis reported.
b  Two of fi ve deaths (days 16, 19) were attributed to intubation error. 
c  Excludes decedents, premature or abortive deliveries.
d  Aborted.
e  Premature. 
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necropsy, and six rats of each sex per dose were chosen at random for perfusion and tissue collec-
tion. In control and top-dose animals, subsequent histopathological evaluation of selected tissues, 
including brain, spinal cord, dorsal root ganglia and peripheral nerve tissue (sciatic, tibial, sural), 
was performed. Sensitivity, reliability and validity of the test procedures have been established in 
previous studies with acrylamide, carbaryl and untreated rats (FOB) or with triadimefon, chlorpro-
mazine and untreated rats (fi gure-eight maze). Rats selected for histopathology were euthanized by 
intraperitoneal pentobarbital injection (50 mg/kg bw), whereas all others were terminated by carbon 
dioxide asphyxiation. 

There was no mortality. Clinical signs at the top dose in both males and females included trem-
ors, decreased activity and ataxia. In 3 of 12 females, urine stain was observed, and 1 of 12 females 
exhibited red nasal and oral stain. Urine stain was also observed in 1 of 12 females in both the control 
and low-dose groups. These signs appeared on the day of treatment (day 0) and persisted up to day 
1. There were no relevant effects on body weight. In general, all fi ndings in the FOB and fi gure-eight 
maze were restricted to the day of treatment (Table 37). Most end-points revealed substantial effects 
at the top dose in both males and females (tremors, hypoactivity, decreased arousal, miosis following 

Table 34. Teratogenicity main study of clothianidin in rabbits: maternal data

Dose (mg/kg bw per day)

0 10 25 75 100

No. of rabbits examined 23 23 23 23 23

Mortality

- found dead

- sacrifi ced moribund

0

0

0

0

0

0

2days 25, 27

0

2days 17, 20

1day 19

Clinical signsa

- localized alopecia 4(45) 2(18) 3(18) 3(41) 8(61) 

- scant faeces 1(1) 3(4) 4(10) 10(40)** 16(79)**

- no faeces — — — 1(1) 11(22)**

- soft/liquid faeces — — — — 1(5)

- orange urine — — 2(4) 9(38)** 9(64)**

- red substance in pan — — 1(1) 0 4(8)**

- decreased motor activity

- loss of righting refl ex 

—

—

—

—

—

—

—

—

1(1)

—

Feed consumption

- g/day

- g/kg bw per day

—

—

—

—

—

—

↓17%*

↓15%*

↓37%**

↓34%**

Body weight 

- day 29

- day 29b

—

—

—

—

—

—

—

—

↓9%**

↓4%

Body weight gain 

- days 6–29

- days 6–29b

+0.32 ± 0.16

−0.13 ± 0.21

—

—

—

—

—

—

−0.02 ± 0.25**

−0.31 ± 0.17

Gravid uterine weight — — — ↓11% ↓19%

From York (1998b) 
*  P < 0.05; ** P < 0.01 (continuous data: Dunnett’s test [homogeneous variances]; Kruskall-Wallis/Dunn’s test [non-homogeneous vari-

ances, ≤ 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data: Kruskall-Wallis procedure) 
a  Number of rabbits with clinical sign (total number of observations).
b  Corrected body weight = gestation body weight minus gravid uterine weight.
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light stimulus, decreased aerial righting response, hypothermia), with additionally gait incoordina-
tion and reduced approach response in the males. Biologically signifi cant dose-related effects on 
arousal were detected at 100 mg/kg bw and above in the males and at 200 mg/kg bw and above in the 
females. The reduced activity observed in the FOB was confi rmed by the fi ndings in the fi gure-eight 
maze tests. In the top-dose males, no histological abnormality was reported. In the females of this 
dose group, the fi ndings were as follows: minimal brain ventricle dilatation (1/6), left tibial nerve 
fi bre degeneration (1/6), and right (1/6) and right + left (1/6) sciatic nerve fi bre degeneration. In the 
female controls, incidences were as follows: right tibial nerve fi bre degeneration (1/6), and right (1/6) 
and left (1/6) sciatic nerve myelin sheet vacuolization. All nerve lesions were graded minimal and 
of focal aspect, were mostly observed in either cross-section or longitudinal section, but not in both, 
and were devoid of concomitant infl ammatory response. The oval/elongated shapes of some nerve 
fi bres in the affected area were suggestive of a processing artefact rather than a compound-induced 
origin of the fi nding.

The neurotoxicity NOAEL was less than 100 mg/kg bw, based on reduced locomotor activity 
in males at this dose (Cain, Sheets & Stuart, 2000). 

In the fi rst follow-up acute neurotoxicity study, 10 male rats per dose received clothianidin at 
a dose of 0, 60 or 80 mg/kg bw. Analytical verifi cation of doses revealed values ranging from 95% 

Table 35. Teratogenicity main study of clothianidin in rabbits: caesarean section data

Dose (mg/kg bw per day)

0 10 25 75 100

Number of surviving pregnant females 21 23 22 20 20

Aborted/premature litters

Litters with > 3 live fetuses

Included in analysis

3a

0

18

0

0

23

0

2

20

1a, 2b

0

17

6a, 2b

1

11

Corpora lutea (mean/ovary) 9.4 9.6 9.9 8.7 9.8

Implantations (litter incidence) 8.6 8.9 9.2 8.0 8.8

Resorptions, early/late (litter incidence):

- number

- mean/litter

2/3

0.1/0.2

0/3

0.0/0.1

2/5

0.1/0.2

0/4

0.0/0.2

10/5

0.9/0.4

Live fetuses (litter incidence) 8.3 8.7 8.8 7.8 8.2

Live male fetuses (%) 51.8 47.2 50.2 48.8 39.6

Fetal weight male / female (g) 44.2 / 43.0 43.2 / 42.2 40.7 / 40.0 40.7 / 40.2 37.7 / 36.1**

% variations: 

- litter incidence

- fetal incidence 

22.2

2.7

30.4

3.5

45.4

9.5**

29.4

4.5

45.4

8.2**

% malformations: 

- litter incidence

- fetal incidence 

0.0

0.0

21.7

3.0**

9.1

1.7

11.8

1.5

27.3

5.9**

% litters with ≥ 1 variation 2.6 3.8 13.6 5.0 11.5

% litters with ≥ 1 malformation 0.0 2.9 1.5 1.6 9.0

From York (1998b) 
* P < 0.05; ** P < 0.01
a  Aborted.
b  Premature.
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to 105% of nominal concentrations, leading to actual doses of 0, 63 and 76 mg/kg bw. On the day of 
dosing, fi gure-eight maze activity was non-statistically signifi cantly decreased in the treated animals 
at both dose levels, with, respectively, –40% and –24% (motor activity) and –40% and –26% (loco-
motor activity). However, as the two actual dose levels were quite similar, it was considered that the 
absence of a dose–response relationship was not easily interpretable, and a second follow-up study 
was designed with 60 mg/kg bw as the maximal dose. 

There was no mortality, and there were no relevant clinical signs (Sheets & Gilmore, 2000).

A second follow-up study was conducted with 60 mg/kg bw as the maximal dose. In this study, 
12 male rats (Fischer 344 CDF (F-344)/BR) per dose received clothianidin (purity 95.3–95.5%; batch 
No. 30037120) dispersed in 0.5% (w/w or volume per volume [v/v]) methylcellulose/0.4% Tween 
80 in water by gavage at a dose level of 0, 20, 40 or 60 mg/kg bw (dose volume 10 ml/kg bw). The 
protocol was partly in compliance with USEPA test method OPPTS 870.6200. Dose levels were 
89–101% of nominal values, and the dosing preparations were homogeneous. In addition to the clini-
cal observations, animals were tested with a FOB and for motor/locomotor activity on day −7 and day 
0 (hour 4). FOB and fi gure-eight maze observations were performed as described in the main study 
(Cain, Sheets & Stuart, 2000). The animals were not subjected to gross necropsy or histopathology. 
Rats were euthanized by carbon dioxide asphyxiation on day 2.

No statistically or biologically signifi cant changes of any neurotoxicity parameter on the treat-
ment day were detected in the treated animals when compared with the control group in the FOB and 
fi gure-eight maze. The neurotoxicity NOAEL was 60 mg/kg bw, and the neurotoxicity LOAEL was 
greater than 60 mg/kg bw, the highest dose tested (Sheets & Gilmore, 2000). 

Table 36. Summary of fetal alterations in the main teratogenicity study of clothianidin in rabbits

Location Parameter l/f Number of fetuses (% incidence)a 

Dose (mg/kg bw per day)

0 10 25 75 100

External Medially rotated hindlimbsv l

f

0

0

0

0

1 (4.5)

3 (1.7)**

0

0

0

0

Visceral Intermediate lung lobe 
absentv

l

f

0

0

0

0

0

0

3 (17.6)**

3 (2.2)

4 (36.4)**

7 (8.2)**

Small kidneym l

f

0

0

0

0

0

0

0

0

1 (9.1)

3 (3.5)**

Skeletal Fused caudal vertebraem l

f

0

0

0

0

1 (4.5)

2 (1.1)

0

0

2 (18.2)**

2 (2.4)**

Incompletely ossifi ed sternal 
centrav

l

f

0

0

0

0

0

0

0

0

2 (18.2)**

2 (2.4)**

Absent hindpaw phalangesm l

f

0

0

0

0

0

0

0

0

2 (18.2)**

2 (2.4)**

From York (1998b)
f, fetus; l, litter; m, malformation; v, variation; * P < 0.05; ** P < 0.01 (continuous data: Dunnett’s test [homogeneous variances]; 
Kruskall-Wallis/Dunn’s test [non-homogeneous variances, ≤ 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data: Kruskall-
Wallis procedure)
a   Historical control incidences: 1) intermediate lung lobe absent: (i) litter incidence: n = 0–5, 0–27.8% (mean = 10.1%); (ii) fetal 

incidence: n = 0–7, 0–4.4% (mean = 1.54%); 2) small kidney: no reported data; 3) fused caudal vertebrae: (i) litter incidence: n = 
0–1, 0–5.9% (mean = 1.4%); (ii) fetal incidence: n = 0–1, 0–1.9% (mean = 0.21%); 4) incompletely/not ossifi ed sternebrae: (i) litter 
incidence: n = 0–10.5, 0–5.9% (mean = 1.8%); (ii) fetal incidence: n = 0–2, 0–1.2% (mean = 0.21%); 5) absent hindpaw phalanx: (i) 
litter incidence: n = 0–1, 0–5.9% (mean = 0.2%); (ii) fetal incidence: n = 0–1, 0–0.6% (mean = 0.02%). 
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Subchronic neurotoxicity

In a subchronic oral neurotoxicity study, 12 rats (Fischer 344 CDF (F-344)/BR) of each sex per 
dose were fed a diet containing clothianidin (purity 95.3–96%; batch No. 30037120) at a concentra-
tion in the diet of 0, 150, 1000 or 3000 ppm for 90 days. The protocol was in compliance with USEPA 

Table 37. Acute neurotoxicity study of clothianidin in rats: functional observational battery and 
fi gure-eight maze observationsa

Dose (mg/kg bw)

0 100 200 400

M F M F M F M F

Functional observational batteryb

Home cage observations

Tremors

- score 1

- score 2

—

—

—

—

—

—

—

—

—

—

—

—

7*

1

9*

2

Decreased activity score 1 — — — — 1 0 8* 11*

Open-fi eld observations

Posture 

- standing normally

- sitting or lying normally

—

—

—

—

—

—

—

—

—

—

—

—

7

5

7

5

Tremors 

- score 1

- score 2

—

—

—

—

—

—

—

—

—

—

—

—

10*

1

6*

5

Gait incoordination — — — — — — 1 0

Arousal 

- sluggish exploratory movements

- sluggish minimal movement

1

0

0

0

3

1

0

0

4

1

2

1

9*

0

9*

2

Refl ex/physiological/manipulative observations

Approach response: no reaction — — — — — — 1 0

Touch response: no reaction — — — — — — 0 2

Pupil response on light: pinpoint constriction — — — — 1 0 8* 9*

Aerial righting response

- slightly uncoordinated

- landing on side

0

—

1

—

0

—

1

—

2

—

0

—

2

0

3

1

Body temperature (°C) 36.5 36.4 36.1 36.3 34.8* 35.1* 32.8* 32.7*

Figure-eight mazec 

Motor activityd

  

— — ↓23%

(1)*

— ↓59%

(1,2)*

↓43%

(1,2)*

↓81%

(1,2)*

↓72%

(1,2,3)*

Locomotor activityd — — ↓37%

(1,2)*

— ↓62%

(1,2)*

↓45%

(1,2)*

↓88%

(1,2)*

↓83%

(1,2)*

From Cain, Sheets & Stuart (2000) 
* P < 0.05 (ANOVA + Dunnett’s t-test) 
a  Observations recorded on day 0.
b  Incidences /12 animals (except body temperature); score 1, 2 = severity grade of observation. 
c  Per cent differences with concurrent control (number of movements during nine 10-minute intervals).
d   Statistically signifi cant differences observed during intervals 1, 2 or 3 out of 9 (10-minute intervals; total test session 90 minutes); com-

parison of measurements at day 0 with the pretreatment (day −7) values confi rmed the historical control variability of ±20%. 
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test method OPPTS 870.6200. Samples were checked analytically to ensure accuracy, homogeneity 
and stability of the administered diet. Dose levels were 89.0–89.7% of nominal values. Compound 
stability was demonstrated for 1 week at ambient temperature and for 4 weeks in the refrigerator 
(6 °C), and compound homogeneity was satisfactory. Achieved doses (taking into account diet analy-
sis results) were 0, 9.2, 60.0 and 177.0 mg/kg bw per day for males and 0, 10.6, 71.0 and 200.1 mg/
kg bw per day for females. In addition to the clinical and mortality observations and body weight 
measurements, animals were examined with a FOB and motor/locomotor activity (fi gure-eight maze) 
on week −1, week 4, week 8 and week 13 (protocol as described previously; Cain, Sheets & Stuart, 
2000). Prior to treatment and in week 12, animals were subjected to an ophthalmological examination 
in order to exclude animals with possible visual failure, precluding proper interpretation of neuro-
toxic end-points. All animals were subjected to gross necropsy, and six rats of each sex per dose were 
chosen at random for perfusion and tissue collection. In control and top-dose animals, subsequent 
histopathological evaluation of selected tissues was performed as described previously (Cain, Sheets 
& Stuart, 2000). The doses were selected taking into account the effects observed in a previous 
subchronic toxicity study (Wahle, 2000). 

On day 4, one top-dose male was found dead. The animal showed decreased activity, ataxia and 
convulsions. This death (without explained cause) was probably incidental and unrelated to exposure 
to clothianidin because there were no other animals with any compound-related signs and there were 
no signifi cant fi ndings at necropsy.

There were no relevant clinical signs in the survivors. A slight body weight decrease (−5%) 
was observed at the top dose in males (weeks 11–13) and females (weeks 9–13). At the top dose, feed 
consumption was decreased in both males and females on most sampling times. The reduction was 
maximal during the fi rst week of exposure, attaining about −17% (males) and −20% (females). There 
were no relevant fi ndings in the FOB, fi gure-eight maze, gross necropsy or histopathology.

The no-observed-effect level (NOEL) was 1000 ppm, equal to 60 mg/kg bw per day, based on 
decreased feed consumption and decreased body weight.

There was no evidence of specifi c neurotoxicity. The neurotoxicity NOAEL was equal to 177 
mg/kg bw per day, the highest dose tested (Sheets & Cain, 2000). 

In a developmental neurotoxicity study, 25 randomly selected female rats (Crl:CD®(SD)IGS 
BR VAF/Plus®) per dose received clothianidin dissolved in corn oil (purity 95.5–95.9%; batch No. 
30037120) at a dose level of 0, 150, 500 or 1750 ppm in the diet. The protocol was in compliance with 
USEPA test method OPPTS 870.6300 and with the draft OECD Guideline No. 426 (Developmental 
Neurotoxicity Study). Analytical verifi cation (twice weekly from week 1 through week 8) revealed 
that dose levels were 90.7–96.3% of nominal values. Compound stability during 1 week in the diet 
at ambient temperature and during 4 weeks refrigerated as well as compound homogeneity had been 
determined in previously conducted studies and were claimed to be satisfactory (data not shown). 
Achieved test article intakes were 0, 12.9, 42.9 and 142.0 mg/kg bw per day (GDs 0–20) and 0, 27.3, 
90.0 and 299.0 mg/kg bw per day (LDs 1–22). The mating period was 4 days (1:1 mating ratio). The 
males were not treated and were discarded after mating. The test compound was administered at F

0
 

during GDs 0–24 (if no delivery) or during GD 0 to postnatal day (PND) 22 (if delivery). F
1
 animals 

were potentially exposed in utero, via the milk and via the feed during LDs 12–22.

In the pre-exposure period, clinical observations and body weight of F
0
 animals were measured 

once per week. During the exposure period, the following were measured once per day: 1) autonomic 
dysfunction signs (lacrimation, salivation, palpebral closure, eye prominence, piloerection, urination, 
defecation), 2) abnormal appearance, posture, behaviour, movements; 3) feed consumption and body 
weight; 4) natural delivery observations (adverse signs during parturition, duration of gestation, litter 
size, day 1 pup viability); 5) gross necropsy of all F

0
, and histopathology in case of gross lesions or 

when animal found death or killed moribund. 
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Until termination, all pups were checked (once or twice per day) for viability, clinical observa-
tions and general appearance. In the pre-weaning period, body weight was measured at PNDs 1, 5, 
8, 12, 14, 18 and 22. In the post-weaning period, feed consumption was measured once per week as 
well as specifi c observations: motor activity was assessed as described previously; sensory function 
was tested by the auditory startle habituation test (peak response [gram] in the presence of noise 
stimulus, although without pre-pulse inhibition); and learning and memory were tested in the pas-
sive avoidance and water maze test. In particular, monitored end-points in passive avoidance and 
water maze were overall learning performance, short- and long-term retention and activity level/
e xploratory t endency in a novel environment. 

At PND 5, litters were culled to fi ve pups of each sex per litter. Per litter, one pup of each 
sex was randomly distributed to fi ve subsets in order to perform different observations, neurotoxic-
ity tests, and brain gravimetric or neuropathological examinations, including both morphometric 
m easurements and thorough microscopic observations.

There were no relevant clinical signs in F
0
 animals. During gestation and lactation, both feed 

consumption and maternal body weight were slightly decreased at the top dose, attaining statistical 
signifi cance on some sampling times. Body weight change was affected only during gestation, with 
signifi cant change on GDs 0–3. There were no relevant gross pathological or histopathological fi nd-
ings. The number of dams with stillborn pups was increased at 500 ppm and above (Table 38). How-
ever, the fi nding is of questionable toxicological signifi cance in the absence of statistical signifi cance 
and any dose–effect relationship. 

There were no relevant fi ndings in the litter parameters. The observed increase in number of 
pups found dead or presumably cannibalized at 150 ppm and the decreased lactation index at 150 and 
500 ppm were considered unrelated to treatment because the fi ndings were predominantly restricted 
to two litters (150 ppm) or one litter (500 ppm).

There were no relevant clinical signs. Pup body weights were altered from PND 14 to PND 22 
(PND 14 corresponds with the approximate beginning of diet feeding). Changes in the lactation index 
at 150 and 500 ppm, when calculated on PND 12, were probably not induced by the compound, in the 
absence of a clear dose–effect relationship. On PND 22, no difference from controls was observed. At 
the top dose, refl ex and physical development landmarks were unaltered when expressed as the aver-
age day postpartum where at least 50% of the pups had the developmental/refl ex measure present. 

Both passive avoidance and water maze performance were not altered by compound adminis-
tration at any dose.

Average acoustic startle habituation (reactivity to auditory activity and habituation of responses 
with repeated presentation of stimuli) on PND 23 was signifi cantly reduced in the top-dose females 
when compared with concurrent controls. The same trend was present in males, without attaining 
statistical signifi cance. However, on PND 63, no signifi cant difference from controls was observed 
at the top dose.

Motor activity was not affected at any dose on either PND 14 or PND 18. At the top dose of both 
males and females, reduced motor activity was observed for most sampling times on PND 22 (attain-
ing statistical signifi cance on the fi rst sampling blocks) and for the fi rst sampling blocks on PND 62. 
The effect was not statistically signifi cant when average values of all sampling blocks were considered. 
However, the fi nding is considered toxicologically relevant, as the fi rst sampling blocks cover the fi rst 
exploratory movements of the animals (Table 39). Other spurious changes at intermediate doses were 
not considered to be of toxicological signifi cance when the effect was unremarkable at the top dose. 

There were no relevant fi ndings in the gross pathology or brain weights. Detailed microscopic 
examinations of multiple coronal brain sections failed to indicate any effects of treatment on brain 
development (Table 40). There was also no evidence that any of the morphometric parameters meas-
ured on these same brains were affected by treatment, even though quantitative histometry on brain 
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Table 38. Developmental neurotoxicity study of clothianidin in rats: maternal data

Dietary concentration (ppm)

0 150 500 1750

Feed consumption: 

- GDs 0–20

- LDs 1–22

—

—

—

—

—

—

↓10%**

↓5.6%**

Body weight: 

- GDs 0–20 (7*, 13*, 16–17*, 19*) — — — ↓3–4%

- LDs 1–22 (1–3**, 6*, 7**, 13*, 14–15**, 19*) — — — ↓4–8%

Body weight change

- GDs 0–3 

- GDs 0–20

—

—

—

—

↓7.9%

—

↓63%**

↓8.7%

No. of pregnant/delivering females 25 25 23 23

Duration of gestation (days) 22.6 ± 0.5 22.6 ± 0.5 22.6 ± 0.5 22.9 ± 0.3

Implantationsa 14.6 ± 2.0 15.2 ± 2.0 15.4 ± 1.6 15.1 ± 1.8

Dams with stillborns: no. (%) 1 (4.0) 1 (4.0) 5 (21.7) 3 (13.0)

From Hoberman (2000) 
GD, gestation day; LD, lactation day; * P < 0.05; ** P < 0.01 (continuous data: Dunnett’s test [homogeneous variances]; Kruskall-Wallis/
Dunn’s test [non-homogeneous variances, ≤ 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data: Kruskall-Wallis procedure)
a  On a per litter basis.

slices revealed signifi cant increases of dentate gyrus (diagonal width) of the hippocampus and cer-
ebellum thickness of about 10% and a concomitant decrease in germinal layer thickness of about 
11% on PND 12 in the top-dose females. In the adult females at that dose, the dentate gyrus and 
cerebellum thickness were decreased by 5%, whereas caudate putamen was decreased by about 6%. 
However, the differences were not considered to be biologically signifi cant and most likely refl ect 
random differences between animals in the relative stage of brain development. 

Neurotoxic effects from administration of clothianidin occurred only at doses that were devel-
opmentally toxic, as evidenced by reduced body weights, and did not persist into adulthood; t herefore, 
clothianidin should not be considered a selective developmental neurotoxicant. 

The parental systemic NOAEL was 500 ppm, equal to 42.9 mg/kg bw per day, based on body 
weight change at 1750 ppm.

The fetal systemic NOAEL was also 500 ppm, equal to 42.9 mg/kg bw per day, based on 
changes in pup weights at 1750 ppm.

The developmental neurotoxicity NOAEL was 1750 ppm, equal to 142 mg/kg bw per day, the 
highest dose tested

The NOAEL for reproductive toxicity was 1750 ppm, equal to 142 mg/kg bw per day, the 
h ighest dose tested (Hoberman, 2000).

(b) Immunotoxicity

In a study to examine the effect of clothianidin on the immune system, groups of rats received 
0, 150, 500 or 3000 ppm of clothianidin in the diet for 28 days. The study was conducted according 
to the USEPA OPPTS guideline 870.7800. Consumed doses were 0, 13.8, 45.8 and 252.8 mg/kg bw 
per day for males and 0, 14.0, 46.2 and 253.0 mg/kg bw per day for females, respectively. 

All rats survived to scheduled termination. No clinical observations related to test  material admin-
istration occurred. Body weights and absolute feed consumption values were signifi cantly reduced in 
male and female rats in the 3000 ppm exposure group for the entire study period (Table 41). 
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Table 39. Developmental neurotoxicity study of clothianidin in rats: pup data

Dietary concentration (ppm)

0 150 500 1750

Liveborna 13.6 ± 2.2 14.2 ± 2.1 14.5 ± 1.8 14.0 ± 2.3

Stillborna 0.0 ± 0.2 0.0 ± 0.2 0.3 ± 0.5 0.1 ± 0.3

Found dead (PND 9–12)b 0/239 18/248** 10/228* 0/220

Viability indexb 96.1 97.7 95.7 95.9

Lactation indexa:

- PND 12

- PND 22

99.6

100.0

92.7**

97.4

94.8*

99.4

100.0

97.5

Pup weighta: M F M F M F M F

- PND 12

- PND 14

- PND 18

- PND 22

- PND 23

- PND 30

- PND 37

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

↓6.8%*

↓7.1%**

↓5.7%*

↓4.3%

↓5.9%

↓3.5%

↓6.5%*

↓13%**

↓16%**

↓15%**

↓15%**

↓8.5%**

↓5.3%*

↓4%

↓13%**

↓16%**

↓15%**

↓13%**

↓5.8%*

↓3%

Pup body weight gain: M F M F M F M F

- PNDs 5–22 — — — — — — ↓18%** ↓18%**

Surface righting: 

- PND 3 (%)c

- t
50

d

38.2 ± 14.9

3.8 ± 2.0

25.4 ± 24.5*

3.8 ± 2.3

25.3 ± 19.6*

4.4 ± 2.1

20.1 ± 19.2**

3.5 ± 2.1

Pinna unfolding: 

- PND 2 (%)c

- PND 3 (%)c

- t
50

d

7.7 ± 24.6

60.5 ± 46.3

3.4 ± 0.8

4.0 ± 20.0

62.1 ± 39.7

3.4 ± 0.9

0.0 ± 0.0

40.9 ± 40.5

3.6 ± 0.6

0.6 ± 2.8

52.0 ± 39.6

3.5 ± 0.6

Eye opening: 

- PND 12 (%)c

- PND 13 (%)c

- PND 14 (%)c

- t
50

d

0.5 ± 2.3

6.0 ± 11.4

25.3 ± 33.2

15.1 ± 0.7

0.0 ± 0.0

2.6 ± 7.9

17.8 ± 29.8

15.3 ± 1.0

0.0 ± 0.0

1.2 ± 5.6

17.4 ± 27.0

15.4 ± 0.8

0.0 ± 0.0

0.6 ± 2.9

10.5 ± 20.9

15.4 ±0.8

Acoustic startle: 

- t
50

d 13.5 ± 1.0 13.4 ± 1.0 13.5 ± 0.6 13.4 ± 1.2

Acoustic startle habituation: M F M F M F M F

- PND 23 (g)e

- PND 63 (g)e

16 ± 9

38 ± 31

21 ± 13

30 ± 18

13 ± 6

36 ± 33

18 ± 8

26 ± 20

18 ± 13

52 ± 38

16 ± 8

21 ± 13

11 ± 4

47 ± 23

11 ± 6**

30 ± 30

Motor activity 

Number of movements: 

- PND 22f — — — — — — ↓24%

(1,2,3,4)*

↓10%

(4*)

- PND 62f — — — — — — ↓2%

(1,4)*

↓13%

(4*)
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No changes related to clothianidin administration were observed at necropsy. 

Absolute weights and the ratio of the spleen weight to the terminal body weight in the male and 
female rats did not differ signifi cantly among the groups exposed to clothianidin.

Exposure to clothianidin did not cause any adverse effect on the immunoglobulin M (IgM) 
antibody-forming cell (AFC) response to the T cell–dependent antigen, sheep erythrocytes, in male 
and female rats when evaluated as both specifi c activity (AFC/106 spleen cells) and total spleen activ-
ity (AFC/spleen). The positive control, cyclophosphamide (CPS), produced the anticipated results, 
including a reduction in the immune response, body weight and body weight gain, feed consumption 
and spleen weights, as well as increased incidence of adverse clinical observations. The NOAEL 
for systemic toxicity was 500 ppm (45.8 mg/kg bw per day in male rats, 46.2 mg/kg bw per day in 
female rats) based on reduced body weight, body weight gains and feed consumption. The NOAEL 
for i mmunotoxicity was greater than 3000 ppm, the highest dose tested (Hoberman, 2004).

Clothianidin was tested for effects on developmental immunotoxicity in rats. Groups of 25 
pregnant rats received test diets containing 0, 150, 500 or 2000 ppm clothianidin offered once daily 
on days 6 through 21 or 24 of presumed gestation. All surviving rats were terminated after comple-
tion of the 21-day postpartum period, and a gross necropsy was performed. The following parameters 
were evaluated: viability, consumed doses, clinical observations, maternal body weight and body 
weight changes, maternal behaviour, feed consumption values, necropsy observations, the number 
and distribution of corpora lutea, number of implantation sites, uterine contents, litter size and pup 
viability. Following weaning on PND 21, 202 male and 202 female rats (one pup of each sex per litter 
per assay, when possible) were selected for continuation on study. Of these rats, 190 male and 190 
female rats were selected for immunological evaluation and assigned to two assays. One hundred and 
eighty rats were assigned to Assay 1: 20 rats of each sex in each of Groups I through IV and 10 rats 
of each sex in Group V (carrier and CPS). Two hundred rats were assigned to Assay 2: 20 rats of each 
sex in each of Groups I through IV and 10 rats of each sex in Groups VI (carrier and challenge) and 
VII (carrier, CPS and challenge).1 The test substance in the diet or carrier was offered daily to these 

Dietary concentration (ppm)

0 150 500 1750

Time spent in movement: 

- PND 22f — — — — — — ↓27%

(1,3)*

↓19%

(4*)

- PND 62f — — — — — — — —

From Hoberman (2000) 
GD, gestation day; LD, lactation day; PND, postnatal day; * P < 0.05; ** P < 0.01 (continuous data: Dunnett’s test [homogeneous 
v ariances]; Kruskall-Wallis/Dunn’s test [non-homogeneous variances, ≤ 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data: 
Kruskall-Wallis procedure)
a  On a per litter basis. 
b  Pup incidence. 
c  Average % of pups meeting the criterion for the test on specifi ed PND. 
d  t

50
 = average PND when ≥ 50% pups met the criterion. 

e  Response magnitude (recorded weight during startle in grams). 
f   % change of average (not statistically signifi cant) value of 12 sampling blocks of 5 min; (1,..,..,4): number of blocks out of 12 sampling 
blocks where reduction attained statistical signifi cance.

1  Note that group numbering was the same in Assay 1 and Assay 2. Hence, no rats were assigned to Groups VI 
and VII in Assay 1 or to Group V in Assay 2.

Table 39 (continued)
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rats beginning on PND 21 through termination at exposures of 0 (carrier), 150, 500 or 2000 ppm in 
Groups I through IV, respectively.

Male and female rats assigned to Assay 1 (primary response) were administered 0.5 ml of 
sheep erythrocytes intravenously once 4 days before termination. Rats in Group V were administered 
CPS at 50 mg/kg bw via intraperitoneal injection for 4 consecutive days before termination. This 
injection was administered after the administration of the sheep erythrocytes. Male and female rats 
assigned to Assay 2 were administered Candida albicans formalin-fi xed cells by subcutaneous injec-
tion in the right fl ank (0.2 ml) 8 days before challenge (except the “challenge-only” rats in Group VI). 
Rats in Group VII were administered CPS at 50 mg/kg bw via intraperitoneal injection for 4 consecu-
tive days before challenge with Candida albicans chitosan antigen. Foot measurements were taken 
3 days before euthanasia. All Assay 2 rats were then challenged by injection of the Candida albicans 
chitosan antigen into the foot pad (0.1 ml of 1.1 mg/ml). Subsequent foot measurements were taken 
approximately 24 and 48 hours after challenge. All rats assigned to Assay 1 were terminated follow-
ing sensitization with the injection of sheep erythrocytes and/or administration of CPS. All surviv-
ing rats assigned to Assay 2 were terminated following the last foot measurement. The following 
parameters were evaluated: viability, consumed doses, clinical observations, autonomic behaviour, 
body weight and body weight changes, feed consumption values, thymus and spleen weights, immu-
nological evaluations [spleen IgM AFC response, spleen cell number, delayed-type hypersensitivity 
response (footpad swelling)] and necropsy observations.

Terminal body weights in male and female rats were signifi cantly reduced (P ≤ 0.01) in the 
2000 ppm exposure group. The absolute spleen and thymus weights for both male and female rats in 
the 2000 ppm exposure group were signifi cantly reduced (P ≤ 0.01), but the ratio of these weights 
to the terminal body weight did not differ signifi cantly among the groups, indicating that the reduc-
tion in absolute weight was related to the terminal body weight. A signifi cant increase (P ≤ 0.05) in 
terminal body weights occurred in male rats in the 150 ppm exposure group. There were statistically 
signifi cant decreases (24% and 22%) in spleen cell number following exposure to the high dose level 
(2000 ppm) of clothianidin for the male and female animals, respectively. This was not unexpected, 

Table 40. Developmental neurotoxicity study of clothianidin in rats: female pup brain histometry 
data

Thickness (µm, average of 10 brain slices) 

Dietary concentration (ppm)

0 150 500 1750a

Dentate gyrus:          

- PND 12 919 ± 68 — 942 ± 70 1003* ± 81 (↑10%)

- PND 83 1562 ± 69 — 1506 ± 73 1483* ± 95 (↓5%)

Cerebellum: 

- PND 12 2856 ± 277 — 2946 ± 195 3149* ± 259 (↑10%)

- PND 83 4915 ± 267 — 4926 ± 115 4771 ± 255 (↓5%)

External germinal layer: 

- PND 12 37 ± 4.0 — 38 ± 4 33* ± 5 (↓11%)

Caudate putamen: 

- PND 83 3542 ± 218 — 3480 ± 174 3192* ± 156 (↓6%)

From Hoberman (2000)
*  P < 0.05; ** P < 0.01 (Dunnett’s test [homogeneous variances]; Kruskall-Wallis/Dunn’s test [non-homogeneous variances, ≤ 75% ties] 

or Fisher’s Exact test [> 75% ties])
a  % change relative to controls in parentheses. 
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as the body and absolute spleen weights of these animals decreased as a result of the 2000 ppm dose 
of clothianidin. As expected, the positive control, CPS, produced statistically signifi cant decreases in 
cell number when compared with the carrier group.

Exposure to clothianidin resulted in statistically signifi cant increases in specifi c activity 
(AFC/106 spleen) (116%) and total spleen activity (AFC/spleen) (105%) in the low dose level (150 
ppm) male animals. In addition, there were statistically signifi cant increases in specifi c activity 
(143%) and total spleen activity (99%) in the high dose level (2000 ppm) female animals. These 
increases were due to the variability found in the Crl:CD (SD) rat strain. There were decreases in both 
specifi c and total spleen activities for the high dose level of clothianidin; however, these decreases did 
not reach the level of statistical signifi cance. The positive control, CPS, produced statistically signifi -
cant decreases in specifi c activity and total spleen activity when compared with the carrier animals 
for both the male and female animals.

There were no effects on the delayed-type hypersensitivity response assay at any of the dose 
levels of clothianidin at either the 24- or 48-hour time points for the male and female animals. At the 
24-hour time point, which was the peak response, the positive control, CPS, produced suppression.

No deaths related to the test substance occurred. One F
0
 generation female rat in the 2000 ppm 

exposure group was found dead on day 21 of lactation. This death was not considered related to the 
test substance because this was a single event.

All clinical observations during both the gestation and lactation periods were considered unre-
lated to the test substance. The number of rats with ptosis was signifi cantly increased in the 2000 ppm 
exposure group compared with the control group value. Body weight gains in the 2000 ppm exposure 
group were signifi cantly reduced for the gestation dosage period (calculated as GDs 6–20). Average 
body weights in the 2000 ppm exposure group were signifi cantly reduced on GDs 9, 10, 13–16 and 
18–20 compared with the control group values (Table 42).

Refl ecting the weight reduction during gestation, average body weights in the 2000 ppm 
exposure group were signifi cantly reduced during the lactation period. Body weight gains during 

Table 41. Oral repeated-dose 28-day immunotoxicity study in rats: body weight and body weight 
changes

Dietary concentration (ppm)

0 150 500 3000

M F M F M F M F

Body weight (% of controls):

- day 1 — — — — — — — —

- day 8 — — — — — — −14.6** −8.4**

- day 15 — — — — — — −12.8** −9.9**

- day 22 — — — — — — −13.1** −12.5**

- day 29 — — — — — — −12.8** −12.6**

Body weight gain (% of controls):

- days 1–8 — — — — — — −59.6** −72.3**

- days 8–15 — — — — — — — —

- days 15–22 — — — — — — — −48.1**

- days 22–29 — — — — — — — —

- days 1–29 — — — — — — −25.2** −44.6**

From Hoberman (2004) 
* P < 0.05; ** P < 0.01.
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Table 42. Developmental immunotoxicity study in rats: maternal body weights and body weight 
change

Dietary concentration (ppm)

0 150 500 2000

Number 25 25 25 25

Pregnant 24 21 25 25

Gestation

Body weight (% of controls):

- day 9 — — — −2.9*

- day 10 — — — −3.4*

- day 13 — — — −3.7**

- day 14 — — — −4.0**

- day 15 — — — −3.6*

- day 16 — — — −4.2*

- day 18 — — — −4.5**

- day 19 — — — −4.8**

- day 20 — — — −5.6**

Body weight gain (% of controls):

- days 0–6 — — — —

- days 6–9 — — — −71.1**

- days 9–12 — — — —

- days 12–15 — — — —

- days 15–18 — — — —

- days 18–20 — — — −24.6**

- days 6–20 — — — −20.8**

- days 0–20 — — — −14.3**

Lactation

Body weight (% of controls):

- day 1 — — — −4.0*

- day 3 — — — −8.5**

- day 6 — — — −10.5**

- day 9 — — — −10.1**

- day 13 — — — −7.3**

- day 16 — — — −7.0**

- day 21 — — — −3.2*

Body weight gain (% of controls):

- days 0–6 — — — −273.9**

- days 6–9 — — — −57.6**

- days 9–12 — — — —

- days 12–15 — — — 181.8*

- days 15–18 — — — —

- days 18–20 — — — 821.4*

- days 6–20 — — — —

From Hoberman (2008) 
* P < 0.05; ** P < 0.01
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l actation were not affected by exposure to the test substance in the diet at concentrations as high as 
2000 ppm.

Absolute and relative feed consumption values in the 2000 ppm exposure group were 
s ignifi cantly reduced for the gestation dosage period (calculated as GDs 6–20).

Absolute and relative feed consumption values during the lactation period were signifi cantly 
reduced in the 500 and 2000 ppm exposure groups for all intervals evaluated during lactation except 
the relative feed consumption value in the 500 ppm exposure group for LDs 6–9.

Pregnancy occurred in 24 (96.0%), 21 (84.0%), 25 (100%) and 25 (100%) rats in the 0 (car-
rier), 150, 500 and 2000 ppm exposure groups, respectively. The average pup weights per litter were 
signifi cantly reduced in the 2000 ppm exposure group from PND 4 preculling until PND 21. All other 
parameters evaluated for natural delivery and litter observations were unaffected by administration 
of the test substance. No gross lesions occurred in the F

0
 generation rats, and no clinical or necropsy 

observations in the F
1
 generation pups were attributable to exposure.

All F
1
 generation male and female rats survived to scheduled termination. No adverse clinical 

observations related to the test substance occurred. Body weights on day 1 postweaning (PND 22) 
were signifi cantly reduced in the 500 and 2000 ppm exposed male rats and the 2000 ppm exposed 
female rats. In the male rats, body weights remained signifi cantly reduced in both Assay 1 and Assay 
2 in the 500 and 2000 ppm exposure groups through PND 36, and for female rats, body weights 
remained signifi cantly reduced only in the 2000 ppm exposure group through PND 36. Terminal 
body weights were signifi cantly reduced for male and female rats assigned to both Assay 1 and Assay 
2 in the 2000 ppm exposure groups. Body weight gains were signifi cantly reduced from PND 22 to 
PND 29 in both male and female rats in the 500 and 2000 ppm exposure groups. Body weight gains 
continued to be signifi cantly reduced only in the 2000 ppm exposure group for male and female rats 
assigned to Assays 1 and 2 until termination, except for a non-statistically signifi cant reduction for 
females in Assays 1 and 2 during the period from PND 36 to termination (Table 43). 

Absolute feed consumption values were signifi cantly reduced in the 500 ppm exposure group 
for male and female rats from PND 22 to PND 29 and for female rats in Assay 2 from PND 29 to PND 
36 and from PND 22 to PND 36. In the 2000 ppm exposure group, absolute feed consumption values 
for male and female rats in both Assay 1 and Assay 2 were signifi cantly reduced at all intervals evalu-
ated, compared with the control group. Relative feed consumption values were signifi cantly reduced 
only in the 2000 ppm exposure group for the male rats on PNDs 22–29 and signifi cantly increased for 
the female rats assigned to Assay 1 from PND 29 to PND 36 and from PND 22 to PND 36.

No necropsy observations related to the test substance occurred in the F
1
 generation rats.

Absolute, but not relative, thymus and spleen weights were signifi cantly reduced for both male 
and female F

1
 rats in the 2000 ppm group. These organ weight reductions are considered secondary to 

signifi cant body weight and body weight gain reductions observed in this exposure group ( Table 44). 

The maternal NOAEL for general toxicity was 500 ppm, equal to 35 mg/kg bw per day during 
gestation and 68.3 mg/kg bw per day during lactation, based on reductions in body weight and feed 
consumption during gestation and lactation, reductions in body weight gains during gestation and 
from LD 0 to LD 6 and an increased incidence of ptosis.

The NOAEL for general toxicity in the F
1
 generation male and female rats was 150 ppm (27.5 

and 28.2 mg/kg bw per day for males in Assays 1 and 2 and 26.4 and 26.8 mg/kg bw per day for 
females in Assays 1 and 2, respectively). Signifi cant reductions in body weight were present in male 
rats in the 500 and 2000 ppm groups and in female rats in the 2000 ppm group at weaning (PND 22). 
Reductions in body weight, body weight gain and feed consumption during the postweaning period 
persisted only in the 2000 ppm exposure group. 

There were no immunologically relevant adverse effects on humoral immunity or cell-m ediated 
immunity in male and female F

1
 generation Crl:CD (SD) rats following exposure to clothianidin in 
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Table 43. Developmental immunotoxicity study: F
1
 generation body weights and body weight 

changes

 

 

Dietary concentration (ppm)

0 150 500 2000

M F M F M F M F

n 40 40 40 40 40 40 40 40

Body weight (% of controls)

- day 22 — — — — −3.8** — −28.2** −28.1**

n 20 20 20 20 20 20 20 20

Assay 1:

- day 29 — — — — −7.5* — −26.3** −29.3**

- day 36 — — — — −6.0* — −25.7** −24.8**

- terminal body weight — — 5.9* — — — −25.6** −20.6**

Assay 2:

- day 29 — — — — −10.6* −5.8* −29.4** −23.9**

- day 36 — — — — −8.1* — −26.4** −20.6**

- terminal body weight — — — — — — −25.5** −18.5**

n 40 40 40 40 40 40 40 40

Body weight change (% of controls)

- days 22–29 — — — — −10.1* — −27.8** −24.9**

n 20 20 20 20 20 20 20 20

Assay 1:

- days 29–36 — — — — — −11.3* −24.8** −15.1**

- day 36–termination — — 13.6* — — — −25.5** — 

- day 22–termination — — 6.0* — — — −25.3** −17.1**

Assay 2:

- days 29–36 — — — — — — −21.1** −13.7**

- day 36–termination — — 17.8** — — — −23.0** — 

- day 22–termination — — 7.4 — — — −24.1** −14.6**

From Hoberman (2008) 
* P < 0.05; ** P < 0.01

Table 44. Developmental immunotoxicity study: F
1
 generation thymus and spleen weights

 

Dietary concentration (ppm)

0 150 500 2000

M F M F M F M F

n 20 20 20 20 20 20 20 20

Terminal body weight (g) 202 161.2 214* — — — 150** 128**

Spleen, absolute (g) 0.71 0.49 — — — — 0.54** 0.38**

Spleen, relative (%) 0.355 0.304 — — — — — — 

Thymus, absolute (g) 0.72 0.57 — — — — 0.57** 0.45**

Thymus, relative (%) 0.356 0.356 — — — — — — 

From Hoberman (2008) 
* P < 0.05; ** P < 0.01 
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utero during gestation, via maternal milk and maternal feed during the postpartum period or via the 
diet during the postweaning period (Hoberman, 2008).

(c) Toxicity of metabolites

Both acute oral toxicity and mutagenicity (bacterial reverse gene mutation) studies were per-
formed on TZNG, TZMU, TMG and MG (metabolites mostly found in all studied compartments), 
ATG-Ac (hen metabolite), ATMG-Pyr (goat metabolite) and MAI (environmental metabolite, gener-
ated by photolysis in natural water) (Table 45). On MNG, only a bacterial mutagenicity study, but 
no acute toxicity study, was reported. Additional studies on the environmentally relevant metabolite 
NTG, which was also a rat metabolite, included acute toxicity, subchronic toxicity, genotoxicity, and 
two-generation reproductive and developmental toxicity studies. 

Acute oral toxicity studies on metabolites 

In an acute oral toxicity study, fi ve rats (Charles River CRL:CD®BR) per dose received TZNG 
(purity 98.6%; batch No. 89066524) dispersed in 5% w/v aqueous gum arabic by gavage at a dose 
level of 1125, 1350 or 1620 mg/kg bw (females) or 1450 mg/kg bw (males). Males were tested with 
only a single high dose, to check relative sensitivity to females. The dose volume was 10 ml/kg bw. 
The protocol was in compliance with test method B.1 of European Commission directive 92/69/EEC 
and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987). 

In a preliminary range-fi nding study, two female rats were dosed at 1000, 1200, 1400, 1800 or 
2000 mg/kg bw. Deaths occurred at 1200 mg/kg bw and above, on days 2–6. In the main study, mor-
tality at 1350 mg/kg bw was one in fi ve females (day 5), and at 1620 mg/kg bw, four of fi ve females 
(days 3 and 4).

Clinical signs included lethargy, palpebral closure, arched gait and hunched posture, observed 
in all females and at all doses. Piloerection was present at 1350 mg/kg bw and above. By day 4, most 
surviving animals had recovered from these signs. At 1350 mg/kg bw, wasted appearance, stained 
snout and bradypnoea were detected in the animal that died on day 5. At the top dose, arched gait, 
ataxia, tremors, Straub tail (tail arched onto back) and hypothermia were restricted to a decedent.

Marked body weight losses were recorded from day 1 to day 8 at 1125 mg/kg bw and above, 
but not from day 8 to day 15. 

Necropsy fi ndings on decedents included small spleen and pale stomach (1350 mg/kg bw), 
dark/red lungs, distended/pale stomach and dark red areas/foci in stomach (1620 mg/kg bw) in 
f emales; and small (5/5) and soft (2/5) testes and distended colon (1/5) at 1450 mg/kg bw in males.

The LD
50

 for male rats was greater than 1450 mg/kg bw. The LD
50

 for female rats was 
1481 mg/kg bw (Ruddock, 2000c). 

In an acute oral toxicity study, fi ve rats (Charles River CRL:CD®BR) of each sex per dose 
received TZMU (purity 99.3%; batch No. 89066326) dispersed in 5% w/v aqueous gum arabic by 
gavage at a dose level of 920, 1152, 1440, 1800 or 2250 mg/kg bw. The dose volume was 20 ml/
kg bw. The protocol was in compliance with test method B.1 of European Commission directive 
92/69/EEC and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987).

In a preliminary range-fi nding study, two rats of each sex were dosed at 200, 800, 1500, 4000 or 
5000 mg/kg bw. Deaths occurred in both sexes at 1500 mg/kg bw and above, from hour 5 to day 2.

At all doses and in all animals, palpebral closure and lethargy were observed. Other commonly 
observed signs at 1152 mg/kg bw and above included proneness, ataxia, piloerection and hunched 
posture. At 1440 mg/kg bw, salivation, lacrimation and breathing irregularities were observed, as well 
as fl accidity and vasodilatation. Fatalities occurred at 1152 mg/kg bw and above on day 1 and day 2 
(1152 mg/kg bw: 1/5 males, 3/5 females; 1440 mg/kg bw: 4/5 males, 4/5 females; 1800 mg/kg bw: 
4/5 males, 3/5 females; 2250 mg/kg bw: 4/5 males, 5/5 females).
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There were no relevant fi ndings on body weight.

Necropsy fi ndings at 1152 mg/kg bw and above were infl ated/dark lungs, pale/mottled liver, 
yellow stomach mucosal surface and caecum impaction in decedents.

The LD
50

 for male rats was 1424 mg/kg bw. The LD
50

 for female rats was 1282 mg/kg bw 
(Ruddock, 1999a).

In an acute oral toxicity study, fi ve rats (Charles River CRL:CD®BR) per dose received TMG 
(purity 96.0%; batch No. 30063517) dispersed in 5% w/v aqueous gum arabic by gavage at a dose level 
of 225, 650 or 1100 mg/kg bw (females) or 550 mg/kg bw (males). The dose volume was 20 ml/kg bw. 
The protocol was in compliance with test method B.1 of European Commission d irective 92/69/EEC 
and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987). 

In a preliminary range-fi nding study, two female rats per dose were administered the com-
pound at 400, 570, 800, 1120 or 2000 mg/kg bw. Deaths occurred at 570 mg/kg bw and above, at 
15 minutes to 3 hours after administration. 

Lethargy, palpebral closure, tremors, piloerection and hunched posture were detected in the 
females at 225 mg/kg bw and above. At 650 mg/kg bw and above, animals exhibited proneness and 
twitching and occasionally breathing irregularities and ataxia.

Mortalities were observed from hour 1 and not later than day 2 (550 mg/kg bw: 3/5 males; 
650 mg/kg bw: 4/5 females; 1100 mg/kg bw: 5/5 females).

There were no relevant fi ndings on body weight.

Necropsy fi ndings were dark/infl ated lungs, dark liver and distension/reddening of the jejunum 
in decedents. Less commonly, lung and liver mottling and yellow jejunum were noted.

The LD
50

 for male rats was less than 550 mg/kg bw. The LD
50

 for female rats was 567 mg/kg 
bw (Ruddock, 1999c).

In an acute oral toxicity study with MG, fi ve rats (Charles River CRL:CD®BR) of each sex per 
dose received MG·HCl (purity 98.8%; batch No. FHE05) dispersed in 5% w/v aqueous gum arabic 
by gavage at a dose level of 260, 355, 435, 530 or 650 mg/kg bw. The dose volume was 20 ml/kg bw. 

Table 45. Mammalian and environmental metabolites further assessed in toxicological studiesa

Metabolite Chemical name Occurrence

R G H P E

TZNG N-(2-Chlorothiazol-5-ylmethyl)-N′-nitroguanidine; thiazolylnitroguanidine + + + + +

TZMU N-(2-Chlorothiazol-5-ylmethyl)-N′-methylurea; thiazolylmethylurea + + − + +

TMG (2-Chloro-1,3-thiazol-5-ylmethyl)-3-methyl-2-guanidine; thiazolmethyl-
guanidine

+ + + + +

MG N-Methyl-N′-guanidine + − − + +b

MNG N-Methyl-N′-nitroguanidine + + + + +

ATG-Ac N′-[Amino(2-chlorothiazol-5-ylmethylamino)methylene] acetohydrazide − − + − −

ATMG-Pyr N′-[(2-Chlorothiazol-5-ylmethylamino)(methylamino)methylene]-2-oxo-
propanohydrazide

− + − − −

MAI 3-Methylamino-1H-imidazo[1,5-c]imidazole − − − − +

NTG or NG Nitroguanidine + + + + +

E, environmental; G, goat; H, hen; P, plant; R, rat 
a  Metabolites tested in acute oral toxicity (except for MNG) and bacterial mutagenicity studies. 
b  Photolytic breakdown product.



90

CLOTHIANIDIN 19–116 JMPR 2010

The protocol was in compliance with test method B.1 of European Commission directive 92/69/EEC 
and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987).

In a preliminary range-fi nding study, two rats of each sex were dosed at 150, 500, 2000 or 
5000 mg/kg bw. 

Deaths occurred in both sexes at 500 mg/kg bw and above from 0.5 to 3 hours. Major clinical 
signs, although not at all doses, but treatment related, included lethargy, arched gait/posture, unkempt 
appearance, piloerection, tremor, ataxia, twitching, salivation and stained snout. Mortality occurred 
mostly on day 1, within 4 hours after administration (435 mg/kg bw: 3/5 females; 530 mg/kg bw: 1/5 
males, 4/5 females; 650 mg/kg bw: 5/5 males, 5/5 females).

There were no relevant fi ndings on body weight.

Necropsy fi ndings included infl ated/dark lung, distended/pale stomach and distension of the 
small intestine at 555 mg/kg bw and above in decedents. Other fi ndings were renal pelvic dilatation, 
dark area of the spleen and enlarged mesenteric lymph nodes. 

The LD
50

 for male rats was 550 mg/kg bw. The LD
50

 for female rats was 446 mg/kg bw 
(R uddock, 1999b). 

In an acute oral toxicity study, fi ve rats (Charles River CRL:CD®BR) of each sex per dose 
received ATG-Ac (purity 94.4%1; batch No. 30068304) dispersed in corn oil by gavage at a single 
dose level of 2000 mg/kg bw. The dose volume was 10 ml/kg bw. The protocol was in compliance 
with test method B.1 of European Commission directive 92/69/EEC. 

In a preliminary range-fi nding study, two female rats per dose were dosed at 500, 1215 or 
2000 mg/kg bw. No deaths occurred, either in the preliminary or in the main study.

In all males, tachypnoea was observed within 15 minutes up to 2 hours, whereas one in fi ve 
males exhibited piloerection. The females showed no signs.

Body weight and necropsy were without relevant fi ndings. 

The LD
50

 for both male and female rats was greater than 2000 mg/kg bw (Ruddock, 2000a).

In an acute oral toxicity study, fi ve rats (Charles River CRL:CD®BR) of each sex per dose 
received ATMG-Pyr2 (purity 99%; batch No. 30070904) dispersed in 5% w/v aqueous gum arabic by 
gavage at a single dose level of 2000 mg/kg bw. The dose volume was 20 ml/kg bw. The protocol was 
in compliance with test method B.1 of European Commission directive 92/69/EEC.

In a preliminary range-fi nding study, two female rats per dose were dosed at 500, 1215 or 
2000 mg/kg bw. 

No deaths occurred; no body weight changes, clinical signs or gross pathological changes were 
observed. 

The LD
50

 for both male and female rats was greater than 2000 mg/kg bw (Ruddock, 2000a).

In an acute oral toxicity study, fi ve rats (Charles River CRL:CD®BR) per dose received MAI 
(purity 96.0%; batch No. 30066002) dispersed in 5% w/v aqueous gum arabic by gavage at a dose 
level of 500, 650, 750 or 850 mg/kg bw (females) and 650 or 760 mg/kg bw (males). The dose volume 
was 20 ml/kg bw. The protocol was in compliance with test method B.1 of European C ommission 
directive 92/69/EEC. 

1  Purity as stated on the analysis certifi cate. It was noted that degradation of the substance occurred in phosphate 
buffer within 3–15 minutes. When the HPLC analysis was conducted immediately after sample preparation, the 
compound was 97.8% pure.

2  The compound was highly hygroscopic and apparently unstable, as storage under nitrogen was required.
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In a preliminary range-fi nding study, two female rats per dose were administered the compound 
at 400, 600, 800 or 1000 mg/kg bw. Animals died or were killed on humane grounds at 800 mg/kg 
bw and above on day 2. Clinical signs were visible at 400 mg/kg bw and above, starting at 15 minutes 
after administration.

Lethargy and salivation were detected in all animals at all doses. Other common fi ndings 
were lacrimation, palpebral closure, hunched/prone posture, piloerection, hypothermia and unkempt 
appearance. Additional fi ndings at 750 mg/kg bw and above included stained snout, tremors, soft 
faeces, breathing disorders, stained tears/urine and ataxia. Most signs appeared on day 1 and were 
of various durations, some of them persisting until day 6. Mortality occurred from day 2 up to and 
including day 5 (650 mg/kg bw: 1/5 females; 750 mg/kg bw: 2/5 females; 760 mg/kg bw: 2/5 males; 
850 mg/kg bw: 4/5 females).

Decreased body weight changes were observed in 1–2 rats per dose from the lowest dose to 
750 mg/kg bw during the fi rst observation week. Marked body weight loss was observed during the 
second week in the surviving rat at the top dose.

In the decedents, red/dark and infl ated lungs, abnormal stomach contents/position, green surface in 
small intestine, gaseous distended and/or red jejunum, distended urinary bladder, renal pelvic d ilatation 
and pale/mottled liver were observed. No abnormalities were detected in rats at t ermination.

The LD
50

 for male rats was not established precisely, but it was estimated to be between 850 
and 2000 mg/kg bw. The LD

50
 for female rats was 758 mg/kg bw (Ruddock, 1999d).

In an acute oral toxicity study, seven rats (Sprague-Dawley) of each sex per dose received NTG 
(purity 99.6%; batch No. SOW 83H001-004) dispersed in methylcellulose/Tween 80 by gavage split 
into three injections given at hourly intervals (due to the viscosity of the compound) at a dose level of 
5000 mg/kg bw. The dose volume was 10 ml/kg bw. The protocol was in compliance with test method 
B.1 of European Commission directive 92/69/EEC.

The predominant clinical signs associated with NTG administration were urinary excretion of 
a whitish precipitate (NTG) in the fi rst 24 hours followed by excretion of a reddish urine for up to a 
week. NTG also affected the gastrointestinal tract, as it produced diarrhoea with perianal staining and 
irritation of the mucosa of the stomach and the small intestine.

Mortality was two of seven in the male group and two of six in the female group (one misdosed 
female was removed from the study).

The LD
50

 for both male and female rats was greater than 5000 mg/kg bw (Brown, Wheeler & 
Korte, 1988).

In an acute oral toxicity study taken from the open literature, fi ve rats (Charles River F-344) 
of each sex received MNG (99.7%) dispersed in corn oil by gavage at a dose level of 1000 mg/kg 
bw. The dose volume was not reported. The protocol was not in compliance with test method B.1 of 
European Commission directive 92/69/EEC, and the study was not conducted according to GLP.

The LD
50

 (males and females) was in excess of 1000 mg/kg bw (Kinkead et al., 1993).

In summary (Table 46), some major (TZNG, > 5% of dose) or minor (TZMU, TMG, MG, < 5% 
of dose) rat metabolites are also detected in the hen, goat, plants and the environment. All of them 
have oral LD

50
 values less than 2000 mg/kg bw and should thus be considered intrinsically toxic by 

ingestion. 

With clothianidin, clinical signs of transient neurological impairment were detected at the low-
est dose tested (Cain, Sheets & Stuart, 2000; see also section 2.6(a)). Similar clinical signs were also 
observed with these metabolites, but at lower doses. Most clinical signs occurred, however, on the day 
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of administration. Other compounds, such as NTG (rat metabolite 1–4% of the administered dose), 
ATG-Ac (hen metabolite) and ATMG-Pyr (goat metabolite), were less toxic, with LD

50
 values greater 

than 2000 mg/kg bw.

Metabolite MG (CAS No. 471-29-4) may be considered a priori a potential plant residue of 
concern (known neurotoxicant, like most guanidino compounds), but it occurs only at very low l evels. 
Thus, further testing on MG is not necessary. 

Metabolite MNG was not tested for acute oral toxicity. However, as it was a rat metabolite 
accounting for about 13% of the dose, it is considered covered by the toxicological assessment of 
clothianidin. 

Bacterial genotoxicity studies on metabolites 

TZNG, a metabolite of clothianidin, was investigated for its potential to induce mutations in 
an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The 
study was in compliance with test method B.14 of European Commission directive 92/69/EEC and 
OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay; 
21 July 1997).

Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the experi-
ment in test 1 on TA100 was conducted as a range-fi nding test). Overnight-grown cultures (0.1 ml) of 
S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to TZNG (purity 98.6%; 
batch No. 89066524) dissolved in DMSO. Final concentrations of TZNG were 0, 8, 40, 200, 1000 
and 5000 µg/plate (test 1 ±S9 mix) and 0, 156.25, 312.5, 625, 1250, 2500 and 5000 (test 2 ±S9 mix). 
In test 2, 0.1 ml of bacteria was preincubated at 37 °C for 20 minutes in the presence of TZNG at 
the same fi nal concentrations as in the treat-and-plate assay. In this test, the volume of test article 
was 0.05 ml rather than 0.1 ml, in an attempt to reduce possible solvent-induced toxicity, which may 
appear in the preincubation methodology. 

In test 1, a decrease of bacterial background lawn was detected at the top dose in strain TA98 
without S9. In test 2, a decrease of background lawn and/or decrease of spontaneous revertant number 
were observed in all strains except TA1535 in the presence and absence of S9. No reproducible 
i ncrease of revertant numbers was observed in any strains, in either the presence or absence of S9.

TZNG is not mutagenic under these experimental conditions (Dawkes, 1999c).

TZMU, a metabolite of clothianidin, was investigated for its potential to induce mutations in 
an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The 

Table 46. Summary of oral acute toxicity of clothianidin metabolites in the rat

Metabolite LD
50

 (mg/kg bw) Purity (%) Batch No. Reference

Males Females

TZNG > 1450 1481 98.6 89066524 Ruddock (2000c)

TZMU 1424 1282 99.3 89066326 Ruddock (1999a)

TMG < 550 567 96.0 30063517 Ruddock (1999c)

MG 550 446 98.8 FHE05 Ruddock (1999b)

ATG-Ac > 2000 > 2000 94.4 30068304 Ruddock (2000a)

ATMG-Pyr > 2000 > 2000 99.0 30070904 Ruddock (2000b)

MAI > 850; < 2000 758 96.0 30066002 Ruddock (1999d)

NTG > 5000 > 5000 99.6 SOW83H001-004 Brown, Wheeler & 
Korte (1988)

Clothianidin > 1216, < 2000 > 523, < 1216 95.2 30037120 Sheets (2002a)
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study was in compliance with test method B.14 of European Commission directive 92/69/EEC and 
OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay; 
21 July 1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the 
experiment in test 1 on TA100 was conducted as a range-fi nding test). Overnight-grown cultures (0.1 
ml) of S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to TZMU (purity 
99.3%; batch No. 89066326) dissolved in DMSO, both in the presence and in the absence of S9 mix. 
Final concentrations of TZMU were 0, 8, 40, 200, 1000 and 5000 µg/plate (test 1) and 0, 51.2, 128, 
320, 800, 2000 and 5000 µg/plate (test 2). 

No bacteriotoxicity was detected in any strain at any dose. No TZMU treatment of any of the 
strains produced a statistically signifi cant increase in revertant numbers in either the presence or 
absence of S9.

TZMU is not mutagenic under these experimental conditions (Dawkes, 1999a).

TMG, a metabolite of clothianidin, was investigated for its potential to induce mutations in an 
assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The study 
was in compliance with test method B.14 of European Commission directive 92/69/EEC and OECD 
Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay; 21 July 
1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the experi-
ment in test 1 on TA100 was conducted as a range-fi nding test). Overnight-grown cultures (0.1 ml) 
of S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to TMG (purity 96%; 
batch No. 30063517) dissolved in DMSO, both in the presence and in the absence of S9 mix. Final 
concentrations of TMG were 0, 8, 40, 200, 1000 and 5000 µg/plate (test 1) and 0, 156.25, 312.5, 625, 
1250, 2500 and 5000 µg/plate (test 2). 

In test 2, thinning of the bacterial background lawn was observed at the top dose in the pres-
ence of S9 in all strains except TA1535 and TA102. No increase of revertant numbers was observed 
in any strain at any dose, either in the presence or in the absence of S9.

TMG is not mutagenic under these experimental conditions (Dawkes, 1999d).

MG, a metabolite of clothianidin, was investigated for its potential to induce mutations in an 
assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The study 
was in compliance with test method B.14 of European Commission directive 92/69/EEC and OECD 
Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay; 21 July 
1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the experi-
ment in test 1 on TA100 was conducted as a range-fi nding test). Overnight-grown cultures (0.1 ml) of 
S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to MG·HCl (purity 98.8%; 
batch No. FHE02) dissolved in purifi ed water, both in the presence and in the absence of S9 mix. 
Final concentrations of MG were 0, 8, 40, 200, 1000 and 5000 µg/plate (test 1) and 0, 51.2, 128, 320, 
800, 2000 and 5000 µg/plate (test 2). 

Neither bacteriotoxicity nor increase of revertant numbers was detected in any strain at any 
dose, both in the presence and in the absence of S9.

MG is not mutagenic under these experimental conditions (Dawkes, 1999b).

MNG, a metabolite of clothianidin, was investigated for its potential to induce mutations in 
an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The 
study was in compliance with test method B.14 of European Commission directive 2000/32/EC and 
OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay; 
21 July 1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]). 
Bacteria from strain S. typhimurium (TA98, TA100, TA102, TA1535 and TA1537) were exposed to 
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MNG (purity 97.3%; batch No. VE96026 Pt.17004/98) dissolved in DMSO at fi nal concentrations 
of 0, 50, 158, 500, 1581 or 5000 µg/plate (all strains ±S9 mix) for 48 hours and in triplicate. In test 1 
(plate incorporation test), 0.1 ml of an overnight culture of cells was exposed to the active ingredient 
and plated, whereas in test 2 (preincubation), the cells were preincubated at 37 °C for 20 minutes in 
the presence of the active ingredient. 

No toxicity to any of the bacterial strains used was exhibited. In all experiments, MNG p rovoked 
no increase of revertant colonies compared with negative controls. 

MNG is not mutagenic under these experimental conditions (Herbold, 2001).

ATG-Ac, a metabolite of clothianidin, was investigated for its potential to induce mutations in 
an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The 
study was in compliance with test method B.14 of European Commission directive 92/69/EEC. Two 
tests were performed (plate incorporation [test 1] and preincubation [test 2]; the experiment in test 1 
on TA100 was conducted as a range-fi nding test). Overnight-grown cultures (0.1 ml) of S. typhimu-
rium TA98, TA100, TA102, TA1535 and TA1537 were exposed to ATG-Ac (purity 94.4%; batch No. 
30068304) dissolved in DMSO, both in the presence and in the absence of S9 mix. Final concentra-
tions of ATG-Ac were 0, 1.6, 8, 40, 200, 1000 and 5000 µg/plate (test 1) and 0, 51.2, 128, 320, 800, 
2000 and 5000 µg/plate (test 2). 

No bacteriotoxicity was detected in any strain at any dose. No ATG-Ac treatment of any of 
the strains produced an increase in revertant numbers suffi cient to be considered as indicative of 
m utagenic activity in either the presence or absence of metabolic activation.

ATG-Ac is not mutagenic under these experimental conditions (Dawkes, 2000b).

ATMG-Pyr, a metabolite of clothianidin, was investigated for its potential to induce mutations 
in an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. 
The study was in compliance with test method B.14 of European Commission directive 92/69/EEC. 
Two tests were performed (plate incorporation [test 1] and preincubation [test 2]). The experiment 
in test 1 on TA100 was conducted as a range-fi nding test. Overnight-grown cultures (0.1 ml) of S. 
typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to ATMG-Pyr (purity 99.0%; 
batch No. 30070904) dissolved in DMSO, both in the presence and in the absence of S9 mix. Final 
concentrations of ATMG-Pyr were 0, 1.6, 8, 40, 200, 1000 and 5000 µg/plate (test 1) and 0, 51.2, 128, 
320, 800, 2000 and 5000 µg/plate (test 2).

Neither bacteriotoxicity nor an increase of revertant numbers was detected in any strain at any 
dose, either in the presence or in the absence of S9.

ATMG-Pyr is not mutagenic under these experimental conditions (Dawkes, 2000a).

MAI, a metabolite of clothianidin, was investigated for its potential to induce mutations in 
an assay for gene mutations in Salmonella in the presence and absence of metabolic activation. The 
study was in compliance with test method B.14 of European Commission directive 92/69/EEC and 
OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay; 
21 July 1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the 
experiment in test 1 on TA100 was conducted as a range-fi nding test). Overnight-grown cultures 
(0.1 ml) of S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to MAI (purity 
99.9%; batch No. 30064522) dissolved in DMSO, both in the presence and in the absence of S9 mix. 
Final concentrations of MAI were 0, 8, 40, 200, 1000 and 5000 µg/plate (test 1) and 0, 51.2, 128, 320, 
800, 2000 and 5000 µg/plate (test 2). 

Background lawn thinning was observed in strain TA98 in the two tests at the top dose (±S9) 
and in test 2 at 2 mg/plate (−S9). No MAI treatment of any of the strains produced an increase in 
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r evertant numbers suffi cient to be considered as indicative of mutagenic activity in either the p resence 
or absence of metabolic activation. 

MAI is not mutagenic under these experimental conditions (Dawkes, 1999e).

In summary, the metabolites TZNG, TZMU, TMG, MG, MNG, ATG-Ac, ATGM-Pyr and MAI 
were adequately tested in the S. typhimurium reverse gene mutation assay, and none of them was 
shown to induce revertants above the spontaneous solvent control rate. These metabolites should be 
considered to be devoid of gene mutation potential. 

Additional studies on the metabolite NTG 

The environmentally relevant metabolite NTG (based upon estimated concentrations in the 
groundwater) was also a rat metabolite. In the rat metabolism study, it was demonstrated that NTG 
represented 2–4% of the dose. Therefore, taking into account the toxicity studies conducted using 
NTG, it can reasonably be assumed that the existing toxicity data fully cover the toxicity assessment 
of this compound.

The toxicological data demonstrate that the acute toxicity of NTG was low (> 5000 mg/kg 
bw per day; Brown, Wheeler & Korte, 1988) and that NTG has no primary irritating or sensitizing 
properties (Kinkead et al., 1993). Subchronic toxicity feeding studies (rats, mice) indicated that no 
adverse effects up to 1000 mg/kg bw per day have been observed. Various genotoxicity tests in vitro 
demonstrated that, overall, the compound was devoid of mutagenic activity (Krötlinger, 1992). 

In a two-generation study, no maternal effects were observed at dietary concentrations up to 
and including 4000 ppm, and neither reprotoxic nor developmental parameters were affected in the 
litter up to and including the top dose (12 500 ppm) (Krötlinger, 1992). In a rat developmental study 
(gavage during GDs 6–15), both maternal and fetal toxicity were established at 316 mg/kg bw per 
day, and developmental toxicity was established at the same level, as skeletal growth retardation was 
observed at the top dose. No major malformations were observed (Krötlinger, 1992). 

A study was conducted to examine the developmental toxicity of NTG in rabbits. The protocol 
was in compliance with test method B.31 of European Commission directive 92/69/EEC. Between 
18 and 22 (top dose) inseminated rabbits (New Zealand White, mating ratio 1:2) per dose received 
NTG (purity 99%; batch Nos SOW84K010-A001 and SOW85F011-028) dissolved in 1% w/v car-
boxymethylcellulose by gavage at dose levels of 0, 100, 316 or 1000 mg/kg bw per day (dose volume 
5 ml/kg bw) from GD 6 to GD 18 inclusive. The dosing suspensions were prepared once and kept 
refrigerated. Before daily dosing, refrigerated samples were warmed to attain room temperature by 
immersion in hot tap water for 30–60 minutes. Analytical verifi cation and homogeneity of dosing 
formulations at the start of the study revealed that dose levels were acceptable when compared with 
nominal values. Stability was acceptable during 1 month after preparation. Negative control was 
o btained by treating with the vehicle. 

During the period days 9–19 post-mating, six dams were found dead, and four moribund dams 
were euthanized. Feed consumption was decreased at the top dose during the period of treatment. 
Thereafter, consumption rebounded to control levels and was even greater than that of the control 
group. Gravid body weight was slightly lower than in controls in top-dose animals on days 18 and 
29 after mating. However, when corrected for uterus weights, the difference from the control group 
was unremarkable on termination. As a consequence, body weight gain was negative at the top dose 
and slightly impaired at 316 mg/kg bw per day. Most signs (Table 47) were confi ned to the top-dose 
animals and included altered urine colour and consistency and low faeces production during the 
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Table 47. Oral teratogenicity study of NTG in rabbits (main study): maternal data

Dose (mg/kg bw per day)

0 100 316 1000

Mortality no./18 (day of death):

- found dead 0 0 0 3(11), 1(14), 1(15), 1(19)

- humanely terminated 0 0 0 1(9), 1(12), 2(19)

No. examined (gravid females) 13 15 15 18

Feed consumption:

- days 6–18 — — — ↓39%

- days 18–29 — — — ↑ 

Body weight:

- day 18 — — — ↓7.2%

- day 29 — — — ↓2.9%

- day 29 (corrected) — — — —

Body weight gain (kg):

- days 6–18 +0.26 +0.23 +0.18 −0.10

- days 0–29 (corrected) +0.21 +0.28 +0.28 +0.25

Clinical signs

Thick, foamy urine:

- days 6–18 2 5 7 16

- days 19–29 — — 2 9

Red urine/red material in urine:

- days 6–18 — — — 2

- days 19–29 — — — 1

Scant faeces:

- days 6–18 1 1 0 9

- days 19–29 1 3 3 4

Red-stained paws:

- days 6–18 — — — 2

Injured bloody toenails:

- days 6–18 — — — 3

Mucus or rhinorrhoea:

- days 6–18 — — — 2

Increased startle refl ex:

- days 6–18 — — — 3

Convulsions:

- days 6–18 — — — 3

- days 19–29 — — — 1

Hypertonia:

- days 6–18 — — — 5

- days 19–29 — — — 1

Hunched posture:

- days 6–18 — — — 4
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 treatment period, signs that were also observed during the post-dosing period until termination. Other 
signs included injuries and stains on paws/toenails. Signs of neurological impairment were evident as 
cases of increased startle refl ex, convulsions, increased muscle tightness and stiff movements, which 
were observed occasionally until study termination. In addition, occasional incidences of twitching, 
tremor, cyanosis, prostrate position, unconsciousness and salivation occurred, either during or after 
the treatment period. Other observed clinical signs were not dose related and considered incidental. 
No clear treatment-related effects were observed. The most frequent fi ndings, occurring at comparable 
rates in all dose groups, including controls, were cysts on or dark red discoloured fallopian tubes. 

The average numbers of corpora lutea and of implantations per litter were unaltered by the 
treatment (Table 48). The implantation rate (effi ciency) was also not affected (i.e. no preimplantation 
loss was observed). However, the average number of resorptions as well as the resorption rate (post-
implantation loss) were affected at all doses. Although dose dependency was not evident, statistically 
signifi cant increases were observed at 100, 316 and 1000 mg/kg bw per day. The number of dead 
fetuses was also increased at 100 mg/kg bw per day and above, but again, no dose responsiveness 
was demonstrated, and the differences did not reach statistical signifi cance. Fetal weights were about 
14–17% lower at the top dose, compared with controls. 

At the top dose, one individual exhibited a misplaced ureter and a cleft palate. Other fi ndings 
at the top dose included a heart ventricle anomaly and an externally visible abdomen swelling. Other 
fi ndings were observed at the low and/or intermediate dose, but not at the top dose. The absence of 
dose responsiveness of these fi ndings, along with the singularity of the above-mentioned malfor-
mations, indicated that they were incidental. In contrast, the increased litter incidence of partially 
ossifi ed sternebrae at 316 mg/kg bw per day and above was considered compound related. Further, 
absence of ossifi cation in the olecranon, patellae and phalanges was observed at the top dose. 

The maternal toxicity NOAEL was 100 mg/kg bw per day, and the maternal toxicity LOAEL 
was 316 mg/kg bw per day, based on decreased body weight (gain) and increased clinical signs.

The fetal toxicity NOAEL was 316 mg/kg bw per day, and the fetal toxicity LOAEL was 
1000 mg/kg bw per day, based on decreased fetal weight.

Dose (mg/kg bw per day)

0 100 316 1000

Moved stiffl y:

- days 6–18 — — — 2

Disposition of animals

Females inseminated 17 18 16 22

Dams died on test or humanely killed 0 0 0 10

Dams pregnancy not confi rmed 0 0 0 2

Dams not pregnant 0 0 0 1

Dams pregnant 0 0 0 7

Dams examined on day 29

Dams non-pregnant 4 3 1 1

Dams pregnant with live young 13 15 15 10

Dams pregnant with dead young 0 3 1 2

Dams pregnant with resorptions 3 13* 7 5*

Dams pregnant with only resorptions 0 0 0 1

From Coppes et al. (1988)
* P < 0.05 (Marascuilo’s test of multiple comparison of proportions)

Table 47 (continued)
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The developmental toxicity NOAEL was 100 mg/kg bw per day, and the developmental toxicity 
LOAEL was 316 mg/kg bw per day, based on increased skeletal variants (incomplete ossifi cations).

The apparently increased rate of resorptions per litter at 100 and 316 mg/kg bw per day was 
of dubious toxicological signifi cance. As dose dependency was not evident and the incidences in the 
middle dose group (0.5) were within the range of what could be expected in control animals (up to 
0.7), the relevance of the observation was questionable (Coppes et al., 1988).

Table 48. Oral teratogenicity study of NTG in rabbits: fetal dataa

Dose (mg/kg bw per day)

0 100 316 1000

Number of pregnant females 13 15 15 11

Corpora lutea 10.3 ± 2.0 11.2 ± 2.5 11.1 ± 1.7 11.0 ± 1.9

Implantations 9.5 ± 1.5 10.2 ± 1.8 9.3 ± 2.0 9.6 ± 2.0

Implantation effi ciencyb (%) 93.5 ± 9.9 92.9 ± 10.7 95.9 ± 18.3 90.1 ± 15.6

Resorptionsc 0.2 ± 0.4 0.9 ± 0.5 0.5 ± 0.6 0.9 ± 1.4

Resorption rated (%) 2.2 ± 4.1 9.3 ± 5.0* 6.6 ± 8.3* 9.7 ± 15.1*

Live fetuses 9.3 ± 1.3 9.0 ± 1.6 9.3 ± 3.0 8.7 ± 2.2

Live fetuses (%) 100.0 ± 0.0 97.5 ± 5.3 99.3 ± 2.8 98.2 ± 3.8

Dead fetuses 0.0 ± 0.0 0.3 ± 0.6 0.1 ± 0.3 0.2 ± 0.4

Dead fetuses (%) 0.0 ± 0.0 2.5 ± 5.3 0.7 ± 2.8 1.8 ± 3.8

Sex ratio (males/males + females) 0.424 ± 0.230 0.484 ± 0.202 0.441 ± 0.171 0.471 ± 0.136

Fetal weight (g):

- males 42.8 ± 3.1 42.4 ± 5.3 43.6 ± 4.7 37.0 ± 7.0#

- females 43.4 ± 3.8 40.8 ± 5.7 41.3 ± 5.5 36.2 ± 6.7#

Fetal crown–rump length (cm):

- males 10.5 ± 0.3 10.4 ± 0.4 10.6 ± 0.5 10.0 ± 0.7

- females 10.5 ± 0.4 10.3 ± 0.5 10.4 ± 0.5 9.9 ± 0.6

No. examined: fetuses (litters) 121 (13) 135 (15) 131 (15) 87 (10)

External/visceral examinations

Swollen abdomen — — — 1e

Ureter transversing midline — — — 1e

Enlarged heart ventricle — — — 1

Cleft palatem — — — 1

Skeletal examinations

Cleft palatem — — — 1

Partially ossifi ed sternebraev

(% litter incidence)

10 (5)

(38%)

24 (8)

(53%)

20 (10)

(67%)

15 (8)

(80%)

Overall incidence

Variations 46 (12) 64 (13) 61 (14) 52 (10)*

From Coppes et al. (1988)
m, malformation; v, variation; * P < 0.05 (Marascuilo’s test of multiple comparison of proportions); # P < 0.05 (Newman-Keuls test) 
a  Values are group average litter data ( ± standard deviation), except when indicated otherwise.
b  Implantation effi ciency = (implantations/corpora lutea) × 100.
c   Historical control (extracted from MARTA-MTA joint historical control data project, eight studies, 162 female Hra: (NZW)SPF, oral 

gavage studies (in-house historical control data were unavailable). Total resorptions/litter: mean 0.36, range 0–0.7.
d  Resorption rate = (resorptions/implantations) × 100.
e  Occurring in same fetus.
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Conclusion

In conclusion, metabolic activity in mammals and plants and hydrolytic activity in the environ-
ment result in the transformation of clothianidin to breakdown products that are relatively more toxic 
or of the same order of toxicity as the parent compound. As many of them are rat metabolites, occur at 
very low residue levels, are formed only under non-neutral acidity conditions or are environmentally 
not pertinent, the risk from exposure to these metabolites is considered very low, and further testing 
is not warranted.

(d) Pharmacological studies

In order to evaluate the pharmacological effects of clothianidin, a series of non-guideline stud-
ies were conducted according to GLP. Male CD (SD) SPF rats and male CD-1 (ICR) SPF mice were 
treated in vivo, and isolated ileum of male Hartley SPF guinea-pigs was treated in vitro, with clo-
thianidin (purity 95.5%; batch No. 30037120). In the in vivo studies, the substance was dispersed in 
0.5% (w/w or v/v) gum arabic solution and administered by single gavage at dose levels of 50, 100, 
200 and 400 mg/kg bw (dose volume 10 ml/kg bw). 

Both rats and mice were about 5 weeks of age (body weights: rats, 136–174 g; mice, 25–33 g), 
except for rats in the study of the circulatory system: 7 weeks of age (245–319 g). The doses were 
determined in previous range-fi nding tests in which three animals per dose were administered 1750, 
2280, 2960, 3850 and 5000 mg/kg bw (rats) or 200, 280, 930, 550 and 770 mg/kg bw (mice) and 
observed during 1, 2, 4, 6, 8 and 12 hours and further daily for 1 week to monitor the appearance of 
any acute toxic signs and mortalities.

The study is accepted. 

Methodologies

The study methodologies are described briefl y as follows:

Mouse experiments: 

(1) Effects on the central nervous system

 (i) General physical condition and behaviour. Irwin’s multiple observation method included 
alertness, passivity, stereotypy, grooming, vocalization, restlessness, irritability, reactivity, 
locomotor activity, response (touch, pain, startle), refl exes (Straub tail, pinna, corneal, ipsilateral 
fl exor, pupil size), palpebral opening, exophthalmos, urination, salivation, lacrimation, 
writhing, piloerection, body temperature, skin colour, respiration, diarrhoea, tremors, twitching, 
convulsions, body position, gait (staggering, abnormal), muscle tone (limb, grip strength, body, 
abdominal), mortality. Observation periods after administration: 0.5, 1, 3, 6, 24 hours. 

 (ii) Anaesthetic effects. At 1 hour after administration, hexobarbital was injected intraperitoneally 
(80 mg/kg bw), and the animals were laid on an approximately 37 °C warming plate. Sleeping time, 
defi ned as the time between disappearance and recovery of the righting refl ex, was recorded.

(2) Synergistic effects on convulsions (subthreshold stimulations)

 (i) Electroshock stimulation. At 1 hour after administration, a current of 8.0 mA was applied 
via corneal electrodes (pulse duration 5 milliseconds; stimulation interval 10 milliseconds, 
stimulation period 0.6 milliseconds). Appearance of tonic fl exor and extensor convulsions was 
monitored immediately after the current pulse.

 (ii) Pentylenetetrazole stimulation. At 1 hour after administration, pentylenetetrazole was 
injected subcutaneously (55 mg/kg bw). Appearance of clonic and tonic extensor convulsions 
was monitored for 30 minutes after injection.
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(3) Effects on the gastrointestinal system. At 1 hour after administration (subsequent to a fasting 
period of about 19 hours), charcoal (5% suspension in 5% gum arabic) was given by gavage 
(0.2 ml/animal). Animals were killed by cervical dislocation, and the gastrointestinal tract was 
isolated 30 minutes after charcoal gavage. Both length from pylorus to the farthest point reached 
by the charcoal (a) and total small intestine length (b) were measured. Transfer rate was expressed 
as a/b in %.

(4) Effect on the skeletal muscles. At 1, 3 and 6 hours after administration, animals were placed with 
their front paws on a horizontally stretched wire and observed as to whether they would grasp 
the wire with their hind paws within 10 seconds. Only those animals previously successful in 
grasping the wire within 5 seconds were selected for the experiment.

Rat experiments:

(1) Effect on body temperature. Before and 0.5, 1, 3 and 6 hours after administration, rectal 
temperature was registered with a digital thermometer.

(2) Effect on the blood coagulation system. At 1 hour after administration, blood was sampled from 
the inferior vena cava under ether anaesthesia. Trisodium citrate (3.2%) was added (1:9 v/v), 
plasma was separated by centrifugation (4 °C, 3000 revolutions per minute, 10 minutes) and both 
prothrombin time and activated thromboplastin time were determined using a fully automatic 
coagulometer.

(3) Effects on the circulatory system. Before and at 0.5, 1, 3 and 6 hours, systolic and mean blood 
pressure were determined plethysmographically by inserting the tail into the cuff of a non-
intrusive automatic blood pressure meter. Heart beat was determined based on the pulse wave.

Guinea-pig experiments (in vitro):

 Ileum from six male guinea-pigs (422–448 g, 6–8 weeks, killed by exsanguination under ether 
anaesthesia) was isolated and cut into strips (20–30 mm). Each strip was affi xed to a Magnus bath 
containing 20 ml of Krebs solution (32 °C) and subjected to a static tensive load of approximately 
0.5 g. The traction was measured by an isotonic transducer and recorded. Four strips per dose 
(under stabilized contraction condition) were exposed for 5 minutes to clothianidin, dissolved in 
DMSO, at fi nal concentrations of 0 (solvent control), 10−6, 10−5 and 10−4 mol/l, in the presence 
and absence of the contractile agonists acetylcholine (10−6 mol/l), histamine (3 × 10−6 mol/l) and 
barium (10−3 mol/l). 

Range-fi nding study in rat

Mortality was observed at 3850 mg/kg bw (1/3 at day 4) and at the top dose (2/3 at 8 hours 
and day 6).

A decrease in spontaneous locomotor activity, prone posture and deep respiration were observed 
at each dose level. Additionally, deep respiration and tremors were observed at 2280 mg/kg bw and 
above, abnormal fur, prone posture and staggering gait at 2690 mg/kg bw and above, hunchback posi-
tion at 3850 mg/kg bw and above, and convulsions and skin cyanosis at the top dose. The majority of 
the signs started on the day of administration, but some lasted until day 7 (last observation day). The 
maximal dose without fatalities was 3000 mg/kg bw.

Range-fi nding study in mouse

Mortality was observed at 550 mg/kg bw (1/3 at 4 hours) and at the top dose (2/3 at 1 hour and 
day 1).

A decrease in spontaneous locomotor activity, closed eyes and hypothermia were observed at 
each dose level. Additionally, staggering gait and tremors were observed at 390 mg/kg bw and above, 
hypothermia at 550 mg/kg bw and above, and closed eyes and skin cyanosis at the top dose. All signs 
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were remarkable on the day of administration and were resolved on day 2. Both onset and duration 
of the signs were correlated with the administered dose. The maximal dose without fatalities was 
400 mg/kg bw.

General physical conditions and behaviour in mice

Effects were observed at 50 mg/kg bw and above (Table 49). In an additional separate e xperiment 
in which clothianidin was administered at 0, 12.5 and 25 mg/kg bw, no effects were observed.

Specifi c pharmacological effects in mice 

The overall NOEL in these experiments was 12.5 mg/kg bw, based upon synergistic effects on 
convulsions at 25 mg/kg bw (Table 50). 

Specifi c pharmacological effects in rats 

From the results, it could be concluded that the NOEL was 100 mg/kg bw, when body tempera-
ture, heart rate and blood pressure data are considered. In an additional separate experiment in which 
clothianidin was administered at 0, 30 and 100 mg/kg bw, no statistically signifi cant modifi cation was 
detected at 100 mg/kg bw (Table 51). 

Table 49. General physical condition and behaviour after administration of clothianidin to 
f emale micea

End-point Dose (mg/kg bw)

50 100 200 400

Decrease in spontaneous locomotor activity 3+; 0.5 h 3+,++; 0.5–3 h 3+,++; 0.5–3 h 3+,++; 0.5–6 h, 1 day

Tremor 1+; 0.5 h 1+; 0.5–1 h 3+,++; 0.5–3 h 3+,++; 0.5–6 h, 1 day

Deep respiration 1+; 1 h 3+; 0.5–3 h 2+; 0.5–3 h 3+,++; 0.5–6 h

Hypothermia — 3+; 1–3 h 3+; 0.5–3 h 3+,++; 0.5–6 h

Decrease in grooming — 3+; 0.5 h 3++; 0.5–1 h 3++; 0.5–6 h

Mydriasis — 2+,++; 0.5–3 h 2+; 0.5–3 h 2+,++,+++; 0.5–6 h

Decrease in reactivity — 1+; 0.5–3 h 3+; 0.5–3 h 3++; 0.5–6 h

Prone position — 1+; 0.5–3 h 3+; 0.5–3 h 3+,++; 0.5–6 h

Staggering gait — 1+; 0.5 h 2+; 0.5–3 h 3+,++,+++; 0.5–6 h, 1 day

Decrease in body tone — 1+; 0.5–3 h 3+; 0.5–3 h 3+,++; 0.5–6 h

Decrease in abdominal muscle tone — 1+; 0.5–3 h 3+,++; 0.5–3 h 3+,++; 0.5–6 h

Decrease in touch response — — 3+; 0.5–1 h 3+; 0.5–6 h

Decrease in grip strength — — 2+; 0.5 h 3+,++; 0.5–6 h

Decreased limb tone — — — 3+,++; 1–6 h

Inhibition of pinna refl ex — — — 3+,++; 1–6 h

Inhibition of ipsilateral fl exor refl ex — — — 1+++; 1 h

Inhibition of corneal refl ex — — — 1++; 1 h

Straub tail — — — 1+; 1 h

Skin cyanosis — — — 1++; 1 h

Death — — — 133 h

From Unakami (2000)
a   Observation conducted before and 0.5, 1, 3 and 6 hours and 1 day after dosing; control group (vehicle control): no observable effects. 

Values in table include number of animals with fi nding, degree of response (+ slight, ++ moderate, +++ severe) and duration of clinical 
sign (for all animals observed, i.e. n = 3/dose).
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Effect on contraction agonists in guinea-pig ileum preparations 

The effects of clothianidin on the contraction agonists acetylcholine, histamine and barium in 
isolated guinea-pig ileum preparations are illustrated in Table 52. 

Conclusions

As was observed in the toxicological studies, the mouse was the most sensitive species for the 
effects of clothianidin. In the mouse, decrease of locomotor activity, tremors and deep respiration 
were observed at 50 mg/kg bw and above. At the higher doses, up to 400 mg/kg bw, clinical signs 
included hypothermia, mydriasis, abnormal gait/position and decreased muscle tone, indicating a 
nicotinic effect on the central nervous system. 

The observed decreased limb tone at 400 mg/kg bw, decreased muscle strength at 225 mg/kg bw, 
decreased grip strength at 200 mg/kg bw and above and the reduced body tone and abdominal muscle 
tone at 100 mg/kg bw and above illustrate the ability of the compound to exert a suppression of the skel-
etal muscular system, with a NOEL for this effect at 50 mg/kg bw. The compound exerted an effect on 
the gastrointestinal system, as detected by charcoal transfer inhibition at 25 mg/kg bw and above. The 
NOEL for this effect is accordingly 12.5 mg/kg bw. This effect was also observed in vitro with guinea-
pig ileum, where the contraction agonist barium was inhibited by about 12% by clothianidin. Sleeping 
time was lengthened at 75 mg/kg bw and above. At 225 mg/kg bw, the death of two of eight animals 
was considered the result of a synergistic action of clothianidin on the central respiratory centre depres-
sion by hexobarbital. At 25 mg/kg bw and above, both tonic fl exor and tonic extensor convulsions were 
induced in the presence of subthreshold electroshock application. From these results, the NOEL for the 
central nervous effects of clothianidin is 12.5 mg/kg bw.

In the rat, the body temperature reduction at 300 mg/kg bw also indicates an effect on the cen-
tral nervous sytem. The NOEL for this effect in the rat was 100 mg/kg bw. The NOEL for effects on 
the circulatory system was also 100 mg/kg bw (Unakami, 2000).

Table 50. Specifi c pharmacological effects after administration of clothianidin to male mice

End-point n Dose (mg/kg bw)

0 6.25 12.5 25 75 225

Synergistic effects on convulsionsa

Electroshockb:

- tonic fl exor

- tonic extensor

10

10

1

1

3

3

2

2

8*

8*

10*

10*

10*

10*

Pentylenetetrazole:

- clonic

- tonic extensor

10

10

0

2

n.a.

n.a.

n.a.

n.a.

2

0

0

0

0

0

Muscle tension suppression: 

- 1 h

- 3 h

- 6 h

8

8

8

0

0

0

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

0

0

0

0

0

0

4

4

2

Sleeping timec 8d — n.a. n.a. — ↑26% ↑63%*

Intestinal transfer ratec 8 — n.a. n.a. — ↓60%* ↓78%*

From Unakami (2000)
n, number of mice/dose; n.a., dose level not tested; * P < 0.05 (chi-squared test and Dunnett’s test)
a  Chi-squared test. 
b   Results from two different experiments (trial 1 = dose 0, 6.25 and 12.5 mg/kg bw; trial 2 = dose 0, 25, 75 and 225 mg/kg bw; incidence 

equal in both controls). 
c  Dunnett’s test.
d  n = 8 mice/dose, except for the top-dose group, where n = 6 (two animals died after hexobarbital injection). 
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3. Observations in humans 

No reports of adverse effects were identifi ed during routine monitoring of production plant 
workers and among personnel involved in experimental biological testing or fi eld trials. There is no 
evidence or information available to support any fi ndings in relation to poisoning with clothianidin. 

Table 51. Specifi c pharmacological effects after administration of clothianidin to male ratsa

End-point n Dose (mg/kg bw)

0 30 100 300 1000 3000

Rectal temperature: 

- 0.5 h

- 1 h

- 3 h

- 6 h

6

6

6

6

—

—

—

—

—

—

—

—

—

—

—

—

↓1.3%

↓2.1%*

↓2.9%*

↓3.9%*

↓2.1%*

↓2.9%*

↓6.3%

↓10.9%

↓2.3%*

↓4.2%*

↓10.3%

↓17.0%

Heart rate: 

- 0.5 h

- 1 h

- 3 h

- 6 h

4

4

4

4

—

—

—

—

n.a.

n.a.

n.a.

n.a.

—

—

—

—

↑12.3%*

↑4.2%

↑4.2%

↑10.5%

↑6.5%

↑4.4%

↑6.4%

↑10.0%

↑12.3%

↑8.8%

↑7.4%

↑11.0%

Systolic blood pressure: 

- 0.5 h

- 1 h

- 3 h

- 6 h

4

4

4

4

—

—

—

—

n.a.

n.a.

n.a.

n.a.

—

—

—

—

—

—

—

↓1.8%

—

↓13%*

↓1.8%

↓7.9%

↓3.4%

↓8.9%

↓4.5%

↓11.4%

Mean blood pressure:

- 0.5 h

- 1 h

- 3 h

- 6 h

4

4

4

4

—

—

—

—

n.a.

n.a.

n.a.

n.a.

—

—

—

—

—

—

—

↓4.2%

↓2.1%

↓15%*

↓5.4%

↓15%*

↓4.2%

↓10%

↓7.6%

↓12.5%

Prothrombin time, activated thromboplastin time 6 — n.a. n.a. — — —

From Unakami (2000)
n, number of rats/dose; n.a., dose level not tested; * P < 0.05 (Dunnett’s test trial 2)
a   Results from two different experiments (trial 1 = dose 0, 30 and 100 mg/kg bw; trial 2 = dose 0, 300, 1000 and 3000 mg/kg bw). 

Results are given as % r elative to control. 

Table 52. Effect of clothianidin on contraction agonists in isolated guinea-pig ileum preparations

Concentration (mol/l) % of contraction induced by each agonist (mean ± SD of four preparations/condition)

Acetylcholine (10−6 mol/l) Histamine (3 × 10−6 mol/l) Barium (10−3 mol/l)

0 101.6 ± 1.4 99.0 ± 2.0 101.9 ± 3.8

10−6 101.1 ± 2.4 98.9 ± 1.8 98.1 ± 2.3

10−5 104.4 ± 2.4 99.1 ± 1.2 99.2 ± 2.4

10−4 98.8 ± 2.3 98.4 ± 1.7 89.5 ± 5.8*

From Unakami (2000)
SD, standard deviation; * P < 0.05 (Dunnett’s test)
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Comments

Biochemical aspects

Clothianidin was almost completely (90%) absorbed from the gastrointestinal tract within 24 
hours following oral dosing of rats. The rate and extent of absorption were essentially independent 
of sex, dose or dose rate.

The compound was widely and homogeneously distributed throughout the tissues (time to 
maximum concentration = 1.5 hours), with a rapid decrease of residues to levels at or near the limit 
of quantifi cation. There was no evidence of accumulation, although higher levels were detected in 
kidney and liver up to 4 hours post-dosing.

Within 24 hours, about 94–96% of the compound was excreted. Urinary excretion was the 
major elimination route, accounting for about 89–95%, with faecal elimination accounting for about 
3–6%. The excretion profi le over 72 hours after high-dose administration (elimination half-life = 1.9 
hours) was almost identical to that after low-dose administration (elimination half-life = 1.2 hours), 
although the plasma concentration exhibited biphasic kinetics, suggesting moderate enterohepatic 
cycling.

Clothianidin metabolism was incomplete, with 56–74% of the dose being excreted unchanged 
over 72 hours. The main metabolic pathways were 1) oxidative demethylation and 2) cleavage of the 
nitrogen–carbon bond between the thiazolyl-methyl position and the nitroimino moiety. The main 
urinary metabolites recovered after low-dose testing were TZNG (7–11%), MNG (8–13%) and NTG 
(1–4%). In the faeces, MTCA (9%) and TMG (2%) were found. Other characterized metabolites 
were present at less than 2% of the dose.

Based upon the intended uses of clothianidin, representative metabolism studies in farm ani-
mals (goat, hen) were evaluated. It was demonstrated that the degradation pathways in farm animals 
were roughly comparable to those found in the rat (although absorption was probably somewhat 
lower) and that plant metabolism was less extensive. The major farm animal and plant metabolites 
(> 5% of the TRR) were also found in the rat, were structurally related to rat metabolites and/or were 
of lower toxicity. A notable exception was the plant metabolite MG, which is similar in toxicity to the 
parent compound, but which was observed only at low residue levels (maximally 0.25 ppm in sugar 
beet leaves at harvest).

Toxicological data

Clothianidin is of moderate acute oral toxicity, with an LD
50

 between 523 and 1216 mg/kg bw 
in rats and of 389 mg/kg bw in male mice. The dermal LD

50
 is greater than 2000 mg/kg bw, and the 

inhalation LC
50

 is greater than 5.54 mg/l (by gravimetry). Clothianidin is not irritating to the skin, is 
practically non-irritating to eyes and is not sensitizing to guinea-pig skin (maximization test).

In repeated-dose studies in mice, rats and dogs, no consistent toxicological profi le was evident 
in any of the species at any of the dose ranges or study durations tested. Effects included lower body 
weights and body weight gains, decreased feed consumption and changes in some clinical chemistry 
parameters. In the rat, mild induction of hepatic CYP enzymes was observed in the 90-day feeding 
study. Hepatic induction was not assessed in either mouse or dog, although liver effects were also 
detected in dogs at a high dose.

In a 28-day feeding study in the mouse, atrophic changes in ovaries and uterus were reported at 
2000 ppm (equal to 491 mg/kg bw per day). These changes in the reproductive system are considered 
to refl ect the markedly reduced body weight gain.

Reports of increased ovary and uterus weights in a 90-day feeding study in rats at 1250 ppm 
(equal to 119 mg/kg bw per day for females) and above, accompanied by gross pathological and 
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 histopathological fi ndings (uterus fl uid distension/uterus luminal dilatation), could not be confi rmed 
in a second study. In the dog, the targets were the haematopoietic system and lymphoid organs (anae-
mia and leukopenia). The fi ndings in the 30-day study were consistent with those found in the 90-day 
and 1-year study, with a peak effect around 5 weeks and a time-related adaptation at later times. The 
overall NOAEL for these effects was 1500 ppm (equal to 36.3 mg/kg bw per day).

The lowest relevant NOAEL for short-term studies was 500 ppm (equal to 27.9 mg/kg bw per 
day) from a 90-day study in the rat, on the basis of reduced body weight and body weight gain at 
3000 ppm (equal to 202.0 mg/kg bw per day). A 90-day study in the mouse was considered unreliable 
due to defi ciencies in the conduct of the study.

In an 18-month carcinogenicity study in mice with dietary concentrations of up to 2000 ppm, 
the onset of mortality in females occurred early in the study, and the overall mortality in females was 
increased. This was most likely due to exceedance of the MTD for a few months while the dose was 
adjusted. Body weight and body weight gain were reduced at 1250 ppm, and there was increased 
vocalization at this and the highest dose. There was an increase in hepatocellular hypertrophy at 
1250 ppm and above. Fibromuscular hyperplasia of the cervix at 1250 ppm and above was observed, 
although such lesions are common in nulliparous ageing females. In males at 1250 ppm, there was 
increased incidence of myocardial degeneration. There was no statistically signifi cant increase in the 
incidence of tumours of any site. The NOAEL was 350 ppm (equal to 47.2 mg/kg bw per day), based 
on body weight effects, clinical signs, and heart and cervical lesions at 1250 ppm.

Clothianidin was not carcinogenic in mice.

In a 24-month feeding study in rats with dietary concentrations up to 3000 ppm, feed consump-
tion was reduced at 1500 ppm in males and at 500 ppm in females. Body weight and body weight 
gain were reduced in both sexes at 1500 ppm and above, mainly during the fi rst year. Feed effi ciency 
was unaffected. At the highest dose, there was clear histological evidence of local effects in the glan-
dular stomach. The NOAEL for non-neoplastic effects in this study was 150 ppm (equal to 9.7 mg/kg 
bw per day), based on changes in terminal body weight and feed consumption at 500 ppm. 

The incidence of hepatocellular carcinoma in male rats was slightly increased at 500 ppm (one 
at termination, two in unscheduled deaths) and at 3000 ppm (four in unscheduled deaths). As there 
was no relationship with dose or duration of treatment and as such tumours occur occasionally in 
untreated rats, it was concluded that these tumours were not compound related. Increases in the inci-
dence of thyroid C-cell adenomas in the high-middle-dose and high-dose groups were not considered 
to be compound related, as there was no dose–response relationship in the incidence of adenomas 
plus carcinomas, and the combined incidence was not signifi cantly increased in the top-dose group. 

The Meeting concluded that clothianidin was not carcinogenic in rats.

The potential genotoxicity of clothianidin was tested in an adequate range of in vitro and 
in vivo studies. In general, clothianidin showed no evidence of mutagenicity. There was some evi-
dence of clastogenicity in tests with mammalian cells in vitro at cytotoxic doses. Clothianidin was 
c onsistently negative in tests for genotoxicity in vivo.

The Meeting concluded that clothianidin was unlikely to be genotoxic in vivo.

On the basis of the absence of genotoxicity in vivo and the absence of carcinogenicity in the rat 
and the mouse, the Meeting concluded that clothianidin is unlikely to be carcinogenic in humans.

In a two-generation study of reproductive toxicity in rats at dietary concentrations up to 
2500 ppm, both maternal and offspring toxicity were observed at 500 ppm and above, with decreased 
body weight (F

1
, F

2
) leading to lower body weight gains (F

1
). Offspring toxicity was observed at the 

top dose and included delayed preputial separation and vaginal patency at clearly maternally toxic 
doses. The NOAEL for both parental and offspring toxicity was 150 ppm (equal to 10.2 mg/kg bw 
per day), based on decreased body weight at 500 ppm (equal to 32.7 mg/kg bw per day) for parental 
animals and on decreased body weight and subsequent effects on preputial separation at 500 ppm 
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(equal to 32.7 mg/kg bw per day) for offspring. The NOAEL for reproductive toxicity was 2500 ppm 
(equal to 179.6 mg/kg bw per day), the highest dose tested.

In rat developmental toxicity studies, the maternal NOAEL was 10 mg/kg bw per day, based on 
reductions in body weight gain and feed consumption. The NOAEL for developmental toxicity was 
125 mg/kg bw per day, the highest dose tested.

In the rabbit, fetal and developmental toxicity occurred only at maternally toxic doses. The maternal 
NOAEL was 10 mg/kg bw per day, based on clinical signs (starting at gestation day 13) at 25 mg/kg bw 
per day, and the developmental NOAEL was 75 mg/kg bw per day, based on increased p ostimplantation 
loss, reduced fetal body weight and retarded sternal ossifi cation at 100 mg/kg bw per day.

The Meeting concluded that clothianidin induced developmental toxicity only in the presence 
of maternal toxicity and that it was not teratogenic.

The acute neurotoxicity of clothianidin was investigated in three gavage studies in rats at doses 
up to 400 mg/kg bw. Clinical signs, including behavioural effects, were observed at the top dose on 
the day of treatment. Dose-dependent effects on arousal were observed at 100 mg/kg bw and above in 
males and at 200 mg/kg bw and above in females. There were no compound-related histopathologi-
cal effects on neuronal tissue. The NOAEL for acute neurotoxicity was 60 mg/kg bw, on the basis of 
reduced locomotor activity in males at 100 mg/kg bw. 

In a 13-week rat feeding study of neurotoxicity with dietary concentrations up to 3000 ppm, 
animals were assessed on weeks 4, 8 and 13 of clothianidin intake. No effects were observed on 
motor activity, learning or memory capacity. There were no histopathological changes in neuronal 
tissue. Thus, the NOAEL for neurotoxicity was 177 mg/kg bw per day, the highest dose tested. 

A developmental neurotoxicity study was undertaken with clothianidin administered in the 
diet to rats at concentrations up to 1750 ppm (equal to 142 mg/kg bw per day during gestation and 
299 mg/kg bw per day during lactation). The NOAEL for fetal and maternal toxicity was 42.9 mg/
kg bw per day, based on changes in body weight at higher doses. At the top dose, subtle modifi cation 
of acoustic startle habituation and motor activity observed in the pups immediately after weaning 
were considered secondary to nonspecifi c toxicity. No biologically signifi cant effects on the central 
n ervous system were observed histomorphometrically or histologically.

The Meeting concluded that clothianidin is not a developmental neurotoxicant. At relatively 
high doses, it can cause transient, acute neurobehavioural effects.

In a 28-day feeding study of the immunotoxicity of clothianidin in rats at doses up to 3000 ppm, 
body weights and feed consumption were signifi cantly reduced in the high-dose group. Based on 
these changes, the NOAEL for systemic toxicity was 500 ppm (equal to 45.8 mg/kg bw per day). 
Clothianidin had no effect on the IgM AFC response to the T cell–dependent antigen (sheep eryth-
rocytes). The NOAEL for immunotoxicity was 3000 ppm (equal to 252.8 mg/kg bw per day), the 
highest dose tested. 

In a developmental immunotoxicity study in rats, pregnant animals were offered diets contain-
ing up to 2000 ppm clothianidin from day 6 of gestation. The maternal NOAEL for systemic toxicity 
was 500 ppm (equal to 35 mg/kg bw per day during gestation and 68.3 mg/kg bw per day during 
lactation), based on reductions in body weight and feed consumption and an increased incidence of 
ptosis at 3000 ppm. In the F

1
 generation, the NOAEL for systemic toxicity was 150 ppm (equal to 

26.4 mg/kg bw per day), based on reductions in body weight in males at weaning at 500 ppm. There 
were no immunologically relevant adverse effects on humoral immunity or cell-mediated immunity 
in male and female F

1
 generation rats following exposure to clothianidin in the uterus during gesta-

tion, via maternal milk and maternal feed during the postpartum period or via the diet during the 
post-weaning period. 
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The Meeting concluded that clothianidin is not immunotoxic to adults or during development.

Some major (TZNG, > 5% of dose) and minor (TZMU, TMG, MG, < 5% of dose) metabolites 
of clothianidin in the rat are also detected in the hen, goat, plants and environment. They all have 
oral LD

50
 values less than 2000 mg/kg bw and should thus be considered intrinsically harmful by 

ingestion. 

Other compounds, such as NTG (rat metabolite, 1–4% of the administered dose), ATG-Ac (hen 
metabolite) and ATMG-Pyr (goat metabolite), were less toxic, with LD

50
s above 2000 mg/kg bw.

Metabolite MG may be considered a potential plant residue of concern (known neurotoxicant, 
like most guanidino compounds), but it is a rat metabolite and it occurred at very low residue levels 
in plant commodities used for animal feeding only. Thus, further testing on MG is not necessary.

Metabolite MNG was not tested for acute oral toxicity. However, as it was a rat metabolite 
accounting for about 13% of the dose, it was considered to be covered by the toxicological assess-
ment of clothianidin.

Metabolites TZNG, TZMU, TMG, MG, MNG, ATG-Ac, ATGM-Pyr and MAI were tested in 
the Salmonella typhimurium reverse gene mutation assay, and all were negative.

In conclusion, metabolic activity in mammals and plants and hydrolytic activity in the environ-
ment result in the transformation of clothianidin to breakdown products that are relatively more toxic 
than or of the same order of toxicity as the parent compound. As many of these products are also rat 
metabolites, occur at very low residue levels and are not genotoxic, further testing is not w arranted.

The Meeting concluded that the existing database on clothianidin was adequate to characterize 
the potential hazard to fetuses, infants and children.

Toxicological evaluation

An acceptable daily intake (ADI) of 0–0.1 mg/kg bw was established on the basis of the 
NOAEL in the chronic study in the rat of 9.7 mg/kg bw per day for decreased body weight and feed 
consumption. A safety factor of 100 was applied.

An acute reference dose (ARfD) of 0.6 mg/kg bw was established on the basis of the NOAEL 
of 60 mg/kg bw in the acute neurotoxicity study in the rat, based on reduced locomotor activity at 
100 mg/kg bw. A safety factor of 100 was applied.

The Meeting considered that the effects seen in mice at 50 mg/kg bw per day in pharmacologi-
cal studies were marginal and transient (less than 0.5–1 hour) at this dose level, whereas at the next 
dose level, 100 mg/kg bw per day, several effects were evident simultaneously in the same animals 
for longer times (3 hours).

Levels relevant to risk assessment 

Species Study Effect NOAEL LOAEL

Mouse Eighteen-month 
study of toxicity and 
c arcinogenicitya

Toxicity 350 ppm, equal to 
47.2 mg/kg bw per day

1250 ppm, equal to 
171.4 mg/kg bw per day

Carcinogenicity 2000 ppm, equal to 
251.9 mg/kg bw per dayb

—
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Species Study Effect NOAEL LOAEL

Rat Ninety-day studies of 
toxicitya

Toxicityc 500 ppm, equal to 
27.9 mg/kg bw per day

1250 ppm, equal to 
96.0 mg/kg bw per day

Two-year s tudies 
of toxicity and 
c arcinogenicitya

Toxicity 150 ppm, equal to 
9.7 mg/kg bw per day

500 ppm, equal to 
32.5 mg/kg bw per day

Carcinogenicity 3000 ppm, equal to 
157 mg/kg bw per dayb

—

Two-generation 
study of reproductive 
t oxicitya

Parental toxicity 150 ppm, equal to 
10.2 mg/kg bw per day

500 ppm, equal to 
32.7 mg/kg bw per day

Offspring toxicity 150 ppm, equal to 
10.2 mg/kg bw per day

500 ppm, equal to 
32.7 mg/kg bw per day

Reproductive toxicity 2500 ppm, equal to 
179.6 mg/kg bw per dayb

—

Developmental t oxicity 
studyd

Maternal toxicity 10 mg/kg bw per day 40 mg/kg bw per day

Embryo and fetal toxicity 125 mg/kg bw per dayb —

Acute neurotoxicity 
studyd

Neurotoxicityc 60 mg/kg bw 100 mg/kg bw

Developmental 
n eurotoxicity studya

Maternal toxicity 500 ppm, equal to 
42.9 mg/kg bw per day

1750 ppm, equal to 
142 mg/kg bw per day

Offspring toxicity 500 ppm, equal to 
42.9 mg/kg bw per day

1750 ppm, equal to 
142 mg/kg bw per day

Developmental 
n eurotoxicity

1750 ppm, equal to 
142 mg/kg bw per dayb

—

Immunotoxicity studya General toxicity 500 ppm, equal to 
45.8 mg/kg bw per day

3000 ppm, equal to 
252.8 mg/kg bw per day

Immunotoxicity 3000 ppm, equal to 
252.8 mg/kg bw per dayb

—

Developmental 
i mmunotoxicity studya

Maternal toxicity 500 ppm, equal to 
35–68.3 mg/kg bw per 
day

2000 ppm, equal to 
120.6–249.7 mg/kg bw 
per day

Offspring toxicity 150 ppm, equal to 
26.4 mg/kg bw per day

500 ppm, equal to 
88.9 mg/kg bw per day

Developmental 
i mmunotoxicity

2000 ppm, equal to 
337.7 mg/kg bw per dayb

—

Rabbit Developmental t oxicity 
studyd

Maternal toxicity 10 mg/kg bw per day 25 mg/kg bw per day

Embryo and fetal toxicity 75 mg/kg bw per day 100 mg/kg bw per day

Dog Thirteen-week and 
1-year studies of 
toxicitya,e

Toxicity 1500 ppm, equal to 
36.3 mg/kg bw per day

2000 ppm, equal to 
46.4 mg/kg bw per day

a  Dietary administration.
b  Highest dose tested.
c  Values for NOAEL and LOAEL taken from two different studies. 

d  Gavage administration.
e  Two or more studies combined.

Estimate of acceptable daily intake for humans

0–0.1 mg/kg bw

Estimate of acute reference dose

0.6 mg/kg bw
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Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
h uman exposure

Critical end-points for setting guidance values for exposure to clothianidin

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Rapid; 90% within 24 h

Distribution Wide; highest concentrations in kidney and liver

Potential for accumulation None

Rate and extent of excretion Largely complete within 72 h

Metabolism in animals Moderately metabolized; excreted unchanged at 56–74% at 72 h; 
main pathway was oxidative demethylation and cleavage of the 
nitrogen–carbon bond between the thiazolyl-methyl position and the 
nitroimino moiety

Toxicologically signifi cant compounds in 
a nimals, plants and the environment

Parent compound and animal metabolites TZNG, MNG, NTG, 
MTCA and TMG; main plant metabolite is MG

Acute toxicity 

Rat, LD
50

, oral 523–1216 mg/kg bw

Mouse, LD
50

, oral 389 mg/kg bw

Rat, LD
50

, dermal > 2000 mg/kg bw

Rat, LC
50

, inhalation > 5.54 mg/l (4.5 h, nose-only exposure)

Rabbit, dermal irritation Non-irritating

Rabbit, eye irritation Practically non-irritating

Guinea-pig, dermal sensitization Not sensitizing (Magnusson and Kligman test)

Short-term studies of toxicity

Target/critical effect Decreased body weights and body weight gain, decreased kidney 
weights, decreased feed consumption, clinical chemistry changes

Lowest relevant oral NOAEL 27.9 mg/kg bw per day (90-day study in rats)

Lowest relevant dermal NOAEL 1000 mg/kg bw per day (28-day study in rats)

Lowest relevant inhalation NOAEC No data

Long-term studies of toxicity and carcinogenicity

Target/critical effect Decreased feed consumption and body weights

Lowest relevant NOAEL 9.7 mg/kg bw per day (rat carcinogenicity study)

Carcinogenicity Not carcinogenic

Genotoxicity

Clothianidin unlikely to be genotoxic in vivo; metabolites not 
g enotoxic (Ames test)

Reproductive toxicity

Reproduction target/critical effect None

Lowest relevant reproductive NOAEL 179.6 mg/kg bw per day (highest dose tested)
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Developmental target/critical effect Decreased fetal weight, increased postimplantation loss, decreased 
sternal ossifi cation centres

Lowest relevant developmental NOAEL 75 mg/kg bw per day (rabbit)

Neurotoxicity/delayed neurotoxicity

Acute neurotoxicity target/critical effect Decreased locomotor activity

Lowest relevant acute neurotoxic NOAEL 60 mg/kg bw per day

Short-term neurotoxicity target/critical effect Decreased body weight and feed consumption

Lowest relevant subchronic neurotoxic NOAEL 60 mg/kg bw per day

Developmental neurotoxicity target/critical effect No biologically signifi cant effects

Lowest relevant developmental neurotoxic 
NOAEL

142 mg/kg bw per day (highest dose tested)

Other toxicological studies

Twenty-eight-day immunotoxicity No effects on the immune system

Developmental immunotoxicity No effects on the immune system

Medical data

No data

Summary

Value Study Safety factor

ADI 0–0.1 mg/kg bw Rat, 2-year study 100

ARfD 0.6 mg/kg bw Rat, acute neurotoxicity study 100
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Explanation

Cyproconazole is the International Organization for Standardization (ISO)–approved name for 
(2RS, 3RS, 2SR, 3SR)-2-(4-chlorophenyl)-3-cyclopropyl-1-(1H-1,2,4-triazol-1-yl)-butan-2-ol (Inter-
national Union of Pure and Applied Chemistry [IUPAC]), for which the Chemical Abstracts Service 
(CAS) No. is 94361-06-5. The cyproconazole structure exists in four stereoisomeric forms as two 
diastereoisomeric pairs of enantiomers. Cyproconazole is a 1:1 mixture of the two diastereomeric 
pairs, each of which is a 1:1 mixture of the enantiomers (i.e. all four stereoisomers are present in 
similar amounts). 

Cyproconazole is a broad-spectrum triazole fungicide. It acts by inhibiting sterol biosynthesis 
in fungi (demethylation inhibitor). Cyproconazole has not been evaluated previously by the Joint FAO/
WHO Meeting on Pesticide Residues (JMPR) and was reviewed at the present Meeting at the request 
of the Codex Committee on Pesticide Residues (CCPR). All pivotal studies with c yproconazole were 
certifi ed as complying with good laboratory practice (GLP) unless otherwise stated. 

Evaluation for acceptable daily intake

Unless otherwise stated, studies evaluated in this monograph were performed by GLP-certifi ed 
laboratories and complied with the relevant Organisation for Economic Co-operation and D evelopment 
(OECD) and/or United States Environmental Protection Agency (USEPA) test g uidelines.

1. Biochemical aspects

1.1  Absorption, distribution and excretion

Rats

The absorption, distribution and elimination of cyproconazole were studied after oral dosing of 
cyproconazole radiolabelled with 14C, as shown in Figure 1. 

The absorption, distribution and metabolism of cyproconazole labelled with 14C [α-(4-
chlorophenyl)-α-(1-cyclopropyl-ethyl)-1H-1,2,4-triazole-1 (α-14C) ethanol] (Figure 1) were studied 
in Kfm: WIST Wistar rats. Cyproconazole (both carbon labelled and non-radioactive) was dissolved 
in dimethyl sulfoxide (DMSO), and the radiochemical purity of the carbon-labelled cyproconazole 
was greater than 97%. Cyproconazole was administered either by gastric intubation or by injection 
into the femoral vein (0.3–0.5 ml volume). The specifi c activity of cyproconazole was 0.72 MBq/mg. 
The radioactive dose ranged from 5.7 to 9.5 MBq/kg body weight (bw) except for bile duct–cannu-
lated animals (0.93–1.2 MBq/kg bw). Pretreatment in the multidose experiment was with unlabelled 
compound. The ratio of diastereomers was 1:1. The study design and sampling times are described 
in Table 1.

No signifi cant 14CO
2
 was detected in exhaled air in the pilot study with a 10 mg/kg bw single 

gavage dose. More than 85% of the administered dose was excreted into urine and faeces within 168 
hours after dosing. Female rats excreted more of the administered dose via urine (35–42%) than did 
male rats (28–33%). The faecal elimination in female rats was less (43–54%) than that of male rats 
(59–69%). The bile duct–cannulated rats excreted approximately 76% and 60% of the administered 
dose in the bile in male and female rats, respectively (Table 2). Absorption was somewhat delayed in 
the high-dose animals but remained linear in the dose range. After a single oral low dose, the maxi-
mal blood levels were reached after 3 and 9 hours in males and females, respectively (Table 3). After 
the high oral dose administration, the maximum blood levels were reached later than in the low-dose 
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study (at about 30–40 hours), indicating a lower absorption rate. The maximal blood radioactivity 
levels amounted to 2.2 and 2.5 µg/ml for a single 10 mg/kg bw dose in males and females, respec-
tively. After pretreatment, these values were slightly lower. However, because of the similar urinary 
excretion in these experiments, pretreatment is considered not to infl uence the extent of absorption. 
Blood levels in females increased roughly linearly between the dose levels of 10 and 130 mg/kg bw. 
In males of the high-dose group, the somewhat lower maximum concentration in blood (C

max
) was 

probably due to the delayed absorption. The radioactivity is eliminated from the blood with a half-life 
of about 25–30 hours, with no signifi cant differences between sexes and dosing regimes (Table 3). 
Most tissues were found to contain some traces of radioactivity at the end of the study (168 hours); 
excretion was almost complete at this time. Approximately 75.5% (males) and 60% (females) of the 
dose were excreted in the bile by 144 hours. At least 90% of the biliary excretion occurred within the 
fi rst 24 hours. About 20% of the radioactivity excreted by the bile was reabsorbed in the gastrointes-
tinal tract. The urinary excretion accounted for 30% and 40% of the administered dose in males and 
females, respectively, which may refl ect a reduction in the absorption of cyproconazole by males, as 
levels of radioactivity were found to be the same in the bile. 

Tissue residues at study termination (168 hours; Table 4) were highest in liver and adrenals 
(mainly cortex), followed by the renal fat, kidney and spleen (after intravenous application only). In 
all experiments, the tissue concentrations were slightly higher in females than in males. There was no 

Figure 1. Position of the radiolabel on cyproconazole used in pharmacokinetic studies in rats 
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Table 1. Study design and sampling details of cyproconazole absorption, distribution and 
m etabolism in Wistar rats

Experiment Dose (mg/kg bw) Route No. of animals Comments

Group 1 10 Intravenous 5 males/females Sampling of urine was after 4, 7 and 24 h and at 
daily intervals thereafter. Faeces were collected at 
daily intervals. About 50 mg of blood was taken 
from the tail vein at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 
5, 6, 7, 24, 48, 72, 96, 120, 144 and 168 h. At 168 
h post-dosing, 2 rats/sex were subjected to tissue 
distribution analysis by whole-body autoradiogra-
phy and 3 rats/sex by liquid scintillation counting 
(organs).

Group 2 10 Oral gavage 5 males/females Same as Group 1

Group 3 10 Oral gavage 
(bile duct–
cannulated)

5 males/females Urine, faeces and bile were collected at intervals of 
0–24, 24–48, 48–72 and 72–144 h. Radioactivity in 
carcass was determined after 144 h.

Group 4 10 for 14 days Oral gavage 6 males/females Same as Group 1

Group 5 130 Oral gavage 5 males/females Same as Group 1
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unusual retention of compound-derived materials in the rats, and multiple dosing did not infl uence 
the distribution patterns.

In conclusion, absorption of cyproconazole was almost complete, independent of sex and dose 
regime. It was almost completely excreted in the bile and urine in 168 hours. After 7 days, residues in 
organs and tissues were very low (predominantly in liver and adrenal cortex via oral route), and there 
was no signifi cant accumulation in the body (Schweitzer, 1987a).

Table 2. Cumulative excretion of radioactivity in rat urine, faeces and bile 

Time 
interval 
(h)

% of administered dose

10 mg/kg bw p.o. 130 mg/kg bw p.o. 10 mg/kg bw p.o. 
bile cannulated

10 mg/kg bw p.o. 
multiple dose

10 mg/kg bw i.v.

M F M F M F M F M F

Urine

0–24 9.0 14.5 2.4 2.2 3.4 5.5 13.3 15.3 13.7 12.1

0–48 20.6 33.6 9.0 13.5 9.2 25.3 21.7 29.0 25.9 25.8

0–72 24.4 37.3 20.4 30.2 9.4 26.2 25.6 32.7 29.3 34.0

0–144 27.7 40.7 28.0 41.4 9.5 26.8 27.6 34.7 32.6 38.2

0–168 27.8 41.0 28.5 41.7 — — 27.8 34.9 32.9 38.4

Faeces

0–24 12.4 18.7 9.3 1.6 — — 31.6 17.8 16.6 6.7

0–48 36.4 38.3 24.5 9.5 — — 48.7 36.5 49.1 25.8

0–72 46.3 47.4 42.4 29.1 — — 55.1 44.6 57.5 40.7

0–144 57.8 53.4 59.8 42.5 4.5 4.8 59.6 48.8 67.6 50.5

0–168 58.6 53.9 60.3 43.0 — — 60.1 49.2 68.5 50.8

Bile

0–24 — — — — 73.9 53.8 — — — —

0–48 — — — — 74.7 57.4 — — — —

0–72 — — — — 75.3 59.0 — — — —

0–144 — — — — 75.5 59.6 — — — —

Carcass — — — — 0.6 1.0 — — — —

Total 86.5 94.9 88.8 84.8 90.0 92.1 88.0 84.1 101.3 89.2

From Schweitzer (1987a)
F, female; i.v., intravenous; M, male; p.o., per os (by mouth)

Table 3. Blood level parameters in rat

Parameter 10 mg/kg bw p.o. 130 mg/kg bw p.o. 10 mg/kg bw p.o.
multiple dose

10 mg/kg bw i.v.

M F M F M F M F

C
max

 (µg/ml) 2.2 2.5 13.4 23.6 1.7 1.2 4.1 2.9

T
max

 (h) 3 9 43 36 5 5 n.a. n.a.

AUCa (µg·h/ml) 6.0 8.5 5.7 9.6 3.7 4.0 8.6 11.1

t
½
 elimination (h) 29 31 25 30 30 33 26 29

From Schweitzer (1987a); Völlmin & Karapally (1992)
AUC, area under the concentration–time curve; F, female; M, male; n.a., not applicable; t

½
, half-life; T

max
, time to C

max
a  Blood concentrations used for AUC calculation were corrected for dose.
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In a whole-body autoradiography study, 14C-labelled cyproconazole [α-(4-chlorophenyl)-α-(1-
cyclopropyl-ethyl)-1H-1,2,4-triazole-1 (α-14C) ethanol] was administered to 10 female Kfm: WIST 
Wistar rats as a single dose of 10 mg/kg bw by gavage intubation in DMSO. Two rats were sacrifi ced 
at 3, 6, 24, 48 and 96 hours after dosing. Animals were immediately deep-frozen at −75 °C and 
embedded in a 2% semiliquid gel of sodium carboxymethylcellulose (CMC). Sagittal slices (40 µm 
thick) were prepared and dehydrated. Tissue concentrations of radioactivity were determined directly 
from the autoradiograms.

At all time intervals, most tissue levels were higher than that of blood, pointing to a large volume 
of distribution. The maximal value amounted to about 20 mg equivalent of cyproconazole per kilo-
gram of tissue in the liver and adrenal. The maximal tissue levels reached at 6 hours post-dosing were 
in good agreement with the half-life of absorption estimated in the female rats (3.3 hours). The elimi-
nation of radioactivity from most tissues occurred monophasically with a half-life of 11 hours, except 
in liver (21 hours), blood (22 hours) and adrenal. In the adrenal, the elimination was rapid initially 
until 24 hours and then signifi cantly slower, with a terminal half-life of 47 hours. At 96 hours, radio-
activity in most tissues was below the limit of detection, except for liver, adrenal and kidney; the limit 
of detection was 100 µg equivalent of cyproconazole per kilogram of tissue (Schweitzer, 1987b).

Table 4. Residues in rat tissues 168 hours after dosing

Tissue Residues (mg/kg bw equivalents of cyproconazole)

10 mg/kg bw p.o. 130 mg/kg bw p.o. 10 mg/kg bw p.o.
multiple dose

10 mg/kg bw i.v.

M F M F M F M F

Blood 0.05 0.06 0.39 0.52 0.04 0.03 0.07 0.10

Plasma 0.04 0.04 0.39 0.65 0.02 0.02 0.05 0.07

Brain 0.01 0.02 0.13 0.26 0.01 0.01 0.02 0.04

Testicles 0.02 n.a. 0.13 n.a. 0.01 n.a. 0.01 n.a.

Epididymis 0.02 n.a. 0.26 n.a. 0.01 n.a. 0.02 n.a.

Uterus n.a. 0.04 n.a. 0.91 n.a. 0.03 n.a. 0.07

Ovaries n.a. 0.10 n.a. 0.65 n.a. 0.05 n.a. 0.46

Muscle 0.01 0.02 0.13 1.04 0.01 0.01 0.03 0.04

Skin 0.05 0.06 0.78 4.55 0.03 0.08 0.05 0.12

Renal fat 0.19 0.26 2.73 4.42 0.07 0.10 0.33 0.51

Heart 0.02 0.04 0.26 0.52 0.02 0.02 0.04 0.09

Thymus 0.01 0.02 0.13 0.26 0.02 0.01 0.05 0.10

Pancreas 0.03 0.04 0.26 0.52 0.03 0.03 0.06 0.13

Thyroid 0.02 0.08 0.26 0.91 0.02 0.02 0.05 0.10

Bone marrow 0.02 0.02 0.13 0.39 0.01 0.02 0.15 0.13

Lymph nodes 0.02 0.03 0.26 0.52 0.02 0.03 0.05 0.08

Salivary glands 0.02 0.04 0.26 0.39 0.02 0.02 0.04 0.07

Spleen 0.02 0.04 0.26 0.52 0.02 0.02 0.55 0.50

Adrenal 0.32 0.54 3.25 5.33 0.17 0.21 0.64 0.96

Kidney 0.15 0.14 1.82 1.82 0.10 0.07 0.23 0.27

Lung 0.05 0.05 0.52 0.65 0.03 0.05 0.17 0.32

Liver 0.59 0.52 5.46 6.50 0.36 0.32 0.92 1.22

From Schweitzer (1987a)
F, female; i.v., intravenous; M, male; n.a., not applicable; p.o., per os (by mouth)
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In a separate rat metabolism study, [phenyl-U-14C]cyproconazole (radiochemical purity 95.9%) 
in 2:2:1 polyethylene glycol 200:ethanol:water volume per volume (v/v) was administered to female 
HanBrl: WIST (SPF) rats by gavage at a nominal dose level of 0.5 mg/kg bw. Animals were dosed 
with the radioactive test substance daily for up to 14 days, and groups of four rats were killed 1, 7, 
14 or 20 days after the fi rst administration. The distribution of radioactivity between tissues was 
determined in all subgroups. Radioactivity in the urine, faeces and blood was measured, and me-
tabolites in the urine and faeces were identifi ed in the subgroup of rats killed 20 days after the fi rst 
a dministration.

Recovery of [phenyl-U-14C]cyproconazole was 97.1% of the total administered dose 7 days 
following 14 repeated doses (Table 5). An excretion steady state was reached 4 days after the fi rst 
dose, with the majority of the total administered dose (96.5%) recovered in the faeces (56.3%) and 
urine (40.2%). The cage wash accounted for 0.19%, whereas the carcass/tissues retained less than 
0.42% of the total administered dose. Three days after the fi nal dosing, radioactivity was almost 
completely excreted. Blood kinetics showed increasing residue values with ongoing administrations, 
peaking at approximately 0.075 mg cyproconazole equivalents per kilogram within 8 days after the 
start of dosing. The highest blood levels were found 10 days after the start of dosing (0.08 mg cypro-
conazole equivalents per kilogram). After administration of the fi nal dose, blood residues declined 
rapidly, with a depletion half-life of approximately 40 hours. 

The distribution of radioactivity in tissues, blood and plasma is presented in Table 6. The lev-
els of radioactivity reached a plateau by 7 days after the start of dosing and decreased rapidly once 
dosing ceased. The calculated half-life for the depletion of radioactivity (assuming monophasic fi rst-
order kinetics) from the tissues ranged from 1 to 3 days. The greater persistence and longer half-life 
of radioactivity in blood compared with plasma indicated some partitioning of radioactivity into the 
red blood cells. The highest concentrations of radioactivity were observed in the liver (1.37 mg cy-
proconazole equivalents per kilogram), adrenals (0.93 mg/kg), lungs (0.56 mg/kg), fat (0.49 mg/
kg), kidneys (0.25 mg/kg), pancreas (0.22 mg/kg) and ovaries (0.16 mg/kg) 7 days after the start of 
dosing. All other tissues had concentrations of radioactivity that were comparable to or below the 
c oncentrations in blood over the time course.

1.2  Metabolism

The quantitative distribution of urinary metabolite fractions is presented in Table 7, and the 
nomenclature and structure of cyproconazole and its metabolites are presented in Appendix 1. Urine 
was found to contain at least 21 metabolite fractions by two-dimensional thin-layer chromatography 
(TLC). Individual fractions were detected in similar proportions on days 0–1, 6–7 and 13–14. The 
combined urinary metabolite fractions accounted for 20.8–41.0% of the daily administered doses. 
More than 92.5% of the radioactivity was extractable from faeces, accounting for 25.6–56.3% of the 
administered daily dose (Table 7). Faeces were found to contain at least 13 metabolite fractions by 
two-dimensional TLC. The combined faecal metabolite fractions accounted for 23.7–52.5% of the 
administered daily dose, whereas non-extractable radioactivity accounted for 1.9–3.8% of the daily 
dose. Two of the fractions (fractions 9 and 10) were identifi ed as unmetabolized parent, and fraction 
6 was identifi ed as NOA 421153 (a diol metabolite of cyproconazole). 

In summary, the orally administered test substance was rapidly absorbed from the gastroin-
testinal tract into the systemic circulation and was almost completely excreted within 3 days after 
the last dosing. Four days after the start of dosing, the amount of daily excretion remained nearly 
constant during the dosing period. The major part of the daily administered dose was excreted with 
the faeces, and a somewhat smaller part was excreted via the kidneys. The serial blood samples, 
taken at daily intervals during the whole experimental period, reached a plateau residue level at about 
0.075 mg  cyproconazole equivalents per kilogram within 8 days after the start of dosing. After the 
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last of 14 consecutive daily doses, the blood residues declined rapidly, reaching half the maximum 
concentration within 3 days. The tissue residues determined at four different time points during and 
after the dosing period showed a profi le similar to that observed in serial blood. The metabolite pat-
terns of urine and faeces, investigated at three different time intervals during the dosing period, were 
essentially identical for all analysed time intervals. About 13% of the daily dose was excreted as 
unchanged parent via the faeces. Besides parent, the metabolite NOA 421153 was assigned to the 
faecal metabolite pattern, accounting for about 6% of the daily dose. There was no evidence for an 
accumulation of c yproconazole and/or related residues in tissues and organs (Hassler, 2003).

Table 5. Mean recovery of radioactivity in excreta, tissues and carcass of female rats following 14 
consecutive daily oral doses of [phenyl-U-14C]cyproconazolea

Matrix Time interval (days) % of the administered dose

Urine 0–14 36.82 ± 1.73

0–20 40.17 ± 1.93

Faeces 0–14 52.57 ± 2.74

0–20 56.29 ± 2.48

Cage wash 0–20 0.19 ± 0.10

Total excretion 0–20 96.65 ± 1.47

Tissues 0–20 0.06 ± 0.02

Carcass 0–20 0.36 ± 0.10

Total residues 0–20 0.42 ± 0.12

Total recoveryb 0–20 97.07 ± 1.37

From Hassler (2003)
a  Data were obtained from Tables 5 and 6 on pages 37 and 38 of the study report; data are the mean of four rats.
b  Defi ned as the sum of urine and faeces (0–20 days), cage wash, tissues and carcass.

Table 6. Tissue concentrations of radioactivity during and following 14 daily oral doses of [14C]
cyproconazole (0.5 mg/kg bw) to female ratsa 

Tissue Concentration (mg cyproconazole equivalents/kg) Half-life (h)

Days after start of dosing 1 7 14 20 —

Days after last dose 1 1 1 7 —

Adrenals 0.6461 0.9347 0.8639 0.0314 30

Blood 0.0288 0.0631 0.0687 0.0152 66

Brain 0.0544 0.0846 0.0864 0.0016 25

Fat 0.3298 0.4895 0.5078 0.0122 27

Kidneys 0.1403 0.2546 0.2615 0.0327 48

Liver 0.6591 1.3698 1.2526 0.0883 38

Lungs 0.3475 0.5618 0.5537 0.0185 29

Muscle 0.0366 0.0584 0.0599 0.0018 28

Ovaries 0.0959 0.1567 0.1531 0.0060 31

Pancreas 0.1093 0.2239 0.1901 0.0040 26

Plasma 0.0371 0.0658 0.0669 0.0028 31

From Hassler (2003)
a  Data extracted from page 27 of the study report. Average of four rats per interval.
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The excreta (urine, faeces and the bile) analysed were derived from an earlier toxicokinetic 
study in the rat (Schweitzer, 1987a). Urine and faecal samples from the single oral low dose (10 mg/
kg bw), single oral high dose (130 mg/kg bw) and repeated-dose (0- to 168-hour interval) experi-
ments as well as bile from the single oral low dose study (0- to 144-hour interval) were collected and 
stored for analyses. The faecal samples of male and female rats from 0 to 168 hours were pooled. 
The faeces, bile and urine were successfully processed, and metabolites were extracted (methanol, 
acetone, dichloromethane) and evaporated. The extractable (organic and aqueous phase) radioactivity 
and non-extractable radioactivity were determined. An enzyme hydrolysis (β-glucuronidase, arylsul-
fatase) was also performed. The faecal samples were extracted by a suitable solvent, and separation of 
the metabolites was achieved mainly by preparative TLC. The extracts were concentrated and applied 
on other TLC plates for further separation by means of other solvent systems. For fi nal separation 
and purifi cation, the samples were subjected to reversed-phase high-performance liquid chromatog-
raphy (HPLC). Information about the structure of the metabolites was obtained by nuclear magnetic 
resonance (NMR) spectroscopy. The structure was then determined by fast atom bombardment mass 
spectra and confi rmed by electron impact mass spectra. Qualitative and quantitative compositions of 
metabolites in the various extracts (urine, faeces, bile) were determined by comparative TLC with 
reference standards. The radioactivity of the TLC scrapings was measured by liquid s cintillation 

Table 7. Distribution of metabolite fractions in urine and faeces after single and multiple oral 
dose administration of [14C]cyproconazole to female rats 

Metabolite 
fraction

% of daily dose Metabolite fraction % of daily dose

Urine

0–1 day

Urine

6–7 days

Urine

13–14 days

Faeces

0–1 day

Faeces

6–7 days

Faeces

13–14 days

Fraction 1 0.9 1.8 1.3 Fraction 1 2.3 5.7 6.8

Fraction 2 0.8 1.8 1.3 Fraction 2 0.6 1.1 1.2

Fraction 3 2.4 4.3 3.1 Fraction 3 0.1 0.8 1.4

Fraction 4 1.2 3.3 3.0 Fraction 4 0.1 0.8 0.7

Fraction 5 1.2 1.9 1.4 Fraction 5 3.1 7.0 7.1

Fraction 6 0.2 0.4 0.4 Fraction 6 (NOA 421153) 2.2 6.2 6.9

Fraction 7 0.9 2.1 1.7 Fraction 7 2.2 3.3 3.4

Fraction 8 1.2 3.6 2.4 Fraction 8 0.3 1.1 1.3

Fraction 9 0.2 0.4 0.4 Fraction 9 (SAN 619 F) 1.1 1.1 1.1

Fraction 10 0.2 0.7 0.6 Fraction 10 (SAN 619 F) 8.4 12.8 12.3

Fraction 11 0.1 0.2 0.1 Fraction 11 2.4 7.0 7.5

Fraction 12 2.0 4.3 4.0 Fraction 12 0.5 1.3 1.4

Fraction 13 2.3 3.7 2.9 Fraction 13 0.4 1.2 1.3

Fraction 14 4.5 6.0 6.0 Non-extractable 1.9 3.6 3.8

Fraction 15 0.3 1.2 4.8

Fraction 16 1.3 1.8 2.9

Fraction 17 0.2 0.5 3.3

Fraction 18 0.4 0.5 0.6

Fraction 19 0.1 0.2 0.2

Fraction 20 0.1 0.2 0.2

Fraction 21 0.2 0.7 0.4

Total 20.8 39.8 41.0 Total 25.6 53.1 56.3

From Hassler (2003)
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counting. The radioactivity of the extractable and non-extractable faeces (after c ombustion) was 
d etermined by liquid scintillation counting.

Cyproconazole was extensively metabolized in the rat. In the excreta, 35 metabolites and the 
parent compound were detected. Approximately 10% of the unchanged cyproconazole was primarily 
in the faeces, and a trace amount (< 1%) was in the urine. Among the metabolites identifi ed in the 
urine and faeces, 13 were more prevalent, and all other metabolites were in very low quantity (≤ 1%). 
Among the more prominent fractions in urine were NOA 421152 (M3 and M4), NOA 408616, NOA 
421154 (M18) and NOA 452669 (M30/33) (Table 8). In faeces, NOA 421152 (M3 and M4) and NOA 
421153 (M14) were the major metabolites besides parent (Table 9). Further metabolites at signifi cant 
amounts were NOA 421152 (M4), NOA 421153 (M9), NOA 452154, NOA 451353, NOA 421154 
(M18) and NOA 452668. The cyproconazole diastereomer A (= M1) appeared to be metabolized to 
a greater extent than the diastereomer B (= M2), which is corroborated by the lower amount of A 
(0.6–2.1%) excreted by the rat, compared with that of B (5.3–12.0%). This difference was also ob-
served in slightly higher amounts of metabolites related to diastereomer A than to diastereomer B. 
The metabolic pathway does not appear to depend on the dosage or sex of the animals. 

The metabolic pathway of cyproconazole in rats involved the following reactions: 

• oxidative elimination of the triazole ring; 

• hydroxylation of the carbon bearing the methyl group;

• oxidation of the methyl group to the carbinol and further to the carboxylic acid;

• reductive elimination of the carbon bearing the methyl group, yielding a benzyl alcohol, which is 
further oxidized to the corresponding ketone.

In summary, cyproconazole was extensively metabolized in rats, independent of the dose or 
sex of the animals. Diastereomer A (= M1) was transformed more extensively than diastereomer B 
(= M2) (Karapally, Völlmin & Spielmann, 1987a).

In the above-described metabolite identifi cation study in rats by Karapally, Völlmin & Spiel-
mann (1987a), diastereomer A of cyproconazole seemed to be more extensively metabolized than 
diastereomer B, as indicated by diastereomers A and B (M1 and M2, respectively) found in the ex-
creta. Therefore, a separate study was conducted to confi rm the differences in the metabolism of di-
astereomers A and B. In this study, two groups of six female Wistar rats received a single oral gavage 
dose of cyproconazole diastereomer A or B, each at 130 mg/kg bw. The radiochemical purity of 14C-
labelled cyproconazole diastereomer A and B was greater than 91% and 98%, respectively. DMSO 
was used as the vehicle for administration. Urine and faeces were collected at 24-hour intervals for 
4 days following administration. Faecal samples were extracted with methanol. All faecal extracts 
from each of group A and group B were pooled and enzymatically hydrolysed (β-glucuronidase, ar-
ylsulfatase). All urine samples from each of group A and group B were pooled and then subjected to 
enzymatic hydrolysis (β-glucuronidase, arylsulfatase). A two-dimensional TLC system was used to 
determine the composition of metabolites in the various extracts. The radioactive spots were detected 
by photographic techniques. Quantifi cation of the metabolites was performed by scraping radioactive 
spots from the plates, and the radioactivity was determined by liquid scintillation counting. 

The excretion rates of both cyproconazole diastereomers A and B were found to be in the same 
range (Table 10). Animals administered diastereomer A excreted less test substance via the urine 
than did animals administered diastereomer B. In faeces, diastereomer A (= M1) was metabolized 
to a greater extent than diastereomer B (= M2). The amount of unchanged diastereomer A (3.4%) 
was approximately 5-fold less than the amount of unchanged diastereomer B (15.2%). This was fur-
ther corroborated by the amounts of metabolites derived from diastereomer A compared with those 
d erived from diastereomer B (Table 11).
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Table 8. Composition of the total excreted (0–168 hours) radioactivity in rat urine (free and 
c onjugated)

Metabolite No. % of administered dose

Male Female

Dose (mg/kg bw)

10 130 10 10 130 10 

Single Single Multiple Single Single Multiple

SAN 619 A (M1) < 0.1 < 0.1 0.1 0.1 < 0.1 < 0.1

SAN 619 B (M2) < 0.1 0.1 0.1 0.3 0.3 0.3

NOA 421152 (M3) 0.8 1.0 1.9 4.4 4.9 4.1

NOA 421152 (M4) 0.2 0.5 0.3 1.4 2.1 1.0

M5 < 0.1 < 0.1 0.1 0.2 0.1 0.2

M6 and/or M7 0.2 — 0.3 0.4 0.4 0.3

M8 — — — — — —

NOA 421153 (M9) < 0.1 < 0.1 < 0.1 0.1 0.2 0.1

NOA 452154 (M10) 0.2 — < 0.1 1.0 0.1 0.1

NOA 421154 (M11) 0.3 0.2 0.6 0.7 0.3 0.9

M12 0.3 0.5 0.8 0.7 0.6 0.7

NOA 451353 (M13) 0.3 < 0.1 0.2 0.2 < 0.1 0.2

NOA 421153 (M14) 0.7 0.7 0.8 1.6 1.4 1.2

NOA 408616 (M15) 0.6 1.6 0.7 1.0 2.1 0.5

CGA 123420 (M123420) 0.2 0.3 0.4 0.3 0.7 0.6

M17/35 0.1 0.1 0.1 0.2 0.2 0.1

NOA 421154 (M18) 0.3 — 0.2 0.9 0.4 2.0

M19 — — — — — —

NOA 452668 (M20) 0.9 1.0 1.6 0.6 0.4 0.9

NOA 405870 (M21) — — — 0.7 0.3 —

NOA 405872 (M22–M26/36) 1.6 1.8 0.8 1.9 1.7 1.2

M27 0.4 0.4 0.1 0.2 < 0.1 —

M28 — — — — — —

M29 < 0.1 < 0.1 — — < 0.1 —

NOA 452669 (M30/33) 0.2 0.8 0.2 2.3 4.6 0.8

M31 — — — 0.2 0.2 —

M32 < 0.1 — < 0.1 — —

M34 — — — — < 0.1 —

M37 0.8 0.2 0.4 1.0 0.3 0.4

Sum of unknowns — < 0.1 — 0.3 — —

Polar fraction 19.3 18.7 17.6 20.0 19.9 18.8

Non-extractable — — — — — —

Total 27.8 28.4 27.8 41.0 41.7 34.9

From Karapally, Völlmin & Spielmann (1987a)
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Table 9. Composition of the total excreted (0–168 hours) radioactivity in rat faeces (free and 
conjugated)

Metabolite No. % of administered dose

Male Female

Dose (mg/kg bw)

10 130 10 10 130 10 

Single Single Multiple Single Single Multiple

SAN 619 A (M1) 0.7 0.6 0.6 2.0 0.7 0.8

SAN 619 B (M2) 10.8 10.0 11.5 7.1 5.0 7.1

NOA 421152 (M3) 12.8 13.2 10.8 7.5 7.8 6.0

NOA 421152 (M4) 1.1 2.4 0.9 1.2 1.8 0.7

M5 0.1 0.4 < 0.1 0.3 0.2 < 0.1

M6 and/or M7 0.5 1.1 1.6 0.9 0.6 0.6

M8 — — 0.9 0.3 0.3 0.6

NOA 421153 (M9) 2.7 3.7 2.1 0.8 1.3 1.2

NOA 452154 (M10) 2.0 0.4 2.0 0.8 0.2 0.9

NOA 421154 (M11) 0.8 0.9 1.3 0.9 0.3 0.6

M12 — — — — — —

NOA 451353 (M13) 1.8 0.9 1.5 2.6 0.4 0.5

NOA 421153 (M14) 4.5 6.9 5.4 8.1 4.2 5.5

NOA 408616 (M15) 0.6 1.1 0.7 0.4 0.7 0.5

CGA 123420 (M123420) 0.1 0.5 < 0.1 0.2 1.2 0.3

M17/35 — — — — — —

NOA 421154 (M18) 1.2 0.8 1.6 3.9 1.0 5.5

M19 — 0.4 < 0.1 — — —

NOA 452668 (M20) 5.1 2.7 5.1 1.1 0.8 2.6

NOA 405870 (M21) 0.1 0.2 — 0.2 0.2 —

NOA 405872 (M22–M26/36) 0.4 0.3 1.3 0.3 0.5 1.3

M27 — — — — — —

M28 — — — — — —

M29 — — — — — —

NOA 452669 (M30/33) 0.3 0.3 — < 0.1 0.5 0.2

M31 — — — — — —

M32 < 0.1 < 0.1 < 0.1 < 0.1 0.2 —

M34 — — — — 0.2 —

M37 — — — — 0.3 < 0.1

Sum of unknowns — — — — — —

Polar fraction 7.7 7.8 6.7 8.4 8.9 9.2

Non-extractable 5.0 5.8 5.5 6.8 5.6 4.8

Total 58.6 60.2 60.1 53.9 43.0 49.2

From Karapally, Völlmin & Spielmann (1987a)
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Eighteen metabolites from diastereomer A and 21 metabolites from diastereomer B were de-
tected in the excreta (Table 12). At least fi ve metabolites were formed from both diastereomers, 
indicating that no diastereomeric pair exists for these metabolites and that therefore at most one 
chiral centre is left in their chemical structures. (This was later proved not to be the case for NOA 
405870 [M21] [Völlmin & Karapally, 1992].) The following metabolites are found to be diastereo-
meric pairs: NOA 421152 (M3/4), NOA 421153 (M9/14), NOA 421154 (M11/18) and NOA 452669 
(M30/33).

In summary, the route of excretion and its temporal course were about in the same range for 
both diastereomers. Based on the amount of parent material found in the excreta, diastereomer A 
was more extensively biotransformed than diastereomer B. Based on the metabolite profi les and the 
structure of the metabolites, the course of metabolism was similar for both diastereomers. There were 
a number of differences with respect to the absence or presence of individual metabolites, depending 
on the individual diastereomer; however, these were at such low levels that they are not considered to 
be signifi cant (Karapally, Völlmin & Spielmann, 1987b). 

A separate metabolism study in Wistar rats was conducted to verify the presence or absence of 
two major metabolites (M21/M21a and M36), which were found in the milk and in the urine of lactat-
ing goats. Two groups of Han Ibm: Wistar rats (three of each sex per dose) were administered cypro-
conazole labelled with 14C [α-(4-chlorophenyl)-α-(1-cyclopropyl-ethyl)-1H-1,2,4-triazole-1 (α-14C) 
ethanol] via single oral gavage dose at 10 or 130 mg/kg bw. The radiochemical purity was greater 
than 98%. The animals were housed individually in metabolism cages for 7 days. The urine and 
faeces of each animal were collected separately at 7, 24, 48, 72, 96, 120 and 144 hours post-dosing. 
Urine samples were pooled separately for male and female rats and subjected to extensive extrac-
tion, portioning and enzymatic hydrolysis. Metabolites were isolated by TLC and identifi ed by NMR 
spectroscopy at 360 MHz, with the structures verifi ed by fast atom bombardment mass spectra. Final 
verifi cation was by the comparison of the spectroscopic data with those of synthesized standards.

As a result of the low recovery of radioactivity, no further analysis was performed for the low-
dose group. From the urine of the high-dose male rats, a mixture of the diastereomers NOA 405870 

Table 10. Cumulative excretion of radioactivity in urine and faeces of rata 

Time period (h) % of administered dose (mean ± standard deviation) 

Diastereomer A Diastereomer B

Urine

0–24 

0–48 

0–72 

0–96 

2.5 ± 1.3

14.5 ± 1.5

29.8 ± 3.3

39.0 ± 2.9

3.3 ± 1.4

12.4 ± 3.2

33.2 ± 7.0

50.7 ± 2.6

Faeces

0–24 

0–48 

0–72 

0–96 

—

2.6 ± 2.2

22.0 ± 16.0

33.8 ± 13.5

2.3 ± 3.0

6.8 ± 6.5

9.3 ± 7.7

28.5 ± 1.6

Total excretion

0–96 72.8 ± 13.8 79.2 ± 4.1

From Karapally, Völlmin & Spielmann (1987b)
a  Data extracted from Table 2 of the study report.
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Table 11. Composition of the total excreted (0–96 hours) radioactivity in rat (free and 
c onjugated) 

Metabolite No. % of excreted radioactivity

Diastereomer A Diastereomer B

Urine Faeces Total Urine Faeces Total

SAN 619 A (M1) 1.5 1.9 3.4 — — —

SAN 619 B (M2) — — — 4.7 10.5 15.2

NOA 421152 (M3) 13.3 18.8 32.1 — — —

NOA 421152 (M4) — — — 11.4 1.9 13.3

M5 0.2 — 0.2 — — —

M6 and/or M7 0.5 0.5 1.0 0.7 0.3 1.0

M8 — 0.8 0.8 — — —

NOA 421153 (M9) — — — 1.0 0.9 1.9

NOA 452154 (M10) — — — 0.6 < 0.1 0.6

NOA 421154 (M11) — — — 1.2 < 0.1 1.2

M12 — — — 1.0 < 0.1 1.0

NOA 451353 (M13) — — — 0.4 < 0.1 0.4

NOA 421153 (M14) 4.4 8.5 12.9 — — —

NOA 408616 (M15) 2.8 — 2.8 5.7 0.1 5.8

CGA 123420 (M16) 0.8 < 0.1 0.8 4.6 < 0.1 4.6

M17 0.3 < 0.1 0.3 0.2 < 0.1 0.2

NOA 421154 (M18) 0.7 1.3 2.0 — — —

M19 — — — 0.3 0.1 0.3

NOA 452668 (M20) 0.1 0.4 0.5 — — —

NOA 405870 (M21) 0.2 — 0.2 0.8 < 0.1 0.8

M22 — — — 0.4 0.1 0.5

M23 — — — 0.2 — 0.2

M24 — — — 0.4 — 0.4

M25 0.2 — 0.2 — — —

M26 — — — 0.1 < 0.1 0.1

M27 0.2 — 0.2 0.2 — 0.2

M28 < 0.1 < 0.1 < 0.1 — — —

M29 < 0.1 < 0.1 < 0.1 — — —

NOA 452669 (M30/33) 5.4 0.6 6.0 4.6 < 0.1 4.6

M31 — — — 0.1 — 0.1

M32 0.2 — 0.2 — — —

M34 0.1 0.3 0.4 — — —

M35 — — — — < 0.1 < 0.1

NOA 405872 (M36) — — — — 0.1 0.1

Sum of unknowns 0.4 — 0.4 0.2 0.3 0.5

Conjugates — 0.4 0.4 — 0.9 0.9

Polar fraction + non-extractable 23.4 11.1 34.5 23.9 21.5 45.4

Total 55.0 45.0 100.0 62.7 37.3 100.0

From Karapally, Völlmin & Spielmann (1987b)
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Table 12. Composition of the total excreted (0–96 hours) radioactivity in rat (free and 
c onjugated) 

Metabolite No. % of excreted radioactivity

Diastereomer A Diastereomer B

Urine Faeces Total Urine Faeces Total

SAN 619 A (M1) 1.5 1.9 3.4 — — —

SAN 619 B (M2) — — — 4.7 10.5 15.2

NOA 421152 (M3) 13.3 18.8 32.1 — — —

NOA 421152 (M4) — — — 11.4 1.9 13.3

M5 0.2 — 0.2 — — —

M6 and/or M7 0.5 0.5 1.0 0.7 0.3 1.0

M8 — 0.8 0.8 — — —

NOA 421153 (M9) — — — 1.0 0.9 1.9

NOA 452154 (M10) — — — 0.6 < 0.1 0.6

NOA 421154 (M11) — — — 1.2 < 0.1 1.2

M12 — — — 1.0 < 0.1 1.0

NOA 451353 (M13) — — — 0.4 < 0.1 0.4

NOA 421153 (M14) 4.4 8.5 12.9 — — —

NOA 408616 (M15) 2.8 — 2.8 5.7 0.1 5.8

CGA 123420 (M16) 0.8 < 0.1 0.8 4.6 < 0.1 4.6

M17 0.3 < 0.1 0.3 0.2 < 0.1 0.2

NOA 421154 (M18) 0.7 1.3 2.0 — — —

M19 — — — 0.3 0.1 0.3

NOA 452668 (M20) 0.1 0.4 0.5 — — —

NOA 405870 (M21) 0.2 — 0.2 0.8 < 0.1 0.8

M22 — — — 0.4 0.1 0.5

M23 — — — 0.2 — 0.2

M24 — — — 0.4 — 0.4

M25 0.2 — 0.2 — — —

M26 — — — 0.1 < 0.1 0.1

M27 0.2 — 0.2 0.2 — 0.2

M28 < 0.1 < 0.1 < 0.1 — — —

M29 < 0.1 < 0.1 < 0.1 — — —

NOA 452669 (M30/33) 5.4 0.6 6.0 4.6 < 0.1 4.6

M31 — — — 0.1 — 0.1

M32 0.2 — 0.2 — — —

M34 0.1 0.3 0.4 — — —

M35 — — — — < 0.1 < 0.1

NOA 405872 (M36) — — — — 0.1 0.1

Sum of unknowns 0.4 — 0.4 0.2 0.3 0.5

Conjugates — 0.4 0.4 — 0.9 0.9

Polar fraction + non-extractable 23.4 11.1 34.5 23.9 21.5 45.4

Total 55.0 45.0 100.0 62.7 37.3 100.0

From Karapally, Völlmin & Spielmann (1987b)
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(M21/M21a) was isolated. Based on the NMR spectrum, the ratio of isolated NOA 405870 (M21 to 
M21a) was 10:1. The free extractable amounts of these metabolites accounted for 0.06% and 0.04% 
of the administered dose in urine of males and females, respectively. NOA 405872 (M36) was not 
detected in the urine of male and female rats in this study (Völlmin & Karapally, 1992). 

A separate metabolism study was conducted to determine the presence of NOA 405872 (M36) 
in the excreta of rats. This metabolite was detected in the milk and excreta of lactating goats. Two 
groups of Han Wistar rats (three males and three females per group) were administered an oral dose 
of [14C-triazole]cyproconazole (purity > 98%) at about 5 mg/kg bw and 130 mg/kg bw. Urine and fae-
ces were collected separately daily for 4 days. Approximately 20% of the urine from male and female 
rats of the same group was pooled for extraction. The urine samples were acidifi ed and fractionated 
by solid-phase extraction. The eluted methanol fractions were reduced to a small volume for TLC 
analysis. For both groups, equal fractions of the faeces of each animal (20% for group A and 10% 
for group B) were pooled and homogenized. The faecal samples were extracted several times with 
methanol, and the extracts were pooled and concentrated to a small volume for TLC analysis. Isola-
tion and purifi cation of cyproconazole metabolite NOA 405872 were done by a series of TLC runs 
in different solvent systems. Identifi cation was confi rmed by two-dimensional TLC with a reference 
standard, by HPLC co-chromatography and by mass spectroscopy.

NOA 405872 (M36) accounted for 0.056% of rat urinary radiocarbon in the low-dose group 
(0.022% of the applied dose) and 0.037% in the high-dose group (0.019% of the applied dose). In fae-
ces, NOA 405872 (M36) accounted for 0.014% of the recovered radiocarbon in the low-dose group 
(0.006% of the applied dose) and 0.011% in the high-dose group (0.003% of the applied dose).

In this study, the presence of NOA 405872 (M36) in the urine and faeces of rats was confi rmed 
(Briswalter & Yu, 1994).

An in vitro metabolism study was performed in order to compare the formation of metabolites 
of cyproconazole during incubation with subcellular liver fractions of the rat and mouse. Liver sam-
ples from Han Wistar rats and CD-1 mice treated with cyproconazole were taken from a previously 
conducted study. Two rats and two mice were used from the high-dose groups after 4 weeks of treat-
ment and from the control groups. High-dose rats were treated with 1400 ppm (107 mg/kg bw per 
day) and high-dose mice with 200 ppm (28 mg/kg bw per day). Livers were frozen by immersion in 
liquid nitrogen and kept frozen at about −70 °C. Subcellular fractions (microsomes and cytosol) were 
prepared by tissue homogenization and centrifugation at 9000 × g and at 105 000 × g, respectively. 
In vitro incubations were performed for 5 or 120 minutes at 37 °C using subcellular fractions (mi-
crosomes about 3.0–3.2 mg protein per millilitre and cytosol about 2.3–2.5 mg protein per millilitre) 
in Tris HCl, about 35 MBq/ml [14C]cyproconazole and one equivalent of “cold” cyproconazole. The 
following cofactors were added to the assay: reduced nicotinamide adenine dinucleotide phosphate 
(NADPH) (3 mmol/l), fl avin adenine dinucleotide (50 µmol/l), pyridoxal phosphate (20 µmol/l) and 
glutathione (GSH) (1 mmol/l). All incubations were terminated with ice-cold methanol. Analysis 
was performed using an HPLC system with ultraviolet (UV) diode array and/or radiochemical detec-
tor. The non-radioactive standards were detected from their UV signal at 288 nm. In order to reduce 
i nterference from endogenous compounds and cofactors, backfl ush methodology was used.

Cyproconazole was metabolized in vitro by rat liver fractions from control and pretreated ani-
mals after 120 minutes of incubation at a rate of 6.5% and 20.5%, respectively (Table 13). In con-
trast to rats, control mice exhibited a much slower rate of metabolism in vitro, approximately 0.8% 
after 120 minutes. In the presence of pretreated mouse liver fractions, the in vitro metabolism of 
c yproconazole was increased to about 5.6% after 120 minutes.
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A spectrum of about 20–30 different metabolites was observed during the in vitro incubations. 
The metabolites NOA 421154 (M11 and M18), NOA 421153 (M9 and M14) and NOA 421152 (M4) 
could be identifi ed from control and pretreated rats. Metabolites CGA 123420 and NOA 408616, 
however, were found only in very small quantities in pretreated rats only. The metabolic pattern 
was identical in control and pretreated liver fractions, at least with regard to the relevant peaks/me-
tabolites and differing only in the rate of metabolism. The dominant metabolites in both control and 
pretreated liver fractions were the diastereomers NOA 421153 (M9/M14), which together amounted 
to about 50% of all the metabolites. Although the metabolic rate of cyproconazole in the presence of 
mouse liver fractions was lower than that of the rat, similar spectra of metabolites were found. The 
metabolites NOA 421154 (M11), NOA 421153 (M14), NOA 421154 (M18), NOA 421152 and NOA 
408616 could be identifi ed in control mouse incubations. The metabolite NOA 421153 (M9) was not 
formed, whereas the peak area of metabolite NOA 421152 (M4) was not increased, compared with 
the corresponding blank value. During incubations in the presence of pretreated mouse liver frac-
tions, a similar pattern of metabolites was detected, compared with control liver. Furthermore, the 
metabolites M9 and M4 could be identifi ed in at least one animal. In contrast to the rat metabolite 
profi le, the mouse metabolite profi le showed no one predominating metabolite. Also noted was the 
fact that the diastereomer pairs NOA 421252 (M3/M4), NOA 421153 (M9/M14) and NOA 421154 
(M11/M18) occurred at similar levels.

The results of this study demonstrate that the in vitro clearance capacity of control and pretreat-
ed rat liver for cyproconazole is about 8- and 4-fold higher, respectively, compared with the mouse 
liver. Although metabolism in mouse liver fractions occurred at a lower level, the increase between 
control and pretreated liver was twice that of the rat. The data clearly show the inducibility of the 
respective enzyme systems in both species. The rat liver in vitro metabolism of cyproconazole fol-
lows mainly one route (i.e. to metabolites NOA 421153 [M9/M14]), whereas the mouse liver formed 
the metabolites NOA 421152 (M3/M4), NOA 421153 (M9/M14) and NOA 421154 (M11/M18) to a 
similar extent. The patterns of the major metabolites found in the incubations with rat liver fractions 
are essentially in agreement with the metabolism described for the rat in vivo. The comparison indi-
cates some quantitative and qualitative differences in the in vitro metabolism of cyproconazole in rat 
and mouse liver (Dorobek & Müller, 1995).

The proposed metabolic pathway of cyproconazole in rats is shown in Figure 2.

2. Toxicological studies

2.1 Acute toxicity

The acute toxicity of cyproconazole is summarized in Table 14. 

Table 13. In vitro metabolic rate of cyproconazole 

Species Metabolic rate (%) Fold induction by pretreatment

Control 4-week pretreated

Rat 6.5 20.5 3.2

Mouse 0.8 5.6 7.2

From Dorobek & Müller (1995)
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Figure 2. Proposed metabolic pathway of cyproconazole in rats (modifi ed from Völlmin & 
K arapally, 1992)
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(a) Oral administration

Mice

Groups of male and female young adult NMRI mice (fi ve of each sex per dose) were given 
cyproconazole (purity 94.4%) as a single dose of 0, 125, 160, 250, 320, 400, 500, 640 or 800 mg/kg 
bw by gavage in DMSO. A preliminary study was done in order to establish a dosing regimen testing 
dose levels from 125 to 4000 mg/kg bw. Animals were treated orally by gavage at a dose volume of 
10 ml/kg bw. Animals were observed for 1 hour following treatment and at hourly intervals on day 1 
and twice daily thereafter. Body weights were recorded on days 1, 7 and 14. Necropsy was performed 
on all animals. 

Table 14. Acute toxicity of cyproconazole

Species Strain Sex Route LD
50

 (mg/kg bw) LC
50

 (mg/l) Reference

Mouse NMRI M, F Oral M: 200 

F: 218 

— Hamburger et al. 
(1984b)

CD-1 M Oral M: 270 — Hamburger (1987)

Rat Han Wistar M, F Oral M: 1115

F: 1342

Combined 1290

— Hamburger et al. 
(1984a); Hamburger 
(1988)

Sprague-Dawley F Oral F: 350 — Durando (2005a)

Rabbit New Zealand 
White

F Oral F: 460 — Hamburger, Gerber & 
Klotzsche (1985a)

Rat Han Wistar M, F Dermal M and F

> 2000

— Hamburger et al. 
(1984c)

Sprague-Dawley M, F Dermal M and F

> 2000

— Durando (2005b)

Rabbit New Zealand 
White

M, F Dermal M and F

> 2000 

— Hamburger & 
Klotzsche (1985)

Rat Han Wistar M, F Inhalation
(nose only)

— M and F

> 5.645 

Ullmann (1985)

Han Wistar M, F Inhalation
(nose only)

— M and F

> 2.03 

Durando (2005c)

Rabbit New Zealand 
White

M Dermal irritation Non-irritating — Hamburger, Gerber & 
Klotzsche (1985b)

New Zealand 
White 

M, F Dermal irritation Slightly irritating — Durando (2005d)

Rabbit New Zealand 
White 

M Ocular irritation Non-irritating — Hamburger, Gerber & 
Klotzsche (1985c)

New Zealand 
White 

M, F Ocular irritation Mildly irritating — Durando (2005e)

Guinea-pig Ibm: GOHI; SPF F Dermal sensitization 
(maximization test)

Non-sensitizing — Arcelin (1992)

Dunkin-Hartley M, F Dermal sensitization 
(Buehler test)

Non-sensitizing — Durando (2005f)

F, female; LC
50

, median lethal concentration; LD
50

, median lethal dose; M, male
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The most common symptoms were signs of daze (males and females), weakness (males and 
 females) and ataxia (females only) at all dose levels. Less common were exophthalmus and lacrima-
tion, also found to occur at all dose levels in both males and females. At higher dose levels, animals 
showed signs of decreasing respiratory rate and laboured breathing. First onset of symptoms occurred 
by 9–10 minutes after dosing in the 800 mg/kg bw dose group. The longest duration of symptoms 
was 96 hours in the 320 mg/kg bw male group and 110 hours in the 500 mg/kg bw female group. Re-
covery was complete in all groups by 120 hours. There were no differences in terminal body weights 
between the control and treated groups. There were no signifi cant treatment-related effects noted at 
necropsy in surviving and decedent animals. The oral median lethal doses (LD

50
) for cyproconazole 

in mice were 200 mg/kg bw for males and 218 mg/kg bw for females (Hamburger et al., 1984b).

Groups of male young adult CD-1 mice (fi ve per dose) were given cyproconazole (purity 
96.2%) as a single dose of 0, 100, 160, 250 or 400 mg/kg bw by gavage in deionized water. Animals 
were treated orally by gavage at a dose volume of 10 ml/kg bw. Animals were observed for 1 hour 
following treatment and at hourly intervals for the fi rst 7 hours on day 1. On the following 12 days, 
observations were done twice a day. Body weights were recorded on days 1, 7 and 14. Necropsy was 
performed on all animals. 

Earliest onset of lethality occurred 39 hours after dosing in the 400 mg/kg bw group. The most 
common symptoms were weakness, dizziness, decreased movement, fl accidity, ataxia, and laboured 
and decreased respiration. The fi rst onset of symptoms was noted after 41 minutes post-dosing in the 
400 mg/kg bw group. The longest duration of symptoms lasted 72 hours in the 250 mg/kg bw group. 
Recovery was complete in the survivors of all groups by 96 hours. Gross pathology at necropsy did 
not reveal any particular fi ndings in any organ or tissue, except for the livers of dead animals, which 
were partly autolytic. Histopathology revealed no clear signs of liver toxicity except for cytoplasmic 
vacuolation found in two animals of the 160 and 250 mg/kg bw groups, respectively. The oral LD

50
 

for cyproconazole in male mice was 270 mg/kg bw (Hamburger, 1987).

Rats

Groups of male and female young adult Han Wistar rats (fi ve of each sex per dose) were 
given cyproconazole (purity 95.7%) as a single dose of 200–6400 mg/kg bw for males and 200–
8000 mg/kg bw for females by gavage in DMSO. Animals were observed for mortality and clinical 
signs at 1-hour intervals for the fi rst day and twice daily thereafter for 13 days. Body weights were 
recorded on days 0, 7 and 14. A gross necropsy was performed on all animals. 

No treatment-related effects on body weight were observed, except for reduced body weights 
in the 500 mg/kg bw females in the fi rst 7 days. The most common symptoms were signs of daze 
(males and females), weakness (males and females) and ataxia (females only) at all dose levels. Less 
common were exophthalmus and lacrimation, also found to occur at all dose levels in both males 
and females. At higher dose levels, animals showed signs of decreasing respiratory rate and laboured 
breathing. First onset of symptoms occurred within 1 hour after dosing in all male groups and at 
500 mg/kg bw and higher in females. Recovery of survivors occurred within 48–96 hours at lower 
doses and by 12 days at higher doses. Gross pathology at necropsy did not show any particular fi nd-
ings in any organ or tissue in decedents or in surviving animals. The oral LD

50
s of cyproconazole in 

rats were 1115 mg/kg bw for males and 1342 mg/kg bw for females (Hamburger et al., 1984a). The 
combined oral LD

50
 for both sexes was 1290 mg/kg bw (Hamburger, 1988).

In a second study, fasted female young adult Sprague-Dawley rats (1–3 animals per dose) were 
given cyproconazole (purity 98.2%) as a single dose ranging from 110 to 1100 mg/kg bw by gavage 
in 1% weight per weight (w/w) solution of CMC in distilled water using the up-and-down procedure. 
Animals were observed for mortality and clinical signs within the fi rst several hours after dosing and 
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at least once daily thereafter for up to 14 days. Body weights were recorded on days 0, 7 and 14. A 
gross necropsy was performed on all animals. 

No treatment-related effects on body weight were observed. No treatment-related effects were 
observed in females (two) treated at 110 mg/kg bw. Two animals at 350 mg/kg bw and one animal 
at 1100 mg/kg bw died following signs of toxicity (including hypoactivity, abnormal posture and re-
duced faecal volume). The necropsy of the rats in the 110 mg/kg bw treatment group was unremark-
able. Gross necropsy of the decedents in the 350 and 1100 mg/kg bw cyproconazole treatment groups 
revealed discoloration of the intestines. The acute oral LD

50
 of cyproconazole was estimated to be 

350 mg/kg bw in female rats, with a 95% confi dence interval of 58.05–1430 mg/kg bw ( Durando, 
2005a).

Rabbits

Groups of fasted female New Zealand White rabbits (fi ve animals per dose; two animals at the 
top dose) were given cyproconazole (purity 95.6%) as a single dose (0, 320, 500, 640 or 800 mg/kg 
bw) by gavage in 4% w/w solution of CMC in distilled water. Animals were observed for mortality 
and clinical signs at hourly intervals on the fi rst day after dosing and twice daily thereafter for up to 
14 days. Body weights were recorded on days 1, 7 and 14. A gross necropsy was performed on all 
animals. 

The most common clinical signs were weakness, daze, prone position (on side), decreased 
movement, fl accidity, ataxia, and laboured and decreased respiration. The fi rst onset of symptoms 
occurred 3 hours after dosing in the 640 mg/kg bw group. The longest duration of symptoms was 
384 hours in the 500 mg/kg bw group. Recovery was complete in survivors of all groups by 408 hours. 
All surviving animals from the low dose had gained body weight at the termination of the study. All 
other animals lost body weight. Gross pathology did not show any particular fi ndings in any organ or 
tissue at necropsy. The acute oral LD

50
 of cyproconazole was estimated to be 460 mg/kg bw in female 

rabbits (Hamburger, Gerber & Klotzsche, 1985a).

(b) Dermal application

Rats

Five male and fi ve female young adult Han Wistar rats were exposed dermally to cyproconazole 
(purity 95.7%) at 2000 mg/kg bw applied to a shaved dorsal area representing about 10% of the body 
surface at a dose volume of 4 ml/kg bw (of a 50% solution in DMSO). The treated area was covered 
by porous gauze and attached by tape. The treated site was rinsed with water and soap 24 hours after 
the treatment. Tefl on collars were placed around the neck of the animals to prevent ingestion of the 
test material. Animals were observed for mortality and clinical signs at hourly intervals on the fi rst 
day after dosing and twice daily thereafter for up to 14 days. Body weights were recorded on days 1, 
7 and 14. A gross necropsy was performed on all animals. 

No mortality occurred following dermal application of cyproconazole at a dose of 2000 mg/kg bw 
for 24 hours. Body weight gain was slightly retarded during the fi rst week in males, whereas all females 
lost weight. Body weight development of both sexes recovered at least partly during the second week 
after treatment. No clinical signs of toxicity were observed in the study, except that all animals showed 
signs of weakness for 1–2 days after treatment. Necropsy revealed no abnormal changes. The dermal 
LD

50
 of cyproconazole in rats was greater than 2000 mg/kg bw for males and females (Hamburger et 

al., 1984c).

In another acute dermal toxicity study, young adult Sprague-Dawley rats (fi ve males and fi ve 
females) were dermally exposed to cyproconazole (purity 98.2%) as a dry paste (70% w/w mixture 
in distilled water) for a single 24-hour application to approximately 10% of the body surface area at 
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a limit dose of 2000 mg/kg bw. All animals were observed for mortality, signs of gross toxicity and 
behavioural changes during the fi rst several hours after application and at least once daily for 14 days 
after dosing. Body weights were recorded on days 1, 7 and 14 (termination) following dosing. 

No treatment-related effects were seen on mortality, clinical signs, body weights, irritation 
or gross necropsy fi ndings. The acute dermal LD

50
 of cyproconazole technical was greater than 

2000 mg/kg bw in male and female rats (Durando, 2005b). 

Rabbits

Five male and fi ve female young adult New Zealand White rabbits were exposed dermally to 
cyproconazole (purity 95.6%) at 2000 mg/kg bw applied to approximately 10% of the (shaved) intact 
body surface area, moistened with a 0.9% sodium chloride solution at 3 ml/kg bw. The test substance 
was maintained in contact with the skin for 24 hours using a porous gauze and attached by tape at 
the edges. The rabbits were observed for 14 days. Animals were observed for mortality and clinical 
signs fi rst after 2 hours from dosing and then every hour on the fi rst day and twice daily thereafter 
for 14 days. Body weights were recorded on days 1, 2, 3, 4, 6, 8, 10 and 14. A gross necropsy was 
performed on all animals. 

No treatment-related effects were seen on mortality, clinical signs, irritation or gross necropsy 
fi ndings. Body weight gain was reduced in males up to day 3 post-dosing, whereas females lost 
weight over the course of the fi rst 4 days. Body weight for both sexes partially recovered during the 
remainder of the study. The dermal LD

50
 of cyproconazole in rabbits was greater than 2000 mg/kg bw 

for males and females (Hamburger & Klotzsche, 1985).

(c) Exposure by inhalation

Rats

Groups of fi ve male and fi ve female young adult Han Wistar rats were exposed by nose only 
to cyproconazole (purity 95.0%) for 4 hours at a concentration of 2606 or 5645 mg/m3. Rats were 
observed for 14 days. The actual concentration of cyproconazole in the chamber was determined 
gravimetrically. The animals were observed for clinical signs of toxicity 4 times during the fi rst day 
and daily thereafter. Individual body weights were recorded at day 1 (pretest), day 8 and day 15 of 
the test. A necropsy was performed on all animals. The following histopathology was done on the 
high-dose animals: nasal cavity, lungs with mainstream bronchi, liver, kidneys, adrenal glands and all 
gross lesions. For the low-dose animals, only gross lesions were examined. 

The measured concentrations were within the acceptable range (2492–2710 mg/m3 and 5490–
5802 mg/m3 at the low and high doses, respectively). The mean particle size distribution observed 
was approximately 41% and 61% in the range of 1–5 µm for the low and high doses, respectively. 

No animals died during the study. Slight sedation, dyspnoea and ruffl ed fur were observed in 
all animals 4 hours post-dosing. All rats had recovered completely 24 hours after initiation of expo-
sure. Body weight development was not affected by treatment. No treatment-related macroscopic or 
microscopic fi ndings were observed. Under the study conditions utilized, it can be concluded that the 
inhalation LC

50
 of cyproconazole at 4 hours in rats was higher than 5645 mg/m3 air (5.65 mg/l air) 

(Ullmann, 1985).

In another acute inhalation study, groups of fi ve male and fi ve female young adult Sprague-
Dawley rats were exposed by nose only to cyproconazole (purity 98.7%) for 4 hours at a concentra-
tion of 2.03 mg/l. Chamber concentration and particle size were determined periodically. Following 
exposure, the animals were retained without treatment for 14 days. All animals were observed for 
mortality, signs of gross toxicity and behavioural changes at least once daily for 14 days after dosing 
or until death occurred. Body weights were recorded prior to administration and again on days 7 and 
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14 (termination) following dosing or after death. At the end of the scheduled period, the animals were 
killed and subjected to a gross postmortem examination. 

Atmospheres generated had mean aerodynamic particle sizes of 3.0–3.1 µm, with a geometric 
standard deviation of 1.90. 

There were no treatment-related effects on mortality, clinical signs, body weights or necrop-
sy fi ndings. Under the study conditions utilized, it can be concluded that the inhalation LC

50
 of 

c yproconazole at 4 hours in male and female rats was greater than 2.03 mg/l (Durando, 2005c).

(d) Dermal irritation

In a study of primary dermal irritation, three male young adult New Zealand White rabbits were 
dermally exposed to 1.0 ml of cyproconazole (purity 94.4%) applied to a 6 cm2 gauze pad covered with 
plastic. The test material was in contact with the skin for 4 hours. The adjacent skin area served as the 
control. Dermal irritation was scored according to the “Method of testing primary irritant substances” 
(Code of Federal Regulations Title 16, Section 1500.41) after 30 minutes and then daily for 3 days.

No irritation was observed on any rabbits following application of cyproconazole. Under the 
conditions of this study, it is concluded that cyproconazole is non-irritating to the skin of rabbits 
(Hamburger, Gerber & Klotzsche, 1985b). 

In another study of primary dermal irritation, one female and two male young adult New Zea-
land White rabbits were dermally exposed to 0.5 g of cyproconazole (purity 98.2%) as a dry paste 
(70% w/w mixture in distilled water) for a single 4-hour application to one 6 cm2 intact site on each 
animal. Dermal irritation was scored according to the Draize method after 60 minutes and then daily 
for 3 days. 

One hour after patch removal, very slight erythema was noted for all three treated dose sites. 
All animals were free from dermal irritation within 24 hours. Under the conditions of this study, it is 
concluded that cyproconazole is slightly irritating to the skin of rabbits (Durando, 2005d). 

(e) Ocular irritation

In a study of primary eye irritation, 100 mg of cyproconazole (purity 94.4%) was instilled into 
the conjunctival sac of one eye of each of three male New Zealand White rabbits. The eyes were not 
washed. Irritation was scored by the method of Draize at 0.5 hour and 1, 2 and 3 days after e xposure.

Slight redness (grade 1) of the conjunctivae was noted 0.5 hour after treatment. No other fi nd-
ings were noted thereafter. Under the conditions of this study, it is concluded that cyproconazole is 
non-irritating to the eyes of rabbits (Hamburger, Gerber & Klotzsche, 1985c). 

In another study of primary eye irritation, 0.1 ml (0.06 g) of cyproconazole (purity 98.2%) was 
instilled into the conjunctival sac of one eye of each of three New Zealand White rabbits (one male 
and two females). The eyes were not washed. Irritation was scored by the method of Draize at 1 hour 
and 1, 2 and 3 days after exposure. 

Within 1 hour after test substance instillation, “positive” iritis and conjunctivitis were noted for 
all three treated eyes. The mean severity of irritation scores were 15.0, 4.0, 1.3 and 0.0 at 1, 24, 48 
and 72 hours post-instillation. The overall incidence and severity of irritation decreased with time. 
Under the conditions of this study, it is concluded that cyproconazole is mildly irritating to the eyes 
of rabbits (Durando, 2005e). 

(f) Dermal sensitization

In a study of dermal sensitization with cyproconazole (purity 95.6%), young female Ibm: GOHI 
(Himalayan spotted) SPF guinea-pigs were tested using the maximization method of Magnusson & 
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Kligman. For the main study, 10 female guinea-pigs were assigned to a control group, and 20 to the 
treatment group. In this study, the test concentrations chosen were 5% for intradermal induction and 
25% for epidermal induction and challenge. DMSO was used as the vehicle. Skin reactions at the 
challenge sites were observed at 24 and 48 hours after challenge applications and graded according 
to the Draize scoring scale. Body weights were recorded at the start and end of the test. A positive 
control group with 2-mercaptobenzothiazol was included for a sensitivity check of the guinea-pig 
strain. 

Epidermal induction caused grade 1 erythema in 8 of 20 animals and in 2 of 20 animals after 
24 and 48 hours, respectively. No positive reactions were evident at the application site in any of the 
animals following 24 and 48 hours after challenge application. No toxic symptoms were evident in 
the guinea-pigs of the control or test group. Under the study conditions utilized, cyproconazole is 
considered as non-sensitizing in this maximization test (Arcelin, 1992). 

In another study of dermal sensitization with cyproconazole (purity 98.2%), male and female 
young adult Dunkin-Hartley guinea-pigs were tested using the method of Buehler. Ten animals were 
used in the controls, and 20 animals in the test group. For the main study, the concentration of the test 
substance was 75% (w/w) in a 1% w/w solution of CMC for three weekly inductions and the challenge 
exposures. Results of the pilot study determined that a 75% test substance concentration was the high-
est concentration that caused no skin irritation. Once each week for 3 weeks, 0.4 g of the test substance 
in vehicle formulation was applied to the left side of each animal using an occlusive 25 mm Hill Top 
Chamber. The chambers were applied to the test sites on the left shoulder and secured by a bandage. 
After 6 hours, the bandage and chambers were removed, and the test sites were cleaned. Approximately 
24 and 48 hours after each induction application, skin reactions were scored using the Draize method. 
Similarly, the challenge phase was conducted 27 days after the fi rst induction dose. Body weights were 
recorded prior to the initial induction and again the day after the challenge application. 

Following challenge of previously induced guinea-pigs with a 75% w/w mixture of cyproco-
nazole technical in 1% w/w aqueous CMC, very faint erythema (0.5) was noted for 5 of 20 test sites 
24 hours after challenge. Irritation cleared from all affected sites by 48 hours. Following challenge of 
naive controls with a 75% w/w mixture of cyproconazole technical in 1% w/w aqueous CMC, very 
faint erythema (0.5) was noted for 3 of 10 naive control sites 24 hours after challenge application. 
Irritation cleared from all affected sites by 48 hours. The positive response observed in the histori-
cal positive control validation study with α-hexylcinnamaldehyde technical validates the test system 
used in this study. There were no treatment-related effects on body weight during the study. Under the 
study conditions utilized, it is concluded that cyproconazole is not a skin sensitizer in guinea-pigs as 
determined by the Buehler method (Durando, 2005f).

2.2 Short-term studies of toxicity

(a) Oral administration

Mice

In an oral study of toxicity in mice, cyproconazole (purity 95.6%) was administered to 10 CD-1 
(Swiss origin) mice of each sex per dose at dietary concentrations of 0, 5, 15, 300 or 600 ppm (equiv-
alent to 0, 0.7, 2.2, 43.8 or 88.7 mg/kg bw per day for males and 0, 1.0, 3.2, 70.2 or 128.2 mg/kg bw 
per day for females, respectively) for 13 weeks. The test concentrations were confi rmed analytically; 
almost all mean measured concentrations of the test diets were within ±15% of nominal. Mortality 
and clinical signs were checked twice daily (once daily on holidays and weekends). Body weights and 
feed consumption were recorded weekly, including day 1. All animals were subjected to a detailed 
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gross pathological examination. Organs were collected, weighed and prepared for h istopathology in 
accordance with OECD guidelines. 

The study authors stated that there were no treatment-related clinical signs. Clinical signs were 
not summarized in tables or reported for individual animals. There was no treatment-related mortal-
ity. One high-dose male was killed in a handling accident during week 4; all of the other animals 
survived until terminal sacrifi ce. At 600 ppm, feed consumption was signifi cantly decreased in fe-
males during week 1 (18%; P < 0.01), and overall average weekly feed consumption was decreased 
by 10% (not signifi cant). Feed consumption was decreased, but not signifi cantly, in 600 ppm males 
throughout the study. Body weight gain in treated male mice was reduced in the two highest dose 
groups throughout the entire treatment period, resulting in terminal body weights that were 9.5% and 
11% below those of controls for the 300 and the 600 ppm groups, respectively (Table 15). In female 
mice, body weight gain was below control values at the high dose. Terminal body weight of this 
group was 7.4% less than that of the control group. A less marked effect was also seen in 300 ppm 
females. Males and females in the 600 ppm group had mean body weight losses during the fi rst week 
of treatment, whereas controls gained weight (males: −1.2 g vs +1.0 g; females: −0.2 g vs +0.7 g for 
controls). No growth or very little growth was observed after week 8 in either sex administered the 
300 or 600 ppm diets. Increases in feed conversion ratios (feed consumed per unit weight gain) were 
observed in males and females, but not in a dose-related manner. 

Absolute liver weights in the 300 and 600 ppm males and females were increased by 46% 
and 79%, respectively, for males and by 63% and 100%, respectively, for females. Relative (to body 
weight) liver weights were signifi cantly increased by 63% and 104%, respectively, for males and 
by 73% and 124%, respectively, for females. Relative spleen weights were statistically signifi cantly 
increased in males at 300 ppm (0.32 vs 0.22 in controls) and 600 ppm (0.33 vs 0.22 in controls) (an 
increase of about 48–50% compared with controls). Gross fi ndings included enlarged liver in 2 of 
10 males at 600 ppm (0/10 controls) and accentuated lobular pattern in the liver in 5 of 10 males at 
600 ppm (2/10 controls) and 9 of 10 females at 600 ppm (1/10 controls). Histopathological changes 
included single-cell hepatocyte necrosis in 2 of 10 males and 3 of 10 females at 300 ppm and in 5 of 
10 males and 7 of 10 females at 600 ppm; periacinar hepatocytic vacuolation in 4 of 10 males and 10 
of 10 females at 600 ppm; periacinar hepatocytic eosinophilia in 7 of 10 males at 300 ppm and 8 of 
10 males at 600 ppm; and centriacinar hepatocytic eosinophilia in 6 of 10 males and 8 of 10 females 
at 600 ppm. None of these lesions were observed in male or female controls. The changes in the liver 
were considered to be an adaptive response of the body and not adverse.

The lowest-observed-adverse-effect level (LOAEL) for cyproconazole in CD-1 mice was 
300 ppm, equal to 43.8 mg/kg bw per day, based on decreased body weight gain in both sexes and 
increased relative weight of spleen in males. The no-observed-adverse-effect level (NOAEL) was 
15 ppm, equal to 2.2 mg/kg bw per day (Warren, Skinner & Karapally, 1987). 

Rats

In a 28-day dose range–fi nding study of toxicity, groups of 16 male and 16 female Kfm: WIST 
rats of Han Wistar origin were given diets containing cyproconazole (purity 95.7%) at a dietary 
concentration of 0, 10, 30, 100, 300 or 1000 ppm (equivalent to 0, 0.8, 2.3, 8.1, 25.3 or 96.2 mg/kg 
bw per day for males and 0, 0.9, 2.9, 9.8, 31.5 or 127.6 mg/kg bw per day for females, respectively) 
for 28 days. Diets were analysed for homogeneity and stability of the test substance prior to study 
initiation and at weeks 2 and 4 of the study. Mortality and clinical signs (including neurological, oral 
and behavioural inspection) were checked daily. Body weights and feed consumption were recorded 
weekly, including day 1. Laboratory investigations were carried out on eight animals of each sex per 
group at the end of week 2 and at the end of the treatment period (animals investigated in week 2 
were not investigated in week 4). All animals were necropsied, and selected organs were weighed. A 
complete macroscopic and microscopic examination was performed. 
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No mortality was observed in the study. No clinical signs of toxicity were observed in the study. 
Body weights were decreased in high-dose males and females throughout the study. Body weights 
were also decreased in males and females in the 300 ppm group during weeks 1 and 2; however, 
they were comparable to respective control values at study termination. Body weight gain was also 
decreased in high-dose males and females. Feed consumption was not altered in males. The only dif-
ferences from controls were noted in high-dose females, among which feed consumption increased 
during weeks 2 (16.7%), 3 (28.7%) and 4 (47.8%). All of these increases were statistically signifi cant, 
but they were not consistent with the body weights. A statistically signifi cant increase in the mean 
corpuscular haemoglobin concentration (MCHC) was seen in high-dose males at week 2 but not at 
week 4. Sporadic changes in haemoglobin, haematocrit, mean corpuscular volume (MCV), white 
blood cell counts, lymphocytes and platelets were seen, but the changes were small and of doubt-
ful toxicological signifi cance. Elevated levels of blood urea nitrogen were statistically signifi cant in 
high-dose males at both intervals (22–28% increase) and in high-dose females (25% increase) at 2 
weeks. Cholesterol was increased in high-dose females (77%), and an increased trend was evident 
in males. Increased alanine aminotransferase (ALT) activity was observed in high-dose males (74% 
at 2 weeks and 49% at 4 weeks) and high-dose females at 4 weeks (27%). Lactate dehydrogenase 
(LDH) activity was increased in males and females in the 300 and 1000 ppm groups at 2 and 4 weeks, 
which was statistically signifi cant. Bilirubin was decreased in males at 300 and 1000 ppm at week 4 
and in corresponding females at both intervals, but only the change in high-dose females at week 4 
was statistically signifi cant. It is evident from these data that compound-induced clinical chemistry 
changes occurred in the 300 and 1000 ppm dose groups. The mean values indicate that there was a 
trend towards increased calcium oxalate in dosed males and increased amorphous urate in high-dose 
males and females; however, an examination of the individual data showed that these increases were 
infl uenced by sporadic high values and/or abnormally low control values. Therefore, these changes 
do not appear to be compound related.

Absolute liver weight in males was increased in a dose-related manner at 100 ppm and above, 
reaching statistical signifi cance at the high dose (41.3%). Relative liver weight was signifi cantly 
increased at 300 and 1000 ppm (16% and 62%, respectively). In females, absolute liver weight was 
increased in a dose-dependent manner at 100 ppm and above and reached statistical signifi cance 
in the two highest dose groups (18% and 35%, respectively). The same holds true for the relative 
liver weight, which reached signifi cance at 300 and 1000 ppm (15% and 45%, respectively). Tubular 

Table 15. Body weight gain of male and female mice treated with cyproconazole for 90 days

Sex Treatment Body weight gain (g)a 

Weeks 0–4 Weeks 0–13

Males Control 3.0 6.8

5 ppm 3.7 (+23%) 7.1 (+4%)

15 ppm 3.3 (+10%) 5.9 (−13%)

300 ppm 1.6 (−47%) 3.9 (−43%)

600 ppm 1.4 (−53%) 2.17 (−68%)

Females Control 2.2 3.7

5 ppm 2.3 (+5%) 3.8 (+3%)

15 ppm 2.0 (−9%) 3.0 (−19%)

300 ppm 1.3 (−41%) 2.9 (−22%)

600 ppm 0.3 (−86%) 2.4 (−35%)

From Warren, Skinner & Karapally (1987)
a  % difference from control shown in parentheses. 
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calcifi cation was observed in the kidneys of females at comparable rates in all groups; no relation-
ship to treatment was apparent. The only obvious treatment-related effects were observed in liver; 
increased incidences of vacuoles, attributed to reversible storage, were present in males and females 
at 300 ppm and in males at 1000 ppm. Hepatocytomegaly, predominantly centrilobular, was noted in 
high-dose males and females. Focal mononuclear hepatitis was present in the same treatment groups, 
but the incidence was not dose related. The liver toxicity seen in this study (increased liver weights, 
liver-related clinical chemistry parameters and histopathological fi ndings) was considered to be an 
adaptive response of the body and not adverse.

Based on the results of this study, the NOAEL was 100 ppm, equal to 8.1 mg/kg bw per day, 
based on reduced body weight gain in females, changes in clinical chemistry, organ weight changes 
and histopathological fi ndings in the liver seen at the LOAEL of 300 ppm, equal to 25.3 mg/kg bw 
per day (Skinner et al., 1985a).

In an oral study of toxicity in rats, cyproconazole (purity 95.7%) was administered for 13 weeks 
in the diet to 15 Kfm: WIST rats of Han Wistar origin of each sex per dose in the diet at a dose level 
of 0, 20, 80 or 320 ppm (equal to 0, 1.5, 6.4 or 23.8 mg/kg bw per day for males and 0, 1.9, 7.0 or 
31.1 mg/kg bw per day for females, respectively). An additional 15 animals of each sex in the control 
and high-dose groups were observed for a 4-week recovery following a 13-week dietary exposure to 
cyproconazole. Diets were analysed for homogeneity and stability of the test substance prior to study 
initiation and at monthly intervals during the study. Mortality and clinical signs (including neurologi-
cal, oral and behavioural inspection) were checked daily. Body weights and feed consumption were 
recorded weekly, including on day 1. Laboratory investigations (haematology, chemistry and urinaly-
sis) were carried out on 10 animals of each sex per dose at weeks 4, 8 and 13 and for recovery animals 
at weeks 14 and 18. At study termination, all animals were subjected to a detailed gross pathological 
examination. Organs were collected, weighed and prepared for histopathology.

The analytical data indicated that the mixing procedure was adequate and that the variation 
between nominal and actual dosage to the animals was acceptable (85–101% of the nominal). 

There were no mortalities in the study. The only clinical symptom noted in dosed animals was 
piloerection, which was observed in males only (8/15 at the middle dose and 14/30 at the high dose). 
In males, mean body weight was not affected during the fi rst 8 weeks of treatment (Table 16). A slight 
reduction in body weight gain was noted from week 8 until the end of treatment in high-dose males 
(−10%; including recovery animals). Body weight gain during recovery was comparable between 
control and high-dose males. The body weight of high-dose females was slightly below that of the 
control group at the end of treatment (−3.5%; including recovery animals). Body weight gain was 
reduced in high-dose females by 14% during the last 5 weeks of treatment. Body weight gain during 
recovery was comparable between control and high-dose females. The two lower dose groups were 
not affected. 

Feed consumption was not affected by treatment except for a slight reduction in week 1 for the 
high-dose males of the recovery group but not for the main group. Creatinine levels were increased in 
20 and 320 ppm dose group females (P < 0.01) at all intervals during the treatment period and in 20 
and 320 ppm dose group males at weeks 8 (P < 0.01) and 13 (P < 0.01 and P < 0.05 for 20 and 320 ppm 
dose groups, respectively). Calcium levels were depressed in 20 and 320 ppm dose group females at 
week 4 (P < 0.05), in 20 ppm males (P < 0.01) and females (P < 0.05) at week 8 and in 20 ppm (P < 
0.01) and 320 ppm males (P < 0.05) and 80 ppm (P < 0.05) and 320 ppm (P < 0.01) females at week 
13. A slight increase in creatinine level was also observed in high-dose males of the recovery group at 
week 14, but not at week 18. Calcium levels were not affected in animals of the recovery group both 
at 14 and at 18 weeks. Sodium levels were signifi cantly higher than those of the controls at week 13 
among all males and females receiving 320 ppm. However, at week 4, sodium levels among males 
receiving 80 or 320 ppm appeared lower than those of the controls. High-dose animals of the recovery 
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group of both sexes showed increased sodium levels at week 14, but not at week 18. The changes in 
these clinical parameters are inconsistent from sampling point to sampling point and show no dose–re-
sponse relationship. Values for rats receiving 20 ppm often appeared more disturbed than those for rats 
receiving 80 ppm. This absence of a dose-related pattern argues against these changes being a fi nding 
of toxicological signifi cance. However, the disappearance of these changes following a withdrawal 
period of 4 weeks may be taken to indicate a substance-related change. A slight elevation of aspartate 
aminotransferase (AST) values among females receiving 80 or 320 ppm was noted at week 13. How-
ever, the magnitude of the effect did not reach a level of toxicological signifi cance. Blood urea values 
were increased in high-dose males and females of the recovery group only. This effect was found both 
at week 14 and at week 18. However, owing to the absence of any effect in the main study group at any 
time point, the signifi cance of a constant difference in urea levels among withdrawal group rats during 
recovery was obscure. No treatment-related effects on the urinalysis parameters were observed. 

No treatment-related lesions were observed during macroscopic examination. Although not 
always statistically signifi cant, increases in liver weights (absolute and relative to body weights) were 
seen in 80 and 320 ppm males and 320 ppm females. Elevated liver weights were not observed in ani-
mals examined after the recovery period. Vacuolated hepatocytes with single large or several small 
predominantly centrilobular vacuoles were present in 6 of 15 males treated at 320 ppm. This repre-
sents reversible lipid storage and is considered to be treatment related. Five males and four females 
treated at 320 ppm showed a distinct lobular pattern, probably due to enlarged activated cytoplasm. 
This is secondary to increased functional demands and is reversible. There were no treatment-related 
liver changes in male or female recovery rats. The liver toxicity seen in this study (increased liver 
weights, liver-related clinical chemistry parameters and histopathological fi ndings) was considered 
to be an adaptive response of the body and not adverse. No treatment-related changes were observed 
in any other tissue or organ. 

The NOAEL was 80 ppm, equal to 6.4 mg/kg bw per day. The LOAEL was 320 ppm, equal 
to 23.8 mg/kg bw per day, based on slight impairment of body weight gain and increased creatinine 
levels. The study authors set a no-observed-effect level (NOEL) at 20 ppm, equal to 1.5 mg/kg bw 
per day (Skinner et al., 1985b). 

In a second oral study of toxicity in rats, cyproconazole (purity 95.5%) was administered for 
13 weeks to 15 Hanlbm: WIST (SPF) Wistar rats of each sex per dose in the diet at a dose level of 
0, 20, 350, 700 or 1400 ppm (equivalent to 0, 1.4, 24.7, 52.8 and 106.8 mg/kg bw per day in males 
and 0, 1.6, 29.6, 57.3 and 118.1 mg/kg bw per day in females, respectively). Five rats of each sex 
per dose were subjected to neuropathological examination and also evaluated in the functional ob-
servational battery (FOB) and for the assessment of motor activity. Diets were prepared at monthly 
intervals and stored at room temperature. Stability, homogeneity and dietary concentrations were 

Table 16. Body weight gain of control and high-dose animals for selected periods in the fi rst
90-day toxicity study in rats with cyproconazole

Sex Treatment Body weight gain (g)a 

Weeks 0–4 Weeks 4–8 Weeks 8–13 Weeks 0–13 Weeks 14–17

Males Control 129 64 49.5 242.5 22

320 ppm 127.5 (−1.2%) 61 (−4.7%) 44.5 (−10.1%) 233 (−3.9%) 20 (−9.1%)

Females Control 51 24.5 21.5 97 10

320 ppm 48.5 (−4.9%) 24.5 (−0%) 18.5 (−14.0%) 91.5 (−5.7%) 10 (−0%)

From Skinner et al. (1985b)
a  % difference from control shown in parentheses.
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confi rmed analytically. All rats were examined twice daily for signs of toxicity and mortality. Body 
weight, water consumption and feed consumption were measured weekly. Ophthalmoscopic exami-
nations were performed on all animals prior to initiation of treatment and on all controls and 1400 
ppm animals on day 86. Urinalysis parameters were evaluated in all animals at the end of treatment. 
FOBs were performed at pretest and at weeks 4, 9 and 13 at about the same time each day and were 
always conducted before the assessment of motor activity. Animals were observed in the home cage, 
during handling and in an open fi eld. Observations covered the functional domains of central nervous 
system activity, central nervous system excitation and sensorimotor, autonomic and physiological 
functions. Neurological examinations were performed, including sensorimotor functions (approach, 
touch, vision, audition, pain, vestibular), autonomic functions (pupillary refl ex, body temperature) 
and sensorimotor coordination (grip strength, landing footsplay). At termination, blood was taken for 
haematological and clinical chemistry analysis. Animals were then subjected to a gross necropsy, and 
organ weights were obtained for selected organs. Histopathological examination of selected tissues 
was conducted on all animals. Animals scheduled for neuropathology were deeply anaesthetized with 
pentobarbital (supplemented with heparin) and sacrifi ced by in situ perfusion with neutral buffered 
formalin (4%). Appropriate samples of organs and tissues were collected as outlined in the guide-
lines (OECD guideline 408; USEPA Federal Insecticide, Fungicide, and Rodenticide Act guideline 
82-1). Processing and microscopic examination of these tissues were done for control and high-dose 
animals only. 

The analytical data indicated that the mixing procedure was adequate and that the variation 
between nominal and actual dosage to the animals was acceptable. The prepared samples were stable 
at room temperature. 

No treatment-related effect was observed on survival, clinical signs, the FOB, feed consump-
tion ratios, water consumption, the eyes, gross pathology or neuropathology. A minimal, transient 
(week 4) decrease in mean rectal temperature in high-dose animals was considered likely to be re-
lated to exposure to the test item, but was not toxicologically signifi cant. Body weights were statisti-
cally signifi cantly decreased throughout treatment in the 700 ppm males (10–14%) and 1400 ppm 
males (19–28%) and females (10–18%). Cumulative body weight gains (Table 17) were statistically 
signifi cantly decreased throughout the study in the 700 ppm males (15–35%) and 1400 ppm males 
(28–69%) and females (17–76%). Cumulative body weight gain was most severely curtailed during 
the fi rst week of treatment and progressively became more like that of controls throughout the study. 
Body weight was decreased in the 700 ppm females at week 1 (8%), and body weight gain was de-
creased by 31% during the fi rst week. This transient response was not considered adverse. The body 
weights and body weight gains of the other treated groups were similar to those of the controls. 

At and above 350 ppm, absolute and relative (to body weight) liver weights were increased 
(P < 0.05) by 13–55% in both sexes. Increased incidences of liver fatty change in males and liver 
hypertrophy in both sexes were observed. Increased incidences of thyroid gland follicular hyper-
trophy were noted in both sexes. Pituitary gland distal lobe hypertrophy was observed in the males. 
Additionally, relative (to body weight) spleen weights were decreased (P < 0.05) in the females 
by 14–25%, compared with controls. Additional effects were observed on the liver. Increased (P < 
0.001) γ-glutamyl transpeptidase (GGT) was observed in the 1400 ppm males and in the females at 
and above 700 ppm. Additional differences (P < 0.01) noted at 1400 ppm included increased ALT and 
AST activities in the males, decreased triglyceride levels in the males and increased cholesterol and 
globulin levels in the females. Increased (P < 0.05) leukocytes were observed in the groups at and 
above 700 ppm. Several types of leukocytes were increased in number in the 700 and/or 1400 ppm 
groups, including neutrophils, lymphocytes, monocytes and large unstained cells. Urinary leukocyte 
levels were increased (P < 0.05) in the 1400 ppm males. In addition to the increase in relative spleen 
weight, spleen congestion was also observed in the females at and above 700 ppm. Additionally, 
a decreased incidence of extramedullary haematopoiesis in the spleen was noted in the 1400 ppm 
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group. Increased incidences of the following microscopic lesions were also observed: 1) fatty change 
in the adrenal cortex in males at and above 700 ppm; 2) single-cell necrosis in the adrenal gland cor-
tex in females at and above 700 ppm; 3) ceroid deposition in the adrenal gland cortex in females at 
and above 700 ppm; and 4) renal haemosiderosis in the 1400 ppm males and in females at and above 
700 ppm. The liver toxicity seen in this study (increased liver weights, liver-related clinical chemistry 
parameters and histopathological fi ndings) was considered to be an adaptive response of the body 
and not adverse. 

The NOAEL was 20 ppm, equivalent to 1.4 mg/kg bw per day. The LOAEL was 350 ppm, 
equivalent to 24.7 mg/kg bw per day, based on decreased body weight gains (Gerspach, 1999). 

When the results of the two dietary studies of toxicity were combined, an overall NOAEL of 
80 ppm, equal to 6.4 mg/kg bw per day, was established, based on decreased body weight gains seen 
at the LOAEL of 320 ppm, equal to 23.8 mg/kg bw per day and above.

Dogs

In a 90-day study of toxicity, groups of four male and four female Beagle dogs were given 
diets containing cyproconazole (purity 95.6%) at a concentration of 0, 20, 100 or 500 ppm (equal to 
0, 0.8, 4.0 or 18.2 mg/kg bw per day for males and 0, 0.7, 3.3 or 19.2 mg/kg bw per day for females, 
respectively) for 13 weeks. The dogs were inspected twice per day for mortality, moribundity and 
clinical signs. Eyes of the controls and 500 ppm dose groups were examined prior to dosing and at 
termination. Body weights were recorded weekly. Feed consumption was measured twice weekly 
and calculated on a weekly basis. Blood for measurement of haematological and clinical chemistry 
parameters was collected from all dogs before the test and after 4, 8 and 13 weeks of treatment. Uri-
nalysis was conducted 2 weeks prior to the initiation of the study and at weeks 4, 8 and 13. At the end 
of the study, a complete gross postmortem examination was done. Selected organs were weighed, and 
a comprehensive range of tissues was preserved and examined microscopically. 

The prepared diets were stored at 3–5 °C. Stability of the test material was analysed prior 
to commencement of feeding and at monthly intervals thereafter. The mean concentrations of 
c yproconazole in the diets (weeks 1, 4, 8 and 13) were within acceptable limits (±15% of nominal). 

Table 17. Decrease in cumulative body weight gain in the second 90-day toxicity study in rats 
with cyproconazole

Sex Treatment Weeks 0–4 Weeks 4–8 Weeks 8–13 Weeks 0–13

Body 
weight 
gain (g)

% difference 
from control

Body 
weight 
gain (g)

% difference 
from control

Body 
weight 
gain (g)

% difference 
from control

Body 
weight 
gain (g)

% difference 
from control

Males Control 157.0 — 76.7 — 42.2 — 275.9 —

20 ppm 153.1 −2.5 81.4 6.1 43.3 2.6 277.8 0.7

350 ppm 143.2 −8.8 83.6 9.0 44.8 6.2 271.5 −1.6

700 ppm 117.2 −25.4 71.2 −7.2 46.9 11.1 235.3 −14.7

1400 ppm 88.9 −43.4 70.4 −8.2 40.7 −3.6 200.0 −27.5

Females Control 79.9 — 28.2 — 15.9 — 124.0 —

20 ppm 78.8 −1.4 31.7 12.4 18.1 13.8 128.6 3.7

350 ppm 69.3 −13.3 31.5 11.7 19.2 20.8 120.0 −3.2

700 ppm 69.8 −12.6 28.5 1.1 16.8 5.7 115.1 −7.2

1400 ppm 59.7 −25.3 25.8 −8.5 17.9 12.6 103.3 −16.7

From Gerspach (1999)
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All dogs survived until the scheduled terminal sacrifi ce. The investigators indicated that “slack 
muscle tone” was observed in all animals at 500 ppm. This change was fi rst observed in week 1, and 
all dogs were affected after 2 weeks of treatment. This effect persisted until the end of the study in 
three of four males and two of four females. No other relevant clinical changes were noted. No le-
sions were reported during ophthalmoscopic examination. Body weight gain was inhibited in males 
and females at 500 ppm. Mean terminal body weights of dogs in this group were 11% and 9% for 
males and females, respectively, relative to corresponding control weights. Body weight gain was 
more pronounced in male dogs of the 500 ppm dose group in the fi rst 6 weeks of the study (−64% 
of the controls) (Table 18). In 500 ppm dose males, feed consumption was slightly lower throughout 
the study: 19% lower during the fi rst 6 weeks and 11% lower during the last 7 weeks, in comparison 
with controls. 

Increased platelet counts were observed in 500 ppm dose males and females only. These counts 
exceeded control as well as baseline values at all post-treatment intervals. Haematological analysis 
revealed a reduction in red blood cell parameters (haemoglobin, haematocrit and red blood cells) at 
the study initiation. This reduction progressed to a greater than 7% reduction by week 13 in males 
of the 500 ppm dose group. Similarly, females of the 500 ppm dose group showed a reduction in 
red blood cell parameters, but not as great as those observed in 500 ppm males. Changes in clinical 
chemistry parameters observed in 500 ppm dose dogs that appeared to be treatment related included 
decreases in levels of bilirubin, total cholesterol, high-density lipoprotein (HDL; HDL cholesterol), 
triglycerides, total protein and albumin and increases in alkaline phosphatase and GGT activities. 
Other fl uctuations noted in 500 ppm dose animals that did not appear to be related to treatment be-
cause they were not dose related or were comparable to baseline values included increases in creati-
nine, ALT, creatine phosphokinase, glutamate dehydrogenase, cortisol and testosterone levels, as well 
as decreases in calcium and inorganic phosphorus levels.

Although not always statistically signifi cant, the noted treatment-related changes were observed 
in both sexes at the 4-, 8- and 13-week intervals, with the exception of decreased cholesterol (total 
and HDL) levels, observed at weeks 8 and 13 (only intervals for measurement), and increased GGT 
activity at week 13 (measured at weeks −1, 0 and 13). There were no noted changes in the investi-
gated urinary parameters indicative of a compound-related effect. Absolute and relative liver weights 
of males and females of the 500 ppm dose group and males of the 100 ppm group were higher than 
those of the controls; statistical signifi cance was achieved among 500 ppm animals only. Absolute 
and relative brain weights of 500 ppm females were slightly increased compared with control values. 
This difference was minimal in degree and, in the absence of a similar effect among male dogs, is 
not considered to represent an effect of toxicological signifi cance. Macroscopic examination did not 
reveal treatment-related changes. The only microscopic changes that appeared to be related to treat-
ment were observed in the liver of males and females of the 100 and 500 ppm dose groups. Hepato-
cytomegaly occurred at a frequency of two of four for both males and females at 100 ppm and to a 
mild or moderate degree in four of four males and females at 500 ppm. Also, degeneration of single 
hepatocytes and cytoplasmic inclusions were each observed at a rate of one of four at the 500 ppm 
dose in both males and females. Other noted changes occurred sporadically or were observed at 
c omparable frequencies between groups and could not conclusively be associated with treatment.

In summary, treatment at 500 ppm caused retardation of body weight gain and well-defi ned 
hepatotoxicity. At 500 ppm, there were clear changes in clinical chemistry parameters (levels of bi-
lirubin, cholesterol, albumin, etc.) as well as a signifi cant increase in the number of platelets. These 
changes in clinical chemistry parameters can possibly be associated with interference with the adren-
ocorticosteroid synthesis pathway, as similarly observed in a previous 3-month feeding study in the 
rat (Gerspach, 1999). However, histological examination revealed no changes in the adrenal gland. 
A number of these changes have also been associated with toxic effects on the liver and, due to their 
slight recovery over the study progression, indicate a reversible response. Furthermore, histological 
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analysis of dogs receiving 100 ppm over a 52-week treatment period (Warren et al., 1988a) revealed 
similar and less severe histopathological fi ndings in one male dog only, further indicating that this is 
an adaptive response. The increased liver weight and histological analysis demonstrate that at doses 
above 100 ppm, this adaptive response degenerates into a toxic effect with the manifestation of in-
creased hepatomegaly and single-cell death, which are consistent with initiation of liver damage due 
to exposure to cyproconazole. 

The NOAEL was 100 ppm, equal to 3.3 mg/kg bw per day, based on decreased body weight 
gain and increased alkaline phosphatase activity seen at the LOAEL of 500 ppm, equal to 18.2 mg/kg 
bw per day. The study authors set a NOEL of 20 ppm, equal to 0.7 mg/kg bw per day (Warren et al., 
1986). 

In a 1-year study of oral toxicity, groups of four male and four female Beagle dogs were given 
diets (dietary admixture) containing cyproconazole (purity 95.6%) at a concentration of 0, 30, 100 or 
350 ppm (equal to 0, 1.0, 3.2 or 12.1 mg/kg bw per day for males and 0, 1.0, 3.2 or 12.6 mg/kg bw 
per day for females, respectively) for 53 weeks. The dogs were inspected twice per day for mortality, 
moribundity and clinical signs, except for weekends and holidays (checked once per day). Eyes of 
the control and 350 ppm dose groups were examined prior to dosing and at termination. Body weight 
and feed consumption were recorded weekly. Blood for measurement of haematological and clinical 
chemistry parameters was collected from all dogs before the test (−2 weeks and −1 week) and during 
treatment at 3, 6 and 9 months as well as at termination. Urinalysis was conducted 2 weeks prior to 
the initiation of the study and at 3, 6 and 9 months during treatment and at termination. At the end of 
the study, a complete gross postmortem examination was done. Selected organs were weighed, and a 
comprehensive range of tissues was preserved and examined microscopically. Samples of livers from 
all dogs were analysed for cytochrome P450 (CYP) content, GSH content, glutathione S-transferase 
(GST) activity and p-aminophenol hydroxylase activity.

The prepared diets were stored in a refrigerator at 4 °C. Stability and homogeneity of the diets 
were analysed. Analysis of the diets provided indicates that the test substance was homogeneously 
distributed in the diets and the measured concentrations were within the acceptable range of target 
concentrations. 

There were no deaths or unscheduled sacrifi ces during the study. Subdued behaviour (during 
weeks 4–8) and lower body weight gain (during the fi rst 4 weeks) were observed in one high-dose 

Table 18. Body weight gain of male and female dogs in a 90-day toxicity study with 
c yproconazole

Sex Treatment Body weight gain (kg)a 

Weeks 0–6 Weeks 0–13

Males Control 1.4 2.1

20 ppm 1.4 (0%) 2.4 (+14%)

100 ppm 1.6 (+14%) 2.4 (+14%)

500 ppm 0.5 (−64%) 1.4 (−33%)

Females Control 0.7 1.2

20 ppm 1.0 (+43%) 1.9 (+58%)

100 ppm 0.7 (0%) 1.3 (+8%)

500 ppm 0.3 (−57%) 0.5 (−58%)

From Warren et al. (1986)
a  % difference from control shown in parentheses.
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female. Feed consumption also tended to be low in this animal up to week 10. Thereafter, this ani-
mal displayed behaviour comparable that of the other dogs. One 100 ppm female displayed subdued 
behaviour, with body weight loss and low feed consumption during week 2. One high-dose female 
failed to come into heat during the study, and terminal histological examination revealed immature 
ovaries. Body weight gain for the high-dose males was decreased during the fi rst few weeks of the 
study; the decrease was greatest at week 9 (25% of the controls) and became comparable to that of 
controls thereafter (Table 19). Males in the 100 ppm dose group showed slightly increased body 
weights. Over the study, treated males had higher feed consumption compared with controls. There 
were no effects of treatment on feed consumption except that a few individuals showed slightly 
d iminished values at the beginning of the treatment.

There were no treatment-related ocular changes in either sex. Increased platelet counts were 
observed in the high-dose animals throughout the study. Marginal changes in the platelets were also 
observed in the males at 100 ppm at various sampling points; however, there was no clear effect of the 
treatment. No effects on prothrombin time were observed in the 100 ppm and 350 ppm dose group 
animals at week 48, even though the platelet counts were increased. A tendency to depressed levels 
of bilirubin (never achieved statistical signifi cance), cholesterol (statistically signifi cant in males and 
females at weeks 13 and 38, in females at week 51), total protein (statistically signifi cant in males 
and females at week 13 and in males at weeks 25 and 38) and albumin (statistically signifi cant in both 
sexes at all time points) was noted at 350 ppm. The minimal depression of bilirubin levels in males 
receiving 100 ppm at week 25 is considered to be of no biological relevance, as the bilirubin level in 
males receiving the high dose on this occasion was comparable to that of controls. Triglyceride lev-
els were lower in females receiving 350 ppm throughout the study (statistically signifi cant at weeks 
13 and 38). In males of this group, a depression in triglyceride levels was seen only at week 13 (not 
signifi cant). Triglyceride levels of males in the middle-dose group were marginally depressed at week 
13. Calcium levels among males and females of the high-dose group were lower than those of con-
trols; statistical signifi cance was achieved in males and females at week 13 and in males at week 25. 
Alkaline phosphatase values in males and females of the high-dose group were markedly higher than 
those of the controls throughout the study, achieving statistical signifi cance at week 13 (females only) 
and at weeks 25, 38 and 51 (males and females). The reduced calcium levels were not accompanied 
by any bone abnormalities; therefore, they were not considered to be toxicologically relevant. Alka-
line phosphatase levels were non-signifi cantly increased in females (from the start of treatment) of 
the middle-dose group. Glutamate dehydrogenase activities were also slightly elevated in high-dose 
males and females, achieving statistical signifi cance at one occasion only (in males only, at week 25). 
ALT activities of only one male dog of the high-dose group appeared to be elevated throughout the 
study, but no other dog of this group appeared affected until week 51, when the mean for this group 
became signifi cantly higher than that of the controls. There were sporadic statistically signifi cant 
alterations in a few urinary parameters compared with control values, but none could be attributed 
to the treatment. The pH of the high-dose males was more alkaline than the control value at weeks 
12, 25 and 38, but statistical signifi cance was not attained. The CYP content in the liver showed a 
statistically signifi cant increase at 100 ppm in female dogs and at 350 ppm in both sexes. In contrast, 
the results obtained from measurements of p-aminophenol hydroxylase activities (marker enzyme 
for cytochrome P448 induction) indicate no induction at any dose level. Therefore, cyproconazole is 
considered to be a CYP inducer and is not associated with cytochrome P448. Analysis of GSH levels 
displayed a reduction across all dose levels, without a dose–response relationship, signifi cant at 30 
and 100 ppm in males and at 100 ppm in females, in comparison with control values. 

The livers of two males of the high-dose group appeared enlarged, with pronounced lobular 
patterning. No other macroscopic fi ndings considered to be treatment related were observed. Abso-
lute and relative liver weights of male dogs showed a dose-related increase; however, only those of 
animals treated at 350 ppm were statistically signifi cantly increased. A minor, non-signifi cant effect 
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on liver weights of females was seen. Minimally increased relative weights were observed for kidney 
and pituitary of high-dose dogs, without achieving statistical signifi cance. However, there was no 
clear treatment-related trend with respect to the kidney and pituitary, and, in the absence of corrobo-
rative evidence, these apparent fi ndings are considered to be of dubious toxicological signifi cance. 
The liver was shown to be the target organ. The most prominent fi ndings were laminar eosinophilic 
intrahepatocytic bodies, present in all male and two female dogs treated with 350 ppm and in one 
male of the 100 ppm group. These bodies are thought to be associated with hypertrophy of the en-
doplasmic reticulum, which is an adaptive change allowing increased metabolism of xenobiotics. 
The presence of large masses of endoplasmic reticulum will result in increased liver size and weight. 
Canalicular bile plugs were found in two males of the 350 ppm group. The liver toxicity seen in 
this study (increased liver weights, liver-related clinical chemistry parameters and histopathologi-
cal fi ndings) was considered to be an adaptive response of the body and not adverse. An increase 
in intrahepatocytic pigment was also apparently related to treatment in male dogs (one at 100 ppm 
and three at 350 ppm), but not in females. These fi ndings may refl ect a slight degree of intrahepatic 
cholestasis, which is supported by the increased alkaline phosphatase activity. Occasional occurrence 
of changes in other tissues, which are considered not to be treatment related, included immaturity of 
the ovaries in one female of the 350 ppm group, degeneration of the testicular germinal epithelium in 
one male of the 100 ppm group, glomerular lipoidosis of kidneys in one male of the 100 ppm group, 
unilateral renal aplasia with compensatory hypertrophy of the centrolateral kidney in one female of 
the 100 ppm group, perivascular mixed infl ammatory cells in the cerebrum and midbrain of one male 
of the 350 ppm group and an aggregation of subpendymal plate cells in the midbrain of one male of 
the 100 ppm group. Other recorded lesions were those commonly found in Beagle dogs at this age.

The NOAEL is 100 ppm (equal to 3.2 mg/kg bw per day), based on decreased body weight gain 
in male dogs seen at the LOAEL of 350 ppm (equal to 12.1 mg/kg bw per day). The study authors set 
a NOEL of 30 ppm (equal to 1.0 mg/kg bw per day) (Warren et al., 1988a). 

(b) Dermal application

Rats

In a repeated-dose dermal toxicity study, groups of 10 Hanlbm: WIST (SPF) rats of each sex 
per dose received a dermal application of cyproconazole (purity 95.5%) in an aqueous suspension 
of 1% CMC and 0.1% Tween 80 at doses of 0, 10, 100 or 1000 mg/kg bw per day, 6 hours per day, 
5 days per week, for the fi rst 3 weeks and every day thereafter. Approximately 10% of the total body 

Table 19. Body weight gain of male and female dogs treated with cyproconazole for 1 year

Sex Treatment Body weight gain (kg)a 

Weeks 0–9 Weeks 0–52

Males Control 1.9 3.4

30 ppm 1.9 (0%) 5.3 (+56%)

100 ppm 2.1 (+11%) 4.5 (+32%)

350 ppm 1.4 (−26%) 3.7 (+9%)

Females Control 1.0 2.3

30 ppm 0.8 (−20%) 2.0 (−13%)

100 ppm 1.5 (+50%) 3.2 (+39%)

350 ppm 0.8 (−20%) 1.8 (−22%)

From Warren et al. (1988a)
a  % difference from control shown in parentheses.
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surface area on the back of each rat was clipped free of hair prior to study initiation and as neces-
sary thereafter. The appropriate volume (5 ml/kg bw) of cyproconazole suspension was applied to 
the clipped dorsal area and held in contact with the skin with gauze patches. Patches were covered 
with aluminium foil and fastened with adhesive tape. After 6 hours, the dressings were removed, and 
the treated sites were rinsed with lukewarm water. Dosing solutions were analysed for concentration, 
homogeneity and stability of the test substance. Animals were examined for mortality and signs of 
toxicity twice daily. Detailed clinical examinations (in the home cage, in a standard arena and dur-
ing handling) were performed pretest and once weekly thereafter. Animals were weighed daily, and 
body weights were recorded weekly. Water consumption was measured weekly. Feed consumption 
was measured pretest and weekly thereafter. Ophthalmoscopic examination was performed on all rats 
before the start of dosing and prior to termination (control and high-dose groups). Urinalysis was 
not conducted. At termination of the dosing period, haematological and clinical chemistry determi-
nations were performed, and each animal was examined externally and internally for macroscopic 
changes. Selected organs were weighed, and a comprehensive range of tissues was preserved and 
examined microscopically.

The concentrations in the dosing solutions were within the acceptable range. The dosing 
s olutions were homogeneously distributed and were stable at room temperature. 

There were no treatment-related deaths, clinical signs of toxicity or clinical signs of irritation 
and no biologically signifi cant treatment-related effects on body weight, body weight gain, feed con-
sumption, motor activity or ophthalmoscopic examination. Males and females in the 1000 mg/kg bw 
per day group had increases of 36% in haemoglobin distribution width, suggesting anisochromia of 
red blood cells. Prothrombin time was also increased in males and females in the 1000 mg/kg bw per 
day group by 29% and 32%, respectively, compared with controls. In addition, males and females in 
the 1000 mg/kg bw per day group also had increases in monocyte counts of 54% and 34%, respec-
tively, compared with controls. An increase of 88% in large unstained cell counts was noted in 1000 
mg/kg bw per day females when compared with controls. Plasma globulin levels were signifi cantly 
increased (P ≤ 0.01) in males in the 1000 mg/kg bw per day group by 9% and in females in the 100 
and 1000 mg/kg bw per day groups by 8% and 16%, respectively. The albumin to globulin ratio was 
signifi cantly decreased (P ≤ 0.01) in males and females in the 1000 mg/kg bw per day group by 13 
and 11, respectively. Protein levels were signifi cantly increased (P ≤ 0.05 or P ≤ 0.01) in females in 
the 100 and 1000 mg/kg bw per day groups by 5% and 9%, respectively. Cholesterol levels were sig-
nifi cantly increased (P ≤ 0.01) in females in the 100 and 1000 mg/kg bw per day groups by 43% and 
39%, respectively. Minor effects were noted in several electrolytes in males and females in the 100 
and 1000 mg/kg bw per day groups. There was a signifi cant increase in one hepatic enzyme (ALT) 
and a marginal increase in a second hepatic enzyme (AST) in males in the 1000 mg/kg bw per day 
group. No treatment-related effects were observed on organ weights except for increased absolute 
and relative liver weights in high-dose males (19–25%) and females (26–28%). No treatment-related 
macroscopic fi ndings were reported, except for the enlargement of the liver observed in one male and 
one female in the 1000 mg/kg bw per day group. There was an increased incidence and/or severity 
of acanthosis at the skin application sites in males and females in the 100 and 1000 mg/kg bw per 
day groups. There was an increased incidence of centrilobular hepatocellular hypertrophy in males 
in the 100 and 1000 mg/kg bw per day groups and in females in the 1000 mg/kg bw per day group. 
An increased incidence of haemosiderosis of the spleen was observed in males in the 1000 mg/kg bw 
per day group and in females in the 100 and 1000 mg/kg bw per day groups. An increased incidence 
of hypertrophy of the thyroid follicular epithelium was observed in males and females in the 100 and 
1000 mg/kg bw per day groups. The study author suggested that the hypertrophy of hepatocytes and 
thyroid follicular epithelium as well as the higher protein levels and increased enzyme activities are 
indicative of adaptive metabolic processes and therefore are not considered as adverse. However, 
there appears to be a mild anaemia present, with additional evidence provided by the deposition of 
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haemosiderin in the spleen. This would not constitute an adaptive metabolic process. In addition, the 
effects on the liver appear to be more extensive than just an adaptive response when there are effects 
on protein metabolism and the formation of increased cholesterol.

The LOAEL was 1000 mg/kg bw per day, based on the range of effects observed (haematol-
ogy, clinical chemistry and histopathology) at 1000 mg/kg bw per day. The NOAEL (systemic) was 
100 mg/kg bw per day (Sommer, 2000).

(c)  Exposure by inhalation

Rats

In a 16-day study of toxicity after repeated doses by inhalation, groups of fi ve male and fi ve 
female KFM-Han Wistar rats were exposed to cyproconazole (purity 96.2%) via the nose only for 
6 hours per day, 5 days per week, for a total of 12 exposures. The nominal dose levels were 0, 0.01, 
0.1 and 1.0 mg/l. Mean air fl ow in the exposure chambers was 1.4 l/min per animal. Recovery dura-
tion after the last exposure was 15 days. Aerosol concentration was determined gravimetrically using 
glass fi bre fi lters once pretest and daily thereafter during exposure periods. Particle size distribu-
tion was determined at least once daily in the high dose and in one of the lower doses using a stage 
cascade impactor. Oxygen concentration, humidity and temperature in the exposure chamber were 
measured daily. The animals were observed twice daily for mortality and once for clinical signs of 
toxicity. Feed consumption was recorded weekly, and individual body weights were recorded twice 
during the acclimatization period (9 days) and weekly thereafter. Blood samples for haematology and 
clinical chemistry were collected from all animals of the control and low-dose groups and from three 
males and three females of the mid-dose group on day 17 and from two males and two females of the 
mid-dose group following the 15-day recovery period. At termination, each animal was examined ex-
ternally and internally for macroscopic changes. Selected organs were weighed, and a comprehensive 
range of tissues was preserved and examined microscopically.

Gravimetric determination of the aerosol concentrations revealed means of 0.017 mg/l (low 
dose), 0.099 mg/l (middle dose) and 1.026 mg/l (high dose). Particle size determinations showed 
comparable distributions over time and dose. As a mean of all determinations, 90% of the particles 
were found to be smaller than 3.0 µm. 

All animals in the high-dose group either died or were sacrifi ced by day 6. All high-dose ani-
mals exhibited slight hunched posture, laboured respiration, ruffl ed fur and weakness. In mid-dose 
animals, slight squealing, howling and crying were noted in one male and three females. The same 
symptoms were observed in one male and two females of the low-dose group. Feed consumption 
was comparable in the treated and control groups. No effects of treatment on body weights of treated 
males and females were noted. No treatment-related effects were observed on haematological param-
eters, except for slightly dose-related increases in white blood cell counts in male and female rats. 
Bilirubin levels were slightly, but statistically signifi cantly, reduced in male animals of the low- and 
mid-dose groups. LDH and alkaline phosphatase activities were slightly lower in mid-dose males 
(not statistically signifi cant). In female animals, effects were seen only in the middle-dose group; 
these effects were related to liver toxicity—slight to moderate increases in AST and ALT levels 
and high LDH activity. None of these effects were statistically signifi cant. After recovery, they all 
returned to normal levels. In male animals, there was a statistically signifi cant increase in absolute 
liver and kidney weights in the low- and mid-dose groups and in relative liver and kidney weights in 
the mid-dose group. In female animals, there was only a slight increase in relative liver weight in the 
mid-dose group. Recovery data indicate the reversibility of these effects. 

No macroscopic fi ndings were recorded. Treatment-related fi ndings were recorded in the res-
piratory tract, liver and spleen. In the high-dose rats, slight squamous metaplasia of nasal epithelium 
was recorded in two females. Slight or moderate hepatocellular hypertrophy occurred in four males 



152

CYPROCONAZOLE 117–202 JMPR 2010

and two females. Minimal to marked fatty change of liver cells was recorded in fi ve males and four 
females. Minimal or slight vacuolation of macrophages in the splenic pulp was recorded in two males 
and two females, and slight to moderate depletion of lymphocytes was evident in the spleen of four 
females. Hepatocellular hypertrophy was also recorded in two males and one female of the mid-dose 
group and one male of the low-dose group. At the end of the recovery period, hepatocellular hyper-
trophy was not recorded in two males and one female of the high-dose group. Spleen weights were 
not recorded in this study; however, histopathological examination revealed effects at the high dose 
and haemosiderosis in the females at the middle dose. Haemosiderosis has previously been noted in 
other subchronic studies with cyproconazole and is considered treatment related. 

As the weak effects observed at the lowest concentration represent the kind of effects from 
which the animals recovered completely at the higher concentration of 0.1 mg/l, this nominal con-
centration of 0.01 mg/l, corresponding to an achieved concentration of 0.017 mg/l, is considered 
to represent the no-observed-adverse-effect concentration (NOAEC) of the study (Bernstein et al., 
1987). On a body weight basis, this concentration corresponds to 4.9 mg/kg bw per day (6 hours of 
exposure per day; 0.8 litres of air per kilogram body weight per minute).

2.3 Long-term studies of toxicity and carcinogenicity

Mice

In a study of carcinogenicity, groups of 50 male and 50 female CD-1 mice, including two con-
trol groups, were given diets containing cyproconazole (purity 95.6%) at dose levels of 0, 5, 15, 100 
and 200 ppm, equal to 0, 0.69, 1.84, 13.17 and 27.85 mg/kg bw per day for males and 0, 1.03, 2.56, 
17.65 and 36.30 mg/kg bw per day for females, for 81 and 88 weeks, respectively. An additional 10 
animals of each sex in the 0 and 200 ppm groups were sacrifi ced at week 13 as satellite groups. The 
initial age was 6 weeks. Premix and fi nal diets were analysed for homogeneity and stability of the 
test substance at least every 2 months. The mice were housed individually. Mortality and gross signs 
of ill-health or reaction to treatment were checked twice a day. Body weight and feed intake were 
measured weekly throughout the entire study period. After 52 and 78 weeks and (for females) prior 
to termination, blood smears were prepared from all surviving animals following superfi cial venesec-
tion of the tail. Differential white blood cell counts were performed only on the smears of all animals 
from the 0 and 200 ppm dose groups. All animals were subjected to a detailed gross pathological 
examination. At termination, organ weights were obtained for adrenals, brain, heart, kidneys, liver, 
gonads, pituitary and spleen. Histopathological examination of selected tissues was conducted on all 
animals in the control and high-dose groups. 

Values for test compound were generally in agreement with nominal values. The percentage 
deviation from nominal values, determined at various intervals throughout the treatment period, were 
−20% to +36%, −13% to +27%, −16% to +23% and −22% to +6% at dose levels of 5, 15, 100 and 
200 ppm, respectively. Homogeneity and stability results were not provided in the study report. It was 
not considered that these variations were suffi cient in degree or frequency to affect the interpretation 
of results of the study. 

Mortality among mice in both sexes at 100 or 200 ppm appeared less than that among the 
c ontrols or among mice receiving 5 or 15 ppm (Table 20).

No treatment-related symptoms were observed. The majority of symptoms were signs of ill-
health preceding death. Serology samples showed the presence of antibodies to mouse hepatitis virus, 
Mycoplasma pulmonis and Sendai virus. The presence of antibodies, however, did not correlate with 
an adverse effect on the study due to these pathogens. Body weight developments in both sexes at 100 
or 200 ppm were retarded. Feed consumption was not affected by treatment. No treatment-related 
differences were revealed in blood smears in both sexes at 0 and 200 ppm at different time points. At 
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termination, relative liver weights of animals of both sexes that received 100 or 200 ppm were signifi -
cantly increased: in males by 22% and 42% at 100 and 200 ppm, respectively, and in females by 29% 
and 59% at 100 and 200 ppm, respectively. The analysis of the effect of the presence of liver nodules 
on the liver weights indicated that the increase in liver weight was not a consequence of the masses. 
Absolute and relative liver weights of the satellite groups (200 ppm) terminated after 13 weeks of 
treatment were signifi cantly increased in males and females. There was a signifi cant increase in the 
incidence of hepatic accentuated lobular pattern and of hepatic masses at 15, 100 and 200 ppm in 
males and at 100 and 200 ppm in females compared with each of the two control groups. The hepatic 
masses corresponded to the treatment-related increases in hepatic adenomas and carcinomas in both 
sexes. The females at 200 ppm also had an increased incidence of areas of hepatic change and en-
largement. The males at 200 ppm also had a small increase in the incidence of granular liver. In the 
males at 100 and 200 ppm, there were reduced incidences of gastrointestinal tracts with abnormal 
contents in all regions examined apart from the stomach, which was unaffected. This treatment-
related effect was not seen in females. Renal fi ndings that may relate to treatment were restricted to 
a reduction in the incidence of granular kidneys in the 200 ppm females and to an apparent reduc-
tion in size of the kidneys in the 200 ppm male group. Skin ulceration was increased in the 200 ppm 
female group. In the males at 100 and 200 ppm, oedema of the subcutis was reduced in incidence. In 
the 100 ppm female group, the same effect was observed. The incidence of fl accid testes correspond-
ing to an increased testicular germinal epithelial defi cit was increased in males at 200 ppm only. The 
major treatment-related non-neoplastic changes are shown in Table 21.

In the liver, the major toxic changes (single-cell necrosis, diffuse hypertrophy, centriacinar 
hepatocytic vacuolation) were increased at 100 and 200 ppm in both sexes, although the male mice 
were more severely affected. The incidence of focal hepatocytic hyperplasia was increased at 200 
ppm in females. Several non-neoplastic changes in male mice were increased: optic nerve gliosis 
(200 ppm), skin ulceration (200 ppm) and cellulitis (100 and 200 ppm), epididymal aspermia (100 
and 200 ppm) and testicular germinal epithelial defi cit (100 and 200 ppm). In females, aortic arteritis 
(200 ppm) and lymphoid hyperplasia in the mesenteric lymph modes (200 ppm) were increased. The 
lack of dose dependencies in the incidences of testicular lesions and aspermia in the epididymis and 
lack of testicular toxicity in the 90-day study of mice conducted at doses up to 88.7 mg/kg bw (War-
ren, Skinner & Karapally, 1987) indicated that cyproconazole has no potential for testicular toxicity. 
In the satellite group (13 weeks of treatment), the incidences of periacinar hepatocytic hypertrophy 
in both males and females, periacinar hepatocytic vacuolation in males and non-zonal hepatocytic 
fat vacuolation in females were signifi cantly increased by the treatment. Treatment-related effects on 
incidences of neoplastic changes are shown in Table 22. 

The incidences of hepatocytic adenoma in males at 100 and 200 ppm and in females at 
200 ppm and of hepatocytic carcinoma in males at 15 and 100 ppm and in females at 200 ppm 
were signifi cantly increased for all animals. The incidence of hepatocytic carcinoma in males at 

Table 20. Mortality in a carcinogenicity study in mice 

Period Number of decedents/total number of animalsa

0 ppm (control 1) 5 ppm 15 ppm 100 ppm 200 ppm 0 ppm (control 2)

Males

Week 0–termination 31/50 (62%) 30/50 (60%) 25/50 (50%) 21/50 (42%) 14/50 (28%) 34/50 (68%)

Females

Week 0–termination 33/50 (66%) 26/50 (52%) 30/50 (60%) 14/50 (28%) 23/50 (46%) 27/50 (54%)

From Warren et al. (1989)
a  % mortality shown in parentheses.
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Table 21. Non-neoplastic fi ndings in a carcinogenicity study in micea

Incidence (number observed out of total evaluated)

Males Females

0 ppm 
(con-
trol 1)

5 
ppm

15 
ppm

100 
ppm

200 
ppm

0 ppm 
(con-
trol 2)

0 ppm 
(con-
trol 1)

5 
ppm

15 
ppm

100 
ppm

200 
ppm

0 ppm 
(con-
trol 2)

Liver

Total evaluated 50 50 50 50 50 50 50 50 50 50 50 50

Focal infl ammation 1 1 4 5* 8** 1 1 5 9 5 4 6

Single-cell necrosis 0 2 3 14*** 25*** 2 0 3* 2 4* 9*** 0

Diffuse hepatocytic 
h ypertrophy

4 4 6 26*** 36*** 10 5 6 6 7 20*** 8

Periacinar hepatocytic 
h ypertrophy

1 2 5* 4* 2 0 0 1 0 0 3* 0

Centriacinar hepatocytic 
vacuolation

0 0 0 1 3* 0 0 0 0 4* 3* 0

Periacinar hepatocytic 
v acuolation

0 4* 3 1 1 1 0 0 1 17*** 6** 1

Focal hepatocytic 
h yperplasia

1 0 2 2 2 1 0 0 1 0 5** 0

Testes

Total evaluated 50 50 50 50 50 50 — — — — — —

Germinal epithelial defi cit 22 31 29 34** 33* 23 — — — — — —

Epididymides

Total evaluated 50 50 50 50 50 50 — — — — — —

Aspermia 10 20 15 26** 21* 15 — — — — — —

Optic nerve

Total evaluated 45 45 44 45 46 41 — — — — — —

Gliosis 0 2 2 2 3* 0 — — — — — —

Skin

Total evaluated 50 50 50 50 50 50 50 50 50 50 50 50

Ulceration 4 5 4 6 9* 2 1 4 3 5 6 3

Cellulitis 4 5 6 8* 8* 1 1 4 3 5 6 3

Heart

Total evaluated 50 50 50 50 50 50 50 50 50 50 50 50

Aortic arteritis 0 0 0 0 0 1 1 0 0 2 4* 0

Mesenteric lymph nodes

Total evaluated 48 45 49 49 47 50 47 49 46 50 50 50

Lymphoid hyperplasia  0 0 2 2 0 1 3 2 1 2 13* 7

From Warren et al. (1989)
* P < 0.05; ** P < 0.01; *** P < 0.001 (compared with pooled controls 1 + 2)
a  Data extracted from Table 5 of the study report.

15 ppm was increased. To confi rm the signifi cance of the increase, an analysis of trends in asso-
ciation between incidences of all neoplastic tumours and dosage of cyproconazole was performed 
(Table 23). 
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The analysis of the liver tumours indicated a positive association at doses of 15, 100 or 200 ppm 
in males and 200 ppm in females (Table 23). However, there is an uneven distribution of survival in 
this study (see Table 20). Better than expected survival was found in males at 15, 100 and 200 ppm and 
in females given 100 ppm. Animals with longer survival have a greater risk of developing tumours. 
Thus, males with the greater lifespan bore the most liver tumours. The Peto analysis (age-adjusted 
analysis for fatal, incidental and total tumours) sets out to assess whether the greater lifespan was the 

Table 22. Neoplastic changes in a carcinogenicity study in mice

Incidence (number observed out of total evaluated)

Males Females

0 ppm 
(control 1)

5 
ppm

15 
ppm

100 
ppm

200 
ppm

0 ppm 
(control 2)

0 ppm 
(control 1)

5 
ppm

15 
ppm

100 
ppm

200 
ppm

0 ppm 
(control 2)

All animals

Total evaluated 50 50 50 50 50 50 50 50 50 50 50 50

Hepatocytic 
adenoma

3 4 5 12** 12** 3 0 0 0 2 6** 0

Hepatocytic 
carcinoma

0 0 3* 3* 1 0 0 0 0 0 7*** 0

Animals killed or dying during the treatment period

Total evaluated 31 30 25 21 14 34 33 26 30 14 23 27

Hepatocytic 
adenoma

1 2 1 0 2 0 0 0 0 0 3* 0

Hepatocytic 
carcinoma

0 0 2 2 1 0 0 0 0 0 5** 0

Animals killed after 82 weeks of the treatment period

Total evaluated 19 20 25 29 36 16 17 24 20 36 27 23

Hepatocytic 
adenoma

2 2 4 12* 10 3 0 0 0 2 3 0

Hepatocytic 
carcinoma

0 0 1 1 0 0 0 0 0 0 2 0

From Warren et al. (1989)
* P < 0.05; ** P < 0.01; *** P < 0.001 (compared with pooled controls 1 + 2)
a  Data extracted from Tables 5, 8 and 10 of the study report. 

Table 23. Combined liver adenoma and carcinoma in a carcinogenicity study in mice

Males Females

Dietary concentration (ppm)

0 5 15 100 200 0 5 15 100 200

No. of animals 100 50 50 50 50 100 50 50 50 50

No. of affected animals 6 4 8 15 13 0 0 0 2 13

Statistical signifi cance (not adjusted for age) ### n/s * *** *** ### n/s n/s n/s ***

Age-adjusted analysis: statistical signifi cance ## n/s n/s ** n/s ### n/s n/s n/s ***

From Warren et al. (1989)
##, signifi cant trend over affected groups, P < 0.01; ###, signifi cant trend over affected groups, P < 0.001; n/s, not signifi cant pairwise 
comparison, P > 0.05; *, signifi cant pairwise comparison, P < 0.05; **, signifi cant pairwise comparison, P < 0.05; ***, signifi cant 
pairwise comparison, P < 0.001
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only cause of the greater incidences or whether there was an effect of treatment (Table 23). The results 
in Table 20 indicate an effect of difference of survival; that is, there was a treatment-related effect 
in the combination of fatal and incidental tumours in males at 100 ppm and in females at 200 ppm. 
In addition, in female mice of all three categories (fatal, incidental and combined), the effect was 
present at the highest dose level only. In male mice, the effect (combined) of the 15 ppm group was 
no longer signifi cant with Peto analysis (P = 0.188), and that of the 200 ppm group fell just below the 
level of signifi cance (P = 0.052). In male mice of the 100 ppm group, the effect was signifi cant in the 
combined and incidental tumour categories, but not in the fatal tumour group. Although there were 
a number of neoplasms present in animals of the control and treated groups, their incidences, except 
liver tumours, were not statistically signifi cant, and they were considered not to be treatment related.

The LOAEL in this study was 100 ppm, equal to 13.2 mg/kg bw per day, based on reduced 
body weight gains, the toxic changes in the liver and the increase in incidence of adenoma and ad-
enocarcinoma in the liver. The NOAEL in this study was 15 ppm, equal to 1.84 mg/kg bw per day 
(Warren et al., 1989). 

Mode of action (MOA) studies for liver tumour development were conducted (see section 2.6 
and Appendix 2). 

Rats

In a combined long-term study of toxicity and carcinogenicity, groups of 70 male and 70 
female Han Wistar (Kfm: WIST) rats were given diets containing cyproconazole (purity 95.6%) at 
dose levels of 0, 20, 50 or 350 ppm, equal to 0, 1.01, 2.22 and 15.59 mg/kg bw per day for males 
and 0, 1.24, 2.73 and 21.76 mg/kg bw per day for females, for 118–119 weeks and 121–122 weeks, 
respectively. Premix and fi nal diets were analysed for homogeneity and stability of the test substance 
prior to study initiation and at monthly intervals during the study. Mortality was checked twice a day. 
Detailed examination of skin, fur, eyes, mucous membranes, and respiratory and circulatory activity 
and palpation of masses (if indicated) were conducted biweekly. Body weight and feed consumption 
were determined weekly up to 13 weeks of treatment, then for weeks 15, 17, 19 and 21, then again 
weekly. Ophthalmological examination was performed during weeks 98 and 99 on all surviving rats 
of the control and 350 ppm groups. Haematological, clinical chemistry and urinalysis examinations 
were carried out on 10 rats of each sex per group at weeks 14, 26, 52, 78 and 105 and at treatment ter-
mination. Ten rats of each sex per group were sacrifi ced after each of 52 and 78 weeks of treatment. 
For the rats killed at week 52, samples of the liver were frozen and analysed for glycogen content, 
glucose-6-phosphatase activity and fructose-1,6-diphosphatase activity. The remaining surviving 
animals were sacrifi ced at treatment termination. A gross necropsy was conducted on all animals. At 
interim and terminal sacrifi ces, organ weights were obtained for adrenals, brain, heart, kidneys, liver, 
gonads, pituitary (termination only) and spleen from all animals. Histopathological examination of 
selected tissues was conducted on all animals.

The analysed concentrations of test material in the diets were reported as generally acceptable 
and within 10% of nominal concentrations. All dietary concentrations were higher (22–50%) than 
nominal concentrations at 28 weeks. Deviations from nominal were greater than 15% at seven, six 
and two intervals of analysis at nominal levels of 20, 50 and 350 ppm, respectively. Mean concentra-
tions for the entire study, however, were within 5% of the nominal at all dose levels. Homogeneity 
and stability were not provided in the study report. Dietary concentrations at 50 ppm and lower doses 
sometimes deviated over 30% during the fi rst 8 months, which raises concern as to the exact dose 
delivered to the animals. 

A slightly lower number of decedents was noted among rats of the high-dose group (350 ppm) 
by week 79. However, at termination, the mortality of the males was 72%, 68%, 68% and 56%, and 
the mortality of the females was 64%, 62%, 58% and 66%, at 0, 20, 50 and 350 ppm, respectively. 
There were no treatment-related symptoms during the study. The behaviour of control and treated rats 
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remained similar. Mean body weights of both sexes at 350 ppm were signifi cantly depressed through-
out the study. The cumulative body weight gains were below control levels, varying by 5–10% and 10–
21% in males and females, respectively. Body weight and body weight gain of both sexes at 20 or 50 
ppm were not affected by treatment with cyproconazole. Feed consumption was increased in high-dose 
females during the fi rst 13 weeks by 7% compared with the control group. Part of this increase may 
be due to food scattering. No effect was seen in males. No treatment-related fi ndings were observed 
in ophthalmological examination. No treatment-related changes in haematological parameters were 
observed except for a signifi cant decrease in lymphocytes and a signifi cant increase in neutrophils in 
males at 350 ppm at week 14. These changes were considered to be of no toxicological relevance, be-
cause of lack of time and dose dependency and no corresponding fi ndings among females. At the clini-
cal chemistry examination, a decrease in total bilirubin level and increase in GGT activity in both sexes 
at 350 ppm were observed at many time points, although the changes were not statistically signifi cant. 
The levels of bilirubin and GGT in the rat are normally very low and close to the limit of detection by 
the methodology employed. The signifi cance of these fi ndings is therefore questionable. Signifi cant 
increases in total protein and globulin levels in females, a higher trend of cholesterol levels in females 
and increases in AST and ALT values in males were observed at 350 ppm during the late portion of 
the study, although the magnitudes of these changes were small. A marginal but consistent increase 
in urea levels in females at 350 ppm was noted. Corticosteroid levels at week 52 were unaffected. 
No treatment-related changes in urinalysis were observed. Analysis of livers for glycogen content, 
glucose-6-phosphatase activity and fructose-1,6-diphosphatase activity revealed no clear treatment-
related effects. A marked reduction in body weight (varying from 15% to 20%) in females at 350 ppm 
at all scheduled sacrifi ces affected the analysis of organ weights to a small extent. Relative liver and 
kidney weights were signifi cantly increased in females at 350 ppm at all or most time points. There 
were no treatment-related gross fi ndings. Histopathologically, hepatocellular fatty change was found 
in males at 350 ppm, with increased incidence and severity at all time points. An increased incidence 
of hepatocellular hypertrophy was seen in females at 350 ppm at week 78 (Table 24). 

Numerous other non-neoplastic lesions were diagnosed in various organs and tissues. The type, 
incidence and severity of these lesions were considered to be similar in both treated and control 
rats. A number of neoplasms were diagnosed in rats of all dose groups. The type, incidence and 
m alignancy of these neoplasms were considered to be similar in both treated and control rats. 

The LOAEL was 350 ppm (equal to 15.59 mg/kg bw per day), based on the body weight 
depression in both sexes. The NOAEL was 50 ppm (equal to 2.22 mg/kg bw per day). Under the 
c onditions of this study, cyproconazole was not carcinogenic to rats (Warren et al., 1988b).

2.4 Genotoxicity

Cyprocobazole was negative for mutagenicity in various in vivo and in vitro genotoxicity 
a ssays (Table 25).

2.5 Reproductive toxicity

(a) Multigeneration studies

Rats

In a two-generation study of reproductive toxicity, groups of 26 male and 26 female KFM Wistar 
rats were given diets containing cyproconazole (purity 95.6%) at a concentration of 0, 4, 20 or 120 ppm 
(equal to 0, 0.28, 1.39 and 8.29 mg/kg bw per day for males and 0, 0.33, 1.67 and 9.88 mg/kg bw per 
day for females, respectively). Treatment started after a 14-day acclimation period and 10 weeks before 
mating and continued for the dams through weaning of offspring at 21 days postpartum. Treatment 
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for males was continued for approximately 3 weeks after termination of the mating period. On day 4 
postpartum, litters were culled to four males and four females per litter, when more than four fetuses 
of each sex were in the group. Randomly, 26 males and females of the F

1
 generation (one male and 

one female per litter if possible) were treated at the same dose levels as the F
0
 parents from the time of 

weaning. These treated rats were then mated at 15 weeks of age. Mating of siblings was avoided. Dos-
ing continued through the weaning of F

2
 offspring. Males of both generations were weighed weekly 

throughout the study. Dams were weighed weekly during premating periods and on days 0, 7, 14 and 
20 of pregnancy. Dams and offspring were weighed on days 0, 7, 14 and 21 postpartum. All animals 
were examined daily for mortality and clinical signs, and females were observed 3 times a day from 
day 20 of gestation for signs of parturition. Feed consumption was monitored at the same time as body 
weight was recorded, except during the mating period, when both males and females had access to the 
same feeder. Parturition was observed and described. Litter size, sex distribution and malformations of 
pups were recorded. Sacrifi ced parental animals were necropsied. Organs or tissues with major macro-
scopic abnormalities were removed and processed for histopathology. The liver of each animal killed 
at scheduled termination was weighed and investigated histopathologically. In addition, the follow-
ing tissues were prepared for histopathological investigations: vagina, cervix, uterus, ovaries, testes, 
e pididymides, seminal vesicles, prostate, coagulating gland and pituitary gland. 

Prepared diets were analysed for stability, homogeneity and concentrations before the start 
of the treatment and every second month thereafter. Prepared diets were stable for 14 days at room 
temperature. 

No treatment-related clinical signs were noted in either the F
0
 or F

1
 parental generation, and no 

parental animals died during treatment. The only clinical signs noted in F
0
 animals were in a single 

high-dose female that failed to deliver and showed signs of distress and increased respiration. Clinical 
signs in the F

1
 generation were minor and did not appear to be treatment related. No treatment-related 

mortality occurred in the parental animals of both generations. Body weight and feed consumption 
were comparable between treated groups and controls during the entire study period. A marginal/
slight increase in relative liver weight was seen in F

0
 males (5.5% greater than controls) and females 

(4.4% greater than controls), attaining statistical signifi cance in males only (P > 0.05). Slight liver 
fatty change was noted at increased incidence in high-dose F

0
 males (Table 26). This observation is 

of questionable signifi cance, as no toxicity was seen in F
0
 females or F

1
 males and females. No other 

treatment-related changes were observed. Indices refl ecting mating success were comparable between 

Table 24. Selected non-neoplastic fi ndings in the liver in a 2-year rat study

Findings Incidence

Males Females

Control 20 ppm 50 ppm 350 ppm Control 20 ppm 50 ppm 350 ppm

Hepatocellular fatty change

Terminal sacrifi ce, including 
intercurrent deaths

23/50 19/49 29/50 38/50 23/50 15/50 15/50 10/50

Interim sacrifi ce week 52 4/10 5/10 7/10 10/10 1/10 — — 1/10

Interim sacrifi ce week 78 3/10 1/10 4/10 10/10 — — — —

Hepatocellular hypertrophy

Terminal sacrifi ce, including 
intercurrent deaths

— — 1/50 1/50 — — — —

Interim sacrifi ce week 52 — — — — — — — —

Interim sacrifi ce week 78 — — — — — — — 4/10

From Warren et al. (1988b)
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treated groups and controls. Several females in all groups of both generations failed to become preg-
nant; however, there were no treatment-related differences between treated and control groups. The 
fertility indices in the F

0
 and F

1
 females were comparable between treated and control groups. Num-

bers of implantation sites per dam did not signifi cantly differ among groups. The mean pregnancy 
length in the low-dose F

0
 and F

1
 females was comparable to that of their respective controls. An 

increased gestation length was observed in some mid- and high-dose F
0
 females. A single mid-dose 

animal delivered a single pup on day 24 of gestation. A single female of the high-dose F
0
 group failed 

to deliver and was not included in the calculations of gestation length. However, this female had only 
a single implantation site and no fetuses at termination. In the F

0
 generation, the females delivered on 

day 22 or 23; however, the distribution between those 2 days varied among groups. Delivery on day 
22 occurred for 66% of the controls and 50% of the dams in the 20 and 120 ppm groups, indicating a 
slight increase in the length of pregnancy in some animals of these dose groups, which may have been 
related to treatment. However, there was no such increase in the F

1
 generation dams.

Table 25. Results of studies of genotoxicity with cyproconazole 

End-point Test system Concentration or dose Purity (%) Result Reference

In vitro

Reverse mutation 
(Ames test)

Salmonella typhimu-
rium strains TA98, 
TA100, TA1535, 
TA1537 and TA1538

1.0–5000 µg/plate ± meta-
bolic activation in DMSO

95.6 Negative Hoorn 
(1986)

HGPRT gene 
mutation

Chinese hamster ovary 
cell line V79

20–200 µg/ml ± metabolic 
activation in DMSO

94.4 Negative Miltenburger 
(1985b)

Mitotic non-
disjunction assay 
(aneuploidy)

Saccharomyces cer-
evisiae

10–550 µg/ml ± metabolic 
activation in DMSO

Not 
s pecifi ed

Negative Hoorn 
(1985)

Chromosomal 
aberration

Chinese hamster ovary 
cells

100–200 µg/ml without and 
100–250 µg/ml with meta-
bolic activation in DMSO

95.6 Weakly 
p ositive

Enninga 
(1988) 

Negative 
( re-evaluation)

McEnaney 
(1992)

Chinese hamster ovary 
cells

60–500 µg/ml without and 
15–200 µg/ml with meta-
bolic activation in DMSO

95.6 Negative Murli (1990)

Chinese hamster ovary 
cells

25–800 µg/ml ± metabolic 
activation in DMSO

100 Negative Saigo (1995)

UDS (DNA repair) Rat primary hepato-
cytes

0.15–15 µg/ml ± metabolic 
activation in DMSO

96.2 Negative Curren 
(1988)

Morphological 
transformation assay

Syrian hamster embryo 
cells

20–200 µg/ml ± metabolic 
activation in DMSO

94.4 Negative Miltenburger 
(1985a)

In vivo

Micronucleus 
formation

Swiss random mice 
(5 males and 5 females 
per group)

0, 16.7, 55.7, 167 mg/kg bw 
(single oral dose in DMSO)

Not 
s pecifi ed

Negative Taalman 
(1985)

Cytogenetic assay 
(chromosomal 
aberrations)

ICO:CDI (CRL) mice 
(5 males and 5 females 
per group)

0, 50, 100, 200 mg/kg bw in 
arachis oil

95.5 Negative Ogorek 
(1999)

Dominant lethal 
assay

Sprague-Dawley rats 
(20 males per group)

0, 20, 40, 80 mg/kg bw in 
corn oil

95.6 Negative Putman 
(1991)

DNA, deoxyribonucleic acid; UDS, unscheduled DNA synthesis
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No treatment-related malformations were evident. Treatment did not have an apparent effect 
on sex distribution in either F

1
 or F

2
 pups. No treatment-related clinical signs were noted in F

1
 or F

2
 

pups. No treatment-related effects on body weights were observed at any of the investigated postnatal 
intervals in either F

1
 or F

2
 pups. The mean number of implantation sites was decreased in the high-dose 

group (−7.2% compared with controls); however, the value was within the historical control range. A 
decreased litter size at birth was seen in this group (−12% compared with controls). Neither parameter 
was affected in the F

1
 generation. Among pups in the F

1
 generation, there was a dose-related increase 

in prenatal/perinatal mortality in the mid- and high-dose groups (13.6% and 16.3%, respectively). The 
prenatal/perinatal mortality, 10.7%, was also considered relatively high in the control group by the au-
thor. As shown in Table 27, there was a corresponding slight increase in postnatal mortality (days 0–21 
postpartum) in the mid- and high-dose groups (6.6% and 8.1%). Postnatal days 0–4 were most affected. 
However, the apparent increases at 20 ppm in prenatal/perinatal and postnatal mortality in the F

1
 litters 

result from one single F
0
 dam that lost 100% of its pups (12/13 prenatal/perinatal losses, the single sur-

viving pup dying in the fi rst 4 days). As there was no effect in the F
1
 generation, this event was unlikely 

to be treatment related. In the F
2
 litters, there was a slight increase in prenatal/perinatal mortality at 

the high dose only. There was a slightly higher postnatal mortality during days 0–4 in the F
2
 high-dose 

group only (7.6% greater than controls). Pup weights were not affected in either F
0
 or F

1
 generations. 

Administration of cyproconazole in the diet of rats in this two-generation reproductive toxic-
ity study produced minimal signs of parental toxicity in F

0
 males at the highest dose tested. A slight 

(statistically signifi cant) increase in relative liver weight was associated with a marginally increased 
incidence of liver fatty change. This observation is of questionable signifi cance, as no toxicity was 
seen in F

0
 females or F

1
 males and females. In addition, the 90-day rat studies (Skinner et al., 1985b; 

Gerspach, 1999) indicated that the NOAEL for liver effects was in excess of 80 ppm (6.4 mg/kg bw 
per day). An increase in gestation length in some high-dose F

0
 females may have been related to treat-

ment, but was not observed in the F
1
 generation. In the F

0
 generation, there was a slight, statistically 

non-signifi cant decrease in the number of implantations in the high-dose group. In addition, there 
was a dose-related increase in prenatal/perinatal mortality in the high-dose groups in the F

0
 and F

1
 

generations (16.3% and 12.6%, respectively). There was a corresponding slight increase in postnatal 
mortality (days 0–21 postpartum) in the high-dose group of the F

0
 and F

1
 generations (8.1% and 

7.6%, respectively). Treatment with cyproconazole had no effects at 4 ppm. 

The NOAEL for parental systemic toxicity was 20 ppm (equal to 1.39 mg/kg bw per day), 
based on slight fatty changes (vacuolated hepatocytes) seen at the LOAEL of 120 ppm (equal to 
8.29 mg/kg bw per day). The NOAEL for reproductive and offspring toxicity was equal to or greater 
than 120 ppm (equal to or greater than 8.29 mg/kg bw per day), the highest dose tested. The LOAEL 
for reproductive and offspring toxicity was not established. The study authors set a NOEL of 4 ppm 

Table 26. Incidence of liver fatty changes in F
0
 males in a two-generation reproductive toxicity 

study in rats

Liver fatty change Incidence (number out of total number evaluated)

Controls 4 ppm 20 ppm 120 ppm

No. of tissues evaluated 26 26 26 26

Total 10 12 12 19*

Minimal 4 3 2 4

Slight 6 8 9 14

Moderate — 1 1 1

 From Eschbach et al. (1987)
* P < 0.05
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(equal to 0.33 mg/kg bw per day) (Eschbach et al., 1987). However, the original report did not con-
sider the fact that apparently increased litter mortality in the 20 ppm group was considerably affected 
by the total loss of one single dam (Doubovetzky, 1998).

(b) Developmental toxicity

Rats

In a non-GLP range-fi nding study of developmental toxicity, groups of fi ve pregnant KFM-
Han Wistar rats were given cyproconazole (purity 95.6%) at a dose of 0, 7.5, 30, 75 or 120 mg/kg 
bw per day by gavage in 4% CMC in distilled water from day 6 to day 15 of gestation, inclusive. The 
dosing solutions were prepared daily. All rats were observed twice daily for clinical signs of toxicity, 
mortality and moribundity. Maternal body weights were recorded on day 0 until day 21 postpartum. 
Feed consumption was recorded on days 6, 11, 16 and 21 postcoitum. On day 21 of gestation, all 
surviving dams were sacrifi ced and subjected to gross necropsy. Fetuses were removed by caesarean 
section. Examinations at sacrifi ce comprised uterine weight, number and positions of implantations, 
number of corpora lutea in each ovary, individual fetal weights, percentage preimplantation loss, 
percentage postimplantation loss, and early and late intrauterine deaths. All fetuses were weighed, 

Table 27. Litter data (calculated from litter values) in the two-generation reproductive toxicity 
study in rats

Parameter Generation 0 ppm 4 ppm 20 ppm 120 ppm

Mean live pups/dam:

- Day 0 
- Day 4a 

- Day 21

F
1

11.2 
7.8 
7.8 

11.5 
7.7 
7.7 

10.8 
7.5 
7.4 

9.8↓ 
7.2↓ 
7.1↓

- Day 0 
- Day 4a 

- Day 21

F
2

11.0 
7.7 
7.7

11.7 
7.7 
7.6

12.0 
7.8 
7.7

10.9↓
7.2↓
7.1↓

Prenatal and perinatal loss (%) F
1

10.7 7.8 13.6↑ 16.3↑

F
2

11.3 7.3 5.6 12.6↑

Mean postnatal loss (%):

- Days 0–4 
- Days 0–21 

F
1

0.3 
0.3

1.6 
1.6

5.6 
6.6

7.6↑
8.1↑

- Days 0–4 
- Days 0–21

F
2

2.2 
2.2

4.2 
5.9

1.4 
2.9

5.8↑ 
7.6↑

Sex ratio at birth (males/females) F
1

0.49 0.47 0.49 0.49

F
2

0.48 0.50 0.49 0.55

Mean pup weight at birth (g):

- Male
- Female

F
1

5.9
5.6

5.8
5.5

5.9
5.6

5.9
5.7

- Male
- Female

F
2

5.8
5.5

6.0
5.8

5.8
5.4

6.0
5.7

Mean pup weight at day 21 postpartum (g):

- Male
- Female

F
1

45.8
44.1

45.4
44.6

46.4
44.4

44.2
43.5

- Male
- Female

F
2

46.2
44.9

49.4
47.6

49.0
46.9

47.1
45.5

From Eschbach et al. (1987) 
a  After culling.
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sexed and examined for external malformations/variations. The uteri of all females found to be not 
pregnant at necropsy were placed in an aqueous solution of ammonium sulfi de to accentuate possible 
haemorrhagic areas of implantation sites.

No deaths occurred and no symptoms or clinical signs were observed in any group. No abnor-
mal fi ndings were noted at necropsy in any females. A reduction in body weight gain was apparent 
in the high-dose animals (2/5 with live fetuses) in the early days of treatment (Table 28). Weight 
gain was otherwise similar to that of controls in other groups. Mean body weights were lower from 
30 mg/kg bw per day upwards, but this was due to the greatly reduced number of fetuses. Feed con-
sumption was reduced in the 75 and 120 mg/kg bw per day groups throughout treatment, amounting 
to 10% less than controls at 75 mg/kg bw per day and 16.7% less at 120 mg/kg bw per day.

Reproduction parameters were not affected at 7.5 mg/kg bw per day. At 30 mg/kg bw per day and 
above, increased numbers of early resorptions (24–54% of implants) and reduced fetal body weights 
were observed. Two of fi ve dams at 75 mg/kg bw per day and three of fi ve dams at 120 mg/kg bw 
per day were found to have lost all implantations by resorption. The following malformations and/or 
anomalies were found upon external investigations:

• Control   no malformations or anomalies

• 7.5 mg/kg bw per day no malformations or anomalies

• 30 mg/kg bw per day 1 palatoschisis (in 47 fetuses)

• 75 mg/kg bw per day 1 palatoschisis (in 16 fetuses)

• 120 mg/kg bw per day 10 of 11 fetuses with palatoschisis (2 litters)

The NOAEL for maternal toxicity was 30 mg/kg bw per day. The LOAEL for maternal toxicity 
was 75 mg/kg bw per day, based on decreased body weight gain and feed consumption. The NOAEL 
for developmental toxicity was 7.5 mg/kg bw per day, based on a dose-related increase in early re-
sorption at 30 mg/kg bw per day and above and a dose-related increase in palatoschisis (cleft palate) 
seen at the LOAEL of 30 mg/kg bw per day and above. The study author concluded that the NOAEL 
was 7.5 mg/kg bw per day (Becker, 1985a). 

In the main study of developmental toxicity, groups of 25 pregnant KFM-Han Wistar rats were 
given cyproconazole (purity 95.6%) at a dose of 0, 6, 12, 24 or 48 mg/kg bw per day by gavage in 
4% CMC in distilled water (10 ml/kg bw volume) from day 6 to day 15 of gestation, inclusive. The 

Table 28. Maternal body weight gain in a range-fi nding teratogenicity study in ratsa 

Gestation period Maternal body weight gain (g)b

Dose (mg/kg bw per day)

0 7.5 30 75 120 

Days 0–6 23 22 23 22 20

Days 6–11 17 12 (−29%) 12 (−29%) 10 (−41%) 3 (−82%)

Days 11–16 23 26 (+13%) 21 (−9%) 15 (−55%) 18 (−22%)

Days 6–16 40 38 (−5%) 33 (−18%) 25 (−38%) 21 (−48%)

Days 16–21 46 56 (+22%) 47 (+2%) 31 (−33%) 33 (−28%)

Days 6–21 86 94 (+9%) 80 (−7%) 56 (−35%) 54 (−37%)

From Becker (1985a)
a  No statistical evaluation of the data was performed.
b  % difference from control shown in parentheses.
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dosing solutions were prepared daily. The concentration, stability and homogeneity of the dosing 
solution were determined once during the treatment period. All rats were observed twice daily for 
clinical signs of toxicity, mortality and moribundity. Maternal body weights were recorded on day 0 
until day 21 postpartum. Feed consumption was recorded on days 6, 11, 16 and 21 postcoitum. On 
day 21 of gestation, all surviving dams were sacrifi ced and subjected to gross necropsy. The fetuses 
were removed from the uterus by caesarean section, sexed, weighed, examined for gross external 
abnormalities and fi xed either for viscera and brain investigations according to Wilson (1/3 fetuses) 
or for skeletal examination (2/3 fetuses). The uteri and contents of all pregnant females were weighed 
on the day of scheduled sacrifi ce and used to determine the corrected body weight gain. The uteri of 
all females found to be not pregnant at necropsy were placed in an aqueous solution of ammonium 
sulfi de to accentuate possible haemorrhagic areas of implantation sites.

No deaths occurred and no symptoms or clinical signs were observed in any group of this 
study that could be considered treatment related. Similarly, no treatment-related fi ndings were noted 
macroscopically at necropsy in any females. Evidence of maternal toxicity included inhibited body 
weight gain (18%) during treatment (gestation days 6–11) at dose levels of 12 mg/kg bw per day and 
above (Table 29). Body weight gain of the 12 mg/kg bw per day group beyond day 11 was similar to 
that of the control group. Decreased body weight and feed consumption among females were seen 
in the 24 and 48 mg/kg bw per day dose groups. These differences in maternal body weights could 
have been infl uenced by treatment-related intrauterine effects (e.g. increased number of resorptions, 
decreased fetal weight). Net body weight change (= body weight gain from day 6 to day 21 minus 
uterine weight) showed no difference among groups. 

Evidence of fetal toxicity was apparent from observed dose-related increases in the number 
of litters with supernumerary ribs at doses of 24 and 48 mg/kg bw per day. The increase in super-
numerary ribs at 6 (5.6%) and 12 (8.2%) mg/kg bw per day was within the historical control range 
(8.3% of the historical control value). At 24 and 48 mg/kg bw per day, a signifi cantly increased 
postimplantation loss was noted, which was dose related. The total losses consisted mainly of early 
resorptions and, to a lesser extent, late resorptions; these amounted to 22.2% and 30.6% of the im-
plantations at 24 and 48 mg/kg bw per day, respectively. Preimplantation loss was not affected by 
treatment. The mean fetal body weights in the 24 and 48 mg/kg bw per day groups were signifi cantly 
reduced (−8.3%) compared with that of the control. External investigations revealed the presence of 
one runt in each of the 6, 12, 24 and 48 mg/kg bw per day groups. This fi nding was considered to be 
incidental and not related to cyproconazole treatment. At the highest dose, one fetus was noted with 
a hydrocephalus, and two fetuses, one of which was a runt, had a palatoschisis (also reported as cleft 

Table 29. Maternal body weight gain in main teratogenicity study in rats

Gestation period Maternal body weight gain (g)a

Dose (mg/kg bw per day)

0 6 12 24 48 

Days 0–6 18 18 17 18 17

Days 6–11 17 16 (−6%) 14 (−18%)** 12 (−29%)** 11 (−35%)**

Days 11–16 27 26 (−4%) 25 (−7%) 23 (−15%)** 22 (−19%)**

Days 6–16 44 42 (−5%) 39 (−11%) 35 (−20%)** 33 (−25%)**

Days 16–21 48 51 (+6%) 53 (+10%) 43 (−10%)** 42 (−12%)**

Days 6–21 92 93 (+1%) 92 (0%) 78 (−15%)** 75 (−18%)**

From Becker (1985b) 
** P ≤ 0.01
a  % difference from control shown in parentheses.
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palate) (Table 30). At 24 mg/kg bw per day, a hydrocephalus internus was noted during the visceral 
investigations. In the 24 and 48 mg/kg bw per day groups, the incidence of incompletely ossifi ed 
phalangeal nuclei and calcanea with still absent ossifi cation was increased compared with that of the 
control. These fi ndings were considered to be the result of the reduced mean body weights of fetuses 
and not a specifi c effect of treatment on skeletal development. 

The maternal toxicity NOAEL was 6 mg/kg bw per day, based on body weight gain reduc-
tion during early treatment at the LOAEL of 12 mg/kg bw per day. The developmental NOAEL was 
12 mg/kg bw per day, based on reduced fetal body weight, increased postimplantation loss, increases 
in supernumerary ribs and increased fetal malformations seen at the LOAEL of 24 mg/kg bw per 
day and above. The study author considered the NOEL to be 12 mg/kg bw per day (Becker, 1985b); 
however, the study author did not consider the decrease in body weight gain at 12 mg/kg bw per day 
to be a treatment-related effect (Eschbach, 1989). 

In a non-GLP published study of developmental toxicity, groups of 20 pregnant Wistar rats 
were given cyproconazole (unknown purity) at a dose of 0, 20, 50 or 75 mg/kg bw per day by g avage 
in aqueous solution of CMC (10 ml/kg bw volume) from day 6 to day 16 of gestation, inclusive. 
Groups of fi ve pregnant females were treated at a dose of 100 mg/kg bw per day. Other procedures 
were similar to those of the standard guideline developmental toxicity study in rats.

Treatment of pregnant rats revealed maternal toxicity at all investigated dose levels as mani-
fested by reduced body weight gain early during treatment. The depressed body weights during the 
early treatment period (6–11 days) were 37%, 37% and 63% below the control values at 20, 50 
and 75 mg/kg bw per day, respectively. The full biological and toxicological relevance of this effect 
cannot be assessed due to the lack of individual data on weight gains. Fetotoxicity in the form of 
 increased fetal resorptions and reduced body weight and size was statistically signifi cant at 50 mg/kg 
bw per day and above. Fetotoxicity was also evident in the low-dose group in terms of reduced mean 
fetal weights. A treatment- and dose-related increase in serious developmental effects, including cleft 
palate, internal hydrocephali and hydronephrosis of the ureter as well as delayed ossifi cation, was 
seen at all doses. The effects were apparent at 20 mg/kg bw per day, at lower incidence and/or lower 
degree of severity. No NOEL could be established in this study, either for maternal or for embryo/
fetotoxicity (Machera, 1995). 

Table 30. Fetal abnormalities observed in main teratogenicity study in rats

Parameter Dose (mg/kg bw per day)

0 6 12 24 48 

External examinations

No. of fetuses examined 248 248 271 217 177

No. of malformations (no. of litters affected) 0 (0) 1 (1) 1 (1) 1 (1) 3 (3)

Visceral examinations

No. of fetuses examined 78 79 91 71 60

No. of malformations (no. of litters affected) 0 (0) 0 (0) 0 (0) 1 (1) 3 (3)

Total no. of palatoschises (no. of litters affected) — — — — 2 (2)

Total no. of hydrocephalus (no. of litters affected) — — — 1 (1) 2 (2)

Skeletal examinations

No. of fetuses examined 170 169 180 146 117

No. of anomalies (no. of litters affected) 5 (4) 4 (4) 10 (7) 14 (8) 6 (6)

From Becker (1985b)
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Rabbits 

In a study of developmental toxicity, groups of 16 pregnant hybrid Chinchilla rabbits were 
given cyproconazole (purity 95.6%) at a dose of 0, 2, 10 or 50 mg/kg bw per day by gavage in 4% 
CMC in distilled water (dose volume 4 ml/kg bw) on days 6–18 of gestation, inclusive. The dosing 
solutions were prepared daily. Concentration, stability and homogeneity of cyproconazole in the ve-
hicle were determined once during the treatment period. Body weight was recorded daily from day 0 
until day 28 postcoitum, and feed consumption was recorded on days 6, 11, 15, 19, 24 and 28 post-
coitum. Mortality, clinical signs and symptoms were recorded at least twice daily. All females were 
killed on day 28 postcoitum by cervical dislocation, and fetuses were removed by caesarean section. 
Postmortem examinations included gross macroscopic inspection of all internal organs, with empha-
sis on the uterus, uterine contents, position of fetuses in the uterus and number of corpora lutea. The 
fetuses were removed from the uterus, sexed, weighed, examined for gross external abnormalities and 
prepared for internal examinations. Fetuses were dissected carefully to investigate body cavities and 
organs. Skin was removed, and crania were examined for ossifi cation. Heads were fi xed and cross-
sectioned to examine the cephalic viscera. Trunks were then cleared in a potassium hydroxide solu-
tion, and skeletons were stained for examination. The uteri and contents of all pregnant females were 
weighed on the day of scheduled sacrifi ce and used to determine the corrected body weight gain. 
The uteri of all females found to be not pregnant at necropsy were placed in an aqueous solution of 
a mmonium sulfi de to accentuate possible haemorrhagic areas of implantation sites. 

The measured concentrations of cyproconazole ranged from 73.3% to 93.3% and from 48.0% 
to 80.0% of nominal concentrations immediately after preparation and 90 minutes after preparation, 
respectively. The test material concentrations in the dosage suspensions for the 10 and 50 mg/kg bw 
per day groups were not within acceptable limits (±15% of nominal concentration) immediately after 
preparation. Ninety minutes after preparation, none of the dosage suspension/test material concen-
trations were within acceptable limits. Triplicate analyses of each dosage suspension also showed 
that these mixtures were not homogeneous. In the face of such inconsistency, it is diffi cult to have 
c onfi dence in the exposure levels reported for the study. 

No deaths occurred and no symptoms or clinical signs that could be considered treatment re-
lated were observed in any group of this study. Similarly, no treatment-related fi ndings were noted 
macroscopically at necropsy in any females. Body weight development of dams of the low- and 
middle-dose groups did not differ from that of the control group (Table 31). High-dose animals 
showed a mean loss in body weight between the fi rst and second days of treatment of 105 g. They 
returned to their day 6 body weight by day 12 only. Day 6 to day 11 body weight gain was therefore 
127% below control. Animals partly recovered from this, resulting in an overall body weight gain 
during the entire treatment period that was 38% below control. Mean corrected body weight gains 
(= body weight gain from day 6 to day 28 minus uterus weight) were similar in all groups, indicating 
that maternal changes in body weight gain could be due to increased resorptions. Feed consumption 
was decreased (−26.9%, P < 0.05) in the high-dose group during the initial phase of the treatment 
period (days 6–11). Noted differences between treated and control groups at other intervals were not 
remarkable. Reproduction parameters were not affected in the 2 mg/kg bw per day group (Table 32). 
A signifi cantly increased postimplantation loss was recorded at 50 mg/kg bw per day. An apparently 
treatment- and dose-related increase in implantation loss was also seen at 10 mg/kg bw per day. The 
total losses consisted mainly of early resorptions and late resorptions; these amounted to 7% and 
16.4% of the implantations at 10 and 50 mg/kg bw per day, respectively. The mean fetal body weights 
were not affected. 

Evidence of developmental toxicity included hydrocephalus internus, observed in one fetus 
at each dose level, and one agenesia of the diaphragm in the control, one partial agenesia of the 
diaphragm at 10 mg/kg bw per day and one agenesia of the left kidney and ureter at the high dose. 
Slight microphthalmia was found in four fetuses of one litter in the 10 mg/kg bw per day dose group. 
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The incidence of hydrocephalus internus was 0.85, 0.83 and 0.93 for the low-, mid- and high-dose 
fetuses and 0.08 for the historical control incidence. Hydrocephaly was also seen at two dose levels 
in a developmental toxicity study in rats (Eschbach, 1989) and also in the published study in rats with 
this test material (Machera, 1995); however, this anomaly did not occur in the concurrent controls of 
either study. In another developmental toxicity study in New Zealand White rabbits, hydrocephaly 
was not seen (Müller, 1991).

The maternal NOAEL was 10 mg/kg bw per day, and the LOAEL was 50 mg/kg bw per day, 
based on decreased body weight gains and feed consumption. The developmental toxicity NOAEL was 
10 mg/kg bw per day, based on increases in postimplantation loss seen at the LOAEL of 50 mg/kg bw 
per day, the highest dose tested. The study author set a NOAEL for maternal toxicity at 10 mg/kg bw 
per day and concluded that there was no embryotoxicity or teratogenicity at doses up to and including 
50 mg/kg bw per day (Becker, 1986). 

In a second study of developmental toxicity, groups of 18 pregnant New Zealand White rabbits 
were given cyproconazole (purity 94.8%) at a dose of 0, 2, 10 or 50 mg/kg bw per day by gavage in 
1% CMC in distilled water (dose volume 5 ml/kg bw) on days 6–18 of gestation, inclusive. The dos-
ing solutions were prepared weekly as a suspension in vehicle. The concentration and homogeneity of 
cyproconazole in the vehicle were determined during the fi rst and last weeks of the treatment. It was 
stated in the study report that the stability was determined and proven during the range-fi nding study. 
All animals were examined twice daily for morbidity and mortality. Body weight was recorded on 
days 0, 6, 9, 12, 15, 19, 24 and 28 postcoitum. Feed consumption was recorded for days 0–2, 2–4, 4–6, 
6–9, 9–12, 12–15, 15–17, 17–19, 19–21, 21–24, 24–26 and 26–28 postcoitum. On day 28 postcoitum, 
surviving female rabbits were killed, dissected and examined macroscopically for pathological chang-
es. Animals found dead and females showing signs of abortion were also necropsied and examined 
for pathological changes. Ovaries and uteri were removed and examined. Uterine contents, position of 
fetuses in the uterus and number of corpora lutea were recorded. Fetuses were killed by intrapleural 
injection of sodium pentobarbital, sexed, weighed, examined for gross external abnormalities and pre-
pared for internal examinations. Fetuses were microdissected to investigate body cavities and organs. 
Heads were removed from approximately half of the fetuses, fi xed and examined for visceral abnor-
malities by modifi ed Wilson’s technique. In the remaining fetuses, examination of the brain was per-
formed by a mid-coronal cut. The carcass of all fetuses was examined for skeletal abnormalities after 

Table 31. Differences in body weight gain of dams over the treatment period in the developmental 
toxicity study in Chinchilla rabbits with cyproconazole 

Group 
(mg/kg bw 
per day)

Body weight change (g)a Corrected 
body weight 
gain (%)b

Days postcoitum

0–6 6–11 11–15 15–19 6–19 19–24 24–28 6–28

1 (0) 152 
(+4.7%)

45 
(+1.3%)

85 
(+2.5%)

48 
(+1.4%)

178 
(+1.4%)

60 
(+1.7%)

34 
(+0.9%)

272 
(+8.0%)

−4.9

2 (2) 125 
(+4.1%)

55 
(+1.7%)

75 
(+2.3%)

71 
(+2.1%)

201 
(+6.3%)

68 
(+20%)

40 
(+1.2%)

309 
(+9.6%)

−4.5

3 (10) 160 
(+5.2%)

71 
(+2.2%)

69 
(+2.1%)

59 
(+1.7%)

199 
(+6.2%)

63 
(+1.8%)

37 
(+1.1%)

299 
(+9.2%)

−3.7

4 (50) 187 
(+6.2%)

−12 
(−0.4%)

50 
(+1.6%)

73 
(+2.2%)

111 
(+3.4%)

66 
(+2.0%)

33 
(+1.0%)

210 
(+6.5%)

−4.9

From Becker (1986)
a  % change shown in parentheses.
b  Corrected body weight gain as a percentage of weight on day 6.
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Alizarin staining. The uteri of apparently non-pregnant females at necropsy were placed in an aqueous 
solution of ammonium sulfi de to accentuate possible haemorrhagic areas of implantation sites. 

The data provided show that the test material was suspended homogeneously in the CMC, and 
the concentrations attained were close to the nominal concentrations (89–105% for homogeneity and 
91–94% for concentration measurements). Stability data were not provided in the study report. 

There were two deaths, one in the mid-dose group (14 days postcoitum) and one in the high-
dose group (22 days postcoitum), which were apparently incidental. Low water consumption was 
observed in all groups, but the incidence was greatest at the high dose level. Two animals aborted in 

Table 32. Summary of reproduction data in the developmental toxicity study in Chinchilla rabbits 
with cyproconazole 

Parameter Dose (mg/kg bw per day)

0 2 10 50 

Number of mated females 16 16 16 16

Number of non-pregnant females 1 1 — —

Number of females aborted — 1 — —

Number of females with live fetuses at necropsy
(= numbers used for calculations)

15 14 16 16

Number of corpora lutea:

- Per group
- Mean per dam

133
8.9

124
8.9

137
8.6

138
8.6

Number of implantations:

- Per group
- Mean per dam

126
8.4

119
8.5

129
8.1

128
8.0

Preimplantation loss:

- Per group
- Mean per dam

7
0.5

5
0.4

8
0.5

10
0.6

Live fetuses:

- Per group
- Mean per dam
- % of implantations
- % males

123
8.2
97.6
53.7

118
8.4
99.2
46.6

120
7.5
93.0
50.8

107
6.7
83.6
48.6

Dead fetuses 0 0 0 0

Early resorptions:

- Per group
- Mean per dam
- % of implantations

3
0.2
2.4

0
0.0
0.0

7
0.4
5.4

10
0.6
7.8

Late resorptions:

- Per group
- Mean per dam
- % of implantations

0
0.0
0.0

1
0.1
0.8

2
0.1
1.6

11*
0.7
8.6

Total resorptions:

- Per group (= total postimplantation losses)

- Mean per dam

- % of implantations

3
0.2
2.4

1
0.1
0.8

9
0.6
7.0

21*
1.3
16.4

Mean weight of live fetuses 35.1 35.4 36.8 34.2

From Becker (1986)
* P ≤ 0.05
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both the low-dose and high-dose groups (on postcoitum days 27 and 20 at the low dose and both on 
day 19 at the high dose). The author stated that as there was no dose–response relationship and as 
similar incidences of abortions have been observed in this strain of rabbit at this testing facility, as 
reported in the historical control data submitted in the fi nal report, the abortions in this study are con-
sidered incidental. There was 100% intrauterine death at necropsy in three low-dose, one mid-dose 
and one high-dose female. There was no dose–response relationship observed, and similar incidences 
are reported in the historical control data. No other fi ndings were reported. In high-dose animals, a 
group mean body weight loss was observed from day 6 to day 9 postcoitum (Table 33). Beyond day 
9, no signifi cant effects on body weight development were seen. The high-dose group displayed a 
statistically signifi cant decrease in mean daily feed consumption compared with the control value 
from days 6 to 9 postcoitum (and from days 6 to 19 postcoitum; P < 0.05 not attained). Necropsy of 
females did not reveal any treatment-related fi ndings. The highest number of non-pregnant animals 
occurred in the high-dose group. 

There was a dose-related decrease in the number of implantations compared with the control 
group when comparing all does or only those with live fetuses at necropsy. Although all dose levels 
displayed an increased per cent postimplantation loss (when all does were considered), the increase 
was inversely related to dose. Number of fetuses per doe, fetal sex distribution and mean fetal weight 
were similar in all groups. Fetal malformations and variations were observed in all three dose groups 
and in the control group (Table 34). In the control group, three fetuses from three litters showed 
external or skeletal malformations: kinked tail, fused ribs or malpositioned digits. In the low-dose 
group (2 mg/kg bw per day), one fetus was viscerally malformed, showing dysplasia of the retina. In 
the mid-dose group (10 mg/kg bw per day), six fetuses (one of them dead) from three litters showed 
external/visceral and skeletal malformations. Some of these malformations concerned ribs and ver-
tebrae, the position of hindlimbs, the tail and the abdominal wall. The outcome of this group was 
dominated by one litter. Four of the six affected fetuses were from this single litter (positions 1–4 in 
right horn of uterus). One of these four was found dead at necropsy, and two others had extremely low 
body weights (21.5 and 22.8 g compared with the group mean of 40.8 g). These three fetuses were 
found with omphalocele, umbilical hernia and arthrogryposis. The remaining three affected fetuses 
of this group were found with skeletal malformations only. In addition to the one dead fetus, there 
were four resorptions. In the high-dose group (50 mg/kg bw per day), 15 fetuses from seven litters 
were malformed. These malformations were found in sternebrae and ribs, vertebral column, hind-
limbs, tail and kidneys. In one of these fetuses, a general oedema was found. Owing to the types and 

Table 33. Maternal body weight gain in a teratogenicity study in New Zealand White rabbits 

Gestation period Maternal body weight gain (g)a

Dose (mg/kg bw per day)

0 2 10 50 

Days 0–6 357 292 319 279
Days 6–9 71 71 (0%) 55 (−23%) −37** (−152%)
Days 9–12 102 58 (−43%) 69 (−32%) 121 (+18%)
Days 12–15 72 80 (+12%) 83 (+16%) 47 (−34%)
Days 15–19 105 72 (−32%) 64 (−39%) 91 (−14%)
Days 6–19 350 281 (−20%) 268 (−23%) 222 (−37%)
Days 19–28 193 253 (+31%) 223 (+15%) 270 (+40%)

From Müller (1991)
** P ≤ 0.01
a  % difference from control shown in parentheses.
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incidences of malformations, and when compared with the concurrent and historical control data, a 
treatment-related effect is concluded for the high-dose group. A signifi cant incidence of malrotated 
hindlimbs was recorded in the high-dose animals. There was one incidence of this malformation in 
the 10 mg/kg bw per day group also. This malformation was not seen in the historical control data 
presented, and association with treatment cannot be excluded at present. 

The maternal NOAEL was 10 mg/kg bw per day and the LOAEL was 50 mg/kg bw per day, 
based on decreased body weight gain and feed consumption. The developmental toxicity NOAEL 
was 10 mg/kg bw per day and the LOAEL was 50 mg/kg bw per day, based on the increased incidence 
of malformed fetuses and litters with malformed fetuses, mainly affecting sternebrae, ribs, vertebral 
column, hindlimbs and tail. The study author indicated that there was no developmental toxicity at 
10 mg/kg bw per day (Müller, 1991).

2.6 Special studies

(a) Acute neurotoxicity

No studies were submitted.

(b) Short-term study of neurotoxicity

No studies were submitted.

(c) Studies on metabolites

Metabolites M21/M21a and M36 (also named NOA 405870 and NOA 405872, respectively) 
were found in the milk and in the urine of lactating goats. They were found in the rat in minor 

Table 34. Fetal abnormalities in a teratogenicity study in New Zealand White rabbitsa

Parameter Dose (mg/kg bw per day)

0 2 10 50 

No. of fetuses examined externally
(no. of dead fetuses)

110 (1) 90 75 (2) 60 (1)

No. of fetuses examined viscerally 110 90 73 59

No. of fetuses examined skeletally 110 90 73 59

Malformations

No. of fetuses with external/visceral malformations
(no. of litters affected)

2 (2) 1 (1) 2 (1) 7 (5)

No. of fetuses with skeletal malformations
(no. of litters affected)

1 (1) 0 (0) 3 (3) 13 (7)

Total no. of fetuses with malformations:

- No. of fetuses (no. of litters affected)

- Average % malformed fetuses

- % of litters affected

3 (3)

2.7

18.8

1 (1)

1.1

9.1

5 (3)

6.1

21.4

15 (7*)

25

70

Variations

No. of fetuses with external/visceral variations
(no. of litters affected)

3 (2) 3 (1) 3 (2) 2 (2)

No. of fetuses with skeletal variations 
(no. of litters affected)

110 (16) 88 (11) 72 (14) 58 (10)

From Müller (1991) 
* P ≤ 0.05 
a  Data extracted from Table 11 in the study report, page 56.
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amounts only (0.02–0.06% of applied dose in urine). Therefore, the toxicological profi le of these 
metabolites was investigated. The IUPAC name for metabolite M21/M21A is 5-(4-chlorophenyl)-5-
hydroxy-4-methyl-6-(1H-1,2,4-triazol-1-yl)-2-hexanoic acid. The IUPAC name for metabolite M36 
is 5-(4-chlorophenyl)-3,5-dihydroxy-4-methyl-6-[1,2,4]triazol-1-yl-hexanoic acid.

 (i) Acute oral toxicity study of metabolite NOA 405870 (M21/M21a) 

Groups of male and female young adult HanIBM: Wistar rats (fi ve of each sex per dose) were 
given cyproconazole metabolite M21/M21a (purity 99.8%) as a single gavage dose of 2000 mg/kg 
bw. The test substance was administered as a solution in polyethylene glycol 400 (dose volume of 
10 ml/kg bw). Animals were observed for mortality and clinical signs at 1-hour intervals for the fi rst 
day and twice daily thereafter during weekdays and once on weekends. Body weights were recorded 
on days −7, 0, 1–3, 7 and 14. A gross necropsy was performed on all animals. 

No mortality was observed during the study. No treatment-related effects on body weight 
were observed. Symptoms were unspecifi c, including piloerection, reduced activity, slowed and 
laboured breathing and hunched posture. All animals were free of symptoms by day 5. No treat-
ment-related abnormal fi ndings were noted at the necropsy. The acute oral LD

50
 of cyproconazole 

metabolite M21/M21a was greater than 2000 mg/kg bw for male and female rats (Warren, Müller 
& Carpy, 1992a).

 (ii) Genotoxicity of metabolite NOA 405870 (M21/M21a)

In a microbial reverse gene mutation study, Salmonella typhimurium strains TA98, TA100, 
TA102, TA1535 or TA1537 were exposed to cyproconazole metabolite M21/M21a (purity 100%) at 
doses of 8–5000 µg/plate with or without S9 activation (initial trial) and 312.5–5000 µg/plate with or 
without S9 activation (confi rmatory trial). The S9 fraction was derived from Aroclor 1254–induced 
Sprague-Dawley male rat livers, and the test material was delivered to the test system in DMSO. 

Slight toxicity was noted in the fi rst experiment at the highest concentration with strains TA98 
and TA1537 (without S9) and TA102 (with S9). A narrower concentration range was selected for all 
strains in the second experiment. In this experiment, slight toxicity was seen at the highest concen-
tration with strain TA98 (without S9) and TA1537 (with and without S9). Metabolite NOA 405870 
(M21/M21a) did not reveal an increased incidence of revertant colonies in any of the experiments 
conducted. The positive controls induced the expected mutagenic responses in the appropriate tester 
strain. There was, however, no evidence that the cyproconazole metabolite M21/M21a induced a 
mutagenic effect under any test conditions (Clare, 1992a) (see Table 35 below). 

 (iii) Acute oral toxicity study of metabolite NOA 405872 (M36)

 Mice 

Groups of male and female young adult Crl:CD1 (ICR) BR mice (fi ve of each sex per dose) were 
given cyproconazole metabolite M36 (purity 98.0%) as a single gavage dose of 2000 mg/kg bw. The test 
substance was administered as a solution in polyethylene glycol 400 (dose volume of 10 ml/kg bw). Ani-
mals were observed 4 times during the day of treatment and once daily for the following 14 days. Body 
weights were recorded on days 1 (pre-administration), 4, 8 and 15. A gross necropsy was performed on 
all animals. 

One female animal died spontaneously on test day 7. There were no clinical signs and no fi nd-
ings at necropsy with this animal. Therefore, this death was considered not to be treatment related. 
No other death occurred during the 14-day observation period after treatment with cyproconazole 
metabolite M36. No clinical signs were observed. No treatment-related effects on body weight were 
observed. The acute oral LD

50
 of cyproconazole metabolite M36 was greater than 2000 mg/kg bw for 

male and female mice (Pfi ster, 1995).
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 Rats

Groups of male and female young adult HanIBM: Wistar rats (fi ve of each sex per dose) were 
given cyproconazole metabolite M36 (purity 97.0%) as a single gavage dose of 2000 mg/kg bw. The 
test substance was administered as a solution in polyethylene glycol 200 (dose volume of 10 ml/kg bw). 
Animals were observed for mortality and clinical signs at 1-hour intervals for the fi rst day and twice 
daily thereafter during weekdays and once on weekends. Body weights were recorded on days −7, 0, 
1–3, 7 and 14. A gross necropsy was performed on all animals. 

No animals died during the 14-day observation period after treatment with cyproconazole me-
tabolite M36. Symptoms were unspecifi c and mainly limited to piloerection. All animals were free of 
symptoms by day 8. No treatment-related abnormal fi ndings were noted at the necropsy. The acute 
oral LD

50
 of cyproconazole metabolite M36 was greater than 2000 mg/kg bw for male and female 

rats (Warren, Müller & Carpy, 1992b).

 (iv) Short-term toxicity study of metabolite NOA 405872 (M36)

 Rats 

In a 28-day study of toxicity, groups of fi ve male and fi ve female HanIbm: WIST Wistar rats 
were given diets containing cyproconazole metabolite M36 (purity 98%) at a dietary concentration of 
0, 1500, 5000 or 20 000 ppm (equal to 0, 155, 527 and 2772 mg/kg bw per day for males and 0, 176, 
528 and 2126 mg/kg bw per day for females, respectively). Diets were prepared weekly. All rats were 
observed for mortality and signs of toxicity twice a day (once on weekends), and each was subjected 
to a detailed check for signs of reaction to treatment once a week, which included palpation. Body 
weights were recorded on the day before commencement of treatment and weekly thereafter. Mean 
feed consumption was determined weekly. Haematological and clinical chemistry investigations 
were carried out on all animals after 4 weeks of treatment at necropsy. Urinalysis was performed af-
ter 2 weeks of treatment. Eye examinations were not performed. At study termination, animals were 
sacrifi ced by carbon dioxide asphyxiation. All animals were subjected to a detailed gross pathological 
examination. Organs were collected, weighed and prepared for histopathology. 

Test diets were analysed prior to study initiation for homogeneity of mixing and stability of 
test material in diet as part of another study (Study No. 553R; a 5-week study), and the results were 
provided in the study report (Warren et al., 1995a). 

There were no deaths in either sex at the low- and mid-dose levels and no apparent signs of tox-
icity. At the high dose, two rats of each sex died (one female after 6 days of treatment, one male after 
12 [13, according to the pathology report] days, one female after 17 days and one male after 23 days). 
The deaths were sudden with no prior evidence of a toxic effect, and none of the rats that died was 
observed in a moribund state. Because two of the dead rats were partially cannibalized when found, 
the remaining high-dose rats were individually housed for the remainder of the study (from day 18). 
Piloerection and emaciation were observed most frequently in the high-dose group in both sexes. In 
the results section of the report text, it is stated that minimal degrees of hunched posture and lethargy, 
recorded only in high-dose rats, were noted in logbook notes of the Study Director and veterinarian; 
however, the incidence was not provided. Body weight gain in high-dose males and females was 
reduced in the fi rst week of treatment. Subsequently, these animals lost body weight. The two other 
dose groups were not affected. There was no statistically signifi cant effect on feed consumption, al-
though slightly reduced values were determined for high-dose females towards the end of the study. 
At week 4, there was no apparent effect on haematology in either sex at any dose level, although 
differences were noted. There were several differences noted in clinical chemistry parameters among 
the groups in both sexes that are consistent with kidney and/or liver toxicity, as well as starvation/
malnutrition, but as the group sizes are small (2–5), a defi nitive statement regarding the differences 
is not possible. The increase in alkaline phosphatase activity observed in both sexes at the high dose 
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suggests liver effects, but a decrease might be expected with respect to the losses in body weight at 
this dose level. There was a decrease in urinary protein in the high-dose males (43% of control value), 
which the authors attributed to reduced protein secretion from underdeveloped accessory sexual 
glands, secondary to the marked reduction in growth of these rats. Additionally, it was stated that the 
slightly more dilute urine in these high-dose males may indicate an impaired ability of the kidneys to 
concentrate the urine. There was no effect on urine volume in the high-dose males, and females did 
not display a similar change. There were no apparent effects observed in either sex in the mid- and 
low-dose groups. Macroscopic lesions were observed in the high-dose group only and included small 
seminal vesicles in males, small uteri in females and fi lamentous inclusions in the testes of two of fi ve 
males. Because of cannibalization of the two females that died, examination of these rats was limited. 
Six of the 10 high-dose rats displayed a small thymus, and no thymus was found in one high-dose rat. 
These fi ndings are most likely attributable to the decreased growth observed in these rats. Two high-
dose females displayed pallor of the liver, suggesting this as a target organ. The observed differences 
in organ weights, which were mainly decreases at the high dose in both sexes, may be attributed to 
decreased growth/malnutrition. Treatment-related effects (hepatocellular vacuolation) were observed 
in the liver in both sexes at the middle and high doses and in the kidneys (vacuolation of the proxi-
mal tubule cells) in both sexes at the high dose. The vacuolation in both organs corresponds to the 
microvesicular lipid deposits found in sections stained for fat with Sudan III and was of a minimal 
to slight severity. Other changes observed at the high dose were attributable to the decreased growth 
(emaciation) of these rats (atrophy/hypoplasia/retarded maturation of the uterus, mammary gland, 
ovaries, vagina, testes, prostate and seminal vesicles; hypocellular bone marrow; diffuse cortical 
lymphoid depletion of the thymus; lymphoid depletion of the spleen; degranulation of secretory ducts 
of salivary glands; and atrophy of adipose tissue). 

The NOAEL was 1500 ppm (equal to 155 mg/kg bw per day), based on increased relative liver 
weights in females and hepatocyte vacuolation in both sexes at the LOAEL of 5000 ppm (equal to 
527 mg/kg bw per day) (Warren et al., 1995a).

 (v) Genotoxicity of metabolite NOA 405872 (M36)

In three tests (in vitro Ames test and mouse lymphoma cell assay plus in vivo mouse micro-
nucleus assay), NOA 405872 showed no evidence of any mutagenic potential (Table 35). Although 
NOA 405872 showed apparent clastogenic potential in one in vitro system (Chinese hamster ovary 
cells), this fi nding was not confi rmed in vivo and therefore not considered to be of relevance for 
humans.

(d) Weight of evidence for the mode of action for cyproconazole in mice 

To clarify the MOA for mouse liver tumours, several studies including new data were s ubmitted.

 (i) 14-day dietary study for the evaluation of liver effects in three strains of mice

A 14-day dietary study was conducted to give suffi cient data to allow a mouse strain (C57BL/6J 
or C3H/HeNClrBR) to be selected for subsequent constitutive androstane receptor (CAR)-knockout 
mouse experiments, based on a liver response including adenomas and carcinomas in CD-1 mice treat-
ed with cyproconazole (Milburn, 2006c). An additional goal of the study was to help elucidate what 
range of key events may be operative in the MOA for liver tumours in cyproconazole-treated mice. 
The three strains of male mice (CD-1, C57BL/6J and C3H/HeNClrBR) were administered 0, 200 and 
450 ppm cyproconazole or 850 ppm phenobarbital (PB) in diet for 14 days. Five male mice per group 
at each time point were sacrifi ced after 2, 7 and 14 days of treatment. Additionally, fi ve male mice 
per strain/treatment/time point were implanted with an osmotic pump containing b romodeoxyuridine 
(BrdU) 3 days before termination to clarify cell proliferating activity in the liver.

In all mouse strains, liver weights were clearly and time-dependently increased following 
t reatment with PB and cyproconazole at both dose levels (Table 36). 
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This increase in liver weight was consistent with the centrilobular (PB) or centrilobular/pan-
lobular (cyproconazole) liver hypertrophy and the proliferation of smooth endoplasmic reticulum 
membranes observed with the same animals. Slight single-cell necrosis in the liver and hepatocyte 

Table 35. Results of studies of genotoxicity with cyproconazole metabolites 

End-point Test system Concentration or dose Purity 
(%)

Result Reference

NOA 405872 (M36)

Reverse m utation 
(Ames test)

Salmonella 
typhimurium 
strains TA98, 
TA100, TA102, 
TA1535 and 
TA1537

1st mutagenicity test: 

8–5000 µg/plate ± metabolic activation in DMSO

2nd mutagenicity test:

312.5–5000 µg/plate ± metabolic activation in 
DMSO

97.0 Negative Clare 
(1992b)

Mouse l ymphoma 
(gene mutation or 
clastogenicity)

L5178Y 
TK+/− mouse 
lymphoma cells

3400 µg/ml ± metabolic activation in DMSO 95.0 Negative Wollny 
(2000)

Chromosomal 
a berration

Chinese hamster 
ovary V79 cells

28.1–3600 µg/ml ± metabolic activation in 
DMSO

95.0 Positive Czich 
(2001)

Mouse bone 
marrow 
micronucleus test

CD-1 mice 5 male mice at 24 h and 5 male mice at 48 h, 
single gavage dose of 2000 mg/kg bw in DMSO

95.0 Negative Fox 
(2001)

NOA 405870 (M21/M21a)

Reverse mutation 
(Ames test)

S. typhimurium 
strains TA98, 
TA100, TA102, 
TA1535 and 
TA1537

1st mutagenicity test: 

8–5000 µg/plate ± metabolic activation in DMSO

2nd mutagenicity test:

312.5–5000 µg/plate ± metabolic activation in 
DMSO

100 Negative Clare 
(1992a)

Table 36. Intergroup comparison of liver weight adjusted for body weight in cyproconazole- and 
phenobarbital-treated mice for 14 days

Mouse strain / day Dietary concentration (ppm), test substance

0 (control) 200, cyproconazole 450, cyproconazole 850, PB

CD-1: 

- Day 3 2.34 2.49 2.73** 2.81**

- Day 8 2.12 2.93** 3.44** 2.80**

- Day 15 2.20 2.90** 3.71** 2.95**

C57BL/6J: 

- Day 3 1.24 1.44* 1.54 NS 1.55*

- Day 8 1.12 1.51** 2.03** 1.54**

- Day 15 1.17 1.49** 1.82* 1.57**

C3H/HeNClrBR: 

- Day 3 1.37 1.60** 1.67** 1.70**

- Day 8 1.39 1.88** 2.20** 1.95**

- Day 15 1.55 2.00** 2.46** 2.11**

From Milburn (2006c)
a   Statistically signifi cant difference from control group mean: *P < 0.05; ** P < 0.01 (Student’s t-test, two-sided); NS, not signifi cantly 

different compared with control value
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vacuolation (lipid content) were increased with PB and cyproconazole in three strains with time 
dependency, although slight differences were detected. In blood biochemical examination, plasma 
cholesterol (PB only), HDL or low-density lipoprotein (LDL) were decreased in C57BL/6J and C3H/
HeNClrBR strains (Table 37). 

The cell proliferation and apoptosis in the liver of all three strains and expression of selected 
genes in the liver known to play a role in regulation of cell cycle control, cell proliferation and apop-
tosis or specifi c CYP isoenzymes (Daujat, Neel & Piette, 2001; De Smaele et al., 2001; Hino et al., 
2002; Columbano et al., 2005; Ellinger-Ziegelbauer et al., 2005; Huang et al., 2005; Iida et al., 2005) 
were measured in C3H/HeNClrBR mice, genetic background strains of CAR-null mice, by means 
of real-time polymerase chain reaction (PCR). Treatment with PB and cyproconazole resulted in an 
early stimulation of hepatocellular proliferation in all three strains, although this was not statistically 
signifi cant in C57BL/6J mice treated with PB. The recording of apoptosis via terminal deoxynu-
cleotidyl transferase-mediated 2′-deoxyuridine 5′-triphosphate (dUTP) nick end labelling (TUNEL) 
staining in all strains was decreased, but statistical signifi cance was limited. Liver expressions of 
Mdm2, Gadd45β and Cyp2b10 were increased and of Tsc22 were decreased. There was no clear 
i ndication for Rb1 gene expression (Table 38). 

In immunoblotting analysis, cyproconazole and PB induced CYP2B protein expression in liver 
microsomes of three strains, the induction corresponding to the increased expression of Cyp2b gene. 
These data demonstrate that cyproconazole is a strong CYP2B inducer mediated by CAR as well as 
PB in the CD-1, C57BL/6J and C3H/HeNClrBR mouse liver (Milburn, 2006c). 

Based on the results of this study (Milburn, 2006c), either the C3H/HeNClrBR or the C57BL/6J 
strain of mice was suffi ciently similar to the CD-1 strain. Information from this study was utilized to 
determine the strain (C3H) for subsequent studies with CAR-null mice, as well as the time of m aximal 
effect with PB treatment (3 days) or cyproconazole treatment (7 days) for certain p arameters.

 (ii)  Exposure to cyproconazole in wild-type and CAR-null C3H male mice for 
7 days

Male C3H wild-type and CAR-null mice (6–8 weeks of age) were treated with cyproconazole 
at 200 or 450 ppm in diet for 7 days (Milburn, 2006a). Mice (3–5 per group) were killed on day 8. 
The study was conducted in two separate experimental batches. 

Plasma cholesterol level was decreased in wild-type mice, and triglyceride levels were de-
creased in both genotypes (wild-type and CAR-null mice). Plasma alkaline phosphatase activity was 
slightly increased in both types of mice. An increase in ALT activity in wild-type mice but not in 
CAR-null mice was correlated with the liver histopathological fi ndings, such as single-cell necrosis 
or infl ammatory cell infi ltration, observed in wild-type mice only. Absolute and adjusted (for body 
weight) liver weights were increased at 200 and 450 ppm in wild-type mice (Table 39). 

In CAR-null mice, absolute liver weights were not different from control, but liver weights 
adjusted for body weight were slightly, but statistically signifi cantly, increased at 450 ppm. His-
topathologically, centrilobular or panlobular hepatocellular hypertrophy was observed in wild-type 
mice at 200 and 450 ppm but not in CAR-null mice. Although minimal to slight vacuolation in 
hepatocytes was detected in treated groups in wild-type mice only, Oil Red O stain demonstrated that 
treatment with cyproconazole increased positive hepatocyte lipid content moderately in wild-type 
mice and minimally to slightly in CAR-null mice. Cyproconazole increased Ki67 labelling indices of 
hepatocytes at both doses in wild-type mice; labelling indices were slightly increased at 450 ppm in 
CAR-null mice. Expression of Gadd45β gene in the liver was increased in wild-type mice at 200 and 
450 ppm and in CAR-null mice only at 450 ppm (Table 40). Treatment-related Cyp2b10 gene expres-
sion was over 100 times greater in wild-type mice at 200 and 450 ppm, but several times greater at 



175

CYPROCONAZOLE 117–202 JMPR 2010

Table 37. Liver micropathology in cyproconazole- and phenobarbital-treated mice for 14 days 

CD-1 C57BL/6J C3H/HeNClrBR

Cyproconazole PB Cyproconazole PB Cyproconazole PB

Dietary concentration (ppm)

0 200 450 850 0 200 450 850 0 200 450 850

Day 3

Single-cell necrosisa:

- Minimal 0 4 1 3 0 1 1 4 0 1 1 1

- Slight 0 0 0 1 0 0 0 0 0 0 0 0

Hepatocyte hypertrophy, slight gradea,b 0 0 4 5 0 0 2 4 0 0 0 0

Hepatocyte vacuolation, moderate gradea 0 0 0 2 0 0 0 0 0 0 0 0

Hepatocyte lipid content (Oil Red O), gradec:

- Minimal 2 1 0 1 1 1 1 0 0 1 0 0

- Slight 2 1 0 2 0 1 3 0 1 0 2 2

- Moderate 1 2 2 2 0 2 1 0 0 3 3 3

- Marked 0 1 3 0 0 0 0 0 0 0 0 0

Day 8

Single-cell necrosisa:

- Minimal 0 3 2 4 0 3 4 2 0 1 9 0

- Slight 0 0 7 1 0 0 5 0 0 0 1 0

Hepatocyte hypertrophy, slight gradea,b 0 7 10 10 0 9 9 10 0 5 10 10

Hepatocyte vacuolationa:

- Minimal 0 0 4 1 0 0 0 0 0 0 0 0

- Slight 0 0 2 0 0 0 0 0 0 0 0 0

Hepatocyte lipid content (Oil Red O), gradec:

- Minimal 3 0 0 1 0 0 0 1 0 0 0 3

- Slight 1 1 0 0 0 2 2 0 1 1 0 2

- Moderate 0 1 0 1 0 3 1 0 0 1 4 0

- Marked 0 3 5 1 0 0 1 1 0 2 1 0

Day 15

Single-cell necrosisa:

- Minimal 0 4 7 5 0 6 8 0 0 0 2 1

- Slight 0 0 0 0 0 0 1 0 0 0 0 0

Hepatocyte hypertrophy, slight gradea,b 0 10 10 10 0 9 10 10 0 10 10 10

Hepatocyte vacuolationa:

- Minimal 0 1 6 0 0 0 0 0 0 0 0 0

- Slight 0 0 1 0 0 0 0 0 0 0 0 0

Hepatocyte lipid content (Oil Red O), gradec:

- Minimal 4 0 0 1 1 2 1 1 1 0 0 0

- Slight 0 0 0 0 0 0 0 0 0 2 1 0

- Moderate 1 2 1 2 0 1 2 0 0 3 4 0

- Marked 0 3 2 0 0 2 2 0 0 0 0 0

From Milburn (2006c)
a  Data from 10 animals per group; results for main study animals (5) and BrdU animals (5) combined.
b  Hypertrophy was described as centrilobular in PB-treated mice and centrilobular/panlobular in cyproconazole-treated mice.
c  Data from fi ve animals per group; analysis of BrdU animals only.
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both doses in CAR-null mice. Mdm2 gene expression was not altered by cyproconazole in wild-type 
or null mice. 

Cyproconazole caused a strong increase in antibody for rat CYP2B by immunoblotting in 
wild-type mice, but not in CAR-null mice. In wild-type mice, but not in CAR-null mice, a moder-
ately increased activity of 7-benzyloxyresorufi n O-debenzylase (BROD) at both dose levels and a 
weakly increased activity of 7-pentoxyresorufi n O-depentylase (PROD) at 200 ppm were observed. 
Both isoenzymes are known to be induced by PB (Honkakoski et al., 1992; Jarukamjorn et al., 1999). 
At both 200 and 450 ppm, coumarin 7-hydroxylase activity was strongly increased by 849% and 
1135% in wild-type mice and by 472% and 458% in CAR-null mice, compared with relevant control 
values, respectively. This activity is catalysed by CYP isoenzyme CYP2A5 (Lavery et al., 1999) and 
is known to be inducible in the mouse liver by barbiturates (Honkakoski et al., 1992). 

Table 38. Quantitative real-time PCR analysis of Cyp2b10, Mdm2, Gadd45β, Tsc22 and Rb1 gene 
expression in the C3H/HeNClrBR mouse liver

Termination day Treatment Dietary 
concentration (ppm) 

Fold change in gene expression (after normalization to Hprt)

Cyp2b10 Mdm2 Gadd45β Tsc22 Rb1

3 Control 0 1 1 1 1 1

Cyproconazole 200 47** 1.12 4.7* 0.61 1.04

450 98** 1.67** 36.5** 0.29** 1.05

PB 850 61 1.21** 6.8* 0.51 1.14**

8 Control 0 1 1 1 1 1

Cyproconazole 200 167** 0.97 5.7** 0.81 1.06

450 292** 1.39* 30.1** 0.40** 1.01

PB 850 143** 1.16 16.9** 0.68 1.08

15 Control 0 1 1 1 1 1

Cyproconazole 200 280** 1.04 8.2** 0.77 0.92

450 446** 1.36** 27.7** 0.41** 0.81

PB 850 212** 1.01 21.4** 0.61 0.82

From Milburn (2006c)
*  P < 0.05; ** P < 0.01. Analysis of variance was performed on control values. Fold changes in gene expression are derived from the 

levels of the control group.

Table 39. Liver weights in wild-type and CAR-null mice treated with cyproconazole

Dietary concentration (ppm) Liver weights (g)

Wild type CAR null

Control Cyproconazole Control Cyproconazole

Absolute liver weights

200 1.39 1.80** 1.47 1.58

450 1.41 1.90** 1.53 1.53

Adjusted (for body weight) liver weights

200 1.38 1.80** 1.46 1.59

450 1.29 2.02** 1.43 1.61*

From Milburn (2006a)
Statistically signifi cant difference from control group mean: * P < 0.05; ** P < 0.01 (Student’s t-test, two-sided)
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In conclusion, administration of cyproconazole for 7 days to wild-type and CAR-null mice at 
dietary concentrations at 200 and 450 ppm was associated with major differences in the qualitative 
and quantitative response of the liver. Wild-type mice responded with a strong pleiotropic response 
of the liver, which comprised increased size, hepatocellular hypertrophy, stimulatory effects on hepa-
tocyte cell cycle, induction of CYP and, particularly at the high dose, slight liver damage. CAR-null 
mice were much less affected, if at all. The differences in response of liver weights, histopathology 
and gene expression between wild-type and CAR-null mice are largely similar to those observed with 
the model enzyme inducer PB (Milburn, 2006a). The slight but signifi cant increase in liver weight 
of CAR-null mice might indicate other pathways of liver hypertrophy, including pregnane X recep-
tor (PXR). The toxicological signifi cance of the changes in vacuoles in hepatocytes using CAR-null 
mice remained undetermined, because nuclear receptor signalling, including CAR, regulates lipid 
metabolism (Ory, 2004; Yamamoto et al., 2004; Rezen et al., 2009). 

 (iii)  Phenobarbital: Exposure of wild-type and CAR-null C3H male mice via the oral 
(dietary) route for 3 and 7 days

To investigate the effects of PB on liver histopathology and related biochemical events in 
wild-type mice (C3H) and CAR-null mice, male mice were treated with PB admixed in the diet at 
850 ppm for 3 or 7 days (Milburn, 2006b). Clinical observations, body weights and feed consump-
tion were monitored throughout the study. At termination, clinical chemistry was performed, liver 
weights were recorded and liver samples were taken for microscopic examination. The Ki67 label-
ling index was determined to evaluate hepatocyte proliferation. Liver microsomes were prepared 
for CYP enzyme activity assays, sodium dodecyl sulfate polyacrylamide gel electrophoresis and 
immunoblot analysis. In addition, messenger ribonucleic acid (mRNA) was isolated from frozen 
liver samples, and expression of selected genes was analysed by quantitative real-time PCR. Plasma 
cholesterol level was slightly reduced in wild-type mice for 3- and 7-day treatments, but the reduc-
tion in CAR-null mice was slight for the 3-day treatment only. Three-day treatment with PB slightly 
increased plasma ALT and AST activities in wild-type mice but did not affect these enzymes in 
the CAR-null animals. After 7 days of treatment, the inexplicably high values and the large vari-
ability in animals, including controls, prevented interpretation of ALT or AST levels. Absolute and 
adjusted (for body weight) liver weights were increased in wild-type mice after PB treatment for 
3 and 7 days, but adjusted (for body weight) liver weights were not increased in CAR-null mice 
(Table 41). The increased liver weights correlated with centrilobular hypertrophy of hepatocytes 
in wild-type mice but not in CAR-null mice. Oil Red O staining for hepatocyte lipid demonstrated 
increased severity in wild-type mice after t reatment for 3 days, but a marginal tendency in wild-type 
mice at the 7-day treatment and in CAR-null mice at both time points. PB treatment increased Ki67 

Table 40. Quantitative real-time PCR analysis of gene expression in mice given cyproconazole

Strain Dietary concentration 
(ppm)

Fold change in gene expression (after normalization to Hprt)

Cyp2b10 Mdm2 Gadd45β

C3H wild type 0 1.00 1.00 1.00

200 147.03** 0.93 2.46*

450 294.07* 1.00 6.06**

CAR null 0 1.00 1.00 1.00

200 2.46** 0.93 1.00

450 4.00* 1.23 4.29*

From Milburn (2006a)
*  P < 0.05; ** P < 0.01. Analysis of variance was performed on control values. Fold changes in gene expression are derived from the 

levels of the control group.
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 labelling indices of hepatocytes (Brown & Gatter, 1990) in wild-type mice, but not in CAR-null 
mice (Table 42). 

Gene expression of Mdm2 and Gadd45β, which are associated with the regulation of prolifera-
tion and/or apoptosis in the rodent liver and inducible by treatment with 1,4-bis[2-(3,5-dichloropyri-
dyloxy)]benzene or PB in a CAR-dependent manner (Columbano et al., 2005; Huang et al., 2005), 
was analysed. Although no or minimal increase of Mdm2 expression in wild-type and CAR-null mice 
after the treatment was observed, expression of the Gadd45β gene was increased in wild-type mice 
and less increased in CAR-null mice (Table 43).

For liver biochemical parameters, PROD activities and CYP2B immunoblotting were greatly 
increased by the treatment at 3 and 7 days in wild-type mice, but there was no effect in CAR-null 
mice. BROD activities were increased only in wild-type mice at 3 days by treatment. PB increased 
coumarin 7-hydroxylase activities in wild-type mice treated for 7 days only. These data confi rm the 
known strong potency of PB as an inducer of murine hepatic CYP isoenzymes of gene subfamily 
Cyp2b (Honkakoski et al., 1992; Nerurkar et al., 1993a,b; Jarukamjorn et al., 1999; Lavery et al., 
1999; Wei et al., 2000, 2002; Maglich et al., 2002; Ueda et al., 2002; Columbano et al., 2005; Huang 
et al., 2005). This study also demonstrated that responses by the liver to PB treatment for 3 or 7 days 
in wild-type mice were different from those in CAR-null mice (Milburn, 2006b). 

 (iv) Four-week liver cell proliferation study in rats and mice (with serial sacrifi ces)

Male Wistar rats and CD-1 mice at 12 weeks of age were treated with cyproconazole for 0, 1, 2, 
3, 4, 7, 14, 21 and 28 days at 0, 20, 350 or 1400 ppm (rats) or 0, 15, 100 or 200 ppm (mice) (Warren et 
al., 1995b). Five animals per dose group were sacrifi ced after the different time periods given above. 

Table 41. Liver weights adjusted for body weight in wild-type and CAR-null mice administered 
phenobarbital

Treatment Adjusted liver weight (g)

Wild-type mice CAR-null mice

Dietary PB concentration (ppm)

0 850 0 850

3 days 1.35 1.85** 1.46 1.39*

7 days 1.44 1.98** 1.53 1.56

From Milburn (2006b)
Statistically signifi cant difference from control group mean: * P < 0.05; ** P < 0.01 (Student’s t-test, two-sided)

Table 42. Liver cell proliferation results: Ki67 labelling index 

Treatment Ki67 labelling index (mean ± standard deviation)

Wild-type mice CAR-null mice

Dietary PB concentration (ppm)

0 850 0 850

3 days 0.58 ± 0.21 4.94** ± 0.92 0.28 ± 0.09 0.10** ± 0.04

7 days 0.68 ± 0.20 2.08** ± 0.73 0.37 ± 0.23 0.48 ± 0.28

From Milburn (2006b)
Statistically signifi cant difference from control group mean: ** P < 0.01 (Student’s t-test, two-sided)
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Rats at 350 and 1400 ppm exhibited decreased body weight gain. From day 4, a dose-related 
increase in liver weight was apparent, affecting the mid- and high-dose animals of both species. 
Histopathology showed time- and dose-related centrilobular hepatocyte hypertrophy and hepatocyte 
vacuolation in the mid- and high-dose rats and all treated mice. Various combinations of hepato-
cyte vacuolation were also found in both rats and mice from all treated groups. In the rat, the mean 
labelling index of BrdU for the high-dose group showed a distinct peak on day 7 (not statistically 
signifi cant) and a rapid decrease by day 14 (Figure 3). No signifi cant differences were detected at 
20 or 350 ppm. In mice, the mean labelling index of the high-dose group showed a distinct peak on 
days 2 and 3 with a subsequent decrease by day 14. For the 15 and 100 ppm groups, there were sta-
tistically signifi cant increases, compared with control, for day 3 only. Generally, the increase in cell 
p roliferation in the mouse study correlated with the onset of the hepatocyte hypertrophy.

In conclusion, liver cell proliferation showed distinct species differences. Although the rat 
hepatocytes did not increase cell proliferation after the treatment, the mouse hepatocytes showed 
distinct increases in cell proliferation at an early phase after the treatment. This early increase in cell 
proliferation most likely represented a rapid response to a stimulus. 

 (v)  Comparative histopathological evaluation of the effects of cyproconazole and 
propiconazole on the liver of male mice

Propiconazole (CGA 64250), another member of the group of triazole fungicides, showed a 
pattern of effects similar to that of cyproconazole, including liver weights, induction of xenobiotic 
metabolizing enzymes, hepatocyte proliferation and induction of liver tumours in mice. The his-
topathological re-evaluation was intended to compare the histopathological effects of subchronic 
treatment with cyproconazole and propiconazole on the liver of male mice (Weber, 1999). In the 
study on propiconazole, groups of fi ve male mice were each treated with 0, 850 or 2500 ppm and 
sacrifi ced after 1, 2, 3, 4, 7, 14, 28 and 60 days. In addition, this study included PB-treated groups 
(850 ppm, fi ve male mice each). 

Effects on liver weight in male mice were comparable in the 850 ppm propiconazole group and 
the 200 ppm cyproconazole group. A slightly more pronounced effect was seen with PB at 850 ppm. 
The strongest effect on liver weight was found with propiconazole at 2500 ppm. Hypertrophic hepa-
tocytes were mainly found in centrilobular and midzonal lobular compartments in all treated groups 
except the low dose of cyproconazole, being more prominent in propiconazole and PB groups. Mini-
mal hepatocellular necrosis was observed in cyproconazole- or propiconazole-treated animals. PB 
induced minimal to moderate hepatocellular necrosis. Although a clear relationship to treatment 
could not be established in mice treated with cyproconazole, propiconazole (at both dose levels) and 
PB induced an increase in mitotic activity mainly around day 2. Centrilobular hepatocyte vacuolation 
was mainly observed after the treatment with cyproconazole and propiconazole, but not PB.

Table 43. Quantitative real-time PCR analysis of gene expression in mice given phenobarbital

Strain Dietary PB 
c oncentration (ppm)

Fold change in gene expression (after normalization to Hprt)

Cyp2b10 Mdm2 Gadd45β

Day 3 Day 7 Day 3 Day 7 Day 3 Day 7

Wild type 0 1.00 1.00 1.00 1.00 1.00 1.00

850 238.86** 194.01** 1.07 1.07 6.96** 4.92**

CAR null 0 1.00 1.00 1.00 1.00 1.00 1.00

850 0.71 5.28* 1.23* 1.23 2.00* 2.14**

From Milburn (2006b)
*  P < 0.05; ** P < 0.01. Analysis of variance was performed on control values. Fold changes in gene expression are derived from the 

levels of the control group.
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In conclusion, there were no signifi cant qualitative differences between these two triazoles, 
and quantitative differences mostly refl ected the different degrees of induced hepatomegaly. The 
overall histopathological picture obtained with the two triazoles resembles that of PB (Warren et al., 
1995b).

 (vi)  Liver enzyme induction study in rat and mouse 

Examination of liver enzyme induction profi les in rats and mice following cyproconazole or PB 
treatment for up to 21 days was conducted. The liver samples were obtained from Han-Wistar male 
rats and CD-1 male mice treated with cyproconazole, contained in the diet, for 4 and 21 days at dose 
levels of 1400 and 200 ppm, respectively, and from the corresponding controls (Warren et al., 1995b). 
Using fractions extracted from the samples of livers from rats and mice (Warren et al., 1995b), the 
 following parameters and enzyme activities were investigated: total CYP content, NADPH–CYP 
 reductase (NCPR), ethoxyresorufi n O-deethylase (EROD, a CYP1A-related activity), PROD (a 
CYP2B-related activity), total GSH content, GST and uridine diphosphate-glucuronosyltransferase 
 (UDPGT)  (Dorobek & Müller, 1995). The results of this study show that cyproconazole is a liver en-
zyme inducer (Table 44). Although qualitatively the effects were very similar in the two species, the 
effects were more prominent in rats than in mice. To confi rm, the lower PROD induction in mice was 
further investigated and discussed in the second enzyme induction study  (Trendelenburg, 2001). In the 
second study, CD-1 mice (Crl:CD®-1 (ICR) BR; fi ve of each sex per group; about 6 weeks old) were 
treated on 14 consecutive days at dose levels of 0, 50, 100 or 200 ppm cyproconazole and 850 ppm 
PB. Liver enzyme induction was analysed using immunoblotting of microsomal CYP contents and 
enzyme activities in the subcellular liver fraction of mice (Table 45)  (Trendelenburg, 2001).

Liver enzyme induction similar to that observed in the fi rst study was observed in the second 
study.

In conclusion, the inducing profi le was qualitatively very similar to that observed in both sexes 
with 850 ppm PB, which was fed as a reference compound in this study. Thus, cyproconazole is a 
strong PB-type inducer of xenobiotic metabolizing enzymes in the mouse liver.

 (vii)  13-week dose range–fi nding feeding study in CD-1 mice

CD-1 mice initially aged 6 weeks (10 animals of each sex per group) were treated for 13 weeks 
at a dose level of 0, 5, 15, 300 or 600 ppm in a dose range–fi nding study (Warren, Skinner & K arapally, 
1987).

Body weight depression in males and liver enlargement or histopathological liver changes in 
both sexes were observed at 300 or 600 ppm, indicating that the two highest doses are excessive for 
a long-term study. Both 5 and 15 ppm showed no treatment-related effects. The dose of 15 ppm is 

Figure 3. Liver cell proliferation study: hepatocellular proliferation in male rats and mice
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Table 44. Liver enzyme induction (fi rst study): effects of cyproconazole on liver enzymes and 
parameters of male rats and mice 

Parameter % of control

Rats Mice

4 days 21 days 4 days 21 days

Total CYP 453** 444** 296** 283**

EROD 305** 247** 176 155

PROD 9754** 10 653** 424* 323**

NCPR 140 126* 270** 306**

UDPGT 97 180* 87 76

GST 139 260** 133* 140**

GSH 152* 94 111 108

From Dorobek & Müller (1995) 
* P < 0.05; ** P < 0.01

therefore the NOAEL in this study, corresponding to 2.2 mg/kg bw per day in males and 3.2 mg/kg bw 
per day in females. As it should be recognized that the spacing between the NOAEL and the LOAEL 
(300 ppm) was very large, the “real” NOAEL for this study is expected to be somewhere in between 
these two dose levels (Warren, Skinner & Karapally, 1987).

3. Observations in humans

Syngenta, formerly Sandoz Agro Ltd, has monitored occupational exposure to cyproconazole. 
A report by the company physician summarizes investigations of the health conditions of Syngenta 
employees exposed to cyproconazole in the production, formulation and packaging plant and in re-
search laboratories (covering the period 1988–1994). No adverse effects were reported (Hertner & 
Schulze-Rosario, 2001). 

Questionnaires have been fi lled in by Syngenta fi eld trial personnel. The reported cases give 
no evidence for a sensitizing potential of cyproconazole in humans. However, a few individuals 
may occasionally experience local skin reactions when exposed to formulations by direct contact. 
No cases of serious poisoning with cyproconazole or cyproconazole-containing formulations have 
been reported to Syngenta. The few publications on occupational exposure, reviewed by Hertner & 
Schulze-Rosario (2001), do not report on signifi cant adverse fi ndings correlated with cyproconazole 
exposure. 

Comments

Biochemical aspects

In a toxicokinetic study, male and female rats were given cyproconazole uniformly labelled 
with 14C either in the phenyl ring or at the α-carbon position as a single dose at 10 or 130 mg/kg bw 
or as 14 repeated doses of 10 mg/kg bw per day followed by a single oral dose of radioactive cy-
proconazole at 10 mg/kg bw. Cyproconazole was rapidly and extensively (86%) absorbed from the 
gastrointestinal tract and rapidly excreted from the body in urine and faeces (85% of the administered 
dose) within 168 hours. The majority of excretion occurred in the fi rst 48 hours. The bile duct–
cannulated rats excreted approximately 76% and 60% of the administered dose in the bile in males 
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and females, respectively. Approximately 5% of the administered dose was recovered in the faeces in 
the cannulated rats. The absorption, distribution and excretion of cyproconazole were similar in rats 
administered repeated doses and single low and high doses. No signifi cant radioactivity was detected 
in the exhaled air following a single oral dose of 10 mg/kg bw. Less than 0.42% of the administered 
dose was found in the carcass and tissues at 168 hours following 14 repeated doses. Tissue residues 
were highest in liver and adrenals (mainly cortex), followed by fat and kidney. There was no evidence 
of bioaccumulation in any tissues in rats. Cyproconazole was extensively metabolized, with a greater 
number of metabolites identifi ed in the urine compared with the faeces. The metabolic profi le re-
vealed 35 metabolites, ranging from less than 0.1% to 4.9% and from less than 0.1% to 13.2% of the 
administered dose in the urine and faeces, respectively. Approximately 11% of the parent compound 
was detected in the faeces, and less than 0.4% in the urine. The predominant metabolic reactions of 
cyproconazole in the rat were 1) oxidative elimination of the triazole ring, 2) hydroxylation of the 
carbon bearing the methyl group, 3) oxidation of the methyl group to the carbinol and further to 
the carboxylic acid and 4) reductive elimination of the carbon bearing the methyl group, yielding a 
b enzyl alcohol, which is further oxidized to the corresponding ketone.

Table 45. Liver enzyme induction in mice (second study)

Parameter % of control

Male Female

Cyproconazole PB Cyproconazole PB

50 ppm 100 ppm 200 ppm 850 ppm 50 ppm 100 ppm 200 ppm 850 ppm

Enzyme activities in subcellular liver fractions of mice 

MROD n.s. 168 n.s. 315 160 159 157 380

EROD n.s. n.s. n.s. 214 252 275 260 593

PRODa 257 343 404 2448 372 316 295 3147

BRODa 520 694 825 4431 1040 1003 942 7750

COH 839 778 1248 969 628 737 1149 623

LA 11-OH n.s. n.s. n.s. 299 203 162 146 592

LA 12-OH n.s. n.s. n.s. n.s. 192 157 151 n.s.

mEH n.s. n.s. 197 182 n.s. 214 412 394

UDPGT n.s. 139 n.s. 154 129 138 n.s. 196

GST 123 131 180 185 n.s. 184 408 354

Immunoblot analysis of microsomal CYP contents 

CYP1A isoenzymes 141 184 186 222 137 147 149 188

CYP2B isoenzymes Band 1 741 845 1239 1931 1701 2749 3151 3537

CYP2B isoenzymes Band 2 322 295 422 490 791 930 832 716

CYP3A isoenzymes 264 338 387 352 298 569 712 507

CYP4A isoenzymes 97 82 95 96 122 76 128 41

From Trendelenburg (2001) 
COH, coumarin 7-hydroxylase; LA 11-OH, lauric acid 11-hydroxylase; LA 12-OH, lauric acid 12-hydroxylase; mEH, microsomal epox-
ide hydrolase; MROD, 7-methoxyresorufi n O-demethylase; n.s., value not signifi cantly different from control at P = 0.05 (Dunnett’s test) 
a   An inhibitory factor present in microsomes from cyproconazole-treated animals strongly disturbed the accurate determination of this 

activity. 
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Toxicological data

Cyproconazole has moderate acute toxicity when administered by the oral route to mice (LD
50

 
of 200 mg/kg bw) and female rats (LD

50
 of 350 mg/kg bw). The LD

50
 in rats and rabbits treated der-

mally was greater than 2000 mg/kg bw. The LC
50

 in rats treated by inhalation (nose only) was greater 
than 5.6 mg/l. Cyproconazole was slightly irritating to the eyes and skin of rabbits. Cyproconazole 
was not a skin sensitizer in guinea-pigs as determined by the Magnusson & Kligman (maximization) 
test and the Buehler test.

The liver was the target organ for cyproconazole in short-term toxicity studies in mice, rats and 
dogs. Disturbances in lipid metabolism were also observed in all species studied. The NOAEL in a 
90-day study of toxicity in mice was 15 ppm (equal to 2.2 mg/kg bw per day), based on decreased 
body weight gain in both sexes and increased relative spleen weights in males seen at 300 ppm (equal 
to 43.8 mg/kg bw per day).

The NOAEL in a 28-day study of toxicity in rats was 100 ppm (equal to 8.1 mg/kg bw per day), 
based on reduced body weight gain in females, changes in clinical chemistry, organ weight changes and 
histopathological fi ndings in the liver seen at 300 ppm (equal to 25.3 mg/kg bw per day). Two 90-day 
dietary toxicity studies in rats were available, with a combined NOAEL of 80 ppm (equal to 6.4 mg/kg 
bw per day), based on reduced body weight gain seen at 320 ppm (equal to 23.8 mg/kg bw per day).

The NOAEL in the 90-day and 1-year toxicity studies in dogs was 100 ppm (equal to 3.2 mg/
kg bw per day), based on retarded body weight gain seen at 350 ppm (equal to 12.1 mg/kg bw per 
day) and above.

The carcinogenic potential of cyproconazole was studied in mice and rats. In mice, the major 
changes following administration of cyproconazole occurred in the liver. There were a number of 
toxic effects (focal hepatocytic infl ammation, single-cell hepatocytic necrosis and diffuse hepatocytic 
hypertrophy) at the two highest dose levels (100 and 200 ppm) in both sexes. The male mice were more 
severely affected than the females. The non-liver fi ndings in mice were not considered treatment relat-
ed. A treatment-related increase in the incidence of combined adenomas and carcinomas was found in 
males and females at 200 ppm and in males at 100 ppm. The NOAEL in this study was 15 ppm (equal 
to 1.8 mg/kg bw per day), and the LOAEL was 100 ppm (equal to 13.2 mg/kg bw per day).

To clarify the MOA of mouse liver tumours, mechanistic studies were conducted in which the 
liver effects of cyproconazole and PB in various strains of mice were compared. The results of these 
studies indicated that cyproconazole as well as PB produced similar effects in a dose-related manner in 
mice. Studies using CAR-null and wild-type mice treated with cyproconazole or PB for up to 7 days 
clearly indicated early gene expression changes in CAR regulation (Cyp2b10, Gadd45β), biochemi-
cal changes (induction of CYP2B-dependent enzyme activities), hypertrophy, fat vacuolation and in-
creased single-cell necrosis in the liver, indicating that these effects were a consequence of CAR acti-
vation by cyproconazole as well as PB. Based on these mechanistic studies, the Meeting concluded that 
development of liver tumours in mice administered cyproconazole depends upon CAR activation.

In the 2-year toxicity and carcinogenicity study in rats, the NOAEL was 50 ppm (equal to 
2.2 mg/kg bw per day), on the basis of body weight depression at 350 ppm (equal to 15.6 mg/kg bw 
per day). There was no evidence of treatment-related tumorigenesis in the rat.

Cyproconazole gave a negative response in an adequate range of in vitro and in vivo g enotoxicity 
tests.

The Meeting concluded that cyproconazole was unlikely to be genotoxic.

On the basis of the absence of genotoxicity, the absence of carcinogenicity in rats and no car-
cinogenicity in mice by an MOA relevant to humans, the Meeting concluded that cyproconazole is 
unlikely to pose a carcinogenic risk to humans.
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In a two-generation study of reproductive toxicity in rats, reproductive parameters were not af-
fected at the highest dose tested (120 ppm, equal to 8.3 mg/kg bw per day). The NOAEL for parental 
systemic toxicity was 20 ppm (equal to 1.4 mg/kg bw per day), based on a signifi cant increase in rela-
tive liver weight and an increased incidence of slight fatty changes (vacuolated hepatocytes) in the 
liver at 120 ppm (equal to 8.3 mg/kg bw per day). These effects in the liver cannot be unequivocally 
attributed to the activation of CAR. Toxicity was less pronounced in the F

0
 females and was not seen 

in F
1
 males and females. The NOAEL for reproductive and offspring toxicity was 120 ppm (equal to 

8.3 mg/kg bw per day), the highest dose tested.

There are three developmental toxicity studies in rats: the main study, a non-GLP range-fi nding 
study and a published study. Cyproconazole caused signifi cantly diminished body weight gain during 
the early phase of treatment (days 6–11) as well as reduced feed consumption in all three studies. In the 
dose range of 20–30 mg/kg bw per day, body weight gain was 29–37% below that of control groups. 
Major fetal malformations in these studies were cleft palate (also reported as palatoschisis) and inter-
nal hydrocephalus. These malformations occurred at dose levels of 20 mg/kg bw per day and above. 
The NOAEL for maternal toxicity in the main developmental study was 6 mg/kg bw per day, based on 
reduced maternal body weight gain during gestation days 6–11 and decreased feed consumption seen 
at 12 mg/kg bw per day. The developmental NOAEL in the main study in rats was 12 mg/kg bw per day, 
based on decreased fetal body weights, increased postimplantation loss, increases in s upernumerary 
ribs and increased fetal malformations (e.g. cleft palate) seen at 24 mg/kg bw per day. 

There are two developmental toxicity studies available in rabbits. In the fi rst study, treatment 
of pregnant Chinchilla rabbits with cyproconazole resulted in maternal body weight loss and reduced 
feed consumption early during treatment at the highest dose level of 50 mg/kg bw per day. A slightly 
increased number of postimplantation losses were also noted in this group. No treatment-related fetal 
abnormalities were observed. The NOAEL for maternal and developmental toxicity in Chinchilla 
rabbits was 10 mg/kg bw per day. In the second study, New Zealand White rabbits were treated at 
the same dose levels. As in the previous study, the high dose resulted in maternal toxicity in the form 
of body weight loss and reduced feed consumption early during treatment. The incidence of postim-
plantation losses was not affected. In contrast to the fi rst study, the second one revealed an increased 
number of fetal malformations, mainly affecting sternebrae, ribs, vertebral column, hindlimbs and 
tail. The NOAEL for maternal and developmental toxicity was 10 mg/kg bw per day.

The Meeting concluded that cyproconazole can cause developmental toxicity, including 
m alformations, but only at doses that are maternally toxic.

In a 90-day dietary study of toxicity in rats, fi ve rats of each sex per dose were subjected to 
neuropathological examination and were also evaluated in the FOB and for the assessment of motor 
activity. No effects on FOB parameters, motor activity or neuropathology were observed at doses up 
to 1400 ppm (equal to 106.8 mg/kg bw per day). 

No adverse effects due to occupational exposure to cyproconazole were reported in workers 
working in the production, formulation and packaging plant or in research laboratories.

The Meeting concluded that the existing database on cyproconazole was adequate to c haracterize 
the potential risk to fetuses, infants and children.

Toxicological data on metabolites

Several toxicological studies were conducted on cyproconazole metabolites M21/M21a and 
M36 (also named NOA 405870 and NOA 405872, respectively). The IUPAC name for metabolite 
M21/M21a is 5-(4-chlorophenyl)-5-hydroxy-4-methyl-6-(1H-1,2,4-triazol-1-yl)-2-hexanoic acid. 
The IUPAC name for metabolite M36 is 5-(4-chlorophenyl)-3,5-dihydroxy-4-methyl-6-[1,2,4]tria-
zol-1-yl-hexanoic acid. These metabolites were found in the rat in minor amounts only (0.02–0.06% 
of applied dose in urine). They were found in the milk and in the urine of lactating goats. Therefore, 
the toxicological profi le of these metabolites was investigated.
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The acute oral LD
50

 for metabolite M21/M21a (NOA 405870) was greater than 2000 mg/kg 
bw. The metabolite was negative for mutagenicity in a bacterial reverse mutation assay (Ames test). 
For metabolite M36 (NOA 405872), an oral LD

50
 value of greater than 2000 mg/kg bw was observed 

in mice and rats. Based on the results from three genotoxicity studies, it is concluded that M36 is 
unlikely to be genotoxic in vivo. A 28-day feeding study in rats resulted in deaths at the test limit dose 
of 20 000 ppm and signifi cant reductions in body weight at 5000 ppm and above. The NOAEL in this 
study was 1500 ppm (equal to 155 mg/kg bw per day), based on reduced body weights seen at 5000 
ppm (equal to 527 mg/kg bw per day).

Toxicological evaluation

The Meeting established an acceptable daily intake (ADI) of 0–0.02 mg/kg bw on the basis of 
the overall NOAEL of 2.2 mg/kg bw per day from the 2-year study of toxicity and carcinogenicity 
and the multigeneration reproduction study in rats based on reduced body weight gain and liver toxic-
ity seen at higher doses. A safety factor of 100 was applied. This ADI was supported by the NOAEL 
of 15 ppm (equal to 2.2 mg/kg bw per day) observed in a 90-day toxicity study in mice on the basis 
of reduced body weight gain observed at 300 ppm (equal to 43.8 mg/kg bw per day).

The Meeting established an acute reference dose (ARfD) of 0.06 mg/kg bw on the basis of a 
maternal toxicity NOAEL of 6 mg/kg bw per day in studies of developmental toxicity in rats, based 
on body weight loss during the early treatment period (gestation days 6–11) and reduced feed con-
sumption seen at 12 mg/kg bw per day. The ARfD is protective of developmental toxicity seen at a 
slightly higher dose in rabbits.

Levels relevant to risk assessment

Species Study Effect NOAEL LOAEL

Mice Ninety-day study of 
toxicitya

Toxicity 15 ppm, equal to
2.2 mg/kg bw per day

300 ppm, equal to 
43.8 mg/kg bw per day

Rat Two-year study 
of toxicity and 
c arcinogenicitya

Toxicity 50 ppm, equal to
2.2 mg/kg bw per day

350 ppm, equal to 
15.6 mg/kg bw per dayb

Carcinogenicity 350 ppm, equal to 
15.6 mg/kg bw per dayb

—

Multigeneration 
study of reproductive 
toxicitya

Parental toxicity 20 ppm, equal to
1.4 mg/kg bw per day

120 ppm, equal to 
8.3 mg/kg bw per dayb

Reproductive toxicity 120 ppm, equal to 
8.3 mg/kg bw per dayb

—

Offspring toxicity 120 ppm, equal to 
8.3 mg/kg bw per dayb

—

Developmental t oxicity 
studyc,d

Maternal toxicity 6 mg/kg bw per day 12 mg/kg bw per day

Embryo and fetal toxicity 12 mg/kg bw per day 24 mg/kg bw per day

Rabbit Developmental t oxicity 
studyc,d

Maternal toxicity 10 mg/kg bw per day 50 mg/kg bw per dayb

Embryo and fetal toxicity 10 mg/kg bw per day 50 mg/kg bw per dayb

Dog Ninety-day and 1-year 
studies of toxicitya,d

Toxicity 100 ppm, equal to 
3.2 mg/kg bw per day

350 ppm, equal to 
12.1 mg/kg bw per dayb

a  Dietary administration.
b  Highest dose tested.
c  Gavage administration.
d  Two or more studies combined.
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Estimate of acceptable daily intake for humans

0–0.02 mg/kg bw 

Estimate of acute reference dose

0.06 mg/kg bw 

Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
h uman exposure

Critical end-points for setting guidance values for exposure to cyproconazole

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Rapidly absorbed, > 86% within 144 h 

Dermal absorption Not available

Distribution Widely distributed in tissues; highest residues in liver, 
adrenal, fat and kidney

Potential for accumulation None 

Rate and extent of excretion Rapid and extensive

Metabolism in animals Extensively metabolized (35 metabolites identifi ed) 

Toxicologically signifi cant compounds (animals, plants and 
environment)

Cyproconazole and 1,2,4-triazole 

Acute toxicity

Rat, LD
50

, oral 350 mg/kg bw (rats)

Rat, LD
50

, dermal > 2000 mg/kg bw

Rat, LC
50

, inhalation > 5.6 mg/l (4 h exposure, nose only)

Rabbit, dermal irritation Slightly irritating

Rabbit, ocular irritation Slightly irritating

Guinea-pig, dermal sensitization Not a sensitizer (Magnusson & Kligman test, Buehler test)

Short-term studies of toxicity

Target/critical effect Reduced body weights in mice and rats

Lowest relevant oral NOAEL 2.2 mg/kg bw per day (90-day study of toxicity in mice)

Lowest relevant dermal NOAEL 100 mg/kg bw per day (rats) 

Lowest relevant inhalation NOAEC 0.017 mg/l, equal to 4.9 mg/kg bw per day (16-day inhala-
tion study in rats)

Long-term studies of toxicity and carcinogenicity

Target/critical effect Liver

Lowest relevant NOAEL 2.2 mg/kg bw per day (2-year carcinogenicity study in rats) 

Carcinogenicity Not carcinogenic in rats; carcinogenic in mice by MOA 
not relevant to humans
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Genotoxicity

Not genotoxic 

Reproductive toxicity

Reproduction target/critical effect None

Lowest relevant reproductive NOAEL 8.3 mg/kg bw per day (rats; highest dose tested)

Developmental target/critical effect Developmental toxicity, including teratogenicity, only at 
maternally toxic dose in rats and rabbits

Lowest relevant developmental NOAEL 10 mg/kg bw per day (rats and rabbits)

Neurotoxicity/delayed neurotoxicity

Subchronic neurotoxicity Not neurotoxic (90-day study in rats)

Mechanistic data

Mechanistic studies supporting CAR-mediated liver toxic-
ity and tumours in mice

Medical data

No adverse effects reported 

Summary

Value Study Safety factor

ADI 0–0.02 mg/kg bw 2-year study of toxicity and carcinogenicity and 
multigeneration study of reproductive toxicity in rats

100

ARfD 0.06 mg/kg bw Developmental toxicity studies in rats 100
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Appendix 1: Metabolites formed in the rat from cyproconazole

Code number
(alphabetical order)

Designation 
in reports

IUPAC name Structure

Cyproconazole

SAN 619 F

CGA 221949

M1/M2 2-(4-chlorophenyl)-3-cyclopropyl-1-
[1,2,4]triazol-1-yl-butan-2-ol

N
N

Cl

NOH

NOA 408616 M15 1-(4-chlorophenyl)-2-[1,2,4]triazol-1-
yl-ethanol

N
N

Cl

N

OH

CGA 123420 M16 1-(4-chlorophenyl)-2-(1H-1,2,4-triaz-
ol-1-yl)-ethanone

N
N

Cl

N

O

NOA 421152 M3/M4 2-(4-chlorophenyl)-3-cyclopropyl-
1,2-butanediol

Cl

OH

OH

NOA 452669 M30/M33 2-(4-chlorophenyl)-3-cyclopropyl-
butane-1,2,3-triol

Cl

OH

OH
OH

NOA 421153 M9/M14 2-(4-chlorophenyl)-3-cyclopropyl-1-
(1H-1,2,4-triazol-1-yl)-2,3-butanediol

N
N

Cl

NOH

OH
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Code number
(alphabetical order)

Designation 
in reports

IUPAC name Structure

NOA 452668 M20 3-(4-chlorophenyl)-2-cyclopropyl-
4-[1,2,4]triazol-1-yl-butane-1,2,3-triol

N
N
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NOH

OH

OH

NOA 451353 M13 2-[2-(4-chlorophenyl)-2-hydroxy-1-
methyl-3-[1,2,4]triazol-1-yl-propyl]-
cyclopropanol
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NOH

OH

NOA 452154 M10 3-(4-chlorophenyl)-2-cyclopropyl-3-
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OH
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NOA405872 M36 5-(4-chlorophenyl)-3,5-dihydroxy-4-
methyl-6-[1,2,4]triazol-1-yl-hexanoic 
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NOH

OH

OOH

NOA 405870 M21/M21a 5-(4-chlorophenyl)-5-hydroxy-4-
methyl-6-(1H-1,2,4-triazol-1-yl)-2-
hexanoic acid
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NOA 421154 M11/M18 3-(4-chlorophenyl)-2-cyclopropyl-4-
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Code number
(alphabetical order)

Designation 
in reports

IUPAC name Structure

NOA 410714 M31/M38 2-chloro-5-(2-cyclopropyl-1-hydroxy-
1-[1,2,4]triazol-1-ylmethyl-propyl)-
phenol

N
N

Cl

NOH

OH

Appendix 2: Application of the IPCS conceptual framework for cancer risk assessment

A2.1  Introduction 

The data relating to the postulated MOA below are summarized in section 2.6(d). The analytical 
approach applied to the postulated MOA is based on the International Programme on Chemical Safety 
(IPCS) conceptual framework for evaluating an MOA for chemical carcinogens (Sonich-Mullin et al., 
2001; Boobis et al., 2006; Holsapple et al., 2006). Administration of cyproconazole was associated 
with a statistically signifi cant increase in hepatocellular tumours in male and female CD-1 mice. In 
male mice, there were statistically signifi cant positive trends for adenomas and for combined tumours. 
Males also had statistically signifi cant pairwise increases in carcinomas at the three highest doses 
(15, 100 and 200 ppm), adenomas at the 100 ppm level and combined tumours at the two highest 
doses (100 and 200 ppm). In female mice, there were also statistically signifi cant positive trends for 
adenomas, carcinomas and combined tumours. All three parameters were statistically signifi cant by 
pairwise comparison for females at the high dose (200 ppm). 

In rats, no treatment-related tumour fi ndings were observed in either sex at doses up to and 
including 350 ppm. An evaluation of the weight of evidence to support a non-mutagenic MOA for 
liver tumours in mice is summarized below.

A2.2  Summary description of the postulated mode of action

Development of liver tumours in mice administered cyproconazole orally is initiated by activa-
tion of CAR in liver hepatocytes. Following alteration of CAR-regulated genes, induction of CYP2B-
dependent enzymes, hepatocyte hypertrophy and cell proliferation, suppression of apoptosis and per-
turbed liver function (e.g. decreased plasma cholesterol) are early events. This is a non-genotoxic 
mitogenic MOA. Over time, progression of hepatotoxicity, including single-cell necrosis associated 
with increased cell replication and suppression of normal apoptotic processes, might be associated 
with clonal expansion of potentially mutated cells, which leads to preneoplastic foci and develop-
ment of liver tumours. Activation of CAR is considered to be the required initiating event leading 
to the cascade of key events that might result in the induction of liver tumours in cyproconazole-
treated mice. No evidence of carcinogenicity of cyproconazole in CAR-null mice has been provided. 
F igure 4 outlines the key events in the postulated MOA for cyproconazole-induced liver tumours. 
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Figure 4. Key events in the mode of action for liver tumours in mice
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A2.3  Key events in the mode of action

Activation of CAR.1.  Activation of CAR is considered a critical initiating event in the MOA 
for liver tumorigenesis by cyproconazole. This was demonstrated through the use of CAR-null 
mice (CAR −/−) and the wild-type C3H mice (CAR +/+), where a pleiotropic liver response 
was reported only in the wild-type mice administered cyproconazole, but little or no response 
was reported in the CAR-null mice. A study investigating the liver effects of cyproconazole and 
PB in CD-1 mice, the outbred strain used in the cancer bioassay, and in C57BL/6J (C57) and 
C3H/HeNClrBR (C3H) inbred strains, for which CAR-null mice are available, indicated that 
cyproconazole and PB produced similar effects in a dose-related manner in CD-1, C57 and C3H 
mice (Milburn, 2006a,b,c).

Altered expression of CAR-responsive genes. 2. CAR-responsive expression of genes associated 
with cell cycle control (Mdm2), cell proliferation (Mdm2, Gadd45β), apoptosis (Tsc22) and 
xenobiotic metabolism (Cyp2b10) was measured by real-time PCR in C3H wild-type and CAR-
null mice. Marked increases in Gadd45β and Cyp2b10 mRNA levels were observed in the liver of 
C3H mice treated with 200 and 450 ppm cyproconazole following 2, 7 and 14 days of treatment. 
Slight increases in Mdm2 expression were seen at 450 ppm at all time points analysed (days 2, 
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7 and 14), whereas dose-dependent decreases in Tsc22 (a pro-apoptotic gene) expression were 
observed following 2, 7 and 14 days of treatment. A comparison of gene expression in C3H 
wild-type and CAR-null mice showed markedly lower induction of Cyp2b10 mRNA in CAR-null 
mice, supporting the role of CAR in the regulation of Cyp2b10 expression. Expression levels of 
Mdm2 and Gadd45β in cyproconazole-treated CAR-null mice were similar to or slightly lower 
than the levels observed in the wild-type mice. A similar expression pattern was observed in the 
PB-treated (positive control) mice (Milburn, 2006a,b).

Cellular proliferation (mitogenic response).3.  The temporal sequence of events where there is 
an initial burst of cellular proliferation followed by a decline approaching background levels 
is a hallmark feature demonstrating a mitogenic MOA. There was a statistically signifi cant 
increase in cell proliferation (as measured by BrdU labelling) after 3 days of treatment with up 
to 200 ppm cyproconazole in C3H mice. Cell proliferation returns to control levels by day 14 
following continuous treatment with cyproconazole. To further investigate the role of CAR in the 
proliferative response, liver cells from C3H wild-type and CAR-null mice treated with 200 or 
450 ppm cyproconazole for 7 days were measured by positive cells to Ki67 antibody. Statistically 
signifi cant increases in cell proliferation (Ki67 labelling) were observed in the liver of wild-type 
mice after 7 days of treatment, whereas CAR-null mice showed a proliferative response similar to 
that of the vehicle control at 200 ppm and a reduced proliferative response (relative to wild-type 
mice) at 450 ppm (Warren et al., 1995,b; Milburn, 2006c).

Induction of metabolizing enzymes.4.  CAR is known to transcriptionally activate specifi c 
xenobiotic metabolism genes, including Cyp2b and Cyp3a. To evaluate CYP2B protein levels 
in treated mice, western blot analysis was performed on liver extracts isolated from wild-type 
and CAR-null mice treated with 200 or 450 ppm cyproconazole for 7 days. A strong induction 
(relative to controls) of CYP2B protein levels was observed in wild-type mice at 200 and 450 
ppm cyproconazole. In contrast, no increase in CYP2B protein was observed in the CAR-null 
mice treated with cyproconazole. CYP activity (specifi cally, CYP2B10 activity) was assessed 
by measuring PROD and BROD activities in wild-type and CAR-null mice treated with 
cyproconazole. Increased BROD activity was observed in wild-type mice fed 200 or 450 ppm 
cyproconazole for 7 days. Elevated PROD activity was seen in wild-type mice at 200 ppm, but 
not at 450 ppm. No increase in BROD or PROD activity was observed in the CAR-null mice at 
any dose (Milburn, 2006b,c). 

Changes in liver histopathology. 5. Hepatocyte hypertrophy, vacuolation and single-cell necrosis 
were observed as early as 7 days in wild-type mice fed 200 or 450 ppm cyproconazole. No 
evidence of hepatocyte hypertrophy, vacuolation or necrosis was seen in the CAR-null mice fed 
cyproconazole for 7 days. Increased incidences of hepatocellular hypertrophy and vacuolation and 
single-cell necrosis were also observed in male CD-1 mice at 28 days and male and female CD-1 
mice following treatment with cyproconazole for 13 weeks (300 and 600 ppm) and 18 months 
(100 and 200 ppm) (Warren, Skinner & Karapally, 1987; Warren et al., 1989; Milburn, 2006b).

Increased liver weight. 6. A statistically signifi cant increase in liver weight (adjusted for terminal 
weight) was observed in male C3W wild-type mice, but not in male CAR-null mice, fed 850 
ppm cyproconazole for 3 days. Similar results were seen in C3H wild-type and CAR-null mice 
following 7 days of treatment with cyproconazole at 200 or 450 ppm with the exception of a 
slight increase in relative (but not absolute) liver weight in CAR-null mice at 450 ppm. Increased 
liver weights were also observed in cyproconazole-treated male and female mice at 13 weeks 
(300 and 600 ppm) and 18 months (100 and 200 ppm) (Warren, Skinner & Karapally, 1987; 
Warren et al., 1989; Milburn, 2006b). 

Liver tumours. 7. Administration of cyproconazole was associated with an increased incidence 
of hepatocellular tumours at 100 and 200 ppm in male CD-1 mice and 200 ppm in female CD-1 
mice (Warren et al., 1989).



199

CYPROCONAZOLE 117–202 JMPR 2010

A2.4 Concordance of dose–response relationships

Nearly all of the key events in the MOA were observed in mice at the tumorigenic doses of 
100 and 200 ppm. Very few of the key events occurred at the NOAEL in the 18-month mouse study 
(15 ppm), and those that did occur appeared to be transient in nature. In studies of up to 28 days’ du-
ration, hypertrophy and vacuolation in the livers of mice were observed at 15 ppm, but these were of 
minimal severity and partial incidence and were not seen after 13 weeks or 18 months of treatment. 
Thus, the minor effects at 15 ppm were adaptive responses to short-term administration that were 
reversible with longer-term administration. 

A2.5  Temporal association

The operating principle for the key events in the MOA analysis is that the key events should 
occur temporally before the appearance of tumours. The identifi ed key events all occur prior to the 
observation of hepatocellular tumours. Cell proliferation and enzyme induction (CYP2B10, CYP2A, 
CYP3A, GST, epoxide hydrolase) in the liver occurred as early as 3–7 days after dosing. Subchronic 
studies conducted for 28 and 90 days showed increased liver weight, histopathological changes (hepa-
tocellular hypertrophy, vacuolation, single-cell necrosis) leading to focal hepatocytic hyperplasia and 
hepatocellular tumours seen in the carcinogenicity study.

A2.6  Strengths, consistency and specifi city of association of tumour response with key events

A part of the Hill criteria requires that for the key events to be causally related to the formation 
of tumours, they must clearly be shown to be required steps that lead to the cancer, and the fi ndings 
must be reproducible. The key events observed in mice fed on diets containing cyproconazole oc-
curred in a logical temporal sequence, in a dose-dependent manner and only at the dose levels at 
which tumour incidences were increased. The clear establishment of CAR activation as a necessary 
key event for cyproconazole gives added strength to the proposed sequence of events and is sup-
ported by literature fi ndings with other CAR agonists, such as PB. Also, concurrent experiments in 
CAR-null and wild-type mice with cyproconazole and PB (Milburn, 2006a,b,c) established that most 
of the key events are common to both compounds, including:

• CAR activation as a causal key event;

• induction of CYP isoenzymes and other metabolizing enzymes in a pattern similar to PB;

• similar progression of liver changes such as cell proliferation, hypertrophy, single-cell necrosis 
and fat vacuolation.

Structure–activity relationships also form part of the basis of an evaluation of the strength 
and consistency of a proposed MOA. In addition to cyproconazole, a wide array of other triazole 
fungicides have been studied for their effects on the liver in subchronic and chronic mouse and rat 
studies. Histopathological patterns induced by cyproconazole were similar to those induced by propi-
conazole, the other triazole fungicide, which also causes liver tumours in mice but not in rats (Weber, 
1999). The MOA proposed for cyproconazole is consistent with the MOA for the PB-type inducer 
(IPCS, 1987; Trendelenburg, 2001). There is good consistency in the database for cyproconazole. 
The fi ndings at early time points were reproducible across multiple studies that measured parameters 
such as cell proliferation, liver micropathology changes and enzyme induction (Dorobek & Müller, 
1995; Warren et al., 1995b; Trendelenburg, 2001; Milburn, 2006a,b,c). Also, specifi city of the MOA 
to mice has been demonstrated. Investigative studies with both rats and mice have shown that certain 
critical key events (e.g. cell proliferation, single-cell necrosis) do not occur in rats, and rats did not 
get tumours in the liver or any other tissue in a 2-year study with cyproconazole.
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A2.7  Alternative modes of action

Based on the overall weight of evidence from the genetic toxicity battery of studies, cyproco-
nazole is not acting via a genotoxic mode of carcinogenic action. Whereas the histology and clinical 
chemistry results indicate that liver toxicity occurred in both long- and short-term studies, several ob-
servations that challenge a cytotoxic MOA should be noted. For example, the increases in ALT, AST 
and alkaline phosphatase activities, which can be indicators of hepatocellular toxicity, were highly 
variable and suggest that very high doses of cyproconazole are needed to induce cytotoxicity at early 
time periods. In addition, although necrosis was seen in several studies with wild-type mice, it was 
not seen in studies with CAR-null mice. Finally, the cell proliferation data from the 28-day study are 
not consistent with a cytotoxic MOA, because cell proliferation decreased after 3–4 days in mice. 
A sustained cell proliferative response would be expected in a cytotoxic MOA. Therefore, the data 
do not support cytotoxicity followed by regenerative proliferation as an alternative MOA. In addi-
tion, there was no evidence of peroxisome proliferation, nor were CYP4A isoenzymes (inducible by 
peroxisome proliferating compounds, i.e. peroxisome proliferator-activated receptor alpha [PPARα] 
agonists) elevated in the mechanistic studies. However, the slight but signifi cant increase in rela-
tive liver weight in CAR-null mice indicates that some quantitatively but not qualitatively d ifferent 
p athways, including PXR, might exist. 

A2.8  Conclusion on the postulated mode of action in animals

The overall weight of the evidence supports a non-genotoxic mitogenic MOA for cyprocona-
zole through activation of CAR, which is considered to be the required initiating event leading to 
the cascade of key events that result in the induction of liver tumours in cyproconazole-treated mice. 
Specifi cally, development of liver tumours in mice administered cyproconazole orally is considered 
to be initiated by activation of CAR in liver hepatocytes followed by altered gene expression, cell 
proliferation, suppression of apoptosis, alterations in liver function (enzyme activity) resulting in 
decreased plasma cholesterol (associative) and hepatocyte toxicity (hypertrophy, hyperplasia and 
necrosis). The data did not support peroxisome proliferation, mutagenesis or cytotoxicity followed 
by regenerative proliferation as alternative MOAs. 

A2.9  Relevance of cyproconazole-induced tumours to humans

The human CAR is an important ligand-activated regulator of oxidative and conjugative en-
zymes and transport proteins. Consistent with the proposed rodent mitogenic MOA, the activation 
of the CAR nuclear receptor is a critical fi rst step in the cascade of specifi c key events leading to tu-
morigenesis. Recent ligand binding studies indicate that the CAR receptor is different across h uman 
and mouse species.

There is some evidence for important species differences in signalling pathways downstream 
of CAR activation, affecting hepatocyte proliferation and rates of apoptosis. Studies using isolated 
human hepatocytes suggest that chemicals that activate CAR do not stimulate cell proliferation or 
inhibit apoptosis, in contrast to rodent hepatocytes (Parzefall et al., 1991; Hasmall & Roberts, 1999). 
More recently, Jyrkkärinne et al. (2005) published a paper on their development of well-defi ned 
homology models for human CAR. They coupled this with extensive functional analysis to suggest 
mechanisms that contribute to the high basal activity of human CAR and thus help to explain the wide 
species differences in CAR ligand specifi city. The authors concluded that a single residue in helix 7 
(F243) appears to explain the human/mouse species differences in response of CAR to 17α-ethynyl-
3,17β-estradiol and that the differences in ligand specifi city between human and mouse CAR are 
signifi cant. Ross et al. (2010) reported a possibility that human CAR might support the chemically 
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induced hypertrophic responses but not the hyperplastic responses using double humanized PXR and 
CAR (huPXR/huCAR), double knockout PXR and CAR (PXRKO/CARKO) and wild-type C57BL/6J 
mice treated with PB or chlordane. As these papers illustrate, the understanding of the role of CAR is 
greatly expanding at this time, but it is not yet at the level of understanding about species specifi city 
that has been attained for other MOA processes, such as PPARα activation (Klaunig et al., 2003). 

Therefore, CAR is present in humans, and studies with other CAR agonists, such as PB, show 
some level of responsiveness in human liver, but other studies indicated differences between mouse 
and human CAR in liver effects. Although the MOA in mice suggests that CAR is involved with the 
liver effects of cyproconazole, the qualitative and quantitative plausibility of liver tumours to humans 
still remains undetermined, because there is insuffi cient information on the kinetic and dynamic 
f actors of CAR in humans and different animal species.
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Explanation

Dicamba (Figure 1) is the International Organization for Standardization (ISO)–approved 
name for 3,6-dichloro-2-methoxybenzoic acid (International Union of Pure and Applied Chemistry 
[IUPAC]) and has the Chemical Abstracts Service (CAS) No. 1918-00-9. Dicamba is a benzoic acid 
auxin herbicide, mimicking the action of indolyl acetic acid in regulating plant growth.

Dicamba has not been evaluated previously by the Joint FAO/WHO Meeting on Pesticide Resi-
dues (JMPR) and was reviewed at the present Meeting at the request of the Codex Committee on 
Pesticide Residues (CCPR).

All pivotal studies contained certifi cates of compliance with good laboratory practice (GLP).

Figure 1. Chemical structure of dicamba

O OH

Cl

Cl O

Evaluation for acceptable daily intake

1. Biochemical aspects

1.1 Absorption, distribution, metabolism and excretion

In a published study, the distribution and excretion of [14C]dicamba were investigated in male 
and female CD rats after administration by gavage, feeding or subcutaneous injection. In the gavage 
study, groups of eight females and four males received single doses of 100 mg/kg body weight (bw) 
or 930 mg/kg bw. Urine and faeces were collected, and, at various time points from 1 to 72 hours, 
individual animals were killed to collect blood and organs. In the feeding study, groups of fi ve male 
and fi ve female rats were fed diets containing 10, 100, 1000, 10 000 or 20 000 parts per million (ppm) 
dicamba for 4 weeks, and, at various time points from 1 to 72 hours, individual animals were killed 
to collect blood and organs. In the subcutaneous injection study, one male and one female rat were 
injected with dicamba at 0.1 mg/kg bw and killed 72 hours later.

After oral gavage or after injection, more than 90% of dicamba was excreted within 24 hours, 
irrespective of the dose administered. In all three dosing regimens, faecal excretion accounted for 
less than 5% of the dose applied. Dicamba was rapidly distributed to the organs and was excreted vir-
tually completely within 3 days. It was estimated that about 10–20% of dicamba was glucuronidated 
(Tye & Engel, 1967).

The routes and rates of excretion and metabolism of 14C-phenyl uniformly labelled (UL) 
 dicamba (radiochemical purity > 99%; specifi c activity 0.71 GBq/mmol; lot No. not given) were 
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 investigated in female Swiss mice, Sprague-Dawley rats, New Zealand White rabbits and Beagle 
dogs. By oral gavage, four mice received a single dose of 89 mg/kg bw, six rats received a single dose 
of 102 mg/kg bw, four rabbits received a single dose of 100 mg/kg bw and fi ve dogs received a sin-
gle dose of 88.2 mg/kg bw. The specifi c activities were 3.7–7.4 MBq/mmol. From each species, two 
animals were killed at 16 hours and 96 hours post-treatment. Urine and faeces were collected from 
all animals, and blood was collected from rats and dogs at several time intervals. After termination, 
tissues were collected for the analysis of total radioactive residues (TRR). This was a pre-GLP study 
of acceptable quality.

In mice, rats, rabbits and dogs, most of the radioactivity was excreted within 24 hours via urine, 
with elimination half-lives of 10.2, 7.0, 7.4 and 5.4 hours, respectively (Table 1). For mice, 9.4% of 
the administered dose was excreted in the faeces; in all other species, TRR in faeces were less than 
3%. In the blood of rats and dogs, the highest concentrations of TRR were found at the fi rst time point 
of measurement, at 1 hour after dose administration (Figure 2). Thereafter, radioactivity in blood 
declined rapidly. The decline was slightly slower in dogs than in rats. In all four species, the TRR in 
the whole body were 0.173–0.547% of the administered dose after 16 hours and 0.009–0.035% after 
96 hours. Highest residues at 96 hours were found in kidney (0.001%) and liver (0.002–0.004%). In 
the urine of all four species, 97–99% of TRR was identifi ed as dicamba, and less than 1% was the 
demethylated 3,6-dichloro-2-hydroxybenzoic acid (DCHBA). In faeces, 5% of TRR was not extract-
able in mice and rats, and up to 20% was not extractable in rabbits and dogs. Most of the TRR were 
identifi ed as dicamba (70–93%). Only in dog faeces, an unknown metabolite accounted for 10%.

There were no signifi cant species differences regarding absorption, excretion, tissue distribu-
tion or metabolism of dicamba between mice, rats, rabbits and dogs (Atallah, 1980).

In a comparative study, groups of fi ve male CD VAF/Plus rats received by gavage a single 
10 mg/kg bw dose of the free acid of dicamba (A), the dimethylamine salt (B), the isopropylamine 
salt (C) or the diglycolamine salt (D), respectively. Samples of approximately 1 MBq 14C-phenyl UL 
dicamba (radiochemical purity 99.9%; specifi c activity 1.56 GBq/mmol; lot No. 911115) were diluted 

Table 1. TRR in urine and faeces in mice, rats, rabbits and dogs 

Time point (h) % of administered dose

Mice Rats Rabbits Dogs

Urine

0–16 67.7 ± 7.33 77.1 ± 7.7 81.5 ± 5.1 92.9 ± 5.0

0–24 72.6 ± 16.5 92.9 ± 3.7 82.6 ± 1.8 82.6 ± 20.2

24–48 11.2 ± 11.9 2.7 ± 0.5 5.5 ± 0.0 1.9 ± 0.5

48–72 3.1 ± 2.8 1.0 ± 0.4 1.0 ± 0.0 0.2 ± 0.0

72–96 — 0.4 ± 0.1 0.0 ± 0.0 0.0 ± 0.0

Total 86.9 ± 1.7 96.9 ± 4.5 89.1 ± 2.8 84.7 ± 18.3

Half-life (h) 10.2 7.0 7.4 5.4

Faeces

0–16 1.8 ± 2.3 5.7 ± 0.4 3.6 ± 0.9 0.5 ± 0.6

0–24 3.3 ± 4.6 2.1 ± 2.0 0.0 ± 0.0 0.5 ± 0.0

24–48 5.2 ± 4.1 0.6 ± 0.1 0.8 ± 0.4 0.1 ± 0.1

48–72 1.0 ± 0.3 0.1 ± 0.0 1.0 ± 0.3 0.0 ± 0.0

72–96 — 0.0 ± 0.0 0.7 ± 0.8 0.0 ± 0.0

Total 9.4 ± 0.2 2.8 ± 1.8 2.5 ± 0.4 0.6 ± 0.1

From Atallah (1980)
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with non-labelled dicamba (A), dimethylamine dicamba (B), isopropylamine dicamba (C) or digly-
colamine dicamba (D). Urine and faeces were collected for 24 hours after administration to analyse the 
absorption, metabolism and elimination of dicamba. The study complied with GLP guidelines.

The TRR in the 24-hour urine were similar in all groups, ranging from 92% to 95% of the 
administered dose. In the faeces, the range was 2–5%. In the blood of the four groups, the TRR at 
24 hours ranged from 0.017% to 0.020% of the administered dose. In the urine of all groups, dicamba 
ranged from 92% to 94% of the TRR, and DCHBA accounted for 0.5–0.6%. The chemical identity of 
the rest of the TRR was not resolved. In the faeces of all groups, dicamba ranged from 75% to 80% 
of the TRR, and DCHBA accounted for 3–4%. Three to six per cent of the TRR were not extractable, 
and the chemical identity of the rest of the extracted TRR was not determined.

In this comparative study, no infl uence of the anionic moiety on the absorption, elimination or 
metabolism of dicamba was observed (Ekdawi, 1994b).

Urine pools from groups A, B, C and D of a previous single-dose study (Ekdawi, 1994b) were 
analysed for the plant metabolite 5-hydroxy-dicamba. 5-Hydroxy-dicamba was found to account for 
0.0048% of the TRR in the urine pool (Ekdawi, 1994a).

The excretion kinetics of dicamba were investigated in Wistar and Sprague-Dawley rats. Groups 
of four male and four female rats were pretreated with unlabelled dicamba at various doses either by 
gavage or by feeding for 14 days, and then the animals received one dose of 14C-phenyl UL dicamba 
(radiochemical purity > 95%; specifi c activity 0.59 GBq/mmol; lot No. 037H9294) (Table 2). Blood 
samples were taken from the animals at 0.5, 1, 2, 4, 6, 8, 12, 24 and 48 hours after the labelled dose 
and analysed for TRR. The study complied with GLP.

All males and one female of experimental group 1 (high-dose gavage group) died within 3 hours 
after administration of the second dose. In experimental groups 2 and 3 (mid- and low-dose gavage 
groups), animals were terminated after administration of the third dose because of clear clinical signs 
of toxicity, such as ataxia, piloerection and respiratory sounds in group 2 and ataxia in group 3. In 
group 2, thickening of the wall in the forestomach and hyperaemia of the glandular stomach were ob-
served in three animals, and erosion/ulceration was seen in one animal. In group 3, thickening of the 
wall in the forestomach and hyperaemia of the glandular stomach were observed in three animals. In 
experimental group 4 (high dose in feed group), it was shown that administration in the feed was better 
tolerated than administration by gavage, as no effect on body weight development and no clinical signs 

Figure 2. Dicamba concentrations in the blood of rats and dogs 
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were seen. It was therefore decided to pretreat with unlabelled dicamba in further studies by feeding 
instead of by gavage administration. After dosing with labelled dicamba, peak levels in plasma were 
reached after 0.5–1 hour, and the levels were dose proportional. This suggests that no saturation of 
absorption occurred. In male and female Wistar rats, the plasma area under the curve (AUC) increased 
linearly with dose up to 150 mg/kg bw (Table 3). At higher dose levels, the plasma AUC was dispro-
portionately higher than the dose increase. In Sprague-Dawley rats, the plasma AUC increased linearly 
with dose up to 150 mg/kg bw in males and up to 250 mg/kg bw in females (Table 4). Additionally, the 
initial elimination half-lives increased at dose levels above 150 mg/kg bw in Wistar rats and above 125 
mg/kg bw in Sprague-Dawley rats. As the absorption was not saturated, the disproportionate increase 
in plasma AUC, supported by increased initial elimination half-lives, indicates a reduced or delayed 
elimination at oral doses starting in the range of 125–300 mg/kg bw (Leibold, 1998a).

Groups of four male and four female Wistar rats were fed diets containing 600, 1200, 2400, 
4800 and 9600 ppm non-labelled dicamba for 94 days. At days 29, 63 and 91, the groups received 
an equivalent dose (50, 100, 200, 400 or 800 mg/kg bw) by gavage of 14C-phenyl UL dicamba (ra-
diochemical purity > 99.8%; specifi c activity 0.63 GBq/mmol; lot No. 787-0102). At 0.5, 1, 2, 4, 
6, 8, 12, 24 and 48 hours post-gavage of labelled dose, blood samples were taken to analyse TRR. 
Additionally, a few urine and blood clinical chemistry parameters were measured in the highest and 
lowest dose groups. The study complied with GLP.

At all dose levels, dose-related increases in incidence and severity of convulsions were ob-
served after the gavage dosing on days 29, 63 and 91. At the end of the study, there was no dose-relat-
ed difference in blood pH, plasma creatinine or urea between the treated groups. In urine, there was a 
decrease (11–31% in males and 32–86% in females) in activities of alkaline phosphatase, γ-glutamyl 
transferase, alanine aminotransferase and N-acetyl-β-D-glucosaminidase. Lactate dehydrogenase ac-
tivity was not changed. Initial plasma TRR level increased proportionately with dose, suggesting that 
oral absorption was not saturated. At all time points, there was a disproportionate increase in AUC 
in males at 400 mg/kg bw and above and in females at 200 mg/kg bw and above (Table 5), and in-
creased half-lives were observed. With respect to kinetic parameters, there was no obvious effect of 
the p retreatment duration (Beimborn, 2003).

Two groups of four male and four female Wistar rats were administered single doses of either 
0.5 mg/kg bw (groups B1) or 200 mg/kg bw (groups D1) of 14C-phenyl UL dicamba (radiochemi-
cal purity > 99.2%; specifi c activity 0.65 GBq/mmol; lot No. ILA-72.1). Urine, faeces and expired 
air were collected from these animals over 7 days, and tissues were collected after termination. Two 
groups of 12 male and 12 female Wistar rats were administered single doses of either 0.5 mg/kg bw 
(groups F1 [males] and F2 [females]) or 200 mg/kg bw (groups F3 [males] and F4 [females]) of 14C-
phenyl UL dicamba. At 4, 8, 12 and 16 hours post-dosing, four animals per group were terminated, 
and tissues were collected for analysis of radioactivity. The study complied with GLP.

Based on the TRR found in urine and retained in the body, absorption is estimated to be ap-
proximately 90%. After reaching a maximum blood level at 0.5 hour in both dose groups, the TRR 
declined to approximately half of the initial level and thereafter increased again to reach a maximum 
at 2–4 hours. In high-dose males and females, the AUCs were 1.4- and 1.9-fold higher, respectively, 
than the low-dose AUCs. The fi nding of two maximum blood TRR peaks and the disproportionate 
AUC between high- and low-dose groups suggest an enterohepatic circulation, becoming signifi cant 
in the range of 125–300 mg/kg bw (Leibold, 1998a). More than 90% of the dose was excreted via 
urine within 7 days, and less than 2% via faeces. Exhaled TRR were insignifi cant. Highest TRR in 
the selected organs were found 4 hours post-dosing and accounted for approximately 3% of the ad-
ministered dose at both dose levels. At both dose levels, kidneys, plasma and uterus were found to 
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Table 3. Plasma kinetic parameters in Wistar rats

Experiment No.

11 10 7 9 6 8 5

Gavage dose (labelled, mg/kg bw)

90 150 150 300 400 450 800

M F M F M F M F M F M F M F

AUC
0–∞ (µg Eq·h/g) 168 260 365 565 261 504 1005 1364 1504 1783 2167 2593 3913 4135

Plasma half-life (h)a 2.1 1.0 0.9 1.4 1.9 1.2 2.6 4.8 3.5 3.5 5.4 6.0 5.2 9.4

From Leibold (1998a)
Eq, equivalent; F, female; M, male
a  Initial phase of elimination.

Table 4. Plasma kinetic parameters in Sprague-Dawley rats

Experiment No.

16 15 14 13 12

Gavage dose (labelled, mg/kg bw)

75 125 250 500 800

M F M F M F M F M F

AUC
0−∞ (µg Eq·h/g) 111 115 185 197 637 390 2057 1606 3447 4763

Plasma half-life (h)a 1.3 1.5 2.1 0.7 2.8 1.7 7.2 4.4 12.4 1.9

From Leibold (1998a)
Eq, equivalent; F, female; M, male
a  Initial phase of elimination.

Table 5. Kinetic parameters after administration of 14C-phenyl UL dicamba in pretreated rats

Feeding dose (ppm)

600 1200 2400 4800 9600

Gavage dose (mg/kg bw)

50 100 200 400 800

M F M F M F M F M F

AUC
0−∞

 (µg Eq·h/g)

Day 29 94 108 256 262 535 646 1697 2268 4774 5545

Day 63 124 105 245 248 489 637 1861 2146 4027 4766

Day 91 120 144 240 366 659 981 2382 2874 4975 6080

Plasma half-life (h)a

Day 29 1.36 0.98 2.13 0.54 2.04 2.2 3.15 3.16 12.11 10.16

Day 63 0.90 1.01 16.4 2.07 1.28 1.84 3.08 2.79 3.42 5.30

Day 91 1.15 1.01 1.31 1.15 2.36 2.83 3.33 5.05 3.23 5.65

From Beimborn (2003)
Eq, equivalent; F, female; M, male
a  Initial phase of elimination.
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have the highest TRR. After 7 days, TRR in the selected organs accounted for less than 0.2% of the 
administered dose (Hassler, 2002). 

The metabolic fate of 14C-phenyl UL dicamba (radiochemical purity > 99%; specifi c activity 
0.65 GBq/mmol; lot No. ILA-72.1) was investigated in Wistar rats. Urine, faeces, liver and kidney 
samples from a previous study (Hassler, 2002) were used to identify metabolites of dicamba. The 
study complied with GLP.

In urine and faeces at the low dose and the high dose (0.5 and 200 mg/kg bw, respectively), the 
majority of the TRR were accounted for by the parent dicamba (Table 6). In urine, very low amounts 
of glucuronidated dicamba (M1) and demethylated dicamba (3,6-dichlorosalicylic acid [DCSA], 
NOA 414746) were found. In high-dose pooled male and female urine, very low amounts of 5-hy-
droxy-dicamba (NOA 405873), accounting for 0.01% of the applied dose, were identifi ed, and M2 
(NOA 414746 glucuronidated at position 2) was found at 0.006% of the applied dose. Additionally, 
M3 (2-(methoxycarbonyl)phenyl derivative of M2) was identifi ed at 0.012% of the applied dose in 
the urine pool. However, M3 is believed to be a by-product produced during the isolation process of 
M2. In faeces, the only metabolite of dicamba was NOA 414746, at low levels. In the liver and the 
kidneys, 84–91% of the TRR were accounted for by dicamba. In the kidney, less than 1% of the TRR 
were M1, and no metabolite was identifi ed in the liver. In summary, the identifi ed metabolites show 
that demethylation, hydroxylation and glucuronic acid conjugation are the metabolic pathways of 
dicamba (Figure 3) (Briswalter, 2003).

The dermal absorption in vivo of the dimethylamine salt of dicamba was studied in male Wis-
tar rats using 0.01, 0.03 and 0.1 mg/cm2 acid equivalents of 14C-phenyl UL dimethylamine dicamba 
administered as a liquid to shaved areas of the skin. The animals were exposed for 4 or 8 hours and 
killed 4, 8, 24 or 72 hours after starting exposure.

The dermal absorption, expressed as a percentage of the dose, was not affected by the concentra-
tion of the sample administered, but there was a slight increase in dermal absorption with exposure time. 
Overall, dermal absorption over 72 hours accounted for 1% of the applied dose (Leibold, 1998b).

The dermal absorption in vivo of 14C-phenyl UL dicamba in the formulation BANVEL 480 SL 
(48% dicamba) was studied in male Wistar rats by administering 0.012 or 4.8 mg/cm2 as a liquid to 
shaved areas of the skin. The animals were exposed for 6 hours and killed 6, 24, 48 or 72 hours after 
starting exposure.

Irrespective of the time to termination, rats absorbed approximately 1.8% of the administered 
low dose and approximately 10% of the high dose (Loeffl er, 2002a).

The dermal absorption in vitro of 14C-phenyl UL dicamba in the formulation BANVEL 480 
SL (48% dicamba) was studied by administering 0.011 or 4.35 mg/cm2 as a liquid to rat and human 
skin in fl ow-through diffusion cells. The receptor fl uid after 24 hours of exposure was collected and 
analysed for TRR.

At the low and the high dose levels, 21.2% and 14.8% of the applied dose penetrated through 
rat skin, and 5.4% and 0.01% through human skin, respectively (Loeffl er, 2002b).

1.2 Effects on enzymes and other biochemical parameters

To study the peroxisome proliferator potential of dicamba, male and female Sprague-Dawley 
rats were fed diets for 3 weeks containing 10, 100, 1000 or 10 000 ppm dicamba. At the highest 
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Table 6. Metabolites identifi ed in urine and faeces of rats 

Metabolite % of dose

Urine Faeces

Dose (mg/kg bw)

0.5 200 0.5 200

M F M F M F M F

M1 0.5 0.6 0.4 0.5 — — — —

M2a — — 0.006 — — — — —

NOA 414746 0.3 0.2 0.2 0.2 0.03 0.01 0.03 0.01

NOA 405873a — — 0.01 — — — — —

Dicamba 95.6 84.2 95.7 95.7 0.45 1.32 0.18 0.37

Identifi ed 96.4 85.0 96.3 97.4 0.48 1.34 0.20 0.39

Total 97 85.8 96.9 98.3 0.67 1.54 0.34 0.59

From Briswalter (2003)
— not identifi ed; F, female; M, male 
a  From pooled male and female urine.

Figure 3. Proposed metabolism of dicamba in rats
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dose, activation of peroxisome proliferator-activated receptor alpha (PPARα), with induction of per-
oxisomal β-oxidation and cytochrome P450 (CYP) 4A–dependent activity, was observed. However, 
dicamba was not an effi cient inducer of peroxisome-specifi c enzymes, not did it have any effect on 
CYP1A- or CYP2B-dependent monooxygenase activities in the rat (Espandiari et al., 1995).

2. Toxicological studies

2.1 Acute toxicity

The results of studies of acute toxicity with dicamba are summarized in Table 7. 

(a) Oral administration

Groups of fi ve male and fi ve female Spartan rats were orally administered single doses of 
dicamba at 500, 794, 1250, 1984, 3150 or 5000 mg/kg bw (Banvel Tech., 85.8%). Animals were 
observed for 14 days, and body weight development was recorded. This was a pre-GLP study, and no 
quality assurance statement was provided. However, the study was of acceptable quality to derive a 
reliable median lethal dose (LD

50
).

The LD
50

 in males was 1879 mg/kg bw, and in females, 1581 mg/kg bw. Surviving animals 
exhibited normal body weight development (Goldenthal, 1974).

(b) Dermal application

Groups of fi ve male and fi ve female Alpk:AP
f
SD rats were dermally exposed for 24 hours 

to a single dose of dicamba at 2000 mg/kg bw (purity 90.4%; batch No. B2826511) and observed 
t hereafter for 15 days. The study complied with GLP.

There were no mortalities and no signs of toxicity. Hence, the dermal LD
50

 was greater than 
2000 mg/kg bw (Johnson, 2002a).

Two male and two female New Zealand White rabbits were administered single doses of di-
camba dermally at 2000 mg/kg bw (Banvel Tech., 85.8%) for 24 hours. Animals were observed for 
14 days. This was a pre-GLP study, and no quality assurance statement was provided.

No animals died, and therefore the dermal LD
50

 was greater than 2000 mg/kg bw (Goldenthal, 
1974).

(c) Exposure by inhalation

Groups of fi ve male and fi ve female Spartan rats were whole-body exposed to 9.6 mg/l di-
camba (Banvel Tech., 85.8%) for 4 hours. Animals were observed for 14 days. This was a pre-GLP 
study, and no quality assurance statement was provided

No animals died, and therefore the median lethal concentration (LC
50

) was greater than 9.6 mg/l 
(Goldenthal, 1974).

Groups of fi ve male and fi ve female Alpk:AP
f
SD rats were exposed nose-only for a single 

4-hour period to dicamba (purity 91.2%; batch No. B2826511) at nominal concentrations of 1, 2.5 or 
5 mg/l. Animals were observed for 14 days. The study complied with GLP.

The LC
50

 was 4.46 mg/l in males and greater than 5.19 mg/l in females (Kilgour, 2001). 

(d) Dermal and ocular irritation

Three male and three female New Zealand White rabbits were dermally exposed to 500 mg 
dicamba (Banvel Tech., 85.8%) for 4 hours, and then the skin was washed. Examinations for skin 
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 irritation were done at 4, 24 and 72 hours. This was a pre-GLP study, and no quality assurance 
s tatement was provided.

Dicamba was only very slightly irritating to the skin (Goldenthal, 1974).

One male and two female New Zealand White rabbits were dermally exposed to 500 mg di-
camba (purity 91.0%; batch No. Y01040/007) for 4 hours, and then the skin was washed. Examina-
tions for skin irritation were done at 1, 24, 48 and 72 hours after removal of the substance. The study 
complied with GLP.

Dicamba was very mildly irritating to the skin (Johnson, 2002b).

Four male and four female New Zealand White rabbits were administered 47.3 mg dicamba 
(Banvel Tech., 85.8%) to the eyes in 0.1 ml water and were exposed for either 5 minutes or 24 
hours. Animals were observed for up to 21 days. This was a pre-GLP study, and no quality assurance 
s tatement was provided.

Dicamba was severely irritating and corrosive to the eye (Goldenthal, 1974).

(e) Dermal sensitization

Twenty female guinea-pigs were used to study the sensitizing potential of dicamba (purity 
86.3%; batch No. 52625110) in the Magnusson and Kligman maximization test. The study complied 
with GLP.

There was no evidence of sensitizing potential of a 10% dicamba challenge solution (Ullmann, 
1991).

2.2 Short-term studies of toxicity

(a) Oral administration

Rats

In a 4-week range-fi nding study, groups of fi ve male and fi ve female CD rats were administered 
0, 5000, 7500, 10 000, 12 500 or 15 000 ppm dicamba (purity 86.82%; lot No. 52625110) in the diet. 
Animals were observed for overt toxicity, and feed consumption and body weight development were 
recorded. This was a pre-GLP study, and no quality assurance statement was provided.

Hind leg mobility was impaired in one male at 12 500 ppm and in seven animals at 15 000 ppm. 
Feed consumption and body weight gain were reduced at 10 000 ppm and above, with severity 
i ncreasing with dose (Goldenthal, 1979).

Table 7. Acute toxicity of dicamba

Species Strain Sex Route LD
50

 (mg/kg bw) LC
50

 (mg/l) Purity (%) Reference

Rat Spartan M Oral 1879 — 85.8 Goldenthal (1974)

F Oral 1581 —

Rat Spartan M/F Inhalation — > 9.6 85.8 Goldenthal (1974)

Rat Alpk:AP
f
SD M/F Inhalation — 4.46 91.2 Kilgour (2001)

Rat Alpk:AP
f
SD M/F Dermal > 2000 — 90.4 Johnson (2002a)

Rabbit New Zealand White M/F Dermal > 2000 — 85.8 Goldenthal (1974)

Hen — F Oral 316 — 86.82 Roberts (1983)

F, female; LC
50

, median lethal concentration; LD
50

, median lethal dose; M, male
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In a 13-week study, groups of 10 male and 10 female HanIbm: WIST rats were administered 
0, 500, 3000, 6000 or 12 000 ppm dicamba (purity 89.4%; lot No. 52504710) in the diet. These feed 
concentrations were equal to 0, 40.1, 238.7, 479.3 and 1000 mg/kg bw per day in males and 0, 43.2, 
266.4, 535.6 and 1065.3 mg/kg bw per day in females. Additional 0 and 12 000 ppm groups were 
kept as 4-week recovery groups fed basal diet after the treatment period. Animals were checked 
twice daily for signs of toxicity and for mortality. The eyes were examined prior to treatment and 
before scheduled termination. Body weight and feed consumption were determined weekly, and 
blood and urine samples for clinical chemistry and haematology were collected at study termina-
tion. At study termination, organs were weighed and histology was performed. The study complied 
with GLP.

No mortalities occurred during the study. All effects described were confi ned to the 12 000 ppm 
groups. In both sexes, reduced activity and slowed movements were observed. Eight of 20 females 
showed thin retinal blood vessels, compared with 2 of 20 in the control females. Although this might 
be attributed to a combined effect of blood sampling and low body weight gain, a direct relationship 
with treatment cannot be excluded. Body weight development and feed consumption were lower in 
male and female animals, resulting in terminal body weights lower by 27.9% in males and 40.4% in 
females, respectively, compared with the controls. In the recovery groups, body weight gain in the 
12 000 ppm group was higher than in the control animals. High-dose males and females had statisti-
cally signifi cantly lower platelet counts and partial thromboplastin times, and females also had reduced 
red cell parameters and increased white blood cell and lymphocyte counts. All the haematological 
effects reverted to normal in the recovery period. Both sexes had statistically signifi cantly increased 
alkaline phosphatase and alanine and aspartate aminotransferase activities. Females also had higher 
γ-glutamyl transpeptidase activity and higher triglyceride, cholesterol, creatinine and phosphorus 
levels. In males, levels of triglyceride, cholesterol and glucose were lower than in controls, and the 
level of urea was higher than in controls. After the recovery period, most of these clinical chemistry 
parameters were similar to those of control animals except for alkaline phosphatase and phosphorus 
levels, which were still elevated. In the urine of 15 of 20 high-dose males, triple phosphate crystals 
were identifi ed, with a higher severity index, compared with 7 of 20 controls with this effect. In 
high-dose females, 12 of 20 urine samples had uric acid crystals, and 1 of 20 controls and 6 of 10 at 
6000 ppm showed these crystals. The fi ndings in urine returned to control levels within the recovery 
period. Absolute kidney weights decreased statistically signifi cantly in both sexes of the high-dose 
groups, but absolute liver weights were similar to those of the control groups. Relative to body 
weight, only the liver weights were statistically signifi cantly increased. Histological fi ndings were 
restricted to high-dose females, in which centrilobular hepatocyte hypertrophy and h epatocellular 
pigmentation were observed. All liver effects were reversible.

The no-observed-adverse-effect level (NOAEL) was 6000 ppm, equal to 479.3 mg/kg bw per 
day in males and 535.6 mg/kg bw per day in females, based on haematological and biochemical 
e ffects at 12 000 ppm (Doubovetzky, 1997).

Dogs

Groups of four male and four female 25-week-old Beagle dogs were orally administered di-
camba (purity 90.4%; lot No. B2826511) at doses of 0, 10, 50 or 300 mg/kg bw per day via gelatine 
capsule for 13 weeks. The capsule content was adjusted weekly based on body weight development. 
The control and high-dose groups contained an additional four animals of each sex, which served 
as 4-week recovery groups after the treatment period. Animals were checked twice daily for signs 
of toxicity and for mortality. A neurological and behavioural assessment of the control and the high-
dose animals was performed 3 times during the study. The eyes were examined prior to treatment and 
before scheduled termination. Body weight was determined weekly, and blood and urine samples for 
clinical chemistry and haematology were collected at study termination. At study termination, organs 
were weighed and histology was performed. The study complied with GLP.
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Gait anomalies, including ataxia, stiff gait and sporadic transient collapses, were seen gener-
ally about 2 hours after dosing in all animals of the 300 mg/kg bw per day group and persisted for up 
to 5 hours. In a few animals, these signs persisted overnight. Occasionally, decreased activity, tremor, 
whimpering and salivation were observed. In the high-dose group, body weight gain was decreased 
by 26% in males and by 44% in females. In the 50 mg/kg bw per day group, no behavioural changes 
(e.g. gait anomalies) were observed. Both sexes showed lower body weight gain than in control ani-
mals during the fi rst weeks of treatment, and body weight continued to be low (by 9% in males and by 
19% in females during the whole study), whereas feed intake recovered after a short initial decrease 
(Figure 4). In the recovery groups, body weight development was similar to that of the controls. Red 
blood cell parameters were reduced during the study in males and females receiving 300 mg/kg bw 
per day, and the partial thromboplastin time was slightly elevated. The red blood cell parameters 
showed a tendency to recover after treatment cessation. One high-dose male had a marked decrease 
in lymphocyte, white blood cell and platelet counts. Males dosed at 50 mg/kg bw per day showed 
slightly lower red blood cell counts, statistically signifi cant only at week 7. Males of the 50 mg/kg 
bw per day group and both sexes in the 300 mg/kg bw per day group showed lower cholesterol and 
phospholipid levels at 7 and 13 weeks. These lower levels showed a tendency to revert to normal 
in the recovery group (Table 8). Alkaline phosphatase activity in high-dose males was decreased 
nearly 2-fold compared with that of the controls. Absolute and relative spleen weights in high-dose 
males were lower than in control, and kidney weights were higher in females. These changes were 
r eversible. There were no histological changes attributable to treatment.

The NOAEL in this study was 50 mg/kg bw per day, based on behavioural effects, changes in 
haematological and clinical chemistry parameters and body weight effects at 300 mg/kg bw per day 
(Jackson, 2003).

Groups of four male and four female approximately 39-week-old Beagle dogs were fed diets 
containing 0, 100, 500 or 2500 ppm dicamba (purity 86.8%; lot No. 52625110) for 52 weeks. These 
concentrations were equal to 0, 2, 11 and 59 mg/kg bw per day in males and 0, 2, 12 and 52 mg/
kg bw per day in females, respectively. Animals were checked twice daily for signs of toxicity and for 
mortality. A neurological and behavioural assessment of the control and the high-dose animals was 
performed 3 times during the study. The eyes were examined prior to treatment and before scheduled 
termination. Body weight was determined weekly, and blood and urine samples for clinical chemis-
try and haematology were collected prior to study initiation, at 6 months and prior to study termina-
tion. At study termination, organs were weighed and histology was performed. The study complied 
with GLP.

At 500 and 2500 ppm, some animals showed inappetance, and one high-dose male did not con-
sume any feed for the fi rst 3 weeks of the study. As a consequence, mean body weight development in 
the male high-dose group was lower in the fi rst 5 weeks. At study termination, all groups had similar 
body weight gain assessed over the whole treatment period (4.3–5.8% in males and 12.3–17.4% 
in females). In high-dose males, erythrocyte counts, haemoglobin and haematocrit were slightly, 
but statistically signifi cantly, reduced (P < 0.05) at 6 months but not at 12 months. There were no 
treatment-related organ weight changes or macroscopic or microscopic organ changes.

The NOAEL was 2500 ppm, equal to 52 mg/kg bw per day, the highest dose tested (Blair, 
1986).

(b) Dermal application

Rats

Groups of 10 male and 10 female Alpk:AP
f
SD rats were given dicamba at 0, 30, 300 or 1000 mg/

kg bw per day (purity 91%; lot No. B2826511) by dermal application over 28 days (21 applications 
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of at least 6 hours). Clinical observations, body weight development and feed consumption were 
recorded. Urine and blood samples were analysed, and selected tissues were weighed and examined 
histologically at the terminal kill. The study complied with GLP.

At all dose levels, there were histological changes indicative of skin irritation at the application 
site. There were no treatment-related systemic effects at any dose level. Therefore, the NOAEL for 
systemic toxicity was 1000 mg/kg bw per day, the highest dose tested (Rattray, 2002).

Figure 4. Body weights (A), body weight changes relative to controls (B) and feed intake relative 
to controls (C) in male dogs (left panel) and female dogs (right panel). The body weights were 
normalized to the highest body weight identifi ed in the pretreatment period.
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Rabbits

Groups of four male and four female New Zealand White rabbits were given dicamba (purity 
86.8%; lot No. 52625110) at 0, 100, 500 or 2500 mg/kg bw per day by dermal application over 
3 weeks (15 applications for at least 6 hours). Clinical observations, body weight development and 
feed consumption were recorded, and urine and blood samples were analysed. At termination, se-
lected organs were weighed and examined histologically. This was a pre-GLP study, but a quality 
assurance statement was provided.

In the control group, one animal died, and in all treatment groups, two animals each died or 
were killed in extremis. There was no evidence for a relationship with treatment. At all dose levels, 
there were dermal changes indicative of skin irritation at the application site, but no treatment-related 
systemic effects. Therefore, the NOAEL for systemic toxicity was 2500 mg/kg bw per day, the high-
est dose tested (Estes, 1979). 

2.3 Long-term studies of toxicity and carcinogenicity

Mice

Groups of 52 male and 52 female Crl:CD-1 (ICR) BR mice were fed diets containing 0, 50, 
150, 1000 or 3000 ppm dicamba (purity 86.8%; lot No. 52625110) for 89 weeks (males) and 104 
weeks (females), respectively. These feed concentrations were equal to 0, 5.5, 17.2, 108 and 358 mg/
kg bw per day in males and 0, 5.8, 18.8, 121 and 364 mg/kg bw per day in females. Groups were 
checked twice daily for dead or moribund animals, and feed consumption and body weight develop-
ment were recorded weekly. Blood was sampled before treatment, at weeks 53 and 80 and before 
the terminal kill. At study termination, organs were weighed and examined histologically. The study 
complied with GLP.

In the 3000 ppm group, the fi rst mortalities in males were early in the study, and the overall 
mortality was increased compared with the controls. Although there was no accompanying histologi-
cal correlate, a relationship with treatment cannot be excluded. In high-dose females (3000 ppm), 
body weights were consistently lower from week 25 onwards and were 17% lower than in controls 
at study termination. In females at 150 ppm and above, statistically signifi cant decreases in the neu-
trophil proportions and concurrent increases in lymphocyte proportions were observed (Table 9). As 
the total white blood cell counts were not available, the data could not be further assessed (statement 
by study director). The toxicological relevance of these fi ndings is unclear. At all dose levels, the 

Table 8. Selected haematology and clinical chemistry parameters in males of the 13-week dog 
study

Red blood cells (1012 cells/l) Cholesterol total (µmol/l) Phospholipids (µmol/l)

Dose (mg/kg bw per day)

0 10 50 300 0 10 50 300 0 10 50 300

Pretest 6.11 5.82 5.76 6.14 4.84 4.61 4.25 4.47 4.89 4.73 4.45 4.65

Week 7 6.26 6.00 5.67* 5.67** 3.95 3.79 3.13* 2.98** 4.29 4.21 3.39* 3.16**

Week 13 6.60 6.39 6.04 5.43** 4.17 3.93 3.33* 2.82** 4.37 4.14 3.56* 2.96**

Recovery 6.83 nd nd 6.10* 4.16 nd nd 3.21 4.27 nd nd 3.45

From Jackson (2003)
nd, no data; * P < 0.05; ** P < 0.01
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 incidence of lymphoid tumours in females was increased above that in the concurrent controls, but 
was within the historical control range, and no relationship with dose was evident (Table 10).

The NOAEL was 1000 ppm, equal to 108 mg/kg bw per day, based on reduced body weight 
gain in females at 3000 ppm (Crome, 1988).

Rats

Groups of 60 male and 60 female CD rats were fed diets containing 0, 50, 250 or 2500 ppm 
dicamba (purity 86.8%; lot No. 52625110) for 117 weeks, equal to 0, 2, 11 and 107 mg/kg bw per 
day in males and 0, 3, 13 and 127 mg/kg bw per day in females. Groups were checked twice daily 
for dead or moribund animals, and feed consumption and body weight development were recorded 
weekly for the fi rst 13 weeks and thereafter once every 2 weeks. Blood was sampled before treatment 
and at 6, 12, 18 and 24 months. Ten animals of each sex per group were killed for an interim necropsy 
at 12 months. At interim necropsy and at study termination, organs were weighed and examined 
h istologically. The study complied with GLP.

There were no treatment-related clinical signs or effects on clinical chemistry, haematology or 
urinalysis at any dose level, and survival was not affected by treatment. The body weight in all male 
treated groups was consistently slightly higher (approximately 10%) than that in controls. In females 
in the 50 and the 2500 ppm groups, body weight was approximately 10% lower than that in controls. 
Organ weights were not affected by treatment with dicamba. Macroscopically, increased incidences 
of discoloured areas and foci (red/black or white/tan/yellow) in livers of males and enlarged adre-
nal glands in females at all dose levels were found (Table 11). Histologically, increased incidences 
of liver telangiectasis and thyroid C-cell carcinoma in males were found. The incidence of mixed 

Table 9. Differential white blood cell counts in female mice

Dietary concentration (ppm) % white blood cells

Neutrophils Lymphocytes Eosinophils

0 46 52 2

50 45 53 1

150 33** 66** 1*

1000 31** 69** 1*

3000 34** 65** 1*

From Crome (1988)
* P ≤ 0.05; ** P ≤ 0.01

Table 10. Lymphoid tumour incidence in female mice found dead, killed moribund or killed at 
study termination

Lymphoid tumour incidence (%)a

Dietary concentration (ppm)

0 50 150 1000 3000

D 9.1 12.5 29.4 17.9 19.2

T 3.3 7.4 5.6 16.7 7.7

Combined 5.8 9.8 21.2 17.3 13.5

From Crome (1988)
D, found dead or killed moribund; T, killed at study termination
a  Historical control range: 11.1–38.7% for D and 6.9–30.4% for T.
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Table 11. Number of rats with non-neoplastic and neoplastic changes

Incidence of changes

Dietary concentration (ppm)

0 50 250 2500 0 50 250 2500

Males Females

Animals examined 49 49 48 50 49 49 50 49

Survival at week 104 (%) 51 47 44 43 71 53 46 70

Macroscopic changes

Discoloured areas and foci in livers 13 10 18 20 4 7 9 1

Enlarged adrenal glands 2 1 2 1 4 7 9 10

Microscopic changes

Telangiectasis in livers 11 11 19 16 0 1 1 0

Dilatation of brain ventricles 22 16 9 11 15 18 20 30

Malignant lymphoma, mixed 0 0 0 4 0 0 0 0

Thyroid C-cell carcinoma 1 0 1 5 0 1 0 0

Thyroid C-cell adenoma 2 5 5 3 5 1 3 6

From Goldenthal (1985)

 malignant lymphoma was increased in high-dose males (8% versus 0% in all other groups) and was 
above the historical control range of 0–1.8%. The tumours were observed in the second half of the 
study in animals dying before scheduled sacrifi ce. To overcome possible differences in diagnostic 
criteria of different pathologists, the company also provided aggregated historical control means 
and ranges for all types of malignant lymphoreticular lymphoma (3.8% and 0–8.6%, respectively, 
and 1.3% and 0–8.4% in another historical control group data set). The incidence of thyroid C-cell 
carcinoma (10%) was higher than the historical mean and range values (0.3% and 0–1.7%, respec-
tively, and 0.2% and 0–2.0% in another historical control group data set). In the thyroids of males, no 
increase in the incidence of C-cell hyperplasia or adenoma was observed. In females, the incidence 
of dilated brain ventricles increased with dose. This effect is usually observed secondary to pituitary 
tumours, but these were not observed.

The NOAEL for general toxicity was 2500 ppm, equal to 107 mg/kg bw per day, the highest 
dose tested.

The NOAEL for the possibly increased incidences of malignant lymphoma and thyroid parafol-
licular cell carcinoma in males at 2500 ppm is 250 ppm, equal to 11 mg/kg bw per day (G oldenthal, 
1985).

2.4 Genotoxicity

In an adequate battery of in vitro and in vivo tests, dicamba proved to be non-genotoxic 
(T able 12).

2.5 Reproductive toxicity

(a) Multigeneration studies

Rats

Groups of 32 male and 32 female 6-week-old Crl:CD (SD) BR VAF/Plus rats were fed di-
ets containing 0, 500, 1500 or 5000 ppm dicamba (purity 86.9%; lot No. 52103810). The average 
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 compound intake in the F
0
 generation was 0, 35.1, 105 or 347 mg/kg bw per day in males and 0, 41.1, 

125 or 390 mg/kg bw per day in females before mating. After 10 weeks of exposure, the F
0
 generation 

was allowed to mate and produce the F
1a

 and F
1b

 generations. F
1a

 pups were terminated upon weaning 
at lactation day 21, and F

1b
 animals were used to generate the F

2
 generation.

Animals were observed regularly for appearance, behaviour and clinical signs, and body 
weight and feed consumption were recorded during the premating phase, gestation phase and lacta-
tion phase. Pups were sexed and weighed at lactation days 4, 8, 12, 16 and 21. A complete necropsy 
was performed on all adult animals and on selected pups of all groups. Additionally, organs were 
weighed and subjected to a histological examination. The study complied with GLP.

High-dose females showed increased body tone and slow righting refl ex. This had also been 
observed in a dose range–fi nding study at 6000 and 12 000 ppm. High-dose F

1
 and F

2
 pups had lower 

body weights throughout the lactation phase. At weaning, body weight was lower by more than 20% 
in both males and females (Table 13). Thereafter, body weight gain was not affected. At 1500 ppm, 
pup weights were also slightly reduced, reaching statistical signifi cance at several time points in the 
lactation phase. There were no effects on mating performance or pregnancy at any dose level. In the 
high-dose group, there was a slight shortening of the pregnancy duration in all three matings: F

0
, F

1a 

and F
1b

 (Table 14). At the high dose, the balano-preputial separation was delayed statistically sig-
nifi cantly (45.6 days versus 43.7 days in controls). At all dose levels, the male weanlings of all three 
matings showed increased body weight–adjusted liver weights. Statistical signifi cance was attained 
at 5000 ppm in all generations, at 500 ppm in the F

2b
 weanlings and at 1500 ppm in the F

1
 and F

2b
 

weanlings. In females, the effect was less pronounced. The absolute liver weights were similar in all 
groups.

The NOAEL for parental toxicity was 1500 ppm, equal to 105 mg/kg bw per day, based on clini-
cal signs at 5000 ppm. The NOAEL for reproduction was 5000 ppm, equal to 347 mg/kg bw per day, 
the highest dose tested. The NOAEL for postnatal development was 500 ppm, equal to 35.1 mg/kg bw 
per day, based on reduced pup body weights (Masters, 1993).

(b) Developmental toxicity

Rats

Groups of 25 mated female CD rats were administered dicamba (purity not stated, but this 
batch was used in several feeding studies and was reported there to be 86.8% pure; lot No. 52625110) 
in corn oil by gavage at doses of 0, 64, 160 or 400 mg/kg bw per day from gestation day (GD) 6 to 
GD 19. During gestation, animals were observed for mortality, morbidity and overt signs of toxic-
ity, and body weight development and feed consumption were recorded. On GD 20, animals were 
terminated, and the number and distribution of implantation sites, early and late resorptions, live and 
dead fetuses and corpora lutea were recorded. The fetuses were weighed, sexed and investigated for 
skeletal and visceral aberrations. The study complied with GLP.

Table 12. Results of genotoxicity studies with dicamba

End-point Test system Concentration Purity (%); lot No. Result Reference

Reverse mutation 
(Ames)

Salmonella typhimurium 
TA98, TA100, TA102, 
TA1535, TA1537 

750–3000 µg/
plate

88.5; 52504710 Negative Ballantyne 
(1996)

L5178Y TK+/− Mouse lymphoma cells 2210 µg/ml 90.4; B2826511 Negative Clay (2001)

Chromosomal aberration Chinese hamster ovary cells 2330 µg/ml 86.8; 52625110 Negative Putman (1986)

Micronucleus induction Mouse bone marrow 1300 mg/kg bw 88.5; 52504710 Negative Marshall (1996)
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Table 13. Absolute and relative pup body weights

Dietary 
c oncentration 
(ppm)

Body weight (g) Body weight (% of control)

Lactation day

0 4 8 12 16 21 0 4 8 12 16 21

F
0

0 6.3 10.1 19 30.3 41.5 59.6 100 100 100 100 100 100

500 6.3 9.8 18.6 29.3 40 57.8 100 97 98 97 96 97

1500 6.3 10.3 19.1 29.7 40.1 57.3 100 102 101 98 97 96

5000 5.9* 9.1* 16** 24.4** 33.6** 45.4** 94 90 84 81 81 76

F
1a

0 6.6 11.6 21.6 33.1 44.5 65.0 100 100 100 100 100 100

500 6.4 10.8 20.2 31.1 42.6 62.5 97 93 94 94 96 96

1500 6.4 10.4 19.4 30.2 40.7 58.4* 97 90 90 91 91 90

5000 6.1* 10.4* 18.1** 26.6** 34.1** 47.9** 92 90 84 80 77 74

F
1b

0 6.6 10.7 20.1 31.5 43.3 61.8 100 100 100 100 100 100

500 6.6 10.4 19.1 30.4 41.7 59.8 100 97 95 97 96 97

1500 6.7 10.2 18.2 27.6* 37.6 52.9* 102 95 91 88 87 86

5000 6.1 9.7 16.3** 23.8** 30.5** 43.2** 92 91 81 76 70 70

From Masters (1993)
* P < 0.05; ** P < 0.01

Table 14. Duration of pregnancy in rats

Duration of pregnancy (days) No. of animals with given duration of pregnancy

Dietary concentration (ppm)

0 500 1500 5000

F
0

21 3 8 5 10

22 21 14 19 17

23 2 5 4 0

24 0 0 0 0

F
1a

21 0 0 1 0

22 9 10 9 18

23 6 6 2 2

24 0 0 1 0

F
1b

21 4 1 2 1

22 7 13 9 15

23 2 2 2 0

24 0 0 1 0

From Masters (1993)
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Twenty of 25 females became pregnant at the high dose, and 23 or 24 of 25 in all other groups. 
Three of the pregnant high-dose females died on treatment day 2 or 3 without any obvious lesions 
responsible for their deaths. The mean body weight at GD 20 was lower by 8% in high-dose animals, 
partly due to lower gravid uterus weights in this group (62 g versus 73 g in controls). Feed consump-
tion was reduced by approximately 20%, and animals showed behavioural changes, including ataxia, 
stiffening of the body, urine-soaked fur, salivation and decreased motor activity. The incidences of re-
sorptions and the number of viable fetuses were not affected by treatment. The body weights of high-
dose fetuses were reduced, but not statistically signifi cantly, by 6%. There were no treatment-related 
skeletal anomalies. In the high-dose group, fi ve fetuses had increased renal pelvic cavitation, and two 
fetuses of the control group had the same fi nding. Based on the low incidence and the fact that three 
of the fi ve affected fetuses were from the same litter, this is considered not to be treatment related.

The maternal NOAEL was 160 mg/kg bw per day, based on mortality and behavioural changes 
at 400 mg/kg bw per day. The developmental NOAEL was 400 mg/kg bw per day, the highest dose 
tested (Smith, 1981).

Rabbits

Groups of 20 mated female New Zealand White rabbits were administered dicamba (purity 
904%; lot No. 52625110) in capsules at 0, 30, 150 or 300 mg/kg bw per day from GD 6 to GD 18. 
During gestation, animals were observed for mortality, morbidity and overt signs of toxicity, and 
body weight development and feed consumption were recorded. On GD 29, animals were killed, and 
the number and distribution of implantation sites, early and late resorptions, live and dead fetuses and 
corpora lutea were recorded. The fetuses were weighed and sexed and investigated for skeletal and 
visceral aberrations. The study complied with GLP.

One 150 mg/kg bw per day doe aborted on GD 22, as did four does in the high-dose group be-
tween GD 19 and GD 24. As a result of an intubation accident, one high-dose doe died on GD 12. All 
animals aborting showed body weight loss accompanied by reduced feed consumption and ataxia. 
On necropsy, no lesions were observed. Generally, the mid- and high-dose dams showed decreased 
motor activity and ataxia, and the high-dose animals also had rales, laboured breathing and impaired 
righting refl ex. These clinical signs were fi rst observed on GD 9. The body weight (Figure 5) and the 
feed consumption of high-dose dams were reduced throughout the study. There were no effects of 
treatment on the litter data. A slight increase in the incidence of irregular skull ossifi cations in the 30 
and the 300 mg/kg bw groups but not in the 150 mg/kg bw group was considered not to be treatment 
related because there was no dose–response relationship and the litter incidence was not elevated. 
There were no other signs of possibly treatment-related fetotoxicity.

The NOAEL for dams was 30 mg/kg bw per day based on behavioural changes at 150 mg/
kg bw per day. The developmental NOAEL was 300 mg/kg bw per day, the highest dose tested 
(H oberman, 1992).

2.6 Special studies

(a) Neurotoxicity

Hen

Groups of fi ve hens were administered single doses of dicamba (purity 86.82%; lot No. 52625110) 
by gavage at 0, 260, 377, 547, 793 or 1149 mg/kg bw and were observed for m ortalities and signs of 
toxicity. Thereafter, groups of 10 hens were administered single doses of dicamba by gavage at 0, 79, 
158 or 316 mg/kg bw. The highest-dose group consisted of 20 animals. As positive control, one group 
was treated with tri-ortho-cresylphosphate (TOCP) at 500 mg/kg bw. The study complied with GLP.
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The LD
50

 in the fi rst experiment was 316 mg/kg bw, and signs of toxicity included unsteadi-
ness, inability to stand, lying on one side or lying with legs and wings outstretched. In the second 
experiment, signs of toxicity similar to those in the fi rst experiment were observed at all dose levels, 
recumbence duration increasing with dose. In the 79 mg/kg bw group, there were no mortalities, at 
158 mg/kg bw, one bird died and at 316 mg/kg bw, nine birds died. The TOCP-treated birds showed 
signs of ataxia. At 158 mg/kg bw and above, body weight gain was reduced, and at the highest dose 
level, birds even lost weight during the 21-day observation period. Sciatic nerve damage was ob-
served in high-dose birds and may be explained by the prolonged recumbence of these animals. The 
TOCP-treated animals showed axonal degeneration of the spinal cord and the sciatic nerve (Roberts, 
1983).

Rats

In an acute neurotoxicity study, groups of 10 male and 10 female Crl:CD BR rats were ad-
ministered single doses of dicamba (purity 86.9%; lot No. 52103810) by gavage at 0, 300, 600 or 
1200 mg/kg bw in corn oil. As positive control, a group was administered acrylamide intraperitoneal-
ly once daily for 7 consecutive days at 50 mg/kg bw per day. Neurobehavioural assessment using a 
functional observational battery (FOB) and recording of body weight and feed intake were conducted 
prior to treatment, on day 7 and at the end of the study on day 14. At study termination, the central 
and peripheral nervous tissues of at least six animals per group were examined histologically. The 
study complied with GLP.

One high-dose male died within 24 hours post-dosing, and the body weights and the feed con-
sumption of high-dose males were low. Neurobehavioural effects in the FOB were apparent 1.5 ± 1 
hour after dosing in all dose groups, with a dose-dependent incidence and severity. Generally, the 
effects were described as stimulus- or stress-induced rigidity, and males seemed to be more sensitive 
than females. The effect did not persist, as all animals were similar in the FOB at day 14. Histologi-
cally, the nervous tissues of treated animals were similar to the tissues in the control animals. As 
e xpected, acrylamide induced persistent neurobehavioural effects (landing on foot splay and gait), 
and degenerative effects in peripheral nervous tissues were found (Minnema, 1993).

Figure 5. Body weight development of dams relative to control animals 
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In a subchronic neurotoxicity study, groups of 10 male and 10 female Crl:CD BR rats were 
fed diets with dicamba (purity 86.9%; lot No. 52103810) at 0, 3000, 6000 or 12 000 ppm for 13 
weeks, equal to 0, 197.1, 401.5 and 767.9 mg/kg bw per day in males and 0, 253.4, 472.0 and 
1028.9 mg/kg bw per day in females. Body weight and feed consumption were recorded week-
ly, and neurobehavioural assessments using a FOB were conducted prior to treatment and during 
weeks 4, 8 and 13. Prior to treatment and at the end of the study, ophthalmoscopic examinations 
were performed. At study termination, the central and peripheral nervous tissues of at least six ani-
mals per group from the control and the high-dose groups were histologically examined. The study 
complied with GLP.

The high-dose males showed lower feed intake and lower body weight gain throughout the 
study. In high-dose animals, with a higher incidence in females than in males, increased rigidity was 
observed in response to handling and touch. Rigidity was also seen upon dropping in the landing 
splay test and the air righting refl ex test. Histologically, the nervous tissues of high-dose animals were 
not different from the control animal tissues (Minnema, 1994).

3. Studies on metabolites

Toxicological studies for three metabolites were submitted (Figure 6). DCSA and 3,6-dichlo-
rogentisic acid (DCGA) have been identifi ed as metabolites of dicamba in soya beans, sugarcane, 
wheat and cotton and are environmental metabolites of dicamba. DCSA has been identifi ed in rats, 
cows, goats and hens, and NOA 405873 (5-hydroxy-dicamba) was found in rats.

3.1 Metabolite NOA 405873

(a) Acute toxicity

For a summary, see Table 22 below.

(b) Short-term studies of toxicity

In a poorly described subchronic study, rats and dogs were fed diets containing NOA 405873 
(purity and lot No. not stated) at 100 ppm (equivalent to 10 mg/kg bw per day in rats and 2.5 mg/
kg bw per day in dogs) and 250 ppm (equivalent to 25 mg/kg bw per day in rats and 6.25 mg/kg bw 
per day in dogs) for 90 days. Rat groups consisted of 15 male and 15 female animals and the control 
group of 10 animals of either sex. In the dog study, two animals of each sex per group were used.

Rats and dogs were observed daily for clinical signs, and body weight and feed consump-
tion were measured weekly. At days 30 and 90 (dogs additionally at day 60), haematology, clinical 
chemistry and urinalysis were performed. At study termination, organs were weighed and examined 
microscopically. This was a pre-GLP study.

There were no treatment-related effects on any parameter investigated in the rats and the dogs, 
other than yellowish casts in livers of dogs of the 100 and 250 ppm groups and slightly pale livers in 
rats at 250 ppm. As there were no other histological or clinical chemistry correlates, these fi ndings 
are considered not toxicologically relevant (Wazeter, 1966).

(c) Genotoxicity 

For a summary, see Table 23 below. Studies with equivocal or positive results are described 
below. 

In a TK+/− mouse lymphoma mutation assay, NOA 405873 (purity 99%; lot MLA-29/21) was 
tested in the absence and the presence of a metabolic system (S9) up to 2370 µg/ml (10 mmol/l). The 
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positive control for assays without S9 was ethylmethanesulfonate (EMS) (500 µg/ml); for assays with 
S9, the positive control was benzo[a]pyrene (BAP) (1 µg/ml). The study complied with GLP.

Statistically signifi cant and dose-related increases in revertants were observed in the presence 
and absence of metabolic activation (Table 15). Concomitantly, the cytotoxicity increased in a dose-
related manner (Clay, 2002).

In a second TK+/− mouse lymphoma mutation assay, NOA 405873 (purity 94%; lot 
No. KI6212/1-18) was tested in the absence and the presence of a metabolic system (S9) up to 
5000 µg/ml (10 mmol/l). The positive control for assays without S9 was EMS at about 750–1000 µg/
ml; for assays with S9, the positive control was N-nitrosodimethylamine (NDMA) at about 2000 µg/
ml. The study complied with GLP.

Statistically signifi cant and dose-related increases in revertants were observed in the presence 
and absence of metabolic activation (Table 16). Concomitantly, the cytotoxicity increased in a dose-
related manner (Ogorek, 2002b).

In a chromosomal aberration assay in Chinese hamster ovary (CHO) cells, NOA 405873 (p urity 
94%; lot No. KI6212/1-18) was tested in the absence and the presence of a metabolic system (S9) up 
to 5000 µg/ml. The study complied with GLP.

In the absence of metabolic activation by S9, more cells showed chromosomal aberrations 
(Table 17). At 5000 µg/ml, also in the presence of S9, a slight increase in cells with chromosomal 
aberrations was found (Ogorek, 2002a).

3.2 Metabolite 3,6-dichlorosalicylic acid (DCSA; MON 52708; NOA 414746)

(a) Absorption, distribution, metabolism and excretion 

The pharmacokinetics, metabolism and elimination of DCSA were investigated in male and fe-
male Crl:CD (SD) rats following dietary exposure for 2 weeks with unlabelled DCSA (purity 97.9%; 
lot No. GLP-0603-16958-T) and a single oral gavage dose of 14C-phenyl UL DCSA (radiochemical 
purity 96.9%; specifi c activity 1.3 GBq/mmol; lot No. 6116-01B) in corn oil. The animals were di-
vided into fi ve dose groups, which were further subdivided into an “A” and “B” subgroup to limit the 
number of blood samples taken for each animal (Table 18). For groups 4 and 5, animals were adapted 
to the target dose level in feed stepwise to avoid palatability problems. Animals in subgroup A of 
groups 1–5 were terminated at 24 hours post-dose, and animals in subgroup B of groups 1–5 were 
terminated at 48 hours post-dose. Blood samples were obtained from the animals in subgroup A of 
groups 1–5 at 1, 4, 8 and 24 hours post-dose. Similarly, blood samples were obtained from the animals 
in subgroup B of groups 1–5 at 0.5, 2, 6, 12 and 48 hours post-dose. The study complied with GLP.

The times to peak plasma concentrations (C
max

) increased slightly with dose and were achieved 
at 0.5–2 hours post-dose in males and at 0.5–4 hours post-dose in females. Plasma half-life in 

Figure 6. Structure of dicamba metabolites
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Table 15. Survival and mean mutant frequency in mouse lymphoma mutation assay

Concentration 
(µg/ml)

Experiment 1 Experiment 2 Historical 
control data 
(MMF)

−S9 +S9 −S9 +S9

MS MMF MS MMF MS MMF MS MMF

125 100 1.3 83 1.6 103 1.7 138 1.9 —

250 101 1.1 102 1.4 95 1.5 100 1.2 —

500 90 1.3 85 1.3 95 1.4 81 2.1 —

1000 87 1.4 47 4.4** 81 1.8 57 4.4** —

2000 55 2.7** 42 2.4* 17 12.0** 38 3.3** —

2370 21 6.2** 43 2.0 6 a 40 2.6* —

DMSO — 1.4 — 1.5 — 1.7 — 1.6 2.1 ± 1.1

BAP — — 30 10.9** — — 51 15.4** 13.4 ± 6.4

EMS 78 9.0** — — 57 9.1** — — 14.9 ± 5.8

From Clay (2002)
DMSO, dimethyl sulfoxide; MMF, mean mutant frequency (× 10−4); MS, mean survival (%); * P < 0.05; ** P < 0.01
a  Not counted due to excessive toxicity.

Table 16. Survival and mean mutant frequency in mouse lymphoma mutation assay

Concentration (µg/ml) Experiment 1 Experiment 2

−S9 +S9 −S9 +S9

MS MMF MS MMF MS MMF MS MMF

156.25 120.09 3.1 — — — — — —

266.7 — — — — 55.18 7.5 — —

281.25 — — — — — — 45.71 6.8

312.5 95 4.4* 85.13 4.2 — — — —

400 — — — — 44.63 9.3 — —

562.5 — — — — — — 26.78 6.6

600 — — — — 25.87 10.4* — —

625 26.97 8.4* 56.55 5.2 — — — —

900 — — — — 20.37 11.93* —

1125 — — — — — — 35.18 6.4

1250 8.68 8.6* 73.07 3.2 — — — —

1350 — — — — 16.51 13.2* — —

2250 — — — — — — 41.26 10.0*

2500 a a 40.44 4.9 — — — —

4500 — — — — — — 21.04 10.9*

5000 — — 0.7 12.9* — — — —

DMSO — 4.0 — 2.4 — 7.9 — 6.9

NDMA — — 95.8 8.3 — — 61.12 13.5

EMS 4.83 47.2 — — 20.5 24.4 — —

From Ogorek (2002b)
DMSO, dimethyl sulfoxide; MMF, mean mutant frequency (× 10−4); MS, mean survival (%); * P < 0.05
a  Not counted due to excessive toxicity. 
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males was 5.67–7.41 hours for the dose range 42–375 mg/kg bw and then increased signifi cantly to 
12.28 hours at 500 mg/kg bw. Plasma half-life in females was 5.34–6.76 hours for the dose range 
42–375 mg/kg bw and then increased signifi cantly to 20.18 hours at 500 mg/kg bw. Absorption of 
[14C]DCSA in males and females was saturated at doses higher than 250 mg/kg bw, as evidenced 
by the plateaus of the C

max
 versus dose curves (Figure 7). A similar, but less pronounced, satura-

tion of absorption was observed at 3000 ppm and above over the 2-week dietary exposure phase 
with unlabelled DCSA, as shown by liquid chromatographic/tandem mass spectrometric analysis 
of plasma samples obtained 2 hours before dosing with [14C]DCSA. The increase in AUC with dose 

Table 17. Mitotic index and chromosomal aberrations in CHO cells exposed to NOA 405873

Concentration
(µg/ml)

−S9 +S9

Mitotic index 
(% of control)

Chromosomal aberrations (% of 
cells with specifi c aberration)

Mitotic index 
(% of control)

Chromosomal aberrations (% of 
cells with specifi c aberration)

39.06 — — 81 —

312.5 99 4 — —

625 98 3 — 1.5

1250 71 11.5** 82 0.5

2500 3 — 57 2.0

5000 — — 61 6.5*

Water 100 2.0 100 2.5

From Ogorek (2002a)
—, not measured; * P < 0.05; ** P < 0.01

Table 18. Study design

Group n Days Concentration (ppm) Dose (mg/kg bw per day)a Dose (mg/kg bw per day)b

1A 4 0–13 500 42 42

1B 4 0–13 500 42 42

2A 4 0–13 1500 125 125

2B 4 0–13 1500 125 125

3A 4 0–13 3000 250 250

3B 4 0–13 3000 250 250

4A 4 0–6 3000 250 375

7–13 4500 375

4B 4 0–6 3000 250 375

7–13 4500 375

5A 6 0–4 3000 250 500

5–8 4500 375

9–13 6000 500

5B 6 0–4 3000 250 500

5–8 4500 375

9–13 6000 500

From (Shah, 2009b)
n, number of animals per sex
a  Non-labelled dose calculated on an assumed body weight of 250 g and feed consumption of 21 g/day.
b  Labelled dose on day 14.
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was disproportionate,  particularly in females at 125 mg/kg bw and above, indicating saturation of 
elimination (Figure 8). Urinary excretion was the major route of elimination of DCSA. The TRR in 
the urine averaged 74.8% of the administered dose for group 2 males, 67.9% for group 2 females, 
73.6% for group 5 males and 77.3% for group 5 females. Elimination via the faeces was 4.6% for 
group 2 males, 3.2% for group 2 females, 9.2% for group 5 males and 7.6% for group 5 females. On 
average, a slightly greater percentage of the dose was excreted in the faeces for group 5 compared 
with group 2. Excretion was rapid, with greater than 70% of the dose excreted by 48 hours after dos-
ing. Excretion was somewhat faster for the lower-dose group 2 animals compared with the higher-
dose group 5 animals, likely due to saturated or delayed absorption at the higher dose. For group 2, 
85.3–95.5% of the excreted dose was eliminated within 24 hours, whereas for group 5, 52.7–60.0% 
was eliminated within 24 hours. Most of the excreted TRR was unchanged DCSA; only two metabo-
lites were identifi ed with levels greater than 1% of the administered dose in the excreta. The DCSA 
phenolic glucuronic acid conjugate was identifi ed (metabolite M2) at 10–15% of the administered 
dose, and the DCSA carboxyl glucuronic acid conjugate at 1.5–16% (Shah, 2009b).

Figure 7. C
max
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Figure 8. AUC of [14C]DCSA 
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In a metabolism study, single oral gavage doses of 100 mg/kg bw 14C-phenyl UL DCSA (radio-
chemical purity 98.8%; specifi c activity 1.3 GBq/mmol; lot No. 6116-01A) in corn oil were given to 
six male Crl:CD (SD) rats. Two rats were assigned to the expired air group (group 1), and the other 
four animals were used for metabolism studies (group 2). For all animals, urine, cage wash and faeces 
were collected at 6, 12, 24, 48, 72, 96, 120, 144 and 168 hours post-dose, and for group 1, expired air 
was collected at 6, 12, 24 and 48 hours. The study complied with GLP.

For group 1, the expired air collection was discontinued after 48 hours, because only 0.03% 
of the administered dose was identifi ed in the expired air. Urinary excretion was the major route 
of elimination, with a total of 95.0% of the administered dose in the urine and cage wash and only 
4.3% of the administered dose in the faeces. Excretion of radioactivity was rapid, with greater than 
98% of the administered dose being excreted within 48 hours. Absorption of DCSA was extensive, 
as evidenced by the very small amount of the dose excreted in the faeces and the large amount of 
the dose excreted in the urine. At 168 hours, detectable residues were observed in liver, kidney and 
gastrointestinal tract, accounting for 0.01% or less of the administered dose in each tissue. TRR were 
highest in kidney (0.090 µg equivalent [Eq]/g), followed by liver (0.058 µg Eq/g) and gastrointestinal 
tract (0.027 µg Eq/g). No radioactivity was observed in spleen, fat or blood. TRR in carcass were 
0.25% of the administered dose. For the period 0–48 hours, pooled urine samples accounted for 
79.7%, pooled cage wash samples for 14.8% and pooled faecal samples for 4.2% of the administered 
dose. DCSA was the major metabolite in the urine and faeces, accounting for about 81.5%, and 
DCSA carboxyl glucuronide and DCSA phenolic glucuronide (M2) accounted for 4.6% and 10.4%, 
respectively ( Table 19) (Shah, 2009a).

(b) Acute toxicity

For a summary, see Table 22 below. 

(c) Repeated-dose studies

Rats

In a 13-week study, groups of 10 male and 10 female Crl:CD (SD) rats were administered 0, 
500, 3000, 6000 or 12 000 ppm DCSA (purity 97.9%; lot No. GLP-0603-16958-T) in the diet. To 
minimize potential palatability problems, the 6000 ppm group received a dosage of 3000 ppm during 
study week 0 and 6000 ppm during study weeks 1 through 12, and the 12 000 ppm group received 
a dosage of 3000 ppm during study week 0, 6000 ppm during study week 1 and 12 000 ppm during 
study weeks 2 through 12. The feed concentrations were equal to 0, 32, 195, 362 and 659 mg/kg bw per 
day in males and 0, 37, 222, 436 and 719 mg/kg bw per day in females. Animals were checked twice 
daily for signs of toxicity and for mortality. The eyes were examined prior to treatment and before 
scheduled termination. Body weight and feed consumption were determined weekly, and blood and 
urine samples for clinical chemistry and haematology were collected at study termination. At study 
termination, organs were weighed and histology was performed. The study complied with GLP.

Table 19. DCSA metabolites in excreta

% of administered dose

Urine + cage wash Faeces Total

TRR 94.5 4.2 98.7

DCSA 78.9 2.6 81.5

DCSA carboxyl glucuronide 4.4 0.2 4.6

DCSA phenolic glucuronide (M2) 10.4 — 10.4

From Shah (2009a)
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In females at 6000 ppm, body weight gain was reduced non-signifi cantly by 7.2%, and in males 
and females at 12 000 ppm, it was reduced statistically signifi cantly by 28.1% and 29.7%, respec-
tively. At 12 000 ppm, feed consumption was also reduced. At 12 000 ppm, both sexes had lower red 
blood cell parameters and lowered activated partial thromboplastin time, and males had lower platelet 
counts. Total protein and globulin levels in the 12 000 ppm group males and in the 6000 and 12 000 
ppm group females were higher. Albumin was low in the 12 000 ppm group. Creatinine was higher 
in the males at 6000 and 12 000 ppm, whereas urea nitrogen was elevated in the 12 000 ppm group 
females. In both sexes at 12 000 ppm, alkaline phosphatase, aspartate aminotransferase and alanine 
aminotransferase activities were increased. In high-dose males and females and 6000 ppm females, 
the incidence and severity of bone marrow depletion in the sternum (or replacement of marrow with 
fat) were increased. No effects in an FOB or on locomotor activity were observed at any dose level.

The NOAEL was 3000 ppm, equal to 195 mg/kg bw per day, based on decreased body weight 
gain and effects on haematology and clinical chemistry in females at 6000 ppm (Kirkpatrick, 
2009d).

In a chronic toxicity study (12 months, 20 animals of each sex per group), forming part of an as 
yet unfi nished 24-month combined chronic toxicity/carcinogenicity study (50 animals of each sex per 
group), groups of 20 male and 20 female Crl:CD (SD) rats were fed diets containing 0, 10, 100, 300, 
1000 or 3000 ppm DCSA (purity 97.4–97.7%; lot No. GLP-0603-16958-T) for 52 weeks. These feed 
concentrations were equal to 0, 0.6, 5.6, 16.9, 56.9 and 171.2 mg/kg bw per day in males and 0, 0.7, 
6.9, 20.5, 68.2 and 206.2 mg/kg bw per day in females. Groups were checked twice daily for dead or 
moribund animals, and feed consumption and body weight development were recorded weekly for 
the fi rst 13 weeks and once every 4 weeks thereafter. Ophthalmic examinations were performed dur-
ing study weeks −2 and 51. Blood was sampled before treatment, at 12 and 25 weeks and at necropsy 
in week 52. At necropsy, organs were weighed, and organs of the control and the 3000 ppm group 
were examined histologically. The study complied with GLP.

There were no test substance–related clinical observations or effects on body weight, feed 
consumption or haematology, coagulation and urinalysis parameters. Organ weights were unaffected, 
and there were no treatment-related macroscopic or microscopic fi ndings. The only effect was slight-
ly lower serum total bilirubin in the 3000 ppm group males at study termination, in the 1000 and 
3000 ppm group females at week 25 and in females at and above 300 ppm at the scheduled necropsy. 
As there were no corresponding changes in haematology, organ weights or histology, this effect was 
considered non-adverse.

The NOAEL was 3000 ppm, equal to 171.2 mg/kg bw per day, the highest dose tested 
( Kirkpatrick, 2009a).

In a multigeneration study, groups of 30 male and 30 female 6-week-old Crl:CD (SD) rats 
were fed diets containing 0, 50, 500 or 5000 ppm DCSA (purity 97.7%; lot No. GLP-0603-16958-T). 
Mean test substance intake for the F

0
 males was 0, 4, 37 or 362 mg/kg bw per day and for the F

0
 

females was 0, 4, 43 or 414 mg/kg bw per day during the premating period, 0, 3, 34 and 323 mg/kg 
bw per day during gestation and 0, 8, 78 and 610 mg/kg bw per day during lactation. After 10 weeks 
of exposure, animals were allowed to mate and produce the F

1
 generation. Because all surviving 

offspring of the F
0
 animals in the 5000 ppm group were euthanized on postnatal day (PND) 21 as a 

result of pup mortality and a high incidence of total litter loss among the dams, no offspring of the F
0
 

animals in the 5000 ppm group were available for the F
1
 generation. As a follow-up to a previous 13-

week study in rats, three additional groups of 10 female rats per group were included for evaluation 
of clinical and histopathological parameters. These non-mated satellite animals were administered 
DCSA for at least 13 weeks at levels of 0, 50 and 500 ppm in the diet.
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Animals were observed regularly for appearance, behaviour and clinical signs, and body weight 
and feed consumption were recorded during the premating phase, gestation phase and l actation 
phase. Pups were sexed and weighed at lactation days 1, 4, 7, 14 and 21. A complete necropsy was 
performed on all adult animals and on selected pups of all groups. Additionally, organs were weighed 
and subjected to a histological examination. The study complied with GLP.

No clinical effects on parental animals or any adverse effects on fertility parameters were ob-
served at any dose level. At 5000 ppm, lower body weights (approximately 10%) and lower feed con-
sumption in both sexes were recorded throughout the entire treatment period. In the 5000 ppm group, 
pup survival during PNDs 0–1, 1–4, 7–14 and 14–21 was decreased due primarily to seven females 
with total litter loss, and clinical signs of toxicity, including pale body, blackened ventral abdominal 
area, distended abdomen, uneven hair growth and desquamation, and lower body weights and weight 
gains during PNDs 1–21, were observed. All surviving offspring of the F

0
 animals in the 5000 ppm 

group were terminated on PND 21. Dark green intestinal contents were noted for several of the F
1
 pups 

that were euthanized in extremis. At necropsy on PND 21, test substance–related fi ndings included yel-
low intestinal contents, desquamation, uneven hair growth and small thymus. Decreased mean absolute 
and relative thymus weights were noted for the 5000 ppm group F

1
 males and females on PND 21. In 

addition, hyperkeratosis was noted upon histological evaluation of those F
1
 pups in the 5000 ppm group 

that had gross skin lesions or clinical fi ndings of desquamation or uneven hair loss/hair growth.

The NOAEL for parental toxicity was 500 ppm, equal to 37 mg/kg bw per day, based on lower 
body weight gain and lower feed consumption in both sexes at 5000 ppm. The NOAEL for offspring 
toxicity was 500 ppm, equal to 37 mg/kg bw per day, based on severe toxicity, including mortality, in 
pups during lactation. The NOAEL for reproductive performance was 5000 ppm, equal to 323 mg/kg 
bw per day, the highest dose tested (Coder, 2009a).

In a pilot developmental toxicity study, groups of eight mated female Crl:CD (SD) rats were 
administered DCSA (purity 97.9%; lot No. GLP-0603-16958-T) by gavage in corn oil at doses of 
0, 50, 200, 500 or 1000 mg/kg bw per day from GD 6 to GD 19. During gestation, animals were 
observed for mortality, morbidity and overt signs of toxicity, and body weight development and feed 
consumption were recorded. On GD 20, animals were sacrifi ced, and the number and distribution of 
implantation sites, early and late resorptions, live and dead fetuses and corpora lutea were recorded. 
The fetuses were weighed and sexed and investigated for external malformations and developmental 
variations. The study complied with GLP.

At 1000 mg/kg bw per day, seven animals died within 2–4 days of starting treatment, and one 
was euthanized in extremis. At 500 mg/kg bw per day, two animals died within 3–5 days of starting 
treatment. All animals dying showed weight loss and low feed consumption. Surviving animals in the 
200 and 500 mg/kg bw per day groups showed salivation and red or clear material around the mouth 
and/or nose. At 500 mg/kg bw per day, excessive pawing and wiping the mouth on the fl oor were 
observed. In the 200 and 500 mg/kg bw per day groups, body weight losses and lower gravid uterine 
weights were observed, compared with controls. Absolute spleen weights were increased by 17% and 
absolute kidney weights by 12% in the 500 mg/kg bw per day group. Absolute liver weights were 
increased by 7% at 200 mg/kg bw per day and by 19% at 500 mg/kg bw per day. Surviving females in 
the 500 mg/kg bw per day group had 100% early resorptions of their litters. In the 200 mg/kg bw per 
day group, lower mean fetal weights (by 14%) were observed; however, intrauterine survival at this 
dose level was comparable to that in the control group. Intrauterine growth and survival at 50 mg/kg 
bw per day were unaffected by treatment. No malformations or developmental variations were noted 
in any fetuses in any group.

The maternal and developmental NOAEL was 50 mg/kg bw per day, based on severe toxic-
ity, including mortality, in dams and lower fetal body weights in the 200 mg/kg bw per day group 
(Sawhney, 2007).
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In the defi nitive developmental toxicity study, groups of 25 mated female Crl:CD (SD) rats 
were administered DCSA (purity 97.7%; lot No. GLP-0603-16958-T) by gavage in corn oil at doses 
of 0, 10, 30 or 100 mg/kg bw per day from GD 6 to GD 19. During gestation, animals were observed 
for mortality, morbidity and overt signs of toxicity, and body weight development and feed con-
sumption were recorded. On GD 20, animals were terminated, and the number and distribution of 
implantation sites, early and late resorptions, live and dead fetuses and corpora lutea were recorded. 
The fetuses were weighed, sexed and investigated for skeletal and visceral aberrations. The study 
complied with GLP.

No treatment-related effects on dams or on the development of fetuses at any dose level were 
observed.

In the absence of any effects, the maternal and developmental NOAEL was 100 mg/kg bw per 
day, the highest dose tested (Coder, 2007).

Rabbits

In a pilot developmental toxicity study, groups of six mated female New Zealand White rabbits 
were administered DCSA (purity 97.7%; lot No. GLP-0603-16958-T) in 0.5% carboxymethylcel-
lulose by gavage at doses of 0, 10, 30, 100 or 300 mg/kg bw per day from GD 6 to GD 28. During 
gestation, animals were observed for mortality, morbidity and overt signs of toxicity, and body weight 
development and feed consumption were recorded. On GD 29, animals were terminated, the number 
and distribution of implantation sites, early and late resorptions, live and dead fetuses and corpora 
lutea were recorded and liver, kidney, spleen and gravid uterine weights were recorded. The fetuses 
were weighed, sexed and investigated for external malformations and developmental variations. The 
study complied with GLP.

At 100 mg/kg bw per day, two females were euthanized in extremis on GD 19 and GD 20, and all 
females in the 300 mg/kg bw per day group were euthanized in extremis on GD 12. In these two dose 
groups, feed consumption was markedly reduced, and animals lost weight after the fi rst day of treat-
ment. In the 100 mg/kg bw per day group, the body weights were similar to control after early termina-
tion of the two dams on GD 19 and GD 20. A single female in the 300 mg/kg bw per day group had 
brown areas on the lungs, and another female in the 100 mg/kg bw per day group had green discolora-
tion of the liver, distended gallbladder, dark red areas on the stomach and dark red discoloration of the 
stomach and caecum. A slightly lower mean kidney weight was noted in the surviving 100 mg/kg bw 
per day females, a difference that was not statistically signifi cant. There were no effects on intrauterine 
growth or survival noted at dose levels of 10, 30 and 100 mg/kg bw per day. No external malformations 
or developmental variations were observed for fetuses evaluated at 10, 30 or 100 mg/kg bw per day.

The maternal NOAEL was 30 mg/kg bw per day, based on severe toxicity resulting in early 
termination of dams at 100 mg/kg bw per day. The developmental NOAEL was 100 mg/kg bw per 
day, the highest dose with dams surviving to scheduled necropsy (Coder, 2009b).

In the defi nitive developmental toxicity study, groups of 25 mated female New Zealand White 
rabbits were administered DCSA (purity 97.7%; lot No. GLP-0603-16958-T) in 0.5% carboxymeth-
ylcellulose by gavage at doses of 0, 10, 25 or 65 mg/kg bw per day from GD 6 to GD 28. During 
gestation, animals were observed for mortality, morbidity and overt signs of toxicity, and body weight 
development and feed consumption were recorded. On GD 29, animals were terminated, the number 
and distribution of implantation sites, early and late resorptions, live and dead fetuses and corpora 
lutea were recorded and gravid uterine weights were recorded. The fetuses were weighed, sexed 
and investigated for external, visceral and skeletal malformations and developmental variations. The 
study complied with GLP.

One high-dose female was euthanized in extremis on GD 28 as a result of markedly reduced 
feed consumption and body weight loss. Generally, the body weight of the 65 mg/kg bw per day 
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groups was slightly and statistically not signifi cantly lower by about 3% compared with the control 
group. However, body weight gain at GDs 6–9 was statistically signifi cantly lower than in controls. 
Feed consumption and defecation were lower in this group. Although there were no effects on body 
weight or feed consumption in the 10 and 25 mg/kg bw per day groups, decreased defecation was 
also observed more frequently in these groups, but was not considered adverse. No effects on fetal 
growth, survival or the incidence of malformations or variations were observed at any dose level.

The maternal NOAEL was 25 mg/kg bw per day, based on generally very mild effects on body 
weight at 65 mg/kg bw per day. The developmental NOAEL was 65 mg/kg bw per day, the highest 
dose tested (Coder, 2009c).

Dogs

Groups of fi ve male and fi ve female 18-week-old Beagle dogs were orally administered DCSA 
(purity 97.7%; lot No. GLP-0603-16958-T) via gelatine capsule at doses of 0, 15, 50 or 150 mg/kg 
bw per day for 13 weeks. The capsule content was adjusted weekly based on body weight develop-
ment. Animals were checked twice daily for signs of toxicity and for mortality. The eyes were exam-
ined prior to treatment and before scheduled termination. Body weight was determined weekly, and 
blood (collected prior to study initiation, at week 6 and at study termination) and urine samples for 
clinical chemistry and haematology were collected at study termination. At study termination, organs 
were weighed and histology was performed. The study complied with GLP.

One high-dose female was killed in extremis in poor condition, probably due to repeated em-
esis and dehydration. Treatment-related clinical observations included abnormal excreta (diarrhoea, 
soft faeces and/or mucoid faeces) and/or emesis, primarily in the 50 and 150 mg/kg bw per day test 
substance–treated groups, and were most commonly observed prior to dose administration for both 
sexes. High-dose animals of both sexes had 11% lower body weights at study termination. Slightly 
increased activated partial thromboplastin times were observed in 150 mg/kg bw per day group males 
at study week 13 and in 150 mg/kg bw per day group females at study week 6. In all dosed males, 
mean corpuscular volume and mean corpuscular haemoglobin were slightly but dose-relatedly and 
statistically signifi cantly increased. High-dose animals of both sexes had slightly lower liver enzyme 
activity. Relative liver weights in high-dose males and females were increased and showed a high 
incidence of periportal hepatocellular hypertrophy.

The NOAEL was 50 mg/kg bw per day, based on lower body weight gain and increased 
liver weights accompanied by hepatocellular hypertrophy in both sexes at 150 mg/kg bw per day 
( Kirkpatrick, 2009c).

(d) Genotoxicity

For a summary, see Table 23 below. Studies with equivocal or positive results are described 
below.

DCSA (purity 97.9%; lot No. GLP-0603-16958-T) was tested in cultured peripheral human 
lymphocytes for its potential to induce chromosomal aberrations. The study complied with GLP.

DCSA increased the number of cells with chromosomal aberrations in the presence and ab-
sence of metabolic activation by S9 after 3 hours or 22 hours of exposure (Tables 20 and 21). DCSA 
is damaging to deoxyribonucleic acid (DNA) at cytotoxic levels (Murli, 2007).

3.3 Metabolite 3,6-dichlorogentisic acid (DCGA; MON 52724)

(a) Acute toxicity

For a summary, see Table 22.
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Table 20. Chromosomal aberrations in peripheral human lymphocytes: 3 hours of treatment, 
harvest at 22 hours

Concentration −S9 +S9

Mitotic index (% 
of cells in mitosis)

Aberrations (% of cells) Mitotic index (% 
of cells in mitosis)

Aberrations (% of cells)

−gaps +gaps −gaps +gaps

DMSO (10 µl/ml) 10.3 1.0 1.5 10.8 0 1.0

Historical control data 
(DMSO)

10.2 (3.2–17.7) 0.6 (0–2.5) 1.8 (0–5.5) 10.2 (4.3–16.5) 0.4 (0.0–3.0) 1.4 (0.0–3.0)

294 µg/ml — — — 10.8 0.5 1.0

420 µg/ml 10.4 0.0 1.5 9.2 0.5 1.5

600 µg/ml 9.0 0.5 1.0 7.2 2.5 3.5

858 µg/ml 6.4 1.0 1.0 4.7 9.5 10.0

1230 µg/ml 3.8 3.0 3.5 0.1 — —

From Murli (2007)
— not measured

Table 21. Chromosomal aberrations in peripheral human lymphocytes: 22 hours of treatment, 
harvest at 22 hours

Concentration −S9 +S9

Mitotic index (% 
of cells in mitosis)

Aberrations (% of cells) Mitotic index (% 
of cells in mitosis)

Aberrations (% of cells)

−gaps +gaps −gaps +gaps

DMSO (10 µl/ml) 10.4 0.0 1.0 13.6 0.0 0.0

Historical control data 
(DMSO)

9.6 (3.0–15.2) 0.5 (0–2.5) 1.6 (0.0–5.0) — — —

250 µg/ml 8.9 1.0 2.5 — — —

350 µg/ml 6.6 2.5 4.5 — — —

400 µg/ml 7.2 4.0 8.5 — — —

450 µg/ml 4.5 4.5 9.0 — — —

750 µg/ml — — — 14.4 2.5 2.5

800 µg/ml — — — 14.9 4.0 7.0

850 µg/ml — — — 11.1 2.0 2.0

925 µg/ml — — — 8.4 2.0 3.5

1000 µg/ml — — — 6.1 8.0 8.0

From Murli (2007)
— not measured

Table 22. Summary of acute toxicity of metabolites of dicamba

Compound Species Strain Sex Route LD
50

 (mg/kg bw) Purity (%); lot No. Reference

NOA 405873 Rat ? M/F Oral > 2000 94; KI 6212/1-18 Sommer (2001)

DCSA Rat SD F Oral 2641 97.9; GLP-0603-16958-T Smedley (2007)

DCGA Rat SD F Oral 1460 96.3; GLP-0903-19699-T Oley (2009)

F, female; M, male
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(b) Short-term studies of toxicity

In a 4-week study, groups of 10 male and 10 female Crl:CD (SD) rats were administered 0, 
500, 3000, 6000 or 12 000 ppm DCGA (purity 98.1%; lot No. GLP-0904-19809-T) in the diet. These 
feed concentrations were equal to 0, 40, 240, 474 and 956 mg/kg bw per day in males and 0, 45, 265, 
519 and 1063 mg/kg bw per day in females. Animals were checked twice daily for signs of toxicity 
and for mortality. An evaluation of potential neurotoxicity by FOB and motor activity assessment was 
done. Body weight and feed consumption were determined weekly and twice weekly, respectively, 
and blood and urine samples for clinical chemistry and haematology were collected at study termina-
tion. At study termination, organs were weighed and histology was performed. The study complied 
with GLP.

All animals survived to the scheduled necropsy, and no test substance–related clinical observa-
tions, effects on organ weights or histological or macroscopic fi ndings were seen. The 12 000 ppm 
group males and females had lower mean body weights (9.2% and 6.0% lower in males and females, 
respectively, compared with controls) and feed consumption throughout the study. High-dose males 
had statistically signifi cantly lower lymphocyte counts by 32% compared with controls. Lymphocyte 
counts in high-dose females were also low, but not statistically signifi cantly.

The NOAEL in this study was 6000 ppm, equal to 474 mg/kg bw per day, based on reduced 
body weight gain and lower lymphocyte counts in high-dose animals at 12 000 ppm (Kirkpatrick, 
2009b).

(c) Developmental toxicity

In a pilot developmental toxicity study, groups of eight mated female Crl:CD (SD) rats were 
administered DCGA (purity 96.3%; lot No. GLP-0903-19699-T) by gavage in corn oil at doses of 
0, 50, 200, 500 or 1000 mg/kg bw per day from GD 6 to GD 19. During gestation, animals were 
observed for mortality, morbidity and overt signs of toxicity, and body weight development and feed 
consumption were recorded. On GD 20, animals were terminated, and the number and distribution 
of implantation sites, early and late resorptions, live and dead fetuses and corpora lutea were re-
corded. The fetuses were weighed, sexed and investigated for external developmental variations and 
m alformations. The study complied with GLP.

Four high-dose females had signifi cantly lower body weight gain and lower feed consumption 
and died between GD 12 and GD 19, and one was killed in extremis. No animals aborted. Clinical 
signs in high-dose animals were rales and hypoactivity. On necropsy, the dead animals had red vagi-
nal contents and clear fl uid in the thoracic cavity. Dose-related increases in rale incidences were also 
observed in animals at 200 mg/kg bw per day and above. The 500 mg/kg bw per day group also had 
lower body weights from GD 9 onwards. Intrauterine growth, survival and development of the fetuses 
were unaffected by test substance administration at all dose levels.

The maternal NOAEL in this pilot study was 50 mg/kg bw per day, based on increased inci-
dence of rales at 200 mg/kg bw per day and above. The developmental NOAEL was 1000 mg/kg bw 
per day, the highest dose tested (Coder, 2009d).

(d) Genotoxicity

For a summary, see Table 23.

4. Observations in humans

No reports were submitted.
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Comments

Biochemical aspects

The absorption, distribution, metabolism and excretion of dicamba after oral dosing were in-
vestigated in several studies in rats and one study using mice, rabbits and dogs. Generally, there 
were no differences in the toxicokinetics of dicamba between species and sexes. Furthermore, it was 
shown that the anionic counter-ion of dicamba salts did not infl uence the absorption, metabolism or 
elimination of dicamba. Dicamba was rapidly absorbed, with peak levels occurring within the fi rst 
hour after administration. The absorption was not saturated at doses up to 1000 mg/kg bw. Between 
2 and 4 hours after the fi rst absorption peak, a second peak was observed, indicative of enterohepatic 
recirculation of dicamba. At doses greater than 125 mg/kg bw, the elimination half-life of dicamba 
equivalents increased, and the AUC increased disproportionately with dose, indicating saturation of 

Table 23. Summary of results of genotoxicity tests with metabolites of dicamba 

End-point Test system Concentration Purity (%);
lot No.

Result Reference

NOA 405873

Reverse mutation 
(Ames)

S. typhimurium TA98, TA100, 
TA102, TA1535, TA1537 and 
Escherichia coli WP2 uvrA

312.5–5000 µg/plate 94; KI 
6212/1-18

Negative Deparade 
(2001)

L5178Y TK+/− Mouse lymphoma cells 156–5000 µg/ml 94; KI 
6212/1-18

Positive Ogorek 
(2002b)

L5178Y TK+/− Mouse lymphoma cells 125–2370 µg/ml 99; MLA-
29/21

Positive Clay 
(2002)

Chromosomal 
aberration

CHO cells 312.5–5000 µg/ml 94; KI 
6212/1-18 

Positive Ogorek 
(2002a)

Micronucleus 
induction

Mouse bone marrow 2000 mg/kg bw 99; MLA-
29/21

Negative Fox (2003)

Unscheduled DNA 
synthesis in vivo

Rat liver 2000 mg/kg bw 99; MLA-
29/21

Negative Clay 
(2004)

DCSA

Reverse mutation 
(Ames)

S. typhimurium TA98, TA100, 
TA1535, TA1537 and E. coli WP2 
uvrA

6.67–5000 µg/plate 97.9; GLP-
0603-16958-T 

Negative Mecchi 
(2006)

HGPRT CHO cells 200–1600 µg/ml 97.9; GLP-
0603-16958-T 

Negative Cifone 
(2006)

Chromosomal 
aberration

Human peripheral lymphocytes 17–2500 µg/ml 97.9; GLP-
0603-16958-T 

Positive Murli 
(2007)

Chromosomal 
aberration

Rat bone marrow in vivo 400–1600 mg/kg bw 97.9; GLP-
0603-16958-T 

Negative Xu (2008)

Micronucleus 
induction

Mouse bone marrow 250–1000 mg/kg bw 97.9; GLP-
0603-16958-T 

Negative Xu (2007)

DCGA

Reverse mutation 
(Ames)

S. typhimurium TA98, TA100, 
TA1535, TA1537 and E. coli WP2 
uvrA

1.6–5000 µg/plate 96.3; GLP-
0903-19699-T 

Negative Stankowski 
(2009)

Chromosomal 
aberration

Male rat bone marrow in vivo 375–1500 mg/kg bw 96.3; GLP-
0903-19699-T

Negative Murli 
(2009)

HGPRT, hypoxanthine–guanine phosphoribosyl transferase
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elimination at higher doses. Only 3% of a low or high dose (0.5 or 200 mg/kg bw) was found in the 
tissues 4 hours post-dosing, with highest residues in the kidneys, plasma and uterus. After 7 days, 
only 0.2% of the administered dose was found in the tissues. More than 95% of the administered dose 
is excreted in the urine, with less than 5% in the faeces. Excretion by expired air is negligible. In urine 
and faeces, more than 90% of the radioactivity found was accounted for by unchanged dicamba. In 
urine, very low amounts of glucuronidated dicamba (M1), DCSA (NOA 414746), 5-hydroxy-dicam-
ba (NOA 405873) and M2 (NOA 414746) were found. In the liver and kidneys, 84–91% of TRR 
were identifi ed as dicamba. In summary, dicamba is poorly metabolized, and the pathways involved 
include demethylation, hydroxylation and glucuronic acid conjugation.

Toxicological data

Dicamba is of low acute toxicity. The lowest oral LD
50

 was approximately 1600 mg/kg bw in 
female rats. By dermal application, the LD

50
 was greater than 2000 mg/kg bw, and the LC

50
 in an 

inhalation study was 4.46 mg/l. Dicamba was only slightly irritating to the skin but severely irritating 
to the eye. Dicamba did not show skin sensitizing potential.

In repeated-dose studies in rats and dogs, the mostly mild effects observed included lower body 
weight gains, haematological and clinical chemistry effects and clinical signs of toxicity.

In a 13-week rat feeding study with dietary concentrations up to 12 000 ppm, reduced activity, 
lower body weight development and reduced feed consumption were observed. Animals had sig-
nifi cantly lower platelet counts and partial thromboplastin times; females also had reduced red cell 
parameters and increased white blood cell and lymphocyte counts, and clinical chemistry parameters 
were changed. After a recovery period, most of the haematological and clinical chemistry param-
eters were similar to those in control animals. Relative liver weights were statistically signifi cantly 
increased. Histological fi ndings were restricted to high-dose females, which showed reversible centri-
lobular hepatocyte hypertrophy and hepatocellular pigmentation. The NOAEL was 6000 ppm (equal 
to 479.3 mg/kg bw per day), based on haematological and biochemical effects at 12 000 ppm. In a 
13-week dog study with administration in capsules of doses up to 300 mg/kg bw per day, including 
a high-dose recovery group, behavioural changes (i.e. ataxia, stiff gait and sporadic transient col-
lapses approximately 2 hours after dosing) at 300 mg/kg bw per day were observed, and body weight 
gain was decreased by 26% in males and by 44% in females. In the high-dose recovery group, body 
weight development was similar to that in the controls. Red blood cell parameters were reduced and 
the partial thromboplastin time was slightly elevated in males and females receiving 300 mg/kg bw 
per day. These effects were partially reversible within 4 weeks. The NOAEL in this study was 50 mg/
kg bw per day, based on behavioural effects at 300 mg/kg bw per day. In a 52-week feeding study 
in dogs with dietary concentrations up to 2500 ppm, animals in the 500 ppm and 2500 ppm groups 
showed initially lower feed consumption and lower body weight gain. This effect was transient and is 
not considered to be adverse. The NOAEL was 2500 ppm (equal to 52 mg/kg bw per day), the h ighest 
dose tested.

In a 24-month feeding study (89 weeks for males) in mice with dietary concentrations up to 
3000 ppm, the onset of mortality was early in the study, and the overall mortality was increased in 
males. At 3000 ppm, body weights in females were lower from week 25 onwards. The NOAEL was 
1000 ppm (equal to 108 mg/kg bw per day), based on reduced body weight gain in females at the 
highest dose.

Dicamba was not carcinogenic in mice.

A carcinogenicity study in rats with dietary concentrations up to 2500 ppm was considered 
adequate to assess carcinogenicity at 104 weeks, although survival was low at study termination 
(week 117). The incidences of mixed malignant lymphoma (8% versus 0% in all other groups) and 
thyroid C-cell carcinoma were increased in the high dose group males, although not statistically 
signifi cantly. Although the incidence of malignant lymphoma was higher than the historical control 
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range of 0–1.8%, it was at the upper bound of the historical control ranges aggregated for all types of 
malignant lymphoreticular lymphoma (0–8.6% and 0–8.4% in another historical control group data 
set). There was no increase in the incidence of C-cell hyperplasia or adenoma, which are part of the 
progression to carcinoma. The NOAEL for general toxicity was 2500 ppm (equal to 107 mg/kg bw 
per day), the highest dose tested.

Dicamba was an equivocal carcinogen in rats.

The potential genotoxicity of dicamba was tested in an adequate battery of in vitro and in vivo 
studies, providing no evidence of genotoxic potential.

The Meeting concluded that dicamba was unlikely to be genotoxic.

On the basis of the absence of genotoxicity and the absence of carcinogenicity in mice and the 
fact that an equivocal increase in the incidences of lymphoid tumours and of thyroid C-cell carci-
noma in male rats occurred only at the highest dose, the Meeting concluded that dicamba is unlikely 
to be carcinogenic at human dietary exposure levels.

In a two-generation study of reproductive toxicity in rats at dietary concentrations up to 
5000 ppm, high-dose females showed increased body tone and slow righting refl ex, and high-dose F

1
 

and F
2
 pups had lower body weights throughout the lactation phase. At weaning, their body weights 

were lower by more than 20%. Thereafter, body weight gain was not affected. At 1500 ppm, pup 
weights were also slightly reduced, attaining statistical signifi cance at several time points in the lacta-
tion phase. There were no effects on mating performance or pregnancy at any dose level. At the high 
dose, balano-preputial separation was delayed statistically signifi cantly (45.6 days versus 43.7 days 
in controls). The NOAEL for parental toxicity was 1500 ppm (equal to 105 mg/kg bw per day), based 
on behavioural effects at 5000 ppm. The NOAEL for reproductive toxicity was 5000 ppm (equal to 
347 mg/kg bw per day), the highest dose tested. The NOAEL for effects on postnatal development 
was 500 ppm (equal to 35.1 mg/kg bw per day), based on reduced pup body weights.

In a study on developmental toxicity in rats at dose levels up to 400 mg/kg bw per day, 3 of 25 
females died on treatment day 2 or 3. The mean body weight on GD 20 was lower (by 8%) in high-
dose animals. Feed consumption was reduced by approximately 20%, and animals showed behaviour-
al changes, such as ataxia and stiffening of the body. The body weights of high-dose fetuses were (not 
statistically signifi cantly) reduced by 6%. There were no treatment-related skeletal anomalies. The 
maternal NOAEL was 160 mg/kg bw per day, based on mortality and behavioural changes at 400 mg/
kg bw per day, and the developmental NOAEL was 400 mg/kg bw per day, the highest dose tested.

In a study on developmental toxicity in rabbits at dose levels up to 300 mg/kg bw per day, 
one 150 mg/kg bw per day doe aborted on GD 22, and four does in the high-dose group aborted 
between GD 19 and GD 24. All animals aborting showed body weight loss accompanied by reduced 
feed consumption and ataxia. On necropsy, no lesions were observed. Generally, the mid- and high-
dose dams showed decreased motor activity and ataxia, and the high-dose animals also had rales, 
laboured breathing and impaired righting refl ex. These clinical signs were fi rst observed on GD 9. 
The body weights and the feed consumption of high-dose dams were reduced. There were no effects 
of treatment on the litter data. The NOAEL for dams was 30 mg/kg bw per day, based on behavioural 
changes at 150 mg/kg bw per day. The developmental NOAEL was 300 mg/kg bw per day, the high-
est dose tested.

The Meeting concluded that dicamba was not teratogenic.

In an acute neurotoxicity study in rats at doses ranging from 300 to 1200 mg/kg bw, nonspe-
cifi c and transient neurobehavioural effects were apparent within 1.5 hours after dosing in all dose 
groups, with a dose-dependent incidence and severity of rigidity.

In a 13-week rat feeding study of neurotoxicity with dietary concentrations up to 12 000 ppm 
(equal to 767.9 mg/kg bw per day), no behavioural or histological evidence for neurotoxicity was 
observed.
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Toxicological studies for three metabolites were submitted. DCSA and DCGA have been identi-
fi ed as metabolites of dicamba in soya beans, sugarcane, wheat and cotton and are also e nvironmental 
metabolites of dicamba. DCSA has been identifi ed in rats, cows, goats and hens, and 5-hydroxy-
dicamba was found in rats.

In a poorly described 13-week feeding study in rats and dogs, 5-hydroxy-dicamba showed no 
toxicity up to 250 ppm (equivalent to 25 mg/kg bw per day in rats and 6.25 mg/kg bw per day in dogs), 
the highest dietary concentration tested. 5-Hydroxy-dicamba gave positive results in mouse lympho-
ma assays and in a CHO chromosomal aberration test at cytotoxic levels, in the absence and presence 
of metabolic activation (S9). 5-Hydroxy-dicamba was negative in a mouse micronucleus test.

DCSA showed pharmacokinetic behaviour very similar to that of the parent dicamba and was 
excreted mainly unchanged and to a minor extent as DCSA carboxyl glucuronide and DCSA phenolic 
glucuronide (M2, also identifi ed as a rat metabolite of dicamba). In a 13-week feeding study in rats at 
dietary DCSA concentrations up to 12 000 ppm, reduced body weight gain and haematological and 
clinical chemistry effects were observed at 6000 and 12 000 ppm. The NOAEL was 3000 ppm (equal 
to 195 mg/kg bw per day), based on reduced body weight gain at 6000 ppm. In a 13-week study in dogs 
administered up to 150 mg/kg bw per day by capsule, the NOAEL was 50 mg/kg bw per day, based on 
reduced (by 11%) body weight gain and liver effects at 150 mg/kg bw per day. In a 52-week feeding 
study in rats, the NOAEL was 3000 ppm (equal to 171.2 mg/kg bw per day), the highest dose tested. 
In a two-generation study in rats at dietary concentrations of DCSA up to 5000 ppm, the NOAEL for 
parental toxicity was 500 ppm (equal to 37 mg/kg bw per day), based on lower body weight gain and 
reduced feed consumption in both sexes at 5000 ppm. The NOAEL for offspring toxicity was 500 ppm 
(equal to 37 mg/kg bw per day), based on severe toxicity, including mortality, in pups during lacta-
tion. The NOAEL for reproductive performance was 5000 ppm (equal to 323 mg/kg bw per day), the 
highest dose tested. In a pilot and a defi nitive rat developmental study on DCSA, the overall NOAEL 
for maternal and developmental toxicity was 100 mg/kg bw per day, based on severe dam toxicity, 
including mortality and lower fetal body weight, at 200 mg/kg bw per day. In a pilot and a defi nitive 
rabbit developmental study on DCSA, the overall NOAEL for maternal toxicity was 30 mg/kg bw per 
day, based on reduced feed consumption and lower body weight gain at 65 mg/kg bw per day. The 
NOAEL for developmental toxicity was 65 mg/kg bw per day, the highest dose tested. In genotoxic-
ity studies, including a mouse micronucleus test, DCSA was negative. However, in human peripheral 
lymphocytes, DCSA increased the number of cells with chromosomal aberrations in the presence and 
absence of metabolic activation by S9 after 3 or 22 hours of exposure at cytotoxic levels.

The metabolite DCGA was evaluated in a 4-week feeding study in rats at dietary concentra-
tions up to 12 000 ppm. The NOAEL was 6000 ppm (equal to 474 mg/kg bw per day), based on 
reduced body weight gain and lower lymphocyte counts in animals at 12 000 ppm. In a pilot rat 
developmental study with doses up to 1000 mg/kg bw per day, the maternal NOAEL was 50 mg/kg 
bw per day, based on increased incidences of rales at 200 mg/kg bw per day, and the developmental 
NOAEL was 1000 mg/kg bw per day, the highest dose tested. DCGA was negative in an Ames and a 
rat chromosomal aberration test.

It was concluded that DCSA and DCGA have toxicities similar to or lower than that of d icamba. 
Based on available data, 5-hydroxy-dicamba appears to be of lower toxicity than the parent.

The Meeting concluded that the existing database on dicamba was adequate to characterize the 
potential hazard to fetuses, infants and children.

Toxicological evaluation

The Meeting established an acceptable daily intake (ADI) of 0–0.3 mg/kg bw on the basis of a 
NOAEL of 30 mg/kg bw per day in a rabbit developmental toxicity study, based on maternal toxic-
ity (behavioural changes) at 150 mg/kg bw per day. A safety factor of 100 was applied. The ADI is 
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supported by a postnatal developmental NOAEL of 35.1 mg/kg bw per day in the rat multigenera-
tion study, on the basis of reduced pup body weights at 105 mg/kg bw per day. This ADI would also 
be protective against the equivocal increase in the incidences of malignant lymphoma and thyroid 
p arafollicular cell carcinoma in male rats at 107 mg/kg bw per day.

The Meeting established an acute reference dose (ARfD) of 0.5 mg/kg bw based on a NOAEL 
of 50 mg/kg bw per day in the 13-week dog study, based on behavioural effects observed shortly after 
dosing at 300 mg/kg bw per day. A safety factor of 100 was applied.

The behavioural effects seen in a study on developmental toxicity in rabbits at dose levels of 
150 mg/kg bw per day and above are not considered to be an adequate basis for an ARfD because the 
clinical signs were observed fi rst after four applied doses.

Levels relevant to risk assessment

Species Study Effect NOAEL LOAEL

Mouse Two-year study 
of toxicity and 
c arcinogenicitya

Toxicity 1000 ppm, equal to 
108 mg/kg bw per day

3000 ppm, equal to 
358 mg/kg bw per day

Carcinogenicity 3000 ppm, equal to 
358 mg/kg bw per dayb

—

Rat Two-year study 
of toxicity and 
c arcinogenicitya

Toxicity 2500 ppm, equal to 
107 mg/kg bw per dayb

—

Carcinogenicity 250 ppm, equal to
11 mg/kg bw per day

2500 ppm, equal to 
107 mg/kg bw per dayc

Two-generation 
study of reproductive 
t oxicitya

Reproductive toxicity 5000 ppm, equal to 
347 mg/kg bw per dayb

—

Parental toxicity 1500 ppm, equal to 
105 mg/kg bw per day

5000 ppm, equal to 
347 mg/kg bw per day

Offspring toxicity 500 ppm, equal to 
35.1 mg/kg bw per day

1500 ppm, equal to 
105 mg/kg bw per day

Developmental t oxicity 
studyd

Maternal toxicity 160 mg/kg bw per day 400 mg/kg bw per day

Embryo and fetal toxicity 400 mg/kg bw per dayb —

Rabbit Developmental t oxicity 
studyd

Maternal toxicity 30 mg/kg bw per day 150 mg/kg bw per day

Embryo and fetal toxicity 300 mg/kg bw per dayb —

Dog Thirteen-week study of 
toxicitye

Toxicity 50 mg/kg bw per day 300 mg/kg bw per day

One-year study of 
toxicitya

Toxicity 2500 ppm, equal to 
52 mg/kg bw per dayb

—

a  Dietary administration.
b  Highest dose tested.
c  Equivocal increase in the incidences of malignant lymphoma and thyroid parafollicular cell carcinoma in male rats. 

d  Gavage administration.
e  Administration by gelatine capsule.

Estimate of acceptable daily intake for humans

0–0.3 mg/kg bw

Estimate of acute reference dose

0.5 mg/kg bw
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Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
h uman exposure 

Critical end-points for setting guidance values for exposure to dicamba

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Rapid, > 90% within 24 h

Distribution Extensive, highest levels in kidneys, plasma and uterus

Potential for accumulation None

Rate and extent of excretion Rapid, close to 100% within 48 h, mainly via urine

Metabolism in animals Poorly metabolized, primarily via demethylation, hydroxylation and 
glucuronidation 

Toxicologically signifi cant compounds in 
animals, plants and the environment

Dicamba, DCSA, DCGA

Acute toxicity

Rat, LD
50

, oral 1600 mg/kg bw

Rat, LD
50

, dermal > 2000 mg/kg bw

Rat, LC
50

, inhalation 4.46 mg/l

Rabbit, dermal irritation Slightly irritating

Rabbit, eye irritation Severely irritating

Guinea-pig, dermal sensitization Not a sensitizer (Magnusson and Kligman test)

Short-term studies of toxicity

Target/critical effect Body weight reduction, haematology and clinical chemistry (dogs) 

Lowest relevant oral NOAEL 50 mg/kg bw per day (dogs)

Lowest relevant dermal NOAEL 1000 mg/kg bw per day, the highest dose tested (rats)

Lowest relevant inhalation NOAEL No data

Long-term studies of toxicity and carcinogenicity

Target/critical effect Reduced body weight gain

Lowest relevant NOAEL 1000 ppm, equal to 108 mg/kg bw per day (mice)

Carcinogenicity Equivocal increase in malignant lymphoma and thyroid C-cell carci-
noma (rats) at 2500 ppm (equal to 107 mg/kg bw per day); unlikely 
to be carcinogenic at human dietary exposure levels

Genotoxicity

Not genotoxic

Reproductive toxicity

Reproduction target/critical effect No reproductive effects, offspring toxicity (rats)
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Lowest relevant reproductive NOAEL 347 mg/kg bw per day, the highest dose tested (rats); 30 mg/kg bw 
per day (maternal toxicity in rabbits)

Lowest relevant offspring NOAEL 35.1 mg/kg bw per day (rats)

Developmental target/critical effect No developmental effects (rats, rabbits)

Lowest relevant developmental NOAEL 300 mg/kg bw per day (rabbits), the highest dose tested

Neurotoxicity/delayed neurotoxicity

Not neurotoxic

Other toxicological studies

Metabolism, pharmacokinetic, toxicity and genotoxicity studies with 
metabolites

Medical data

No data

Summary

Value Study Safety factor

ADI 0–0.3 mg/kg bw Developmental toxicity study in rabbit 100

ARfD 0.5 mg/kg bw Thirteen-week study of toxicity in dog 100
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Explanation

Dithianon (C
14

H
4
N

2
O

2
S

2
) is the International Organization for Standardization (ISO)–approved 

name for 5,10-dihydro-5,10-dioxonaphtho[2,3-b]-1,4-dithiine-2,3-dicarbonitrile (International U nion 
of Pure and Applied Chemistry [IUPAC]), with Chemical Abstracts Service (CAS) No. 3347-22-6. 
Dithianon is used on a range of fruits and vegetables as a multisite contact fungicide that inhibits 
spore germination.

Dithianon was evaluated previously by the Joint FAO/WHO Meeting on Pesticide Residues 
(JMPR) in 1992, when an acceptable daily intake (ADI) of 0–0.01 mg/kg body weight (bw) was es-
tablished. It is being reviewed at the present Meeting as part of the periodic re-evaluation programme 
of the Codex Committee on Pesticide Residues (CCPR). All the pivotal studies met the basic require-
ment of the relevant guideline and contained certifi cates of compliance with good laboratory practice 
(GLP) or quality assurance (QA).

Evaluation for acceptable daily intake

1.  Biochemical aspects

1.1 Absorption, distribution and excretion 

(a) Oral administration

To obtain information on the absorption, distribution, rate and route of excretion and biotrans-
formation of dithianon, studies were performed in adult male and female Sprague-Dawley rats (body 
weight 200 ± 50 g; 7–9 weeks old) using [14C]dithianon and [13C/14C]dithianon (Figure 1). 

In a preliminary excretion study, two rats (one male and one female) were given a single oral 
dose of [14C]dithianon at a dose of 200 mg/kg bw. As the animals suffered from severe diarrhoea, the 
study was terminated. Subsequently, another two rats were given a single oral dose of 50 mg/kg bw. 
Urine was collected at 8, 24, 48, 72, 96 and 120 hours. Faeces were collected at 24-hour intervals up 
to 120 hours. Expired air was monitored at 24-hour intervals up to 48 hours.

In the main study, oral doses of 10 mg/kg bw (low dose) and 50 mg/kg bw (high dose) were 
used; the 50 mg/kg bw dose was an effect level, the 10 mg/kg bw dose a no-effect level. Each animal 
in the test groups received approximately 370 kBq of [14C]dithianon. The test substance was d elivered 
in 1.0% (weight per volume [w/v]) sodium carboxymethylcellulose in water. 

The test groups included in the blood kinetics, absorption, distribution, metabolism and 
e xcretion studies are shown in Table 1.

Total radioactive residues (TRR) in plasma, urine, cage washings and tissues were determined 
by liquid scintillation counting or combustion of aliquots to yield 14CO

2
. Liquid scintillation counting 

was used to analyse trapped 14CO
2
. The TRR in the carcasses were determined by digestion and liquid 

scintillation counting. The TRR in the faeces were determined by extraction and liquid scintillation 
counting of the faecal extracts. Thin-layer chromatography was used to characterize and identify 
extractable residue components.

In the preliminary study, it was found that faecal excretion was the predominant route (62.8% 
and 70.96% of the dose for males and females, respectively). No detectable radioactivity was found 
in the expired air.
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In the main study, the actual doses administered were 9.34–11.82 mg/kg bw for the 10 mg/kg 
bw groups and 46.44–54.45 mg/kg bw for the 50 mg/kg bw groups.

Following administration of a single oral dose of [14C]dithianon, 14C residues were observed in 
blood within 15 minutes, and mean peak plasma levels of 0.813–0.992 parts per million (ppm) for the 
low-dose groups and 3.81–3.89 ppm for the high-dose groups occurred at 6 hours. The differences 
between males and females were insignifi cant. The radioactive residues in the blood declined quickly, 
with an elimination half-life of approximately 46–57 hours for the low- and high-dose groups. The 
pharmacokinetic parameters following administration of a single oral dose of [14C]dithianon are sum-
marized in Table 2.

The extent of absorption of [14C]dithianon by the rat following administration of single oral doses 
(low and high) was determined in a biliary excretion study. The percentage absorbed at 48 hours after 
dosing is shown in Table 3. The amount of absorption (sum of the amounts in urine, bile, g astrointestinal 
tract tissues, carcass and liver) was 52% and 48% of the administered dose for male and female rats in 

Figure 1. Chemical structure of dithianon and position of radiolabel

O

O
S

S CN

CN

* *

* *

* Indicates the position of 14C and 13C labels

Table 1. Test groups, number of animals, target dose rate and euthanasia time 

Test groups Radiolabel Number of rats Target dose 
(mg/kg bw)

Euthanasia at time post-
dosing

Male Female

Pilot excretion study (SOHD) 5, 6, 9, 10-[14C] 1 1 50 At least 120 h

SOLD 5, 6, 9, 10-[14C] 5 5 10 120 h

SOHD 5, 6, 9, 10-[14C] 5 5 50 120 h

MOLD 5, 6, 9, 10-[14C] 5 5 10 120 h after last dose

Pharmacokinetics (SOLD) 5, 6, 9, 10-[14C] 5 5 10 240 h

Pharmacokinetics (SOHD) 5, 6, 9, 10-[14C] 5 5 50 240 h

Tissue and organ distribution 
(SOLD)

5, 6, 9, 10-[14C] 5 5 10 One male and one female 
at 6, 24, 48, 96 and 168 h

Biliary excretion (SOLD) 5, 6, 9, 10-[14C] 3 3 10 48 h

Biliary excretion (SOHD) 5, 6, 9, 10-[14C] 3 3 50 48 h

Metabolite identifi cation 
(SOHD)

5, 6, 9, 10-[13C/14C] 5 5 50 120 h

From Holmsen (2009)
MOLD, multiple oral low dose; SOHD, single oral high dose; SOLD, single oral low dose
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the low-dose bile group, respectively. For the high-dose bile group, the absorption amounted to 44% 
of the dose for male rats and 46% of the dose for female rats. The results indicate that a small portion 
(7–12%) of the dose eliminated in the faeces of intact animals was excreted via the bile. The remaining 
faecal excretion (50–60% of the dose) would appear to represent unabsorbed dithianon.

The distribution of the TRR in various tissues is presented in Tables 4 and 5. Results are re-
ported for male and female rats at different time intervals following administration of 10 mg/kg bw. 
TRR distribution in tissues was examined at approximately 6, 24, 48, 96 and 168 hours post-dosing.

The TRR data from the low-dose groups showed that the highest 14C residues were initial-
ly present in the gastrointestinal tract, kidneys and plasma. The highest TRR levels were observed 
at 6 hours post-dosing in all tissues. At 168 hours, the TRR were highest in the kidneys (0.127–
0.149 ppm), gastrointestinal tract (0.028–0.059 ppm) and blood (0.026–0.041 ppm). The TRR in the 
remaining tissues were less than or equal to 0.026 ppm or below the limits of detection at 168 hours. 
In summary, the tissue retention of orally administered dithianon was low. Higher levels of radio-
activity were found in the kidney and gastrointestinal tract. The accumulation of radioactivity was 
observed mainly in the gastrointestinal tract, kidneys and liver. 

The details of the excretion balance are shown in Table 6. Within 48 hours after dosing, more 
than 90% of the applied dose was excreted in urine and faeces, the majority of radioactivity b eing 
eliminated via faeces (64% and 68% of dose for females and males, respectively). In urine, 26–27% of 

Table 2. Pharmacokinetic parameters following a single oral dose of [14C]dithianon

Pharmacokinetic parameter Mean value (n = 5)

SOLD (10 mg/kg bw) SOHD (50 mg/kg bw)

Male Female Male Female

T
max

 (h) 6.0 6.0 6.0 6.0

C
max

 (g/g) 0.992 0.813 3.89 3.81

T
½ elim

 (h) 55.8 56.8 46.4 56.7

AUC (g·h/ml) 25.4 31.6 155.7 209.8

MRT (h) NR NR NR NR

From Holmsen (2009)
AUC, area under the blood concentration versus time curve calculated for the time interval between 0 and 240 h; C

max
, maximum blood 

concentration; MRT, mean residence time; NR, not reported; SOHD, single oral high dose; SOLD, single oral low dose; T
½ elim

, elimina-
tion half-life; T

max
, time of maximum blood concentration

Table 3. Extent of absorption following a single oral dose of [14C]dithianon

Matrix % of administered radioactive dose

SOLD (10 mg/kg bw) SOHD (50 mg/kg bw)

Male Female Male Female

Urine 31.38 30.10 33.02 23.54

Bile 11.59 9.52 7.21 7.49

Gastrointestinal tract 6.17 5.79 2.22 8.85

Carcass 2.36 2.64 1.11 6.53

Liver 0.05 0.03 0.02 0.03

Total absorption 51.55 48.08 43.58 46.44

From Holmsen (2009)
SOHD, single oral high dose; SOLD, single oral low dose
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the dose was recovered after 48 hours. Total recovery of radioactivity (including cage wash) reached 
96.1% and 98.8% of the administered dose in the females and males, respectively. No sex-specifi c 
differences in the route or rate of excretion were observed.

A summary of the distribution of the radioactivity after administration of a single oral dose of 
10 or 50 mg/kg bw to rats is presented in Table 7.

The excretion of radioactivity during a 5-day period following administration of a 10 or 50 mg/
kg bw single dose of [14C]dithianon and a 10 mg/kg bw repeated dose of dithianon is shown in Ta-
ble 8. From this, it can be seen that the majority of the administered dose was excreted through the 
faeces (64.0–72.2%) and urine (26.7–31.4%).

After 14 daily oral doses of non-radioactive dithianon (10 mg/kg bw per day) followed by a 
single oral dose of [14C]dithianon (10 mg/kg bw), the pattern of excretion of radioactivity in both 
males and females 120 hours post-dosing was very similar to that obtained from animals receiving 
single oral doses of [14C]dithianon at both dose levels. 

In conclusion, the biokinetics of dithianon were studied in rats following oral administration of 
14C-labelled dithianon at nominal doses of 10 and 50 mg/kg bw. The material balance from the pre-
liminary study showed that dithianon was not metabolized to volatile compounds, including carbon 
dioxide, as negligible amounts of radioactivity (< 0.05% of dose) were detected in the expired air 
from treated animals during the 5-day period following treatment at 50 mg/kg bw. Therefore, it was 
not necessary to collect carbon dioxide or volatile organics in the excretion–retention study. 

Orally administered dithianon was about 40–50% absorbed in rats. There were no substan-
tial dose- or sex-related differences in the absorption, elimination or distribution of radioactivity 
f ollowing oral administration of [14C]dithianon. 

Table 4. Total radioactive residues in tissues of male rats given 10 mg/kg bw

Matrix TRR (ppm)

6 h 24 h 48 h 96 h 168 h

Adrenal glands 0.290 < 0.398 < 0.178 < 0.105 < 0.027

Bone marrow 0.337 < 0.151 < 0.231 < 0.173 < 0.176

Brain < 0.016 < 0.011 < 0.012 < 0.010 < 0.010

Eyes 0.087 0.045 < 0.023 0.020 < 0.017

Fat 0.067 < 0.040 < 0.028 < 0.026 < 0.031

Gastrointestinal tract 97.0 3.00 0.307 0.085 0.028

Heart 0.327 0.0.052 0.018 0.018 0.022

Kidneys 2.73 0.813 0.359 0.268 0.127

Liver 0.558 0.101 0.037 0.023 0.010

Lungs 0.241 0.097 0.038 0.030 0.023

Muscle 0.060 0.022 < 0.012 < 0.009 < 0.008

Pancreas 0.156 0.050 0.031 0.025 0.026

Plasma 0.757 0.175 0.056 0.033 0.010

Spleen 0.085 0.034 0.018 < 0.015 0.015

Testes 0.102 0.031 0.015 0.013 < 0.008

Thyroid gland < LOD < LOD < LOD < LOD < LOD

Whole blood 0.549 0.154 0.067 0.048 0.026

From Holmsen (2009)
LOD, limit of detection
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Table 5. Total radioactive residues in tissues of female rats given 10 mg/kg bw

Matrix TRR (ppm)

6 h 24 h 48 h 96 h 168 h

Adrenal glands < 0.257 0.183 < 0.009 < 0.155 < 0.073

Bone marrow < 0.523 0.255 < 0.275 < 0.357 < 0.229

Brain 0.018 0.016 < 0.010 < 0.010 < 0.008

Eyes 0.057 0.066 < 0.020 0.016 < 0.021

Fat < 0.034 < 0.032 < 0.025 < 0.023 < 0.019

Gastrointestinal tract 110 11.8 1.03 0.271 0.059

Heart 0.164 0.074 0.031 0.020 < 0.011

Kidneys 2.01 0.757 0.438 0.219 0.149

Liver 0.585 0.133 0.048 0.025 0.012

Lungs 0.325 0.116 0.051 0.030 0.017

Muscle 0.054 0.030 0.012 < 0.009 < 0.010

Ovaries 0.549 0.269 0.117 < 0.085 < 0.070

Pancreas 0.135 0.098 0.025 0.024 < 0.012

Plasma 0.754 0.239 0.096 0.035 < 0.011

Spleen 0.108 0.058 0.029 0.027 0.019

Thyroid gland 0.805 < LOD < LOD < LOD < LOD

Uterus 0.256 0.116 0.036 0.019 < 0.015

Whole blood 0.519 0.225 0.114 0.066 0.041

From Holmsen (2009)
LOD, limit of detection

Table 6. Excretion of radioactivity in urine and faeces after oral administration in rats
(50 mg/kg bw)

Matrix Time interval (h) Excretion of radioactivity (% of dose)

Male Female

Urine 0–24 18.62 21.09

24–48 7.36 6.29

48–72 0.61 0.55

72–96 0.33 0.16

Total 26.92 28.09

Faeces 0–24 31.80 30.36

24–48 36.14 34.02

48–72 2.43 2.79

72–96 0.27 0.34

Total 70.64 67.51

Cage wash — 1.22 0.46

Total 98.78 96.06

From Bross & Seiferlein (2009)
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The majority of the administered dose was recovered in faeces (64.0–72.2%) and urine (26.7–
31.4%).

In the low-dose bile group, approximately 10% of the radioactivity was eliminated in the bile 
and 30% was eliminated in the urine, indicating that at least 40% of the applied dose was absorbed. In 
the high-dose bile group, a comparable percentage of the dose was absorbed. Of the absorbed dose, 
urinary excretion predominated over biliary excretion. There was no accumulation of radioactivity in 
tissues and, except for the gastrointestinal tract and kidneys, very little residue remained in the tissues 
at 168 hours post-dosing. The sex difference was not signifi cant overall. Following oral administra-
tion, dithianon was absorbed quickly into the blood and reached a maximum concentration (C

max
)

 
at 

6 hours in both the low-dose and high-dose groups. C
max

 was 0.813–0.992 g/g in the low-dose group 
and 3.81–3.89 g/g in the high-dose group. The elimination half-life (T

½ elim
) was between 55.8 and 

56.8 hours (low dose) and 46.4 and 56.7 hours (high dose). The area under the curve (AUC) values 
were 25.4–31.6 g·h/ml for the low dose and 155.7–209.8 g·h/ml for the high dose. The label was 
mostly excreted as polar metabolites and glucuronic acid conjugates in bile and urine, indicating an 
extensive metabolism of the parent compound. Residues in faeces consisted of polar metabolites, but 
there were negligible amounts of parent compound. 

The studies described above (Hawkins et al., 1988; Hawkins & Elsom, 1993; Bross & Seiferlein, 
2009; Holmsen, 2009) were conducted in compliance with GLP of the United States Environmental 
Protection Agency (USEPA), Japan, the Organisation for Economic Co-operation and Development 
(OECD), the European Commission (EC) and/or the United Kingdom. A QA statement was attached.

Table 7. Tissue distribution at maximum plasma level (T
max

 = 6 hours)

Matrix % of dose

10 mg/kg bw 50 mg/kg bw

Male Female Male Female

Liver 0.304 0.267 0.111 0.137

Kidney 0.425 0.353 0.120 0.105

Bone marrow 0.000 11 0.000 13 0.000 05 0.000 06

Plasma 0.132 0.061 0.027 0.042

Total 0.861 0.681 0.258 0.284

From Bross & Seiferlein (2009)

Table 8. Mean excretion and retention of radioactivity by male and female rats after a single oral 
dose of [14C]dithianon at a dose level of 10 or 50 mg/kg bw and after 14 daily doses of dithianon 
followed by a single oral dose of [14C]dithianon at a dose level of 10 mg/kg bw per day

Dose regime Mean % excretion and retention of radioactivity

Single (10 mg/kg bw ) Single (50 mg/kg bw) Repeated (10 mg/kg bw)

Male Female Male Female Male Female

Tissues 0.08 0.20 0.11 0.18 0.17 0.15

Urine (0–120 h) 31.04 31.43 29. 93 31.28 30.80 26.66

Cage washing 0.11 0.16 0.60 0.68 0.27 0.37

Faeces (0–120 h) 65.98 64.03 66.67 65.44 67.04 72.15

Total recovery 97.21 95.82 97.30 97.57 98.28 99.33

From Hawkins et al. (1988)
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(b) Dermal application

The extent of absorption and excretion of radiolabelled [14C]dithianon (AC 37114) up to 
168 hours following a single topical application as an aqueous paste at two concentrations to male 
rats was determined. The low dose was approximately 0.16 mg/cm2 [14C]dithianon (equal to 8.0 mg/
kg bw), and the high dose was approximately 1.7 mg/cm2 [14C]dithianon (equal to 79 mg/kg bw). The 
preparation was applied for 8 hours under semiocclusion with a stainless steel gauze held in place 
over the silicone saddle by surgical tape and vet-wrap bandage, and then the application site was 
washed with 1% Tween 80 in distilled water to remove any unabsorbed material.

The majority of the applied radioactivity (group mean > 95%) was recovered in the skin swabs 
and gauze washes for both the low- and high-dose preparations. Very little of the dose was absorbed 
(approximately 0.3%), and only a small proportion of the dose remained in the treated skin at the end 
of the experiment (3% and 2% for the low-dose and high-dose groups, respectively) for both dose 
preparations. Table 9 summarizes the fi ndings.

In conclusion, [14C]dithianon applied as an aqueous paste at two dose levels had a very 
low p otential for dermal absorption in the rat. Only approximately 0.3% of the applied dose was 
a bsorbed. 

The study was conducted in compliance with GLP, and a QA statement was attached (Bounds, 
1998).

1.2 Biotransformation 

The objective of this study was to investigate the metabolites of dithianon in excreta, selected 
tissues and plasma from male and female Sprague-Dawley (Crl:CD(SD)) rats after a single oral dose 
of 10 mg/kg bw (one low-dose group) or 50 mg/kg bw (two high-dose groups). In order to achieve 
the required specifi c activity, 14C-labelled dithianon (96.1% radiochemical purity labelled in the 5 
and 10 positions) was mixed with non-radiolabelled compound (12C and 13C) at a ratio of 1:1. Ani-
mals were dosed by gavage using a 0.5% aqueous solution of carboxymethylcellulose containing 1% 
Cremophor. The purity and the isotope ratio were checked by high-performance liquid chromatog-
raphy (HPLC) and HPLC with tandem mass spectrometry (MS/MS) prior to dosing. The study was 
conducted between 12 January 2007 and 28 April 2009.

As dithianon is subject to extensive metabolic degradation, identifi cation of its metabolites is 
challenging and has not been successfully achieved in previous investigations. Urine and faecal sam-
ples of one high-dose group were used for isolation and identifi cation of metabolites. In one low-dose 
group and the other high-dose group, liver and kidney tissues as well as plasma of male and female 
rats were analysed for metabolites at maximum plasma levels of radioactivity.

More than 14 metabolites were detected in urine of rats given [14C]dithianon as a single oral 
low dose, a single oral high dose and multiple oral low doses. However, identifi cation of dithianon 

Table 9. Percentage of dithianon absorbed, remaining in the treated skin and removed from the 
site of application following a single topical application of [14C]dithianon aqueous paste 

Application rate 
(mg/cm2)

Absorbeda Treated skin Skin swabs/gauze wash Total

% mg equivalentb % mg equivalentb % mg equivalentb %

0.16 0.32 0.006 3.14 0.06 95.6 1.83 99.1
1.66 0.27 0.054 1.91 0.38 101.0 20.10 103.2

From Bounds (1998)
a  Urine, faeces, cage wash, carcass, blood and untreated skin.
b  Calculated from the group mean achieved dose.
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metabolites was not possible due to their detection in minor quantities. The sum of the detected 
metabolites approached about 25–30% of the dose. The patterns of metabolites detected in rat urine 
samples were very similar with respect to dose level or duration of administration. 

The structures and codes of all identifi ed metabolites in urine, faeces, liver, kidney and plasma 
are summarized in Table 10. 

The HPLC chromatograms of urine of the fi rst 48 hours were dominated by one major peak, 
representing 0.9–10% of the administered dose. This metabolite was identifi ed as M216F020 (glu-
curonic acid conjugate of 1,4-dihydroxynaphthalene) and is the only one present in amounts above 
2% of the dose. Besides this metabolite, the patterns indicated the presence of many other metabo-
lites (up to 16 further peaks), which were all insignifi cant in quantitative terms, as none of them 
amounted to more than 2% of the dose, with most of them accounting for less than 1%. Among 
these, the f ollowing m etabolites were identifi ed: M216F006 (accounting for 0.30–1.69% of the 
dose), M216F022 (0.71–1.29%), M216F012/M216F019 (0.28–1.11%), M216F003 (0.21–0.49%) 
and M216F025 (0.36–0.50%). 

Table 10. Summary of identifi ed metabolites in urine, faeces, liver, kidney and plasma of rats

Metabolite designation Urine Faeces Liver Kidney Plasma

Dithianon (M216F000)

M216F001 x x

M216F002 x x x

M216F003 x

M216F004 x x

M216F005 x

M216F006 x

M216F007 x

M216F008 x x x x x

M216F009 x x

M216F011 x x

M216F012 x x x x x

M216F013 x

M216F014 x

M216F015 x x x x x

M216F016 x x

M216F017 x x

M216F018 x

M216F019 x x

M216F020 x x x

M216F022 x x x

M216F023 x

M216F024 x

M216F025 x

M216F026 x x

M216F027 x x

From Bross & Seiferlein (2009)
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The composition of radioactivity in urine samples in the 50 mg/kg bw group is given in Table 11. 
Only the time intervals 0–24 hours and 24–48 hours were considered, as the total excreted dose in all later 
sampling intervals was below 1%.

The acetonitrile extracts of faeces of the fi rst 48 hours show a multitude of metabolites with up 
to 30 peaks. The patterns were dominated by fi ve peaks, four of which could be identifi ed. These were 
M216F012, accounting for 0.37–0.55% of the dose (sum of both tautomeric forms), M216F015, 

Table 11. Composition of radioactivity in rat urine following a 50 mg/kg bw oral dose

Metabolite identity / designation Time interval (h) % of dose in urine

Male Female

Identifi ed

M216F025 0–24 0.50 0.49

24–48 0.38 0.36

M216F006 0–24 1.28 1.69

24–48 0.42 0.30

M216F020 0–24 10.06 9.00

24–48 2.86 0.92

M216F022 0–24 1.09 1.29

24–48 0.71 0.76

M216F012/M216F019 0–24 0.52 1.11

24–48 0.28 0.41

M216F026 0–24 0.96 n.d.

24–48 0.20 n.d.

M216F008 0–24 n.d. 1.08

24–48 n.d. 0.39

M216F003 0–24 n.d. 0.49

24–48 0.21 0.38

M216F015 0–24 0.20 n.d.

24–48 n.d. n.d.

M216F002 0–24 n.d. 0.35

24–48 n.d. 0.12

Total identifi ed 0–48 19.67 19.14

Characterized by HPLCa

Polar substances (0–20 min) 0–24 2.92 n.d.

24–48 0.86 0.12

Semipolar substances (20–40 min) 0–24 1.09 5.32

24–48 1.44 2.53

Non-polar substances (> 40 min) 0–24 n.d. 0.27

24–48 n.d. n.d.

Total characterized 0–48 6.31 8.24

Total identifi ed and characterized 0–48 25.98 27.38

From Bross & Seiferlein (2009)
n.d., not detected 
a   Characterized by HPLC, meaning sum of all peaks in the respective retention time area from the chromatograms; each of them 

c omprised not more than 1.3% of the dose, with most of them being below 1% of the dose.
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accounting for 0.28–0.78% of the dose, and M216F027, which occurred in two isomeric forms that 
together represent between 0.99% and 1.95% of the dose. The unidentifi ed peak, which was non-
polar (retention time [t

R
] = 60 minutes), accounted for 0.20–0.47% of the dose. Besides these fi ve 

more dominant metabolites, many further peaks were present in the chromatograms; however, all of 
them were less signifi cant in quantitative terms. Among these, the following metabolites were iden-
tifi ed: M216F007 (accounting for 0.04–0.14% of the dose), M216F016 (0.06–0.13%), M216F004 
(0.13–0.35%), M216F008 (0.09–0.18%), M216F001 (0.07–0.14%) and M216F017 (0.18–0.30%). 
The unchanged parent compound was not detected in the acetonitrile extracts.

The investigation of water, ammonia and microwave extracts as well as of the protease super-
natants with two different HPLC systems characterized the released radioactivity as being composed 
of a multitude of metabolites with a broad spectrum of polarity, all present only in insignifi cant 
amounts. None of the patterns showed any sex-related differences. The composition of radioactivity 
in faecal samples is summarized in Table 12. Only the time intervals 0–24 hours and 24–48 hours 
were considered, as the total excreted dose in all later sampling intervals was below 3.2%. Total 
identifi ed metabolites in faeces accounted for 5.8% of the dose in females and 7.3% in males. The 
total degree of identifi cation and characterization amounted to 56% and 54% of the dose in males 
and females, respectively.

A summary of the composition of radioactivity in liver, kidney and plasma is presented in 
T able 13 for the 10 mg/kg bw dose group and in Table 14 for the 50 mg/kg bw dose group.

In conclusion, dithianon was rapidly and extensively metabolized to a very large number of 
mainly polar metabolites in rats. There were no fundamental sex differences in metabolism. As a 
result of its different functional groups (CO, CN, S), the molecule is exposed to chemical and enzy-
matic attacks at various sites of the molecule, leading to many reactive primary products that undergo 
further transformation by reacting with endogenous compounds (e.g. glucosidation, sulfonylation, 
acetylation, coupling to amino acids). A key step in its metabolic degradation is the oxidation of 
the sulfur atoms, leading to a cleavage of the dithiine ring and, after further reactions, resulting 
in a 1,4-naphthoquinone moiety that bears various substituents, such as carboxy groups, hydroxyl 
groups (M216F024, in this case already conjugated with glucuronic acid), amino acids (M216F016, 
bearing a glycine moiety) or amino groups (M216F012) and sulfonate groups (M216F005) or both 
(M216F007) at the quinone part of the ring system. The amino groups can be further acetylated 
(M216F003, M216F011). 

Many identifi ed metabolites show a reduction of the 1,4-naphthoquinone moiety to a 1,4-dihy-
droxynaphthalene ring that is still bearing the above-mentioned substituents (M216F002, M216F006, 
M216F013, M216F014, M216F018). One hydroxyl group of this dihydroxynaphthalene ring is fur-
ther conjugated with glucuronic acid, leading, for example, to the metabolites M216F020, M216F022, 
M216F023 or M216F025. M216F020 represents the glucuronide of the 1,4-dihydroxynaphtha-
lene ring without any further substituents and was found to be the only metabolite of q uantitative 
s ignifi cance (occurring in amounts > 5% of the dose in urine).

Furthermore, opening of the dithiine ring and transformation into a thiazine ring (M216F004, 
M216F008 with an additional carboxy group) were observed, as well as further conjugation with gly-
cine (M216F019). Another metabolite after cleavage of the dithiine ring is M216F027, a copper(II) 
complex in which two dimercapto-naphthoquinone units bind to one copper ion, which was found 
to be a main metabolite of faeces. However, it cannot be excluded that this metabolite represents an 
artefact generated during sample workup. Whereas the vast majority of the identifi ed metabolites 
show the cleavage of the dithiine ring, demonstrating the importance of this degradation route for 
dithianon, some metabolites still maintaining the intact three-ring system (i.e. without cleavage of 
the dithiine ring) were identifi ed. Metabolite M216F026 represents a glucuronide of the intact parent 
compound having a glucuronic acid unit at the 1,4-dihydroxynaphthalene moiety, which was yielded 
by prior reduction of the naphthoquinone system. The substitution of the carbonitrile groups in the 
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Table 12. Composition of radioactivity in faeces of the 50 mg/kg bw dose group

Metabolite identity / designation Time interval (h) % of dose in faeces

Male Female

Identifi ed (in acetonitrile extracts)

M216F007 0–24 0.14 0.07

24–48 0.04 0.04

M216F016 0–24 0.13 n.d.

24–48 n.d. 0.06

M216F012 (sum of both tautomers) 0–24 0.47 0.37

24–48 0.55 0.45

M216F004 0–24 0.33 0.13

24–48 0.32 0.35

M216F008 0–24 0.18 0.16

24–48 0.09 0.13

M216F001 0–24 0.14 0.07

24–48 0.08 n.d.

M216F017 0–24 0.28 0.18

24–48 0.18 0.30

M216F015 0–24 0.69 0.28

24–48 0.78 0.38

M216F027 (sum of both isomers) 0–24 0.99 1.12

24–48 1.95 1.73

Total identifi ed 0–48 7.34 5.82

Characterized by HPLC (in acetonitrile extracts)a

Polar substances (0–20 min) 0–24 0.09 n.d.

24–48 n.d. n.d.

Semipolar substances (20–40 min) 0–24 0.44 0.36

24–48 0.37 0.15

Non-polar substances (> 40 min) 0–24 1.46 2.14

24–48 1.27 1.70

Characterized by extraction

Water extracts 0–24 9.89 9.57

24–48 10.61 8.89

Ammonia extracts 0–24 6.94 7.30

24–48 9.06 9.54

Protease supernatants 0–24 1.51 1.29

24–48 1.71 1.61

Microwave extracts 0–24 2.59 2.58

24–48 2.80 3.43

Total characterized 0–48 48.74 48.56

Total identifi ed and characterized 0–48 56.08 54.38

Final residue (RRR) 0–48 7.52 8.49

From Bross & Seiferlein (2009)
n.d., not detected; RRR, residual radioactive residue 
a   Characterized by HPLC means sum of all peaks (all of them being below 0.5% dose) in the respective retention time area from the 

p atterns of acetonitrile extracts. 
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intact parent molecule by carboxy and amino moieties (M216F015, M216F017) was observed as a 
further metabolic conversion of dithianon.

The main transformation steps observed are oxidation of the sulfur atom, cleavage of the dithi-
ine ring, resulting in a naphthoquinone moiety (bearing various substituents at the quinone part of the 
ring system), and reduction of the naphthoquinone ring to a 1,4-dihydroxynaphthalene moiety, with 
further glucuronidation and substitution of the carbonitrile groups by amino and carboxy units in the 
intact parent molecule. The metabolic pathway is shown in Figure 2.

The studies described above in this section (Schlueter & Memmesheimer, 1994a,b; Bross & 
Schreiner, 2007; Bross & Seiferlein, 2009) were conducted in compliance with GLP according to 
guidelines of the USEPA, Japan, the OECD, the EC and/or the United Kingdom. A QA statement was 
attached. 

2. Toxicological studies

2.1 Acute toxicity

The results of the studies on the acute toxicity of dithianon are presented in Table 15. All the 
studies were conducted according to OECD, EC and USEPA guidelines and complied with GLP. 

Table 13. Composition of radioactivity in tissues and plasma of the 10 mg/kg bw dose group

Metabolite identity / designation % of dose

Liver Kidney Plasma

Male Female Male Female Male Female

Identifi ed (in acetonitrile extracts)

M216F012/M216F019 0.006 0.004 0.006 n.d. 0.005 n.d.

M216F004 0.011 0.007 n.d. n.d. n.d. n.d.

M216F008 n.d. 0.005 0.004 0.008 0.010 0.001

M216F001 0.009 0.006 n.d. n.d. n.d. n.d.

M216F017 n.d. 0.003 n.d. n.d. n.d. n.d.

M216F015 0.013 0.011 0.004 0.006 n.d. 0.004

M216F027 n.d. n.d. n.d. n.d. n.d. n.d.

M216F020 n.d. n.d. 0.059 0.020 0.034 n.d.

M216F022 n.d. n.d. 0.009 n.d. 0.013 n.d.

M216F026 n.d. n.d. 0.010 0.003 n.d. n.d.

M216F002 n.d. n.d. 0.004 0.003 n.d. n.d.

Total identifi ed 0.039 0.036 0.096 0.040 0.062 0.005

Characterized by HPLCa

Acetonitrile extracts (sum of further 
peaks)

0.080 0.073 0.026 0.050 0.030 0.028

Characterized by extraction

Water extracts 0.106 0.049 0.171 0.115 0.029 0.020

Total characterized 0.186 0.122 0.197 0.165 0.059 0.048

Total identifi ed and characterized 0.225 0.158 0.293 0.205 0.121 0.053

Final residue (RRR) 0.003 0.002 0.006 0.004 0.000 0.000

From Bross & Seiferlein (2009)
n.d., not detected; RRR, residual radioactive residue
a  Characterized by HPLC means sum of all further peaks that were not identifi ed in the patterns of acetonitrile extract. 
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2.2 Short-term studies of toxicity

(a)  Oral administration

Mice

In a 4-week range-fi nding study performed to determine the dose levels for a subsequent 80-
week study, dithianon technical (92% active ingredient) was fed to four groups of Crl:CD-1(ICR)
BR strain mice (six of each sex per group) at a dietary concentration of 0, 100, 500 or 1000 ppm 
(equivalent to 0, 15, 75 and 150 mg/kg bw per day for both sexes) for 28 consecutive days. The mice 
were 41 days old, and body weights were between 23 and 30 g (males) and 20 and 24.1 g (females). 
Feed consumption, body weight and substance intake were determined. The animals were examined 
regularly for signs of toxicity or mortality. Haematology and thyroid hormone levels were determined 
after 4 weeks on test. Surviving animals were subjected to gross pathological assessment, and liver 
and kidneys were weighed (females), followed by histopathological examination of the liver and 
kidney (females).

No mortalities and no treatment-related clinical signs were observed during the study. Body 
weights in the 1000 ppm group (males and females) were consistently lower than in the controls 
throughout the study period, with overall decreased body weight gains of approximately 35% for 

Table 14. Composition of radioactivity in tissues and plasma of the 50 mg/kg bw dose group

Metabolite identity / designation % of dose

Liver Kidney Plasma

Male Female Male Female Male Female

Identifi ed (in acetonitrile extracts)

M216F012/M216F019 0.002 n.d. n.d n.d. n.d. 0.001

M216F004 0.003 0.003 n.d n.d. n.d. n.d.

M216F008 0.004 0.002 n.d 0.002 0.001 0.001

M216F001 n.d. n.d. n.d n.d. n.d. n.d.

M216F017 n.d. 0.002 n.d n.d. n.d. n.d.

M216F015 0.005 0.004 n.d. 0.001 0.002 0.002

M216F027 (sum of both isomers) n.d. 0.003 n.d. n.d. n.d. n.d.

M216F020 n.d. n.d. 0.021 0.014 n.d. n.d.

M216F022 n.d. n.d. 0.004 0.004 n.d. n.d.

M216F026 n.d. n.d. n.d. n.d. n.d. n.d.

M216F002 n.d. n.d. n.d. 0.003 0.001 n.d.

Total identifi ed 0.014 0.014 0.025 0.024 0.004 0.004

Characterized by HPLCa

Acetonitrile extracts (sum of further peaks) 0.027 0.035 0.005 0.005 0.011 0.019

Characterized by extraction

Water extracts 0.039 0.048 0.045 0.040 0.006 0.013

Total characterized 0.066 0.083 0.050 0.045 0.017 0.032

Total identifi ed and characterized 0.080 0.097 0.075 0.069 0.021 0.036

Final residue (RRR) 0.001 0.001 0.001 0.002 0.000 0.000

From Bross & Seiferlein (2009)
n.d., not detected; RRR, residual radioactive residue
a  Characterized by HPLC means sum of all further peaks that were not identifi ed in the patterns of acetonitrile extract. 
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Figure 2. Metabolic pathway for dithianon in rats
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Table 15. Acute toxicity of dithianon 

Species Strain Sex Route Batch 
No., 
purity (%)

LD
50

 (mg/kg 
bw)

LC
50

 (mg/l) Results Reference

Rat Wistar F Oral DT2003-
2035, 
96.9

~300 — a Gamer & 
Leibold 
(2005b)

Rat Wistar M & F Oral Charge 
15C/86, 
92 ± 0.6

720 (M)

678 (F)

702 (M & 
F)

— b Ullmann 
(1987a)

Rat Wistar M & F Dermal DT2003-
2035, 
96.9

> 2000 — c Gamer & 
Leibold 
(2005c)

Rat Wistar M & F Dermal 15C/86, 
92 ± 0.6

> 2000 — c Ullmann 
(1986a, 
1993)

Rat Wistar M & F Inhalation, 4 h 
(dust exposure, 
nose only)

DT 2003-
2035, 
96.9

— M, 0.31

F, 0.58 
Combined, 0.33 

(MMAD ranged 
from 2.0 to 3.2 µm)

— Gamer & 
Leibold 
(2005a)
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Species Strain Sex Route Batch 
No., 
purity (%)

LD
50

 (mg/kg 
bw)

LC
50

 (mg/l) Results Reference

Rat Wistar M & F Inhalation, 
4 h (aerosol 
exposure, nose 
only)

30/84, 
94.7

— M, 1.8 

F, 2.4 
Combined, 2.1 
(MMAD ranged 
from 3 to 7 µm)

— Ullmann 
(1984a)

Rabbit New 
Zealand 
White

M & F Acute dermal 
irritation / 
corrosivity

DT2003-
2035, 
96.9

— — Non-irritant Remmele 
& Leibold 
(2005a)

Rabbit New 
Zealand 
White

M & F Primary skin 
irritation (4 
h occlusive 
application)

15C/86, 
92 ± 0.6

— — Non-irritant Ullmann 
(1986b)

Rabbit New 
Zealand 
White

M & F Acute eye 
irritation

DT2003-
2035, 
96.9

— — Severe eye 
irritation 
potential

Remmele 
& Leibold 
(2005b)

Rabbit New 
Zealand 
White

M & F Primary eye 
irritation

15C/86, 
92 ± 0.6

— — Irreversibly 
irritating to 
the rabbit eye 
(not rinsed)

Ullmann 
(1987b)

Guin-
ea-pig

HsdPoc: 
DH

F Skin 
sensitization 
effects 
(guinea-pig 
maximization)

DT2003-
2035, 
96.9

— — Has a 
sensitizing 
effect on the 
skin of the 
guinea-pig

Gamer & 
Leibold 
(2005d)

Guin-
ea-pig

Dunkin-
Hartley

M & F Delayed 
hypersensi-
tivity in the 
albino guinea-
pig (guinea-pig 
maximization)

30/84, 
94.7

— — Not 
considered 
to be a skin 
sensitizer after 
challenge or 
rechallenge

Ullmann 
(1984b)

F, female; LC
50

, median lethal concentration; LD
50

, median lethal dose; M, male; MMAD, mass median aerodynamic diameter
a   Three dose levels were administered (50, 300 and 500 mg/kg bw). Clinical observations in the 500 and 300 mg/kg bw groups revealed 

impaired and poor general state, dyspnoea, staggering, piloerection, smeared fur and diarrhoea; fi ndings were observed from hour 1 
until the end of study day 6 after administration. Clinical observations in the 50 mg/kg bw groups revealed impaired general state, 
dyspnoea and diarrhoea; fi ndings were observed from hour 1 after administration until the end of study day 1. The mean body weights 
of the surviving animals of the administration groups increased throughout the study period. During necropsy, fi ndings in the animals 
that died comprised few or several black erosions/ulcers in the glandular stomach and slight red discoloration of contents of the small 
intestine (500 mg/kg bw, two females; 300 mg/kg bw, two females). No macroscopic pathological abnormalities were noted in one 
animal of the 500 mg/kg bw group that died and in the surviving animals examined at the end of the observation period (300 mg/kg bw, 
four females; 50 mg/kg bw, six females).

b   Signs of toxicity, which were fi rst observed at 1 or 2 h after dosing in all groups, included sedation and ruffl ed fur. Other clinical obser-
vations, which were seen at 400 mg/kg bw and above, included curved body position, dyspnoea and diarrhoea.

c   No systemic clinical observations were noted in the animals. At the application site, very slight or well-defi ned erythema and a distinct 
brown discoloured application area were observed on days 1 and 2.

Table 15 (continued) 

both males and females, compared with controls, at study termination. Feed consumption was 
 decreased in the 1000 ppm group (males and females) only during the fi rst week of treatment, 
compared with controls. There were no effects on feed consumption or body weights in the other 
treatment groups.
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In the 1000 ppm group (males and females) and in the 500 ppm group (females only), haemo-
globin concentrations were lower than in the controls, indicating a slight anaemia for these animals. 
There were no other treatment-related effects on haematology. However, females of the two higher 
dose groups showed a dose-related decrease in plasma triiodothyronine (T

3
) and thyroxine (T

4
) levels, 

whereas treated males from the same groups showed a dose-related decrease in plasma T
4
 levels only. 

No other effects on thyroid hormone parameters were observed. A protocol amendment was added 
to measure liver and kidney weights in females, but not in males. The reason for the amendment is 
not specifi ed in the study report. However, it may be related to the reductions in haemoglobin that 
occurred at two dose levels in the females and were more pronounced than those that occurred at 
only one dose level in males. There were no treatment-related effects on organ weights in females. 
Microscopic examination of the liver and kidney of females revealed an increased incidence of iron 
deposition in Kupffer cells of the liver (haemosiderin) in six of six females in the 1000 ppm group 
and in four of six females in the 500 ppm group. Haemosiderin deposition was slightly increased 
in severity at 1000 ppm compared with 500 ppm. It was concluded that 500 ppm (75 mg/kg bw) 
should be selected as the high dose for an 18-month study, because it was associated with slight tox-
icity that would probably not alter the normal lifespan of animals. The no-observed-adverse-effect 
level (NOAEL) was 100 ppm (equivalent to 15 mg/kg bw per day), based on slight anaemia and 
h istopathological effects in the livers of females at 500 ppm.

The study was conducted prior to the implementation of GLP, but a QA statement was attached 
(Brown, 1987).

Rats

In a preliminary range-fi nding study, dithianon technical (batch/purity not reported) was fed 
to four groups of Sprague-Dawley rats (four of each sex per group) at a dietary concentration of 0, 
315, 1250 or 5000 ppm (equivalent to 0, 30, 119 and 476 mg/kg bw per day for both sexes) for 28 
consecutive days. Feed consumption and body weight were determined. The animals were examined 
regularly for mortality or signs of toxicity. After 4 weeks on test, surviving animals were subjected 
to gross pathological assessment, followed by histopathological examinations of the gastrointestinal 
tract. According to protocol, haematology and clinical chemistry parameters and organ weights were 
not measured. Animals in the 5000 ppm group exhibited a loss of body weight and markedly reduced 
feed consumption. Consequently, at 5000 ppm, seven of eight animals died during weeks 3 and 4. 
There was a decrease in overall body weight gain of 31% for males and 46% for females in the 1250 
ppm group compared with the controls, with a resultant decrease in mean absolute body weight at 
study termination. There was a reduction in feed consumption in the 1250 ppm group (males and 
females) during the fi rst half of the study, compared with controls, but feed consumption in this group 
recovered to near control levels during the second half of the study. There were no effects on body 
weights or feed consumption in the 315 ppm group. Macroscopic examination showed empty gas-
trointestinal tracts and lung congestion for animals in the 5000 ppm group that died during the study. 
At terminal necropsy, animals in the 1250 ppm group showed intestines containing liquid orange-col-
oured contents. There were no other abnormalities in any of the groups. Microscopic examination of 
the selected tissues revealed no treatment-related histopathological effects in any of the groups. The 
NOAEL for dithianon was 315 ppm (equivalent to 30 mg/kg bw per day), based on decreased overall 
body weight gains and decreased feed consumption for males and females at 1250 ppm. Based on 
these results, the highest dietary concentration of 1000 ppm was selected for use in a 2-year dietary 
toxicity study in order to avoid undue anorexia.

The study was pre-GLP, and no QA statement was attached (Wheldon & Frohberg, 1966). 

Dithianon technical (purity 92%; batch No. 15C/86) was fed to four groups of Sprague-Dawley 
rats (10 of each sex per group) for 90 days at a dietary concentration of 0, 30, 180 or 1080 ppm (equal 
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to 0, 2.5, 14.6 and 86.7 mg/kg bw per day for males and 0, 3.0, 16.3 and 99.5 mg/kg bw per day for 
females). Another group of 10 animals of each sex was assigned to a 4-week recovery period. This 
dose schedule was selected on the basis of a 14-day pilot study performed with dithianon dietary 
concentrations of 180, 1080, 1440 and 2160 ppm. At 1440 ppm, the body weights were decreased 
by 5% in the males and 18.6% in the females, and at 2160 ppm, by 31.8% in the males and 25.8% in 
the females, after 2 test weeks. In view of this, the highest dose selected was 1080 ppm in the 90-day 
study. Test substance/diet mixtures were freshly prepared each day. The age of male and female rats 
at the start of the study was 32–33 days and 34–35 days, respectively. Body weights at study initia-
tion were 91–124 g (males) and 89–124 g (females). Feed consumption, body weight and substance 
intake were determined weekly. Ophthalmoscopy was performed prior to treatment and at 13 weeks. 
The animals were examined for mortality or signs of toxicity at least once a day. During week 13 on 
test, the animals were subjected to a comprehensive clinical examination that included urinalysis, 
clinicochemical and haematological examinations. All animals were subjected to gross pathological 
assessment, followed by histopathological examinations.

No treatment-related mortalities occurred during the treatment period. No overt signs of toxic-
ity were observed that could be attributed to administration of the test material. Feed consumption 
values for males and females in all treated groups were comparable to those of controls during the 
treatment period. There were no treatment-related effects on body weight in the 30 or 180 ppm dose 
groups. Mean body weights at study termination were statistically signifi cantly lower in males and 
females receiving 1080 ppm, and overall body weight gains were decreased by 14% in males and 
11% in females, compared with controls.

An evaluation of haematological parameters showed that in animals of both sexes receiving 
1080 ppm, erythrocyte count, packed cell volume and haemoglobin concentration were slightly 
but statistically signifi cantly reduced, and the reticulocyte count was slightly but statistically sig-
nifi cantly increased, compared with controls. Other haematological parameters were within nor-
mal limits. An evaluation of clinical chemistry parameters showed slight increases in blood urea 
nitrogen in males and females (statistically signifi cant in males only) at 1080 ppm. Increases in 
total protein and albumin levels in males and decreases in T

4
 levels in males and in chloride lev-

els in females were also noted at 1080 ppm. T
3
 levels were statistically signifi cantly decreased in 

the males at all tested doses. The decrease in T
4
 levels was not considered to be toxicologically 

signifi cant because of the absence of any corresponding pathological fi ndings or thyroid gland 
weight changes. All animals showed normal urinary status following 90 days of treatment. For the 
1080 ppm group, absolute and relative (to body weight) kidney, liver and adrenal gland weights 
were elevated in males and females compared with controls, whereas absolute heart weight was 
statistically signifi cantly decreased in females in comparison with controls. Gross necropsy, oph-
thalmoscopy and microscopic evaluation performed by the original study pathologist revealed no 
treatment-related fi ndings after the 90-day exposure. However, an independent microscopic re-
evaluation of the kidney tissue sections from females in the 1080 ppm group (Grasso, 1991a) 
revealed tubular epithelial cell damage (hydropic degeneration) in 4 of 10 animals and tubular 
epithelial cell hyperplasia (tubular hyperplasia) in 2 of 10 animals, compared with 0 of 10 control 
animals for both fi ndings.

In conclusion, the NOAEL in rats fed dithianon for 90 days was 180 ppm (equivalent to 14.6 mg/
kg bw per day), based on decreased overall body weight gains, increased absolute and relative kidney, 
liver and adrenal gland weights, and changes in haematological and clinical chemistry parameters in 
males and females, as well as histopathological fi ndings of renal tubular epithelial cell degeneration 
and regenerative hyperplasia (females only), at 1080 ppm.

This GLP study was conducted according to OECD and USEPA test guidelines (Leuschner, 
1987, 1990a,b).
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Dogs

Dithianon technical (purity 92 ± 0.6%; batch No. 15 c/86) was fed to four groups of Beagle dogs 
(four of each sex per group) for 90 days at a dietary concentration of 0, 40, 200 or 1000 ppm (equal 
to 0, 0.63, 2.95 and 12.6 mg/kg bw per day, respectively, for males and 0, 0.67, 3.0 and 12.6 mg/kg 
bw per day, respectively, for females). The test substance/diet mixtures were prepared daily. At the 
beginning of the experiment, the dogs were 8 months (male) and 12 months (females) of age. Initial 
body weights were 9.2–11.6 kg (males) and 7.8–10.4 kg (females). Feed consumption and general 
health status of the animals were determined daily, and body weights were measured once a week. 
Clinical chemistry and haematological examinations were carried out once before treatment began 
and during weeks 6 and 13. Urinalyses were carried out before treatment and during weeks 5 and 
12. Ophthalmological examinations were carried out before dosing commenced and during week 13 
of treatment. All animals were subjected to complete gross and histopathological examinations, and 
selected organs were weighed. 

All animals survived up to study termination, and no overt signs of toxicity were observed 
that could be attributed to administration of the test material. For animals in the 1000 ppm group, 
feed consumption and body weight were slightly, but consistently, reduced throughout the study, 
compared with controls. Overall body weight gains were decreased during the treatment period for 
males and females at 1000 ppm. By study termination, the mean body weight gain in male and fe-
male controls was 1.1 kg (11% increase), whereas the mean body weight gain in 1000 ppm males 
was 0.1 kg (1% increase). The 1000 ppm females lost approximately 0.35 kg (4%) by study termina-
tion. There were no treatment-related effects on feed consumption, body weight or body weight gain 
in the other dose groups. There were no treatment-related effects on haematological or urinalysis 
parameters. Analysis of clinical chemistry parameters showed that alkaline phosphatase activity was 
statistically signifi cantly elevated in the 1000 ppm group in both males and females, compared with 
controls. In the 1000 ppm group, absolute and relative kidney weights were slightly and generally sta-
tistically signifi cantly increased in both males and females. However, as there were no macroscopic 
or microscopic changes in this organ that were attributable to treatment and because there were no 
corresponding blood or urinary clinical chemistry changes, slight increases in kidney weight were 
diffi cult to interpret as to their clinical signifi cance. Three addenda were submitted with this study 
(Leuschner, 1989, 1990c, 1991). None of the addenda changed the interpretation of the study, except 
one addendum noted that there was a statistically signifi cant increase in thromboplastin time for 
f emales at 1000 ppm. 

It was concluded that the subchronic (90-day) NOAEL for dithianon technical in dogs was 200 
ppm (equal to 2.95 mg/kg bw per day), based on a decrease in body weight (females only), decreased 
body weight gain (males) and decreased feed consumption, increases in alkaline phosphatase activ-
ity and kidney weights for males and females and an increase in thromboplastin time for females at 
1000 ppm. The study was conducted in compliance with GLP regulations of the United States Food 
and Drug Administration, the OECD and Japan. A QA statement was attached (Neuwann, 1987).

Four groups of Beagle dogs (four of each sex per group) were fed dithianon technical (purity 
92%; batch No. 15C/86) at a dietary concentration of 0, 40, 200 or 1000 ppm (equal to 0, 1.6, 7.3 and 
37.1 mg/kg bw per day, respectively, for males and 0, 1.6, 7.9 and 37.5 mg/kg bw per day, respec-
tively, for females) for 52 consecutive weeks. The age of the dogs at study commencement was 5–7 
months, including an acclimatization period of 5 weeks. At the start of treatment, the males weighed 
5.6–8.8 kg and females 5.45–8.6 kg. Diets were prepared once per week. Feed consumption for all 
groups, including the controls, was approximately 3-fold greater than in the 90-day study in dogs. 
Thus, dogs in the 52-week study received higher doses compared with dogs in the 90-day study. The 
differences in feed consumption between the 52-week and the 90-day studies may be related to the 
use of different diets. Feed consumption and the state of health of the animals were determined daily, 
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and body weights were measured once a week. Haematological examinations as well as urinalyses 
were carried out once before treatment began and during study weeks 13, 26 and 52. Clinical chem-
istry examinations were carried out once before treatment began and during study weeks 26 and 52. 
Ophthalmological examinations were carried out before the beginning of treatment and during study 
weeks 13 and 52. All animals were subjected to complete gross and histopathological examinations, 
and selected organs were weighed.

All animals survived to study termination, and there were no clinical observations that were 
considered to be related to treatment. Body weight gains for males and females at 1000 ppm were re-
duced by 20% and 15%, respectively, compared with controls, at week 13 of the study. Overall body 
weight gains for treatment weeks 1–52 were decreased by 20% in the males at 1000 ppm, compared 
with the controls. Females in the 1000 ppm group gained more weight than the controls during weeks 
26–52 of treatment (Tables 16 and 17), resulting in no effect on overall body weight gain at study 
termination. In the 1000 ppm group, there was a statistically signifi cant decrease in feed consump-
tion in males (13%) between weeks 1 and 13 of treatment. There were slight decreases in feed con-
sumption of approximately 7% during the remainder of the treatment period in males and females at 
1000 ppm. There were no treatment-related effects on body weight gain or feed consumption in the 
other t reatment groups. No treatment-related ocular lesions were observed.

Haematological evaluations (Table 18) revealed a mild anaemia at the 1000 ppm concentration 
in both sexes. This was characterized by slight reductions in haemoglobin concentration, red blood 
cell count and packed cell volume, which were apparent by week 13 of treatment and reached statisti-
cal signifi cance by week 26, compared with the controls. The reductions in red blood cell parameters 
were still present at week 52. At week 52, the 1000 ppm treatment level showed immature red blood 
cells in three of four males and in three of four females, and the mean platelet counts and white blood 
cell counts were slightly elevated (males only). In contrast, anaemia was not observed at the 1000 ppm 
level in the 90-day feeding study in dogs. The anaemia observed in males and females at 1000 ppm 
at week 13 in the 52-week study may be due to the approximately 3-fold greater feed c onsumption in 
the 52-week study, which resulted in a higher dose, compared with the 90-day study.

Clinical chemistry fi ndings (Table 19) consisted of statistically signifi cant increases in alkaline 
phosphatase activity at 1000 ppm in both sexes at weeks 26 and 52. There were no treatment-related 
effects noted in the urinalyses.

Organ weight data (Table 20) showed increases in absolute and relative liver, kidney and thy-
roid gland weights for males and females in the 1000 ppm group, compared with controls. For the 
liver and kidneys, these increases were statistically signifi cant, except for the absolute organ weights 
in males. For the thyroid glands, only the increase in relative organ weight in females was statistically 
signifi cant. Increases in thyroid gland weights, noted in Table 20 for 1000 ppm males and females, 
may be related to hepatic enzyme induction.

There were no treatment-related macroscopic fi ndings at necropsy. Microscopically, hepatocel-
lular hypertrophy was observed in the 200 ppm (females only) and 1000 ppm groups (males and fe-
males) (Table 21). In the absence of any degenerative changes in hepatocytes, this was considered to 
refl ect possible enzyme induction. For males and females at 1000 ppm, there were occasional foci of 
pigmented histiocytes (Kupffer cells) in the sinusoids, which stained positively for iron. In addition, 
a slight increase in brown pigment in the proximal tubular epithelial cells in the kidney was observed 
in the 200 ppm (females only) (although there is no statistically signifi cant variation in weight of 
kidney) and 1000 ppm groups (males and females).

In view of the above, the NOAEL for dithianon fed to dogs in their diet for 52 weeks was 
200 ppm, equal to 7.3 mg/kg bw per day, based on increases in kidney and liver weights in both sexes 
at 1000 ppm. 

The study was conducted in accordance with GLP standards as per the USEPA. A QA s tatement 
was attached (Clay, 1991).
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Table 16. Mean body weights of dogs after 13, 26 and 52 weeks of dithianon administration in 
the diet

Dietary concentration (ppm) Mean body weight (kg)

Males Females

Week 13 Week 26 Week 52 Week 13 Week 26 Week 52

0 10.01 10.41 11.05 8.73 9.36 9.33

40 9.56 9.94 10.30 8.16 8.95 9.38

200 10.40 11.19 11.30 8.28 8.55 8.73

1000 9.26 9.64 10.16 8.34 8.79 9.59

From Clay (1991)

Table 17. Body weight gain in dogs over selected intervals of dithianon administration

Dietary concentration (ppm) Mean body weight gain (kg)

Weeks 1–13 Weeks 13–26 Weeks 26–52 Weeks 1–52

Males

0 2.14 0.40 0.64 3.18

40 2.18 0.38 0.36 2.91

200 2.79 0.79 0.11 3.69

1000 1.71 0.38 0.53 2.61

Females

0 1.84 0.64 −0.04 2.44

40 1.76 0.79 0.43 2.98

200 1.60 0.28 0.18 2.05

1000 1.58 0.45 0.80 2.83

From Clay (1991)

(b)  Dermal application

Rats

In a 21-day dermal toxicity study in rats, dithianon technical (purity 92%; batch No. 15C/86) 
was suspended in polyethylene glycol 200 and applied dermally to Sprague-Dawley rats (fi ve of each 
sex per group) at a dose of 40, 200 or 1000 mg/kg bw per day for 6 hours per day for 22 consecu-
tive days. Control rats (10 of each sex per dose) received daily dermal doses of the vehicle alone. A 
dose volume of 4 ml/kg bw was applied to shaven skin, covered by a gauze patch held in place by 
an occlusive wrap of tin foil and an elastic bandage. At the end of each treatment period, test sites 
were wiped with moist gauze and dried. Animals were about 8–10 weeks old at the time of initiation 
of treatment; males weighed 286.9–359 g, and females, 186–223.9 g. Skin reactions were recorded 
daily. Feed consumption and body weight were determined weekly. The state of health was checked 
at least daily. Clinicochemical and haematological examinations of samples taken on day 23 were 
carried out. At necropsy, all animals were assessed by gross pathological examination, and selected 
organs were weighed. Histopathological examinations were also performed on all animals.

There were no mortalities during the study, and daily dermal exposure to dithianon at doses up 
to 1000 mg/kg bw per day did not cause any behavioural changes or clinical signs of toxicity. Animals 
receiving dithianon showed signs of skin irritation at the application site from about day 6. These signs 
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Table 18. Changes in haematological parameters after dietary administration of dithianon to 
dogs for 52 weeks

Dietary 
concentration 
(ppm)

Mean haematology values 

Males Females

Hb

(g/dl)

RBC

(106/mm3)

PCV

(%)

MCHC

(g/dl)

L

(%)

N

(%)

Hb

(g/dl)

RBC

(106/mm3)

PCV

(%)

MCHC

(g/dl)

L

(%)

N

(%)

Week 26

0 15.8 6.68 45.8 34.5 3.93 6.23 16.6 6.82 47.7 34.9 3.60 6.68

40 16.2 6.66 46.7 34.6 3.88 6.28 15.8 6.40 45.3 34.7 5.18* 7.73

200 15.9 6.60 46.4 34.4 4.35 7.43 15.8 6.42 45.5 34.7 3.95 7.40

1000 13.9* 5.86* 41.0* 33.9* 4.20 7.83 14.1** 5.88** 41.8** 33.7* 5.18* 10.08**

Week 52

0 16.5 7.41 48.9 33.8 3.10 5.58 17.9 7.64 52.2 34.4 3.63 7.03

40 17.04 7.38 50.2 33.9 3.45 7.38* 16.5 7.03 48.8 33.8 3.83 7.38

200 17.4 7.39 51.0 34.0 3.60 6.98 16.8 7.17* 49.2 34.2 3.30 7.00

1000 15.0 6.64* 45.4 33.1 4.25DR* 8.83* 14.3 6.23 43.5* 32.9* 4.20 8.10

From Clay (1991)
Hb, haemoglobin; L, lymphocytes; MCHC, mean corpuscular haemoglobin concentration; N, neutrophils; PCV, packed cell volume; 
RBC, red blood cells; * P < 0.05; ** P < 0.01; DR, signifi cant using the dose–response test

Table 19. Changes in clinical chemistry parameters after dietary administration of dithianon to 
dogs for 52 weeks 

Dietary concentration (ppm)

0 40 200 1000

M F M F M F M F

Week 26

AP (IU/l) 121 158 102 115 166 154 200DR* 338*

BUN (mg/dl) 16 18 13 17 14 15 12* 11***

Creatinine (mg/dl) 1.0 1.0 0.9 0.9 0.9 0.9 0.8** 0.8***

Total protein (g/dl) 5.3 5.5 5.4 5.6 5.8* 5.7 5.7 5.7

Albumin (g/dl) 3.4 3.5 3.4 3.5 3.6 3.6 3.6 3.6

Week 52

AP (IU/l) 94 147 89 77 98 113 186 265*

BUN (mg/dl) 15 16 11 15 15 14 11 11**

Creatinine (mg/dl) 1.0 1.0 0.9** 1.0 0.9 0.9* 0.8*** 0.8***

Total protein (g/dl) 5.9 5.8 5.9 6.1 6.3 5.8 6.3 6.1

Albumin (g/dl) 3.0 3.1 2.9 3.1 3.3 3.0 3.2DR* 3.1

From Clay (1991)
AP, alkaline phosphatase; BUN, blood urea nitrogen; F, female; IU, international units; M, male; * P < 0.05;** P < 0.01; *** P < 0.001; 
DR, signifi cant using the dose–response test
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Table 20. Mean organ weight after dietary administration of dithianon to dogs for 52 weeks

Dietary concentration (ppm)

0 40 200 1000 

M F M F M F M F

Body weight (g) 10 738 9200 10 075 9088 11 125 8638 10 025 9413

Adrenal (left)

Absolute weight (g) 0.549 0.668 0.615 0.612 0.530 0.585 0.588 0.608

Relative (to body) weight (%) 0.0051 0.0073 0.0061 0.0067 0.0048 0.0069 0.0059 0.0068

Adrenal (right)

Absolute weight (g) 0.620 0.689 0.616 0.649 0.503 0.600 0.588 0.601

Relative (to body) weight (%) 0.0058 0.0075 0.0061 0.0071 0.0045 0.0071 0.0059 0.0066

Kidney (left)

Absolute weight (g) 24.934 20.844 27.418 20.865 25.750 22.017 30.752 28.301*

Relative (to body) weight (%) 0.2319 0.2268 0.2720 0.2295 0.2330 0.2539 0.3079*** 0.3067**

Kidney (right)

Absolute weight (g) 24.259 20.486 26.314 21.533 25.552 21.449 30.586 25.936DR**

Relative (to body) weight (%) 0.2254 0.2234 0.2615 0.2372 0.2309 0.2480 0.3061*** 0.2805**

Liver

Absolute weight (g) 315.1 268.7 309.3 311.3 326.2 322.6 443.3 452.0DR*

Relative (to body) weight (%) 2.93 2.93 3.08 3.42 2.95 3.73 4.38* 4.81*

Testes (left)

Absolute weight (g) 10.529 — 10.202 — 9.851 — 10.351 —

Relative (to body) weight (%) 0.983 — 0.1015 — 0.0885 — 0.1029 —

Testes (right)

Absolute weight (g) 10.773 — 9.946 — 9.543 — 10.39 —

Relative (to body) weight (%) 0.1007 — 0.989 — 0.0857 — 0.1006 —

Ovary (left)

Absolute weight (g) — 0.569 — 0.805 — 0.438 — 0.916

Relative (to body) weight (%) — 0.0060 — 0.0088 — 0.0050 — 0.0110

Ovary (right) 

Absolute weight (g) — 0.456 — 0.631 — 0.438 — 0.601

Relative (to body) weight (%) — 0.0049 — 0.0070 — 0.0040 — 0.0073

Thyroid (left)

Absolute weight (g) 0.407 0.350 0.420 0.417 0.385 0.346 0.491 0.511

Relative (to body) weight (%) 0.0038 0.0039 0.0041 0.0045 0.0035 0.0040 0.0049 0.0054DR*

Thyroid (right)

Absolute weight (g) 0.424 0.351 0.378 0.347 0.388 0.363 0.463 0.481

Relative (to body) weight (%) 0.0040 0.0038 0.0037 0.0038 0.0035 0.0043 0.0047 0.0051DR*

From Clay (1991)
F, female; M, male; * P < 0.05; ** P < 0.01; *** P < 0.001; DR, signifi cant using the dose–response test

include erythema, oedema, atonia, fi ssuring and desquamation. At terminal sacrifi ce (day 23), body 
weight gain was reduced by 47% for males (only) receiving 1000 mg/kg bw per day, compared with 
controls. For females (only) at 1000 mg/kg bw per day, haematological parameters revealed a slight 
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anaemia, as indicated by slight decreases in red blood cell count, haemoglobin concentration and packed 
cell volume, compared with controls. For males and females, no treatment-related effects were noted for 
feed consumption, clinical chemistry and urinalysis parameters, absolute and relative (to body weight) 
organ weights or gross necropsy fi ndings. For females (only) at 1000 mg/kg bw per day, histopathology 
revealed slight nephrotoxicity, as indicated by increased incidences of regenerative basophilic tubules 
of moderate severity with occasional mitotic fi gures and luminal eosinophilic material.

In conclusion, the NOAEL in this 21-day dermal toxicity study was 200 mg/kg bw per day, 
based on decreased body weight change for males and on slight anaemia and histopathological e ffects 
in the kidneys of females at 1000 mg/kg bw per day (the highest dose tested).

The study was conducted prior to implementation of GLP. A QA statement was attached 
(Brown, 1989).

(c) Exposure by inhalation

Rats

In a 14-day inhalation study, three groups of Wistar rats (fi ve of each sex per group) were 
exposed via nose-only inhalation to dithianon technical (purity not reported) (administered as an 

Table 21. Histopathological data in dogs after administration of dithianon for 52 weeks 

Incidence of fi nding

Dietary concentration (ppm)

0 40 200 1000

M F M F M F M F

Number of animals examined 4 4 4 4 4 4 4 4

Liver

Hepatocyte pigment 4 4 4 4 4 4 4 4

Histiocyte pigment 0 0 0 0 0 0 3 3

Hepatocellular hypertrophy 0 0 0 0 0 4 4 4

Intracellular inclusions 0 0 0 0 0 0 0 1

Kidney

Mineralization 4 3 4 4 4 4 4 4

Pigment 4 1 3 1 4 3 4 4

Basophilic tubules 0 0 0 0 0 0 1 0

Focal nephropathy 0 0 1 0 0 0 0 1

Hyaline droplets 0 0 0 0 1 0 0 0

Testis

Atrophy 1 — 0 — 0 — 2 —

Orchitis 0 — 0 — 0 — 1 —

Thyroid

Leukocyte foci 2 0 1 0 0 0 0 0

Cyst 2 0 0 1 1 0 2 0

Lymphocytic thyroiditis 0 0 0 1 0 0 1 2

Parathyroid

Cyst 1 0 2 2 1 2 0 2

From Clay (1991)
F, female; M, male
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aerosol in water) for 6 hours per day, 5 days per week, for 2 weeks (total of 10 exposures) at a con-
centration of 110, 310 or 1070 mg/m3 (0.110, 0.310 or 1.070 mg/l) (gravimetric). Additionally, one 
control group of fi ve rats of each sex was exposed to fi ltered air, and another control group of fi ve 
rats of each sex was exposed to water (vehicle). An intermediate-dose recovery group of fi ve rats of 
each sex was exposed to dithianon technical at a concentration of 310 mg/m3 (0.310 mg/l) for 6 hours 
per day, 5 days per week, for 2 weeks and then allowed a 2-week recovery period. Rats were about 
7 weeks old at the start of the experiment.

Feed consumption was measured daily, whereas body weights were measured prior to expo-
sure, every fourth day and on the day of sacrifi ce. The animals were examined individually before 
and during the exposures and also following exposure each day. Animals in the recovery group were 
further examined daily during the observation period of 14 days to determine their general health, 
behaviour and condition. After 2 weeks on test, the animals were subjected to a comprehensive clini-
cal examination, which included urinalysis, clinicochemical and haematological examinations. All 
animals were subjected to gross pathological assessment, including organ weights of selected tissues, 
followed by histopathological examinations. The mass median aerodynamic diameters (MMADs) 
for all concentrations of dithianon technical tested were obtained during the second and fourth hours 
of each exposure. The MMADs for the 110, 310 and 1070 mg/m3 groups were 3.1, 3.5 and 4.1 µm, 
respectively. These particle size data indicate that respirable concentrations of the test material were 
administered to the test animals, thereby validating the delivery method used in this study.

Results from this study showed neither mortality nor treatment-related clinical signs of toxicity 
and no treatment-related effects on feed consumption, body weight or organ weights. Additionally, 
no treatment-related effects on haematological, clinical chemistry or urinalysis parameters and no 
treatment-related macroscopic or microscopic fi ndings were noted in this study. 

Based on these results, the no-observed-adverse-effect concentration (NOAEC) from this 
study is 1070 mg/m3 (1.07 mg/l) (gravimetric), the highest concentration tested. In addition, based 
on route-to-route extrapolation, the NOAEC of 1070 mg/m3 (1.07 mg/l) from the 14-day inhalation 
toxicity study in rats can be converted to a systemic NOAEL using the following equation:

 NOAEC (mg/l) × (% inhalation absorption) × breathing rate (l/h) × exposure time (h/day) / average body 
weight of the rat during the treatment period (kg) = NOAEL (mg/kg bw per day)

Assuming a 100% inhalation absorption value, a breathing rate for the Wistar rat of 8.46 litres 
per hour, an exposure time of 6 hours per day and an average body weight for the Wistar rat from 
the 14-day inhalation toxicity study of 0.0865 kg, a systemic NOAEL of 628 mg/kg bw per day is 
obtained:

(1.07 mg/l) × (1) × (8.46 l/h) × (6 h/day) / 0.0865 kg = 627.9 mg/kg bw per day

The study was conducted prior to implementation of GLP. A QA statement was not attached 
(Bhide, 1986).

2.3  Long-term studies of toxicity and carcinogenicity

Mice

A chronic dietary study was conducted to evaluate the effect of dithianon on the incidence and 
morphology of tumours following administration to mice for 80 weeks. Groups of Crl:CD-1(ICR)BR 
strain mice (51 of each sex per group) received dithianon technical (purity 92%; batch No. 15C/86) 
in the diet at a concentration of 0, 20, 100 or 500 ppm (equivalent to 0, 3, 15 and 75 mg/kg bw per 
day) for 80 consecutive weeks. Diets were prepared weekly. At the start of the study, the animals were 
46 days old and weighed 20.8–34 g (males) and 19.5–26.8 g (females). Feed consumption and body 
weight were determined once a week for the fi rst 16 weeks and at 4-week intervals thereafter. Water 
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consumption was determined daily during weeks 23–26. The animals were examined for mortality 
twice a day and for signs of toxicity once a day; moreover, comprehensive clinical examinations of 
the animals were performed once a week. Blood smears were prepared from all mice killed during 
the study and from all surviving mice at weeks 52 and 78 and at terminal sacrifi ce (week 80). At the 
end of the treatment period, all surviving animals were sacrifi ced and subjected to gross pathologi-
cal assessment, and selected organs were weighed. Histopathological examinations were performed 
on all control and high-dose animals and on animals that died during the study. In addition, lungs, 
liver and kidneys and any macroscopically abnormal tissues were examined from surviving low- and 
intermediate-dose animals. 

There was a slight increase in mortality during the last 25 weeks of the study in the males re-
ceiving 500 ppm, compared with the controls. There was no effect on mortality in females. Survival 
rates at study termination in the animals receiving 0, 20, 100 and 500 ppm were 73%, 75%, 71% and 
63%, respectively, for males and 80%, 86%, 71% and 82%, respectively, for females.

Females in the 500 ppm group had an increased incidence of fur staining, compared with the 
controls. There were no treatment-related effects on body weight gain, feed consumption or water 
consumption in males or females. Absolute and relative kidney weights were increased in a concen-
tration-related manner in the 100 and 500 ppm groups in males and females, and these increases were 
generally statistically signifi cant.

An evaluation of haematological parameters showed no treatment-related effects on differ-
ential white blood cell count. According to protocol, erythrocyte parameters were not measured. 
Microscopic examination revealed an exacerbation of spontaneous chronic nephropathy in males at 
500 ppm and in females at 100 and 500 ppm. For males at 500 ppm, there was an association between 
the observed kidney damage (chronic nephropathy) and an increased incidence of early mortality, 
indicating that the maximum tolerated dose (MTD) was exceeded at 500 ppm. There were no unu-
sual tumours noted in any of the treatment groups. The incidence and spectrum of the spontaneous 
background tumours observed were comparable among all groups.

In conclusion, the NOAEL for chronic toxicity was 20 ppm (approximately 3 mg/kg bw per 
day), based on increased absolute and relative kidney weights for males and females and an exacer-
bation of spontaneous chronic nephropathy for females at 100 ppm. Dithianon was not carcinogenic 
to mice at a dietary concentration of 500 ppm, which exceeded the MTD. Thus, the NOAEL for 
c arcinogenicity in this study was 500 ppm (equivalent to 75 mg/kg bw per day). 

This study was conducted in compliance with GLP, and a QA statement was attached (Brown, 
1990).

Rats

In a 2-year carcinogenicity study, Sprague-Dawley (Crl:CD(SD)BR) rats (70 of each sex per 
group) received diets containing dithianon technical (purity 92%; batch No. 15C/86) at a concentra-
tion of 0, 20, 120 or 600 ppm (equivalent to 0, 1, 6 and 30 mg/kg bw per day) for a period of 104 
weeks. Satellite groups of animals (20 of each sex per dose) were used in the chronic toxicity evalu-
ations. At the initiation of the study, the animals were 46–47 days old and weighed 162.7–254.8 g 
(males) and 135.9–199.2 g (females). Feed consumption and body weight were determined once a 
week for the fi rst 16 weeks and at 4-week intervals thereafter. Water consumption was determined 
daily for the satellite animals during weeks 44–47. The animals were examined for mortality and 
overt toxicity once a day, and comprehensive clinical examinations were performed once a week. 
Ophthalmological examinations were carried out prior to the start of the study and at week 102. 
Urinalyses, clinicochemical and haematological examinations were carried out during weeks 13, 26, 
52, 78 and 103 using 20 animals of each sex per group when possible. All animals were subjected to 
gross pathological assessment, and selected organs were weighed. Histopathological examinations 
were performed on all control and high-dose animals; animals that died during the study; lungs, liver, 
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kidneys and thyroid glands and any macroscopically abnormal tissues from low- and intermediate-
dose animals; and tissues from low- and intermediate-dose animals for any treatment-related changes 
that were noted in the high-dose group.

Survival rates at study termination for the animals receiving 0, 20, 120 and 600 ppm were 37%, 
43%, 29% and 29%, respectively, for males and 34%, 54%, 51% and 62%, respectively, for females. 
Clinical observations showed a progressive increase in the incidence of fur staining and rough hair-
coat during the course of the study in 600 ppm females. Body weight gain and feed consumption 
were slightly decreased in 600 ppm males during the initial months of the study. The overall body 
weight gain depression was approximately 12% for males receiving 600 ppm. In females receiving 
600 ppm, body weight gain and feed consumption were decreased throughout the duration of the 
study; overall body weight gain was depressed 25–32%, compared with controls, beginning at week 
13. This deviation indicated that the high dose level of 600 ppm exceeds the MTD for female rats 
(Tables 22 and 23). 

Haematological evaluations (Table 24) consistently showed slight decreases in haemoglobin, 
red blood cell counts and packed cell volume in animals receiving 600 ppm. Clinicochemical deter-
minations (Table 25) revealed consistent increases in γ-glutamyl transpeptidase in 600 ppm males to-
wards the end of the study. Blood urea nitrogen values were increased consistently in 600 ppm males 
and females beginning at week 52 as well as at week 13 for 600 ppm males. In addition, inorganic 
phosphorus concentration was increased in 600 ppm males at termination, compared with controls. 
There was a consistently decreased cholesterol concentration in animals receiving 600 ppm. At ter-
mination of the study, an assay of thyroid hormones (thyroid stimulating hormone, T

4
 and T

3
) showed 

a decreased T
3
 level, but not a decreased T

4
 level, in the 600 ppm male group. Urinalysis revealed an 

increase in epithelial cells on examination of urinary sediments in 600 ppm females at week 26 and 
an increased protein content in 600 ppm males and females during the second half of the study. Organ 
weight analysis (Table 26) showed that absolute and relative kidney weights and relative liver weights 
of 600 ppm animals were increased.

At terminal necropsy, a higher incidence of gross kidney lesions (pallor, cysts, masses and an 
irregular surface) was noted in the 600 ppm animals. Histopathological examination confi rmed that 
the kidney was the target organ for the toxicity of dithianon. The treatment-related renal effects con-
sisted of an exacerbation of a chronic and progressive glomerulonephropathy and tubular nephrosis, 
which occur spontaneously in rats. At the 600 ppm level, predominantly in males (16/69), the effects 
had progressed to end-stage kidneys with extensive cortical destruction. Although no statistically 
signifi cant treatment-related effects on survival were evident in male rats, the incidence of morbidity 
and mortality associated with renal and urogenital tract lesions (especially in males with end-stage 
kidneys) was increased at 600 ppm. In fact, half of the cases of end-stage kidneys in the 600 ppm 
males were considered to have been the primary cause of death. In addition, increased incidences of 
parathyroid hyperplasia, urogenital tract infections, aortic mineralization and arteritis in the testes 
and pancreas were observed at 600 ppm in males, which were probably secondary to the chronic renal 
effects (Table 27).

Data on the incidence of neoplastic changes in rats after chronic administration of dithianon 
are provided in Table 28. The incidence of renal adenoma and carcinoma was increased in high-dose 
females when compared with the respective control group.

For female rats, an independent review (Grasso, 1991b) of all female kidney sections from 
the rat carcinogenicity/chronic toxicity study was conducted. This evaluation showed that the high 
concentration level (600 ppm) in the rat carcinogenicity study induced tissue necrosis (increased in-
cidences of severe glomerulonephropathy [9/70 versus 0/70 in controls], glomerular sclerosis [21/70 
versus 4/70 in controls] and fi brosis [23/70 versus 3/70 in controls]) (Table 29). This re-evalua-
tion also revealed an increase in the incidence of chronic progressive nephropathy in 120 ppm and 
600 ppm females.
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Table 22. Mean body weight in rats after 72, 84 and 104 weeks of dithianon administration

Dietary
concentration
(ppm)

Mean body weight (g)

Males Females

Week 72 Week 84 Week 104 Week 72 Week 84 Week 104

0 681.4 695.4 647.1 422.7 457.6 463.9

20 688.2 705.3 676.2 428.1 454.8 458.8

120 689.5 705.1 692.0 434.9 459.1 475.6

600 655.5 648.7 589.5 338.6 364.0 371.9

From Brown (1991)

Table 23. Statistically signifi cant differences in body weight gain of rats after dithianon 
a dministration

Dietary concentration 
(ppm)

Sex Mean body weight (g)

Weeks 0–12 Weeks 12–24 Weeks 24–36 Weeks 36–48 Weeks 48–60

120 Males ** + — — — —

600 * + — — — —

120 Females * ** — — —

600 *** *** *** *** **

From Brown (1991) 
+ Increasing with dose; * P < 0.05; ** P < 0.01; *** P < 0.001

Table 24. Changes in haematological parameters after chronic administration of dithianon to 
rats

Parameter Dietary concentration (ppm)

0 20 120 600 

M F M F M F M F

Week 52

MCV (fl ) 55.5 58.3 54.7 58.7 54.0* 58.6 51.9*** 57.7

MCH (pg) 18.2 19.4 18.1 19.4 17.9 19.6 17.6 19.3

MCHC (g/dl) 32.8 33.3 33.1 33.1 33.1* 33.4 34.0*** 33.4

RBC (106/cm3) 8.24 7.28 8.11 7.29 8.17 7.10 8.23 6.96**

Hb (g/dl) 15.0 14.1 14.7 14.1 14.6 13.9 14.5 13.4***

PCV (%) 45.7 42.4 44.3 42.8 44.1* 41.6 42.6*** 40.1***

Week 103

MCV (fl ) 58.6 63.1 57.3 60.8** 58.1 61.2* 57.3 60.5**

MCH (pg) 19.6 21.4 19.2 20.7 19.5 20.9 19.2 20.6

MCHC (g/dl) 33.4 33.8 33.5 34.0 33.6 34.2 33.5 34.1

RBC (106/cm3) 7.63 7.10 7.58 7.13 7.68 7.02 7.00 7.01

Hb (g/dl) 14.9 15.1 14.5 14.7 15.0 14.7 13.3** 14.5

PCV (%) 44.7 44.6 43.3 44.3 44.5 42.9 39.7** 42.3

From Brown (1991)
F, female; Hb, haemoglobin; M, male; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration; 
MCV, mean corpuscular volume; PCV, packed cell volume; RBC, red blood cells; * P < 0.05; ** P < 0.01; *** P < 0.001
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The severity of the chronic progressive nephropathy was also increased in a concentration-related 
manner at 120 and 600 ppm. Furthermore, there was evidence of a secondary, proliferative syndrome, 
which was limited to the females receiving 600 ppm. The proliferative fi ndings consisted of a late 
manifestation of chronic tubular hyperplasia (atypical hyperplasia), preneoplastic lesions (proliferative 
tubules), benign tumours (tubular adenomas) and malignant tumours ( adenocarcinoma) (Table 30).

The NOAEL for the late proliferative process in which the atypical hyperplasia progresses 
to proliferative tubules and in turn to tubular adenomas and adenocarcinomas in female rats was 
120 ppm, compared with 600 ppm (highest dose tested) in male rats. Thus, for female rats, there 
was a steep dose–response relationship for the induction of neoplastic lesions. There were no other 
treatment-related tendencies observed in the type, distribution or incidence of other tumours.

The NOAEL for chronic toxicity was 20 ppm (equivalent to 1 mg/kg bw per day), based on 
histopathological kidney lesions (females) at 120 ppm. The NOAEL for carcinogenicity was 120 ppm 
(equivalent to 6 mg/kg bw per day), based on increased incidences of preneoplastic lesions (prolif-
erative tubules), benign tumours (tubular adenomas) and malignant tumours (adenocarcinomas) in 
females at 600 ppm (equivalent to 30 mg/kg bw per day).

Importantly, the proliferative process in female rats demonstrates a progression of hyperpla-
stic and preneoplastic lesions to neoplasia following long-term exposure to the compound at an 

Table 25. Changes in clinical chemistry parameters after chronic administration of dithianon to rats

Parameter Dietary concentration (ppm)

0 20 120 600 

M F M F M F M F

Week 52

GGT (IU/l) 3 3 3 2 6 4 7 3

BUN (mg/dl) 13 16 13 17 12 16 14** 20**

Cholesterol (mg/dl) 128 143 135 134 135 136 97** 90***

AP (IU/l) 110 56 118 52 147* 51 109 52

P (mg/dl) 4.7 3.5 4.9 3.9 5.0 3.7 5.0 4.1

Glucose (mg/dl) 76 109 95 118 101** 125 117*** 110

CPK (IU/l) 652 279 542 360 360 222 270* 270

Week 103

GGT (IU/l) 6 5 7 5 7 4 14** 8

BUN (mg/dl) 16 14 15 14 16 15 19** 19*

Cholesterol (mg/dl) 90 90 109 105 106* 91 82 75*

AP (IU/l) 89 48 105 41 131 51 101 67

P (mg/dl) 4.5 4.6 4.6 4.0** 4.7* 4.7 6.0*** 4.9

Glucose (mg/dl) 72 74 91* 88* 89* 88* 105*** 88*

CPK (IU/l) 520 569 563 491 240** 562 178** 327

Week 105

T
3
 (ng/dl) 55.2 58.6 54.8 62.3 46.4 63.6 36.6** 49.1

T
4
 (g/dl) 2.2 1.6 2.0 1.6 2.5 1.8 2.1 1.4

TSH (ng/ml) 3.1 2.2 3.1 1.9 2.1 2.2 4.1 2.3

From Brown (1991)
AP, alkaline phosphatase; BUN, blood urea nitrogen; CPK, creatine phosphokinase; GGT, γ-glutamyl transferase; IU, international units; 
P, phosphorus; T

3
, triiodothyronine; T

4
, thyroxine; TSH, thyroid stimulating hormone; * P < 0.05; ** P < 0.01; *** P < 0.001
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Table 26. Variations in organ weights after chronic administration of dithianon to rats

Dietary concentration (ppm)

0 20 120 600

M F M F M F M F

Body weight (g) 621.9 453.0 605.0 455.0 671.4 415.3 545.2** 321.4***

Liver

Absolute weight (g) 14.139 10.539 13.726 10.177 14.698 9.502 15.130 10.316

Relative (to body) weight (%) 2.2740 2.3459 2.2800 2.2458 2.2260 2.2927 2.8233** 3.2884**

Kidney (left)

Absolute weight (g) 1.724 1.199 1.703 1.182 1.849 1.169 1.994 1.413

Relative (to body) weight (%) 0.2769 0.2679 0.2828 0.2672 0.2851 0.2880 0.3741*** 0.4544***

Kidney (right)

Absolute weight (g) 1.870 1.225 1.697 1.211 1.848 1.219 2.030 1.603

Relative (to body) weight (%) 0.3009 0.2737 0.2815 0.2737 0.2843 0.2981 0.3791*** 0.5052***

Adrenal (left)

Absolute weight (g) 0.037 0.049 0.039 0.039 0.082 0.035 0.041 0.037

Relative (to body) weight (%) 0.0060 0.0112 0.0064 0.0086 0.0109 0.0085 0.0079 0.0119

Adrenal (right)

Absolute weight (g) 0.032 0.065 0.047 0.038 0.035 0.030 0.037 0.043

Relative (to body) weight (%) 0.0051 0.0147 0.0077 0.0084 0.0053 0.0072 0.0070 0.133

Brain

Absolute weight (g) 2.252 2.016 2.213 2.009 2.231 1.999 2.247 1.984

Relative (to body) weight (%) 0.3625 0.4453 0.3670 0.4561 0.3441 0.4934 0.4234* 0.6301***

Testis (right)

Absolute weight (g) 2.014 — 1.531 — 1.989 — 1.607 —

Relative (to body) weight (%) 0.325 — 0.2512 — 0.3135 — 0.2869 —

Testis (left)

Absolute weight (g) 2.005 — 1.629 — 1.784 — 2.232 —

Relative (to body) weight (%) 0.3215 — 0.2673 — 0.2833 — 0.3933 —

Ovary (right)

Absolute weight (g) — 0.037 — 0.095 — 0.043 — 0.034

Relative (to body) weight (%) — 0.082 — 0.0208 — 0.0103 — 0.0102

Ovary (left)

Absolute weight (g) — 0.070 — 0.066 — 0.037 — 0.106

Relative (to body) weight (%) — 0.154 — 0.138 — 0.089 — 0.0335

Thyroid (left)

Absolute weight (g) 0.022 0.016 0.021 0.016 0.017 0.015 0.025 0.014

Relative (to body) weight (%) 0.0035 0.0039 0.0030 0.0039 0.0028 0.0033 0.0041 0.0042

Thyroid (right)

Absolute weight (g) 0.038 0.014 0.021 0.015 0.019 0.016 0.028 0.014

Relative (to body) weight (%) 0.0054 0.0032 0.0030 0.0034 0.0031 0.0034 0.0046 0.0045

From Brown (1991)
F, female; M, male; * P < 0.05; ** P < 0.01; *** P < 0.001
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e xcessively toxic dose (600 ppm), which exceeded the MTD. Moreover, the histological morphology 
depicting the cell of origin (proximal tubular epithelial cell) is common to all of the proliferative le-
sions (i.e. atypical hyperplasia, proliferative tubules, tubular adenoma and adenocarcinoma). More-
over, it appears likely that a secondary mechanism involving repeated episodes of nephrotoxicity in 
female Sprague-Dawley rats eventually leads to the induction of kidney tumours following long-term 
(2-year) dietary exposure to dithianon at a concentration exceeding the MTD. The results from the 
two short-term mechanistic studies cited in section 2.6 and the 90-day subchronic and 2-year carcino-
genicity rat studies support the weight of evidence that the increased incidence of kidney tumours in 
female rats occurs at an excessively toxic dose and is a secondary proliferative response to this tox-
icity. It was considered that this mechanism is not relevant to humans at potential levels of e xposure 
to dithianon. 

The study complied with GLP requirements, and a QA statement was attached (Brown, 1991; 
Grasso, 1991b). 

Table 27. Non-neoplastic fi ndings in rats after chronic administration of dithianon

Dietary concentration (ppm)

0 20 120 600

M F M F M F M F

Kidney and urinary tract

Renal lesion as cause of demise 0/44 0/46 0/40 0/33 0/50 0/34 11/50 0/28

Urogenital tract lesion as cause of demise 2/44 1/46 0/40 0/33 0/50 1/34 6/50 0/28

Aorta

Mineralization 1/70 0/69 0/39 0/33 0/50 0/34 6/70 0/70

Seminal vesicle

Vesiculitis 3/68 — 2/43 — 2/48 — 11/69 —

Parathyroid

Hyperplasia 0/66 0/69 0/65 0/66 0/64 0/64 8/65 0/64

Prostate

Prostatitis 6/70 — 5/40 — 6/49 — 14/69 —

Testis

Atrophy 16/70 — 13/47 — 6/54 — 23/70 —

Arteritis 2/70 — 1/47 — 3/54 — 17/70 —

Leydig cell hyperplasia 2/70 — 4/47 — 2/54 — 6/70 —

Pancreas

Arteritis 2/69 0/67 0/39 0/33 0/50 1/32 8/69 1/69

Fatty atrophy 1/69 2/67 0/39 2/33 1/50 0/32 5/69 1/69

Kidney

Glomerulonephropathy 19/70 18/70 25/68 25/68 23/70 33/70 25/69 40/69

Tubular nephrosis 0/70 0/70 0/68 0/68 0/70 3/70 31/69 29/69

Proliferative tubules 0/70 0/70 0/68 0/68 0/70 3/70 0/69 9/69

End-stage kidney 0/70 0/70 0/68 0/68 0/70 0/70 16/69 2/69

Cyst formation 2/70 3/70 1/68 0/68 1/70 0/70 11/69 3/69

From Brown (1991)
F, female; M, male
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Another independent review of all kidney slides from the 2-year carcinogenicity study in rats 
was performed by Dr Gordon Hard, a pathology expert with special expertise in nephrotoxicity, to 
get a more detailed picture of the type of histopathological changes induced in the rat kidney after 2 
years of dietary treatment. The aim of the review was to provide a more detailed histological descrip-
tion based on in-depth microscopic examination and to attempt to defi ne a mode of action underlying 
the observed increase in tumour incidence occurring only in the high-dose female rats. Kidneys from 
all animals in the control, low-dose, mid-dose and high-dose female groups and control and high-
dose male groups were examined. Kidneys from a major portion of the mid-dose males were also 
e valuated, as well as those from the two renal tumour–bearing low-dose males.

In the review of the histopathological kidney slides, fi ndings in females were in accordance 
with the fi ndings in the original study with regard to tumour incidence. A single adenoma was ob-
served in 10 of 69 high-dose females. A renal tubule carcinoma was diagnosed in two females of the 
high-dose group, both of which also had an adenoma. In one animal, a small proliferative lesion was 
borderline between atypical tubule hyperplasia and incipient adenoma, and a single focus of atypical 
tubule hyperplasia was observed in a further two animals. The renal tubule tumours appeared to show 
a similar morphological pattern of attempted tubular differentiation within lobular clusters, suggest-
ing a common mode of initiation and subsequent pathogenesis. Furthermore, foci of atypical tubule 

Table 28. Neoplasms (benign and malignant) that occurred in rats after chronic administration 
of dithianon

Incidence of neoplasms

Dietary concentration (ppm)

0 20 120 600

M F M F M F M F

Kidney 

B-adenoma 0/70 0/70 1/68 0/68 0/70 0/70 0/69 10/69

M-carcinoma 0/70 0/70 1/68 0/68 0/70 0/70 0/69 2/69

M-sarcoma 0/70 1/70 0/68 0/68 0/70 0/70 0/69 0/69

B-lipomatous tumour 0/70 0/70 2/68 0/68 0/70 0/70 1/69 0/69

N-metastatic tumour 0/70 2/70 1/68 1/68 1/70 0/70 2/69 0/69

Skin

Squamous cyst 6/70 1/70 7/58 1/56 4/62 0/51 11/70 1/70

B-papilloma 5/0 1/70 10/58 2/56 3/62 0/51 13/70 0/70

Seminal vesicle

N-metastatic tumour 0/68 — 0/43 — 0/48 — 1/69 —

Testis

B-Leydig cell tumour 7/70 — 5/47 — 3/54 — 7/70 —

Prostate

N-metastatic tumour 0/70 — 0/40 — 0/49 — 1/69 —

Parathyroid

B-adenoma 1/66 1/69 0/65 0/66 1/64 0/64 1/65 0/64

Pancreas

B-islet cell adenoma 6/69 1/67 2/39 1/33 3/50 2/32 1/69 2/69

From Brown (1991)
B, benign; F, female; M, male; malignant; N, lymph node
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hyperplasia and adenomas of small size were located within the outer stripe of outer medulla, which 
conformed with the site of compound-related tubule change. Dithianon exposure in the high dose 
group females was associated with nephrosis localized to the proximal part of the straight segment 
or P3 of the proximal tubule, mainly in the outer part of the outer stripe of outer medulla and in the 
medullary rays. Changes consisted of scattered cells with enlarged nuclei (usually with hypertro-
phied nucleoli), most being 2–3 times larger than normal, but with a few that were very large and rep-
resented karyomegaly (4 times larger or more). Although the nuclear change was relatively frequent, 
it was not scattered diffusely through all tubules of the outer stripe of outer medulla; instead, several 

Table 29. Incidence of kidney lesions in female rats after chronic administration of dithianon

Incidence (number of lesions observed)

Dietary concentration (ppm)

0 20 120 600

No. of tissues examined 70 70 70 70

Atypical hyperplasia 0 0 4 10

Proliferative tubules 0 0 0 6

Adenoma 0 0 0 7

Adenocarcinoma 0 0 0 2

Transitional cell carcinoma 0 0 0 1

Eosinophilic inclusions 0 2 3 9

Glomerular sclerosis 4 6 5 21

Glomerular fi brosis 3 5 3 23

Glomerulonephropathy

- Minimal 42 42 41 24

- Mild 16 10 15 20

- Moderate 7 9 7 10

- Severe 0 1 0 9

From Grasso (1991b)

Table 30. Incidence of proliferative lesions in the kidneys of female rats (re-evaluation of female 
kidney sections)

Incidence (number of lesions observed)

Dietary concentration (ppm)

0 20 120 600

No. of tissues examined 70 70 70 70

Microscopic observations

Basophilic tubulesa 24 24 34 39

Atypical hyperplasia 0 0 4 10

Proliferative tubules 0 0 0 6

Adenoma 0 0 0 7

Adenocarcinoma 0 0 0 2

From Grasso (1991b)
a  Associated with chronic progressive nephropathy.
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enlarged nuclei were present together in specifi c tubules, but not in neighbouring P3 tubules. In ad-
dition, examination of the P3 tubules revealed the presence of occasional nuclear fragments within 
condensed hyaline cytoplasm in the P3 lumen, representing degenerate cells, and an occasional P3 
cell undergoing mitosis. In comparison with the control females, chronic progressive nephropathy 
was exacerbated in the high-dose females, with a mode of severity at grade 3, but (in contrast to the 
high-dose males) with only one animal having an end-stage kidney. In the mid-dose females, similar 
renal damage was not observed. In accordance with the original study report, no renal tubule tumours 
were present in this group. Contrary to the re-evaluation of Grasso (1991b), no foci of atypical tubule 
hyperplasia were observed in the mid-dose females. In low-dose females, kidney slides were not dif-
ferent from those of the control animals.

In male rats, the major fi nding in the high-dose animals was exacerbated chronic progressive 
nephropathy. The direct treatment-related effect was limited to the outer stripe of outer medulla, as 
in the females. The majority of high-dose males had either patent (open) P3 tubules as a variation 
from normal or obviously dilated P3 tubules. In a few cases, there were narrow tracts of strongly 
dilated tubules (representing P3 tubules) with more fl attened epithelial lining and sometimes modest 
thickening of the basement membrane running through the outer stripe of outer medulla. In addition, 
there was a scatter of cells with minimal to mild nuclear enlargement in the P3 tubules of most high-
dose males. The extent of nuclear enlargement in male kidney was limited and not as prominent as 
in the high-dose females. Nuclei of the dimensions constituting karyomegaly were not seen. In rats 
with end-stage kidney, some of the tubules of the outer stripe of outer medulla were widely dilated or 
cystic. In mid-dose males, no treatment-related fi ndings were noted. In low-dose males, two animals 
had a renal tubule tumour, one with an adenoma and one with a carcinoma. Both of these tumours 
had a distinctive appearance of amphophilic/vacuolar and lobular morphology (unlike the high-dose 
female tumours). This distinctive phenotype recently has been identifi ed as a spontaneous neoplasm 
unrelated to chemical treatment. Therefore, these tumours had no relationship to those occurring in 
the high-dose female group.

Details of the distribution provided by the reviewer with regard to chronic progressive neph-
ropathy are presented in Table 31. Chronic progressive nephropathy was much more prominent in 
males than in females and was considered not to be treatment related.

The mode of action involving key histopathology events leading to the development of renal 
tubule tumours exclusively in the high-dose female rats receiving 600 ppm of dithianon in the diet 
for 2 years appeared to involve nuclear enlargement with chronic cell loss and sustained cell prolif-
eration localized to the P3 segment of proximal tubule in the outer stripe of outer medulla. Both the 
observed compound-related nephrosis and the increased incidence of renal tumours were restricted 
to the high-dose females, and there was concordance between the site of chronic injury and the site 
of tumour development. This mode of action is compatible with a non-genotoxic pathway of renal 
tumour development, implying a threshold. The histological re-evaluation indicated that 120 ppm 
was a no-observed-effect level (NOEL) for lesions associated with tumour development, but 20 ppm 
was a NOAEL for exacerbation of chronic progressive nephropathy, a rat-specifi c disease process not 
considered by the reviewer to be an expression of nephrotoxicity (Hard, 2009).

2.4 Genotoxicity

Dithianon was evaluated for its potential genotoxicity in a battery of 11 genotoxicity studies, 
5 of which were in vitro studies and 6 were in vivo studies (Table 32). Most of the studies complied 
with GLP, and QA statements were attached.

On the basis of these studies, dithianon is concluded not to have mutagenic or genotoxicity 
properties either in vitro or in vivo.
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2.5  Reproductive toxicity

(a)  Multigeneration studies

Rats

In a two-generation reproduction study, dithianon technical (purity 91.6%; batch No. 15C/86) 
was administered to Crl:CD(SD)BR strain Sprague-Dawley rats (28 of each sex per group and 25 of 
each sex per group in the P and F

1
 generations, respectively) at a dietary concentration of 0, 35, 200 

or 600 ppm during the premating (100 days), mating, gestation and lactation periods. At the start of 
the treatment, animals were 6 weeks old and weighed 163–207 g (males) and 121–166 g (females). 
The dietary concentrations were selected based on the results of a 90-day feeding study in rats, which 
showed decreased overall body weight gains, increased kidney, liver and adrenal gland weights and 
changes in haematological and clinical chemistry parameters for males and females and histopatho-
logical fi ndings in the kidney in females at 1080 ppm. The dams (P generation) were allowed to rear 
their offspring (F

1a
 generation) until weaning. The F

1
 parental animals were selected from the F

1a
 off-

spring and treated for a 100-day premating period and then mated. The F
1
 parental animals were also 

allowed to rear their offspring (F
2a

 generation) until weaning. The litters for the F
1a

 and F
2a

 generations 
were culled on postnatal day 4 to a maximum of eight pups per litter. Feed consumption of the P and 
F

1
 parents was determined weekly up to the mating period. After mating, female feed consumption 

was determined on days 0, 7, 14 and 20 of gestation and on days 1, 4, 7 and 14 postpartum. 

For P and F
1
 generation males treated with 35, 200 or 600 ppm dithianon in their diets, mean 

compound intake at the time of mating (week 14) was estimated to be equal to 1.7, 9.0 and 27.6 mg/
kg bw per day, respectively. For females of both generations, mean compound intake at the time 
of mating was comparable to that during gestation and was estimated to be equal to 2.1, 11.4 and 
34.9 mg/kg bw per day, respectively. During lactation, compound consumption increased for females 
of both generations. On average, dithianon consumption during lactation for P and F

1
 females treated 

with 35, 200 and 600 ppm was 4.5, 22.3 and 72.6 mg/kg bw per day, respectively (Table 33). 

In general, body weights of P and F
1
 parents were determined once weekly during the premat-

ing and mating periods. P/F
1
 females were weighed on days 0, 7, 14 and 20 of gestation and on days 

Table 31. Group distribution of chronic progressive nephropathy severity 

Dietary
concentration
(ppm)

Total number of 
rats in group

Total number of 
rats gradeda

Number of rats with chronic progressive nephropathy 
grade of severity

0 1 2 3 4 5 6

Females

0 70 65 6 36 14 9 0 0 0

20 70 68 11 28 14 9 6 0 0

120 70 68 4 21 21 17 5 0 0

600 70 68 0 15 19 27 5 1 1

Males

0 70 66 4 20 29 10 2 1 0

20 70 na na na na na na na na

120 70 45 3 16 14 10 1 1 0

600 70 66 0 6 14 18 10 2 16

From Hard (2009)
na, not assessed for chronic progressive nephropathy 
a   Excludes rats that could not be graded for chronic progressive nephropathy because of other intercurrent disease process or postmortem 

autolysis. 
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1, 4, 7, 14 and 21 after birth. The F
1
 and F

2
 pups were weighed on the day of or the day after birth and 

on days 4, 7, 14 and 21 postpartum.

The state of health of parents and pups was checked at least once each day, and parental animals 
were examined for their mating and reproductive performances. Pups were sexed and evaluated as to 
health, and pup viability was recorded. All pups were examined macroscopically at necropsy. All P 
and F

1
 parental animals were assessed by gross pathology (including testes and epididymides weight 

Table 32. Results of genotoxicity studies on dithianon

Test system Assay/strain/species Batch No., 
purity (%)

Result Reference

Gene mutation in 
bacterial cellsa

Ames mutagenicity test, Salmo-
nella typhimurium TA98, TA100, 
TA1535, TA1537, TA1538

15C/86, 92 Negative Mueller (1986, 
1993) 

Gene mutation in 
mammalian cells

HGPRT mammalian cell muta-
tion, V79 Chinese hamster cells

30/84, 94.7 Negative Miltenburger 
(1984a,b, 1993)

Gene mutation in 
mammalian cells

HGPRT mammalian cell muta-
tion, V79 Chinese hamster cells

15C/86, 90 Negative without S9; 
equivocal with S9 (posi-
tive responses only at cyto-
toxic doses that exceeded 
target cytotoxicity)

van de Waart 
(1993a)

Cytogenetic tests Chromosomal aberration assay, 
V79 Chinese hamster cells

15C/86, 92 Positive at cytotoxic con-
centration

Heidemann (1988)

DNA damage and 
repair

Unscheduled DNA synthesis, 
Wistar CF HB rat hepatocytes

15C/86, 92 Negative Timm (1986)

Cytogenetic tests Micronucleus, EMD: 
NMRI(SPF) mice

162/83, 
purity not 
stated

Negative Schulze Schencking 
& Unkelbach (1984)

Chromosomal 
d amage 
(c lastogenicity)

Micronucleus, Wistar rat DT2008-
3473, 95.5

Negative Schulz,& Landsiedel 
(2009a)

Chromosomal 
a berration 

Bone marrow cells of Wistar rat 15C/86, 
91.6

Negative Voelkner (1990, 
1993)

DNA damage and 
repair

Comet assay, Wistar ratb DT2008-
3473, 95.5

Equivocal Schulz & Landsiedel 
(2009b); Schulz & 
Mellert (2009a)

Potential for DNA 
binding

Covalent binding index, 
Sprague-Dawley ratc

903-1101,

> 95

Negative Sagelsdorff (2009)

Potential to induce 
DNA repair synthesis

Unscheduled DNA synthesis, 
Wistar rat

DT2008-
3473, 95.5

Negative Schulz & Mellert 
(2009b) 

DNA, deoxyribonucleic acid; S9, 9000 × g rat liver supernatant 
a   Because of cytotoxicity observed with several of the bacterial strains (some cultures with no viability at the highest doses tested), the 

experiment was repeated with lower dose levels.
b   In the present comet assay in kidney cells of male and female Wistar rats in vivo, single oral administration of dithianon did not lead 

to a clear and reproducible increase in the mean relative tail intensity at any dose level or exposure time. Increased levels of DNA 
damage observed only in single female rats are considered to be due to secondary effects induced by organ toxicity that is known to be 
expressed at more pronounced levels in the female than in the male rat with special patterns of cellular degeneration in the female rat 
kidney. Thus, under the experimental conditions of this study, dithianon is considered to be equivocal with respect to DNA damaging 
potential in the comet assay using kidney cells of male and female Wistar rats in vivo.

c   No DNA adduct formation could be detected in the liver or in the kidney of female rats after treatment with [ring-14C]- or [cyano-14C]-
dithianon at a limit of detection of about 0.1 covalent binding index. This maximum possible DNA binding ability of dithianon is more 
than 5 orders of magnitude lower than the corresponding value for the strong genotoxic compound afl atoxin B

1
 and more than 4000 

times lower than the covalent binding index for the genotoxic compound 2-acetylaminofl uorene. [3H]Acetylaminofl uorene showed lev-
els of DNA binding that were well within the expected range, thus confi rming the sensitivity of the test system. Under the experimental 
conditions of this assay, dithianon was not considered to have DNA binding–mediated genotoxic potential.
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determination) and subjected to a histopathological examination of the organs of the r eproductive 
system. 

There were no treatment-related mortalities observed for either generation of parental animals. 
No treatment-related clinical signs were observed at any stage of the study. During the premating 
period, there were decreases in overall body weight gain for parental animals of the P generation 
(8.3% for males, 4.3% for females) and F

1
 generation (4.3% for males, 3.9% for females) at 600 ppm, 

compared with the controls. The decreases in overall body weight gain were statistically signifi cant 
for the P generation males. Feed consumption was slightly decreased during the premating period 
for males and females in the P and F

1
 parental animals at 600 ppm. In the 600 ppm group, feed con-

sumption for the P females was also reduced during the gestation period, compared with the controls 
(Tables 34–36). 

There were no effects of treatment on mating performance or fertility indices for the P and F
1
 

parental animals. There were no treatment-related effects on gestational length, pup sex ratio, pup vi-
ability at birth and at weaning, and pup body weights for either generation. There were also no effects 
on physical or functional development of the offspring. At necropsy, no treatment-related macroscopic 
effects were observed in the parental animals or in the pups. There were no effects on the weight of the 
testes or the epididymides in the P or F

1
 parental males; these were the only organs weighed. No treat-

ment-related histopathological fi ndings were observed in the reproductive organs of P and F
1
 parental 

animals. Furthermore, no treatment-related malformations were observed in the F
1a

 or F
2a

 pups.

Based on these results, the NOAEL for parental toxicity was 200 ppm (approximately 9 mg/
kg bw per day), based on reductions in body weight gain and feed consumption for P and F

1
 paren-

tal animals at 600 ppm. The NOAEL for fertility and reproductive function was 600 ppm (equal to 
27.6 mg/kg bw per day), the highest concentration tested. 

The study complied with GLP requirements, and a QA statement was attached (Osterburg, 
1991).

(b)  Developmental toxicity 

Rats

In a preliminary oral (gavage) embryotoxicity study, dithianon technical (purity 91.6%; batch 
No. 15C/86) was administered by intragastric intubation to groups of eight sexually mature and 

Table 33. Mean dithianon intake for P and F
1
 generation animals

Dietary 
concentration (ppm)

Mean dose (mg/kg bw per day)

Premating period 
(males)

Premating period 
(females)

Gestation period 
(females)

Lactation period 
(females)

Week 1 Week 14a Week 1 Week 14a Week 1 Week 3 Week 1 Week 3

P generation

35 3.2 1.6 3.2 2.1 2.1 2.1 3.4 5.8

200 18.1 8.8 18.5 11.8 11.7 11.1 17.7 29.9

600 52.2 26.9 53.4 34.8 35.0 33.8 55.3 91.9

F
1
 generation

35 3.5 1.8 3.6 1.9 2.1 2.0 3.1 5.6

200 20.4 9.1 21.0 11.2 11.7 11.1 15.6 26.0

600 61.1 28.3 59.6 34.6 37.4 33.5 55.6 87.8

From Osterburg (1991)
a  Week 14 of the premating period was the last week prior to mating.
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Table 34. Mean body weight and feed consumption data for P males during the premating and 
mating periodsa

Dietary concentration (ppm)

0 35 200 600

Number of rats dosed 28 28 28 28

Mean body weight (g)

- Day 1 182.8 183.7 181.9 182.6

- Day 43 410.6 407.9 408.0 389.2* 

- Day 99 518.6 521.9 518.3 490.3*

- Day 120 537.3 540.0 539.5 508.5*

- Days 1–99 335.8 338.2 336.4 307.4*

Mean feed consumption (g)

- Days 1–3 18.0 18.0 17.7 18.1

- Days 8–10 24.6 24.2 24.1 22.8**

- Days 43–45 28.6 28.1 28.0 26.0**

- Days 99–101 26.8 26.1 26.0 24.8**

From Osterburg (1991)
Signifi cantly different from the vehicle control values: * P < 0.05; ** P < 0.01
a  Premating period: days 1–99 from the beginning of the study; mating period: days 100–120 from the beginning of the study.

Table 35. Mean body weight and feed consumption data for P females during the premating, 
gestation and lactation periods

Dietary concentration (ppm)

0 35 200 600

Premating period (days 1–99 from the beginning of the study)

Number of rats dosed 28 28 28 28

Mean body weight (g)

- Day 1 139.3 140.6 140.2 138.3

- Day 43 223.8 229.2 239.0** 219.2

- Day 99 259.7 266.8 281.0** 252.5

- Days 1–99 119.5 126.2 140.8** 114.3

Mean feed consumption (g)

- Days 1–3 14.6 14.7 14.4 13.9

- Days 8–10 16.9 16.9 17.7 16.2

- Days 43–45 20.9 18.6 20.0 17.3

- Days 99–101 18.8 18.2 17.4 16.0**

Gestation period (gestation days 0–20)

Number of rats dosed 27 27 26 26

Mean body weight change (g) 105.91 105.36 103.32 106.42

Mean feed consumption (g) 21.57 21.21 20.97 19.52**

Lactation period (lactation days 1–21)

Number of rats dosed 27 27 26 26

Mean body weight change (g) 39.73 40.90 33.91 33.56

Mean feed consumption (g) 38.30 45.96* 41.43 38.45

From Osterburg (1991)
Signifi cantly different from the vehicle control values: * P < 0.05; ** P < 0.01
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mated female Sprague-Dawley Crl:CD(SD)BR strain rats at a dose of 20, 40, 70 or 100 mg/kg bw 
per day for 10 consecutive days from days 6 to 15 of gestation. A control group of eight rats received 
vehicle (1% carboxymethylcellulose in water). The dose volume was 10 ml/kg bw, adjusted daily on 
the basis of the individual body weights. The male rats were 14 weeks old when mating started, and 
the weight range was approximately 400–600 g. Female rats were approximately 8–12 weeks old and 
weighed between 170 and 254 g. All animals were examined at least once daily for signs of ill-health 
and behavioural changes; mortality checks were performed twice daily. Body weights were recorded 
on days 0, 6, 9, 12, 16 and 20 of gestation. On day 20 of pregnancy, the animals were sacrifi ced and 
examined macroscopically for pathological changes. The ovaries and uteri were removed and exam-
ined, and the following data were recorded: number of corpora lutea, number and position of implan-
tations (live fetuses, early resorptions, late resorptions and dead fetuses), individual fetal weights and 
sex of the fetuses. All fetuses were examined for external malformations. 

The results from this pilot range-fi nding study indicated maternal toxicity (markedly decreased 
[by approximately 85% of control] body weight gain during days 6–15) and developmental toxic-
ity (slightly decreased [by approximately 14% of control] mean fetal weight) in the 100 mg/kg bw 
per day group (the highest dose tested). Maternal toxicity (moderately decreased [by approximately 
40% of control] body weight gain during days 6–15) in the absence of developmental toxicity was 
observed at the next lower dose of 70 mg/kg bw per day.

Based on these results, the dose levels selected for the defi nitive developmental toxicity study 
in rats were 0, 20, 50, 70 and 100 mg/kg bw per day. The study was conducted in compliance with 
GLP, and a QA statement was attached (Mueller, 1989a, 1993b). 

Table 36. Mean body weight and feed consumption data for F
1
 parental animals 

Dietary concentration (ppm)

0 35 200 600 0 35 200 600

Males Females

Premating period (days 1–99 post-weaning)

Number of rats dosed 25 25 25 25 24 25 25 25

Mean body weight (g)

- Day 1 113.9 117.9 114.1 111.0 101.4 107.1 100.5 95.1

- Day 99 504.5 526.9 518.1 484.6 266.4 271.5 274.0 253.7

- Days 1–99 390.6 409.0 404.0 373.6 165.1 164.5 173.4 158.6

Mean feed consumption (g)

- Days 1–3 17.4 18.3 17.2 16.9 16.3 15.4 15.4 13.4**

- Days 43–45 28.0 28.1 27.0 26.1 18.8 18.2 19.1 17.3

- Days 99–101 26.3 27.9 26.6 26.4 17.4 17.7 16.8 15.4**

Gestation period (gestation days 0–20)

Number of rats dosed — — — — 22 22 23 25

Mean body weight change (g) — — — — 99.99 100.25 99.26 103.78

Mean feed consumption (g) — — — — 20.44 20.29 20.48 19.86

Lactation period (lactation days 1–21)

Number of rats dosed — — — — 22 22 23 25

Mean body weight change (g) — — — — 35.57 39.89 27.75 40.75

Mean feed consumption (g) — — — — Spilled

From Osterburg (1991)
** Signifi cantly different from the vehicle control values (P < 0.01)
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In a teratogenicity study, pregnant Sprague-Dawley Crl:CD(SD)BR strain rats (25–32 animals 
per group) received daily gavage doses of dithianon technical (purity 91.6%; batch No. 15C/86) at 
0, 20, 50, 70 or 100 mg/kg bw per day during days 6–15 of gestation. The 0 and 70 mg/kg bw per 
day groups contained 32 rats, at the request of the study sponsor, in order to ensure that 20 pregnant 
animals were obtained in these groups. The 20 and 100 mg/kg bw per day groups contained 25 rats. 
The 50 mg/kg bw per day group (25 animals) was added after the initiation of the study, at the request 
of the sponsor, to provide an additional intermediate-dose group, and a second control group consist-
ing of an additional 25 animals was added at the same time. The test material was administered as 
a suspension in 1% carboxymethylcellulose, at a dose volume of 10 ml/kg bw. The male rats were 
14 weeks old when mating started, and the weight range was approximately 400–600 g. Female rats 
were approximately 8–12 weeks old and weighed between 170 and 254 g. Doses were selected for 
the defi nitive study based on results from the preliminary study described above (Mueller, 1989a). 
For the defi nitive study, all surviving animals were necropsied on day 20 of gestation, and the fetuses 
were removed and examined. All animals were examined at least once daily for signs of ill-health, 
toxicity and behavioural changes; mortality checks were performed twice per day. Body weights were 
recorded on days 0, 6, 9, 12, 16 and 20 of gestation. On day 20 of pregnancy, the animals were sac-
rifi ced and examined macroscopically for pathological changes. The ovaries and uteri were removed 
and examined, and the following data were recorded: number of corpora lutea, number and position 
of implantations (live fetuses, early resorptions, late resorptions and dead fetuses), individual fetal 
weights and sex of the fetuses. All fetuses were examined for external malformations and for skeletal 
or visceral abnormalities. 

Treatment-related mortalities occurred during the gestation period in 1 of 32 and 5 of 25 ani-
mals at 70 and 100 mg/kg bw per day, respectively. Prior to their deaths, these animals appeared thin 
and pale and exhibited diarrhoea, lethargy and vaginal discharge. There were no abortions in any of 
the groups. Decreases in body weight gain (44%, 43% and 94%) and feed consumption (31%, 27% 
and 48%) were observed in the 50, 70 and 100 mg/kg bw per day groups, respectively, compared 
with the controls, during the dosing period. There were actual mean body weight losses observed at 
70 mg/kg bw per day from days 6 to 9 of gestation (3 g) and at 100 mg/kg bw per day from days 6 to 
12 of gestation (33 g). Necropsy of the maternal animals revealed a discoloration of the gastric wall 
in several animals given 70 and 100 mg/kg bw per day (Table 37). 

Treatment with dithianon did not affect pregnancy status, as the pregnancy rates for initial con-
trol, 20, 70 and 100 mg/kg bw per day groups were 72%, 100%, 81% and 79%, respectively. Similarly, 
the pregnancy rates for the second control and 50 mg/kg bw per day groups were both 80%. The mean 
numbers of corpora lutea and total implantation sites for the treated groups were similar to those of 
their respective control groups, and there was no treatment-related increase in preimplantation loss. 
An increased number of resorptions (early plus late resorptions) was observed in the 70 and 100 mg/
kg bw per day groups compared with the control group. A total of 12 resorptions (from 11 of 23 lit-
ters) was observed in the initial control group. The total number of resorptions for the 70 and 100 mg/
kg bw per day groups was 67 (from 17 of 25 litters) and 97 (from 11 of 15 litters), respectively. The 
total number of resorptions was also increased, relative to the controls, at 50 mg/kg bw per day. A 
total of 72 resorptions (from 13 of 20 litters) was observed at 50 mg/kg bw per day, compared with a 
total of 19 resorptions (from 10 of 20 litters) in the second control group. For the 50, 70 and 100 mg/
kg bw per day groups, the increases in total resorptions refl ect an increase in the number of females 
with 100% resorptions. No litter in either control group had a 100% resorption rate. However, for 
the 50, 70 and 100 mg/kg bw per day groups, the incidence of litters with 100% resorptions was 6 
of 20 litters (30%), 5 of 25 litters (20%) and 8 of 15 litters (53%), respectively, and the number of 
resorptions attributed to these litters was 60, 53 and 78 early resorptions, respectively. Because of the 
increase in total resorptions, the mean number of resorptions (defi ned as the total number of resorp-
tions divided by the total number of litters per dose group) was increased in the 50, 70 and 100 mg/kg 
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bw per day groups compared with controls. The mean numbers of resorptions for the initial control, 
70 and 100 mg/kg bw per day groups were 0.52 (12 resorptions divided by 23 litters), 2.68 (67 resorp-
tions divided by 25 litters) and 6.47 (97 resorptions divided by 15 litters), respectively. Similarly, the 
mean numbers of resorptions for the second control and 50 mg/kg bw per day groups were 0.95 (19 
resorptions divided by 20 litters) and 3.60 (72 resorptions divided by 20 litters), respectively. There-
fore, developmental toxicity, with a subsequent reduction in the mean number of live fetuses, was 
indicated at dose levels of 50 mg/kg bw per day and above. The mean number of live fetuses at 70 and 
100 mg/kg bw per day was 9.4 and 5.6, respectively, versus 12.1 in the initial control group. Similarly, 
the mean number of live fetuses at 50 mg/kg bw per day was 7.5 versus 10.7 in the second control 
group. The total number of resorptions (10 resorptions from 6 of 25 litters), the mean number of 
resorptions (0.40, or 10 resorptions divided by 25 litters) and the mean number of live fetuses (11.3) 
for the 20 mg/kg bw per day group were comparable to controls, and no developmental toxicity was 
indicated at the lowest dose tested. Mean fetal weight was statistically signifi cantly lower at 100 mg/
kg bw per day (2.9 g), compared with the initial controls (3.3 g). Mean fetal weights for the 20 and 
70 mg/kg bw per day groups were 3.3 g and 3.2 g, respectively, and were not different from those of 
the initial controls. Similarly, mean fetal weights for the 50 mg/kg bw per day group and the second 
control group were both 3.5 g. There were no differences in the type or incidences of fetal external, 
visceral or skeletal malformations or variations in any of the treatment groups (Table 38). 

In summary, the NOAEL for both maternal and developmental toxicity for dithianon (techni-
cal) in rats was 20 mg/kg bw per day, based on decreases in body weight gain and feed consumption 

Table 37. Summary toxicity data of dams treated with dithianon

Maternal fi ndings Dose (mg/kg bw per day)

0 20 70 100 0 50

No. of rats in the study 32 25 32 25 25 25

No. of non-pregnant rats 9 0 6 5 5 5

No. of rats died or killed moribund 0 0 1* 5a 0 0

No. of dams with total litter loss 0 0 5 8 0 6

No. of rats with live fetuses at necropsy (day 20) 23 25 20 7 20 14

No. of thin animals 0 0 3 13 0 2

Mean feed consumption (g)

- Days 6–16 23.29 22.56 16.93** 12.10** 24.09 16.60**

- Days 0–20 23.05 22.72 20.16** 16.35** 23.73 19.97**

Mean body weight gain (g)

- Days 0–6 24.58 25.58 25.83 31.61 29.54 30.01

- Days 12–16 26.85 24.91 23.74 28.23 25.96 21.90

- Days 16–20 49.87 47.03 50.09 58.09 44.92 48.14

- Days 6–16 51.09 50.01 29.26** 3.14** 49.25 27.53**

- Days 0–20 125.54 122.62 105.18** 93.50* 123.71 105.68*

Necropsy data

Stomach – lumen, material 0 0 0 3 0 0

Gastric wall – greyish layer 0 0 4 5 0 0

100% intrauterine deaths 0 0 5 8 0 6

From Mueller (1991)
* P < 0.05; ** P < 0.01
a   Pregnancy status not determined for the rat of the 70 mg/kg bw per day group and for one of the dead rats of the 100 mg/kg bw per day 

group.



288

DITHIANON 247–304 JMPR 2010

in the dams and increased number of resorptions and a subsequent reduction in the mean number of 
fetuses per dam at 50 mg/kg bw per day and above. Because developmental toxicity was observed 
only at dose levels that were maternally toxic, dithianon is not selectively toxic to the fetus. Dithianon 
is not teratogenic in Sprague-Dawley rats. 

The study was conducted in compliance with GLP, and a QA statement was attached (Mueller, 
1991). 

Rabbits

In a preliminary oral (gavage) embryotoxicity study, dithianon technical (purity 91.6%; batch 
No. 15C/86) was administered to groups of eight sexually mature and mated female New Zealand 
White rabbits at a dose level of 10, 20 or 40 mg/kg bw per day for 13 consecutive days from day 6 
to day 18 of gestation. A control group of eight rabbits received vehicle (1% carboxymethylcellu-
lose in water). The dose volume was 10 ml/kg bw, adjusted daily on the basis of the individual body 
weights. The male rabbits were at least 30 weeks old when mating started, and the weight range was 
approximately 5–5.5 kg. The sexually mature female rabbits were approximately 14–17 weeks old 
and weighed between 3.1 and 4 kg. All animals were examined at least once daily for signs of ill-
health and behavioural changes; daily mortality checks were performed twice per day. Body weights 
were recorded on days 0, 6, 9, 12, 15, 19, 24 and 28 of gestation. On day 28 of pregnancy, the animals 
were sacrifi ced and examined macroscopically for pathological changes. The ovaries and uteri were 

Table 38. Summary of caesarean section and litter data

Dose (mg/kg bw per day)

0 20 70 100 0 50

No. of surviving pregnant rats intubated 23 25 25 15 20 20

No. of dams with total litter loss 0 0 5 8 0 6

No. of dams with live fetuses at necropsy (day 20) 23 25 20 7 20 14

Mean no. of corpora lutea per litter 15.4 14.7 14.4 17.1 13.9 14.4

Mean no. of implantations per litter 12.6 11.7 12.4 14.7 11.7 11.5

% preimplantation loss per litter 18.7 19.0 14.1 13.0 15.8 19.9

No. of early resorptions per litter – fetal incidence

- Animals with live fetuses at necropsy 0.5 0.4 0.7 2.7 1.0 0.9

- All animals 0.5 0.4 2.6 6.5 1.0 3.6

No. of late resorptions per litter – fetal incidence

- Animals with live fetuses at necropsy 0 0 0.1 0 0.1 0

- All animals 0 0 0 0 0.1 0

No. of dead fetuses 0 0 0 0 0 0

No. of live fetuses per litter (litter size)

- Animals with live fetuses at necropsy 12.1 11.3 11.7 12.0 10.7 10.6

- All animals 12.1 11.3 9.4 5.6 10.7 7.5

% postimplantation loss per litter

- Animals with live fetuses at necropsy 3.7 2.9 5.8 16.5 8.2 6.6

- All animals 3.7 2.9 24.6* 61.0* 8.2 34.6

Mean proportion of live male fetuses 50.3 47.1 49.6 47.0 51.4 52.9

Live fetal body weight (g) 3.3 3.4 3.2 2.9* 3.5 3.5

From Mueller (1991)
* P < 0.05
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removed and examined, and the following data were recorded: number of corpora lutea, number and 
position of implantations (live fetuses, early resorptions, late resorptions and dead fetuses), indi-
vidual fetal weights and sex of the fetuses. All fetuses were examined for external malformations. 

The results of this range-fi nding study indicated moderate maternal toxicity (i.e. decreased 
body weight gain with a body weight loss between days 6 and 9 and abortions in two of nine rabbits) 
and developmental toxicity (i.e. increased post-implantation loss resulting from an increased number 
of early resorptions) at a dose of 40 mg/kg bw per day. The range-fi nding study also showed that an 
intermediate dose of 20 mg/kg bw per day did not produce any adverse maternal or developmental 
effects.

Based on the results indicated above, the doses selected for the defi nitive developmental toxicity 
study in the rabbit were 0, 10, 25 and 40 mg/kg bw per day. The study was conducted in c ompliance 
with GLP, and a QA statement was attached (Mueller, 1989b, 1993a).

On the basis of the doses selected from the range-fi nding study, four groups of pregnant New 
Zealand White rabbits (20 per group) were used in a defi nitive developmental toxicity study. Dithi-
anon technical (purity 91.6%; batch No. 15C/86) was administered by oral gavage at doses of 0, 10, 
25 or 40 mg/kg bw per day during days 6–18 of gestation. The test material was administered once 
per day as a suspension in aqueous carboxymethylcellulose (1%) at a dose volume of 10 ml/kg bw. 
The male rabbits were healthy and sexually mature. The sexually mature female rabbits were approxi-
mately 14–17 weeks old and weighed between 2.8 and 4.4 kg. All animals were examined at least 
once daily for signs of ill-health and behavioural changes; daily mortality checks were performed 
twice per day. Body weights were recorded on days 0, 6, 9, 12, 15, 19, 24 and 28 of gestation. On day 
28 of pregnancy, the animals were sacrifi ced and examined macroscopically for pathological chang-
es. The ovaries and uteri were removed and examined, and the following data were recorded: number 
of corpora lutea, number and position of implantations (live fetuses, early resorptions, late resorp-
tions and dead fetuses), individual fetal weights and sex of the fetuses. All fetuses were e xamined for 
external malformations and for skeletal or visceral abnormalities.

No treatment-related mortalities were reported. Three abortions were noted at 40 mg/kg bw per 
day, compared with no abortions at 25 mg/kg bw per day, one abortion in the 10 mg/kg bw per day 
group and one abortion in the control group. The abortions in the 40 mg/kg bw per day group were 
considered to be treatment related, whereas the abortion in the 10 mg/kg bw per day group was con-
sidered incidental because the incidences were comparable in the 10 mg/kg bw per day and control 
groups.

Maternal toxicity, expressed as dose-dependent decreases in body weight gain and feed con-
sumption compared with controls, was observed for the 25 and 40 mg/kg bw per day groups. In the 
40 mg/kg bw per day group, between gestation days 6 and 19, body weight gain was decreased by 
58% and feed consumption was decreased by 38% compared with controls, with an actual 108 g loss 
in body weight from days 6 to 19. In the 25 mg/kg bw per day group, a 48% decrease in body weight 
gain and a 29% decrease in feed consumption were noted, compared with controls, during gestation 
days 6–19. In the 10 mg/kg bw per day group, there was a slight decrease in feed consumption (4% 
compared with controls) during the treatment period, but this was not considered adverse because 
it did not result in a decrease in body weight gain in this group (Table 39). No treatment-related 
m acroscopic effects were observed at necropsy in the maternal animals.

Developmental toxicity was observed in the 40 mg/kg bw per day group and consisted of a 
statistically signifi cant increase in the incidence of postimplantation loss (41.5% versus 7.7% in 
the controls) due to an increase in the number of early resorptions (31 from 10 litters versus 8 from 
4 litters in the controls). This resulted in a statistically signifi cant reduction in the mean number of 
fetuses per doe in the 40 mg/kg bw per day group (3.7 versus 6.9 in the controls). There were no 
treatment-related effects on preimplantation or postimplantation losses in the other groups. There 
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were no effects of treatment on fetal weight or on the incidence of malformations or variations at any 
of the doses tested.

In summary, the NOAEL for maternal toxicity was 10 mg/kg bw per day, based on the reduc-
tions in body weight gain and feed consumption at 25 mg/kg bw per day. The NOAEL for develop-
mental effects was 25 mg/kg bw per day, based on an increased incidence of postimplantation loss re-
sulting from an increase in abortions and resorptions and a subsequent reduction in the mean number 
of fetuses per doe at 40 mg/kg bw per day. There were no developmental effects in the absence of 
maternal toxicity. Thus, dithianon (technical) is not teratogenic in New Zealand White rabbits. 

The study was conducted in compliance with GLP, and a QA statement was attached (Mueller, 
1990).

2.6 Special studies 

(a)  Subacute neurotoxicity

Rats

Dithianon technical (purity 95.5%; batch No. AC12395-26) was administered to groups of 10 
male and 10 female Wistar CrlGlxBrlHan:WI strain rats by gavage for 4 weeks at a dose of 0 (Group 
0, vehicle control), 15 (Group 1), 30 (Group 2) or 60 (Group 3) mg/kg bw per day. Feed and water 
consumption were determined once a week. Body weight was determined once a week and on the 
days when functional observational batteries (FOBs) were performed. The animals were examined 
for clinical signs of toxicity or mortality at least once a day. The ages of the animals were 32–36 
days (males) and 31–35 days (females). Only animals free from clinical signs of disease were used 
for the study. Detailed clinical examinations in an open fi eld were conducted prior to the start of 

Table 39. Maternal parameters measured in a rabbit developmental study with dithianon

Maternal fi ndings Dose (mg/kg bw per day)

0 10 25 40

No. of females in the study 20 20 20 20

No. of non-pregnant females 4 1a 0 1

No. of pregnant females that died 0 4 3 4

No. of females that aborted and were therefore killed 1 1 0 3

No. of females with 100% intrauterine deaths 1 0 0 2

No. of females with live fetuses at necropsy 14 15 17 10

Mean feed consumption (g/day per animal)

- Days 6–19 211.45 190.58 150.79 131.88

- Days 0–28 206.56 186.21 163.50 167.51

Mean body weight gain (g)

- Days 0–6 303.39 265.34 234.14 282.46

- Days 6–19 366.85 350.92 191.31 153.87

- Days 19–24 142.32 64.77 154.11 135.98

- Days 24–28 138.59 53.30 102.56 95.88

- Days 0–28 968.14 787.40 675.65 675.71

From Mueller (1990)
a  This animal was also found dead during the study.
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the administration period and weekly thereafter, except for the weeks when FOBs were carried out. 
FOBs (including auditory startle response test and grip strength tests of forelimbs and hindlimbs) 
and motor activity measurements were performed on days −1 and 27. At the end of the study, the fi rst 
fi ve animals of each sex per dose were sacrifi ced by perfusion fi xation and subsequently examined 
neuropathologically (brain, spinal cord, optic nerve, peripheral nervous system). The remaining ani-
mals were sacrifi ced without further examination.

During week 1, feed consumption was statistically signifi cantly reduced only for animals at 
60 mg/kg bw per day (highest dose tested), specifi cally by 16.9% for males and by 13.9% for fe-
males, compared with controls. This treatment-related effect resulted in a statistically signifi cantly 
decreased body weight change at 60 mg/kg bw per day for the 4-week treatment period, specifi cally 
by 25.3% for males and by 17.5% for females. No treatment-related effect on water consumption was 
observed. No clinical signs of neurotoxicity were observed in treated animals, up to 60 mg/kg bw 
per day (the highest dose tested), for the following sets of detailed measurements: daily observations, 
weekly clinical examinations, FOB (including home cage observations, open-fi eld observations and 
sensorimotor tests/refl exes) and motor activity assessment. Other non-neurotoxic, treatment-related 
clinical observations (including open-fi eld observations) were noted, indicative of general systemic 
toxicity, for males and females at both 30 and 60 mg/kg bw per day. Specifi cally, slight to severe 
urine-smeared anogenital region was seen in over half of the males and females at 60 mg/kg bw per 
day during weeks 3 and 4, whereas this observation was noted in only a few rats at 30 mg/kg bw 
per day, and only with slight severity. In addition, piloerection was observed sporadically in half of 
the males and females at 60 mg/kg bw per day. Also, several male animals at 60 mg/kg bw per day 
showed slight to moderate salivation predominately before treatment for several days of the study. 
Because this fi nding was primarily observed before administration of the test compound, it was as-
sessed as a conditioning refl ex rather than an adverse or toxic effect. In addition, dark discoloured 
urine was observed in over half of the males and females at 60 mg/kg bw per day, whereas it was 
observed in only a few male and female rats at 30 mg/kg bw per day. Importantly, this observation 
is probably related to the physical property (solid brown colour) of the test article. Therefore, this 
fi  nding was considered to be substance related but not adverse. 

For the FOB parameters, only rearing (an open-fi eld observation) was statistically signifi cantly 
reduced in males at 60 mg/kg bw per day on day 27 (−79.6%), which was considered to be substance 
related. Importantly, this reduction in rearing was considered to be related to general systemic toxic-
ity rather than neurotoxicity. Other open-fi eld observations (including abnormal movements and im-
pairment of gait), home cage observations (including abnormal movements and impairment of gait) 
and sensorimotor tests/refl exes (including coordination of movements such as righting response) in 
the FOB demonstrated no test substance–related fi ndings up to 60 mg/kg bw per day (the highest 
dose tested). There were no neuropathological changes and no specifi c clinical signs of neurotoxicity 
observed up to 60 mg/kg bw per day (the highest dose tested). For motor activity measurements, a 
statistically signifi cantly reduced value was obtained only in male animals at 60 mg/kg bw per day on 
day 27, including the earliest 5–6 intervals considered to assess exploration behaviour. Importantly, 
this reduction in motor activity was considered to be related to general systemic toxicity rather than 
neurotoxicity. As mentioned above, no treatment-related effects were found in the neuropathological 
examinations, including organ weights, gross lesions and detailed neuropathology of perfusion-fi xed 
tissues (including brain, spinal cord, optic nerve and peripheral nervous system). 

Based on these results (including clinical observations of smeared anogenital region with urine 
and dark discoloured urine at 30 mg/kg bw per day), the NOAEL for general systemic toxicity was 
15 mg/kg bw per day. For neurotoxicity, the NOAEL was 60 mg/kg bw per day (the highest dose 
tested) for both sexes. 

The study was conducted in compliance with GLP, and a QA statement was attached (Kaspers, 
Kaufmann & Ravenzwaay, 2003).
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(b)  Short-term study (7 days) on nephrotoxicity

Rats

In a short-term study, groups of 15 male (approximate weight 75 g) and 15 female (approxi-
mate weight 125 g) Crl:CD(SD)BR strain Sprague-Dawley rats received dithianon technical (purity 
90%; batch No. 15C/86) in the diet at a concentration of 0, 120, 600 or 1080 ppm (equivalent to 0, 
12, 60 and 108 mg/kg bw per day, respectively, in both sexes). After exposure for 2, 4 or 7 days, fi ve 
animals of each sex per group were killed. The objectives of the study were to 1) defi ne the nephro-
toxic potential of dithianon in Sprague-Dawley rats; 2) establish a no-effect level for renal damage; 
and 3) investigate further the sex difference in the renal toxicity of dithianon.

The kidneys were examined macroscopically, microscopically and at the ultrastructural level. 
Exposure to dithianon at levels up to 1080 ppm did not result in any adverse clinical signs. Body 
weight gain was decreased for males and females at 1080 ppm at each time interval during the study. 
The decreases in body weight gain for males and females, respectively, were 61% and 31% at 2 days, 
43% and 43% at 4 days and 25% and 45% at 7 days, compared with controls. A transient, slight re-
duction in feed consumption was noted in animals receiving 1080 ppm. There was also an increased 
incidence of pale kidneys at necropsy in the 600 and 1080 ppm treatment groups.

Histopathological evaluation of the kidneys revealed hydropic degeneration of the proximal 
tubular epithelial cells in both males and females receiving 600 or 1080 ppm at 4 days and 7 days. 
The incidence and severity of the lesions were increased in females compared with the correspond-
ing males. At day 7, there was evidence of active, tubular epithelial cell degeneration. In females, 
the newly regenerated tubular epithelial cells showed signs of hydropic degeneration, demonstrating 
the continued susceptibility of these cells to damage. In contrast, males showed no evidence of fur-
ther degeneration in any regenerative tubular epithelial cells, suggesting that adaptation to the toxic 
effects had occurred at day 7. Electron microscopy of sections from animals at 600 and 1080 ppm 
demonstrated that the mitochondria in the proximal tubular cells were the target for the toxic effects 
of dithianon. In females fed 1080 ppm, further change consisting of dilatation of the endoplasmic 
reticulum was observed. The ultrastructural changes were consistent with the fi ndings observed his-
topathologically as hydropic degeneration. Although slight focal changes were seen ultrastructurally 
at 120 ppm in female rats, these changes were described as having only minimal severity, both quan-
titatively and qualitatively, and occurred only at 2 days. Therefore, these minimal focal changes at 
120 ppm were considered to be unrelated to treatment (Table 40). 

In conclusion, the NOAEL for light and electron microscopic changes in the kidney was 
120 ppm (equivalent to 12 mg/kg bw per day) in females for short-term exposure of dithianon tech-
nical for up to 7 days. 

The study was conducted in compliance with GLP, and a QA statement was attached (Price, 
1991).

(c)  Short-term study (28 days) on renal cell turnover 

Rats

Dithianon technical (purity 90%; batch No. 15C/86) was administered to female Crl:CD(SD)BR 
strain Sprague-Dawley rats (approximate weight 125 g) (fi ve per group per time point) at a dose of 20, 
120 or 600 ppm (equivalent to 2, 12 and 60 mg/kg bw per day) for 7, 14 and 28 days in order to measure 
effects on renal cell turnover and to correlate any fi ndings with light microscopic observations. Con-
tinuous labelling of deoxyribonucleic acid (DNA) was achieved with Alzet osmotic pumps containing 
5-bromo-2′-deoxyuridine implanted subcutaneously in anaesthetized rats 7 days prior to necropsy. 

At each of the time points (7, 14 and 28 days), all designated rats were sacrifi ced. Animals 
were examined for signs of macroscopic external and internal abnormalities; body and individual 
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kidney weights were recorded. Sections of both kidneys were fi xed in 10% neutral buffered formalin 
for histological examination after staining with haematoxylin and eosin. Sections of the cortex of 
the right kidney were fi xed in 4% glutaraldehyde buffered with sodium cacodylate at 0.1 mol/l, pH 
7.4, for ultrastructural examination. Sections of kidney (4 µm) were cut, dewaxed and incubated with 
antibodies and stained with diaminobenzidine. The number of dark-staining nuclei was counted and 
compared with control values. 

Hydropic degeneration was observed in proximal tubular epithelial cells after dietary expo-
sure to 600 ppm dithianon for 7, 14 and 28 days. This lesion was accompanied by islands of ba-
sophilic tubules, indicative of active regeneration. Continuous labelling techniques using 5-bromo-
2′-deoxyuridine showed an increase in tubular cell turnover rate at 600 ppm, consistent with the 
histopathological results. No increase in tubular cell turnover rate was observed at 20 or 120 ppm.

It was concluded that persistent cellular damage to proximal tubular epithelial cells triggered 
a regenerative response of basophilic tubules, which is the basis of the indirect mechanism in the 
development of proliferative lesions (including tumours) following longer-term (2-year) dietary ex-
posure of female rats to 600 ppm. In this study, the NOAEL for the repeated cellular degenerative/
regenerative responses was 120 ppm (approximately 12 mg/kg bw per day), according to histopatho-
logical and DNA labelling criteria. Neither the degenerative/regenerative (cell turnover) responses 
nor renal tumours (in the carcinogenicity study) were observed at concentrations of 20 and 120 ppm. 

Table 40. Incidence of hydropic degeneration and multiple foci of basophilic tubules in male and 
female rats fed dithianon for 2, 4 and 7 days

Exposure time (days)

2 4 7

Dietary concentration (ppm)

0 120 600 1080 0 120 600 1080 0 120 600 1080

Males

No. of animals examined 5 5 5 5 5 5 5 5 5 5 5 5

No abnormalities 4 2 4 4 5 5 3 0 4 4 1 2

Tubular dilatation 0 2 1 1 0 0 0 0 0 0 0 0

Hydropic degeneration 0 0 0 0 0 0 1 3 0 0 2 1

Interstitial cell infi ltration 1 1 0 0 0 0 0 0 0 0 0 0

Basophilic tubules

- Few 0 2 0 0 0 0 1 2 1 1 1 1

- Several 0 0 0 0 0 0 0 0 0 0 1 2

Females

No. of animals examined 5 5 5 5 5 5 5 5 5 5 5 5

No abnormalities 3 3 3 3 3 4 2 1 4 5 1 0

Tubular dilatation 1 1 0 0 0 0 0 0 0 0 0 0

Hydropic degeneration 0 0 0 0 0 0 3 4 0 0 4 4

Interstitial cell infi ltration 0 0 2 1 0 1 0 0 0 0 0 0

Basophilic tubules

- Few 2 0 1 2 2 1 1 0 1 0 0 0

- Several 0 0 0 0 0 0 0 0 0 0 1 4

From Price (1991)
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Although atypical hyperplasia was observed at 120 ppm in 4 of 70 female rats following 104 weeks 
of t reatment, progression to neoplasia did not occur at this dose. 

The study was conducted in compliance with GLP, and a QA statement was attached (Price, 
1993).

(d)  S-phase response study (7 days and 28 days)

Rats

The aim of these studies was to determine whether dithianon induced a cell proliferation re-
sponse in the kidneys of rats after oral administration over periods of 7 and 28 days. Dithianon (purity 
95.5%; batch No. DT2008-3473) was administered to groups of eight male and eight female CrI:CD 
(SD) strain Sprague-Dawley rats (61–63 days old) at a dietary concentration of 0, 120 or 600 ppm 
(equal to 0, 6.5 and 32.6 mg/kg bw per day for males and 0, 8 and 40.6 mg/kg bw per day for females) 
over a period of 7 days. In another study, similar dietary concentrations (equal to 0, 6.8 and 33.5 mg/
kg bw per day for males and 0, 8.2 and 43.5 mg/kg bw per day for females) were administered over 
a period of 28 days. Feed consumption and body weights were determined weekly. The animals were 
examined for signs of toxicity or mortality at least once a day. One week prior to necropsy, osmotic 
minipumps containing 5-bromo-2′-deoxyuridine were implanted subcutaneously. Cell proliferation 
(S-phase response) and apoptosis (TUNEL)1 were evaluated in the kidneys. 

Irrespective of the duration of administration of dithianon (7 days or 28 days), dietary con-
centrations of 120 and 600 ppm in male Sprague-Dawley rats caused a marginal exacerbation of 
basophilic tubules, cell proliferation and secondary apoptosis without overt cytotoxicity of the kid-
ney parenchyma, representing a fi rst-grade chronic progressive nephropathy. Chronic progressive 
nephropathy is a rat-specifi c, spontaneously occurring kidney alteration.

In female Sprague-Dawley rats given similar dietary concentrations, the 7-day study showed 
specifi c degenerative lesions in the kidney parenchyma (outer stripe of outer medulla and cortex) as 
well as a signifi cant increase of cell proliferation in high-dose animals. Administration of the high 
dose to female rats for 28 days affected body weight. Moreover, specifi c degenerative lesions in the 
kidney parenchyma (outer stripe of outer medulla and cortex) as well as a signifi cant increase of 
cell proliferation were observed. Additionally, the high dose signifi cantly increased apoptosis in the 
kidney cortex. 

The studies were conducted in compliance with GLP, and QA statements were attached 
(Kaspers et al., 2009a,b,c,d).

2.7 Studies on metabolites

No known toxic metabolites were found in either animal or plant studies.

3. Observations in humans

Personnel handling dithianon in manufacturing, research and product formulation underwent 
regular medical examinations. This surveillance programme was not aimed to specifi cally identify 

1  TUNEL, or terminal deoxynucleotidyl transferase-mediated 2′-deoxyuridine 5′-triphosphate (dUTP) nick end labelling, is a 
common method for detecting DNA fragmentation that results from apoptotic signalling cascades. The assay relies on the 
presence of nicks in the DNA that can be identifi ed by terminal deoxynucleotidyl transferase, an enzyme that will catalyse the 
addition of dUTPs that are secondarily labelled with a marker. It may also label cells that have suffered severe DNA damage 
(Gavrieli, Sherman & Ben Sasson, 1992).
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dithianon-related symptoms or diseases. The only effects reported have been skin-related effects, 
such as erythema, swelling and itching. The information available does not allow a fi rm conclusion 
as to whether all these skin reactions should be interpreted as primary irritation or whether some may 
be true allergic reactions.

Skin and eye irritation have been repeatedly observed in dithianon-exposed workers. In opera-
tors spraying dithianon-containing products, erythema, swelling, itching, blistering and peeling of the 
skin have been reported. Epicutaneous patch testing has demonstrated that sensitization to products 
containing dithianon may occur. However, it is unclear whether pure dithianon is a potential s ensitizer 
or whether the allergic reactions are due to excipients, impurities or decomposition products.

No observations regarding health effects after exposure of the general public are known 
(H olmsen, 2009).

4. Literature review

A literature review was performed to fi nd an explanation for the observed sex- and species-
specifi c induction of kidney tumours (seen only in female rats after long-term treatment at high 
doses, not in male rats and not in male or female mice). No straightforward explanation for the sex- 
and organ-specifi c occurrence of dithianon-induced tumours in the female rat kidney was found. 
Moreover, no other chemical was found that exclusively induces kidney tumours in female rats. 
An expert reviewer has discussed possible reasons for the sex-specifi c occurrence of dithianon-in-
duced tumours in the female rat kidney. The most promising hypothesis explaining the sex-specifi c 
induction of kidney tumours was associated with the involvement of cyclooxygenase-2 (COX-2). 
Prostaglandin H-synthase can oxidize lipophilic xenobiotics if they have a suffi ciently low redox 
potential, which is the case for many phenolic compounds and aromatic amines. This is assumed to 
be possible for dithianon or dithianon metabolites, which undergo oxidative metabolism. COX-2 is 
present in the proximal straight tubules of female but not male F344/NSlc rats (immunohistochemi-
cally and morphometrically determined, but no activities were measured; the rats were 3 months old) 
(Ichii et al., 2008). As the proximal straight tubules appear to be a site of origin of the sex-specifi c 
dithianon-induced kidney tumours of the female rats, this difference in the occurrence of COX-2 may 
be signifi cant. The metabolic formation of the many terminal sulfonic acid derivatives observed in 
the metabolism studies (M216F005, M216F006, M216F007, M216F009, M216F011, M216F013, 
M216F014, M216F016, M216F018, M216F025) may occur via reactive intermediates (sulfenic and 
sulfi nic acid derivatives). If COX-2 is a signifi cant contributor to this metabolic route of dithianon, 
the occurrence of COX-2 in the proximal straight tubules exclusively in female compared with male 
rat kidney may be related to the sex-specifi c occurrence of kidney tumours in the female rat (Oesch, 
2009). However, this hypothesis for the involvement of COX-2 in kidney tumour formation in female 
rats cannot be correct, as the kidney tumour has been reported in Sprague-Dawley rats and not in 
F344/NSlc rats. Further evidence from experimental results for the involvement of COX-2 in kidney 
tumour formation is not available at the present time.

Comments

Biochemical aspects

At tested doses of 10 and 50 mg/kg bw, orally administered dithianon was about 40–50% 
absorbed in rats, with a time to maximum concentration in blood of approximately 6 hours. There 
were no substantial dose- or sex-related differences in the absorption, elimination or distribution of 
radioactivity following oral administration of [14C]dithianon. The majority of the administered dose 
was recovered in faeces (64.0–72.2%) and urine (26.7–31.4%). 
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The material balance from a preliminary study showed that dithianon was not metabolized 
to volatile compounds, including carbon dioxide. The elimination half-life was between 46 and 
57 hours. There was no bioaccumulation of dithianon in tissues. The parent compound was exten-
sively metabolized by the following key transformation steps: oxidation of the sulfur atoms, cleavage 
of the dithiine ring, reduction of the 1,4-naphthoquinone moiety and further glucuronidation, as well 
as substitution of the carbonitrile moieties by amino and carboxy groups. The only metabolite in rat 
urine at a level greater than 2% was M216F020 (glucuronic acid conjugate of 1,4-dihydroxynaphtha-
lene). All other identifi ed metabolites were present in insignifi cant amounts. The metabolic pathways 
were similar in male and female rats.

Toxicological data

Dithianon technical has moderate acute toxicity in rats (LD
50

 approximately 300 mg/kg bw). 
The dermal LD

50
 in rats was greater than 2000 mg/kg bw. Dithianon is slightly to moderately toxic by 

acute inhalation in rats, with an LC
50

 between 0.31 and 2.1 mg/l, depending on particle size. Dithi-
anon is non-irritating to rabbit skin but is a severe eye irritant. It was found to be a skin sensitizer 
(guinea-pig maximization test).

Short-term oral toxicity studies were conducted in mice, rats and dogs. These studies indicate 
that the kidney is the main target organ. A 4-week (range-fi nding) study in mice with dithianon ad-
ministered in the diet resulted in slight anaemia and haemosiderin deposition in the liver of females 
at 500 ppm, with a NOAEL of 100 ppm (equivalent to 15 mg/kg bw per day). A 90-day rat oral toxic-
ity study revealed slight anaemia (both sexes) as well as histopathological fi ndings of renal tubular 
epithelial cell degeneration and regenerative hyperplasia (females only) at 1080 ppm, with a NOAEL 
of 180 ppm (equal to 14.6 mg/kg bw per day).

Studies in dogs included a 90-day dietary study and a 1-year dietary study. In the 90-day study, 
the doses used were 0, 40, 200 and 1000 ppm (equal to 0, 0.63, 2.95 and 12.6 mg/kg bw per day in 
males and 0, 0.67, 3.0 and 12.6 mg/kg bw per day in females). In the 1-year study, the same dietary 
doses were used, but the compound intakes were 0, 1.6, 7.3 and 37.1 mg/kg bw per day in males and 
0, 1.6, 7.9 and 37.5 mg/kg bw per day in females, respectively. In the 90-day study, the NOAEL was 
2.95 mg/kg bw per day, based on decreases in body weight (females), decreased body weight gain 
(males), decreased feed consumption, increases in alkaline phosphatase activity and increased kidney 
weights (males and females) and increased thromboplastin time (females) at 12.6 mg/kg bw per day. 
Oral administration of dithianon for 1 year resulted in slight anaemia, liver impairment and effects on 
kidney and thyroid. The NOAEL for dithianon fed to dogs in their diets for 1 year was 200 ppm (equal 
to 7.3 mg/kg bw per day), based on increases in kidney and liver weights in both sexes at 1000 ppm 
(equal to 37.1 mg/kg bw per day).

Long-term toxicity and carcinogenicity studies were undertaken in mice (80 weeks) and rats 
(104 weeks). In male mice at 500 ppm in the diet, there was an association between the observed kid-
ney damage (chronic nephropathy) and an increased incidence of early mortality, indicating that the 
MTD was exceeded at 500 ppm. No increases in tumour incidence were noted in any of the treatment 
groups. The NOAEL for chronic toxicity in mice was 20 ppm (equivalent to 3 mg/kg bw per day), 
based on increased absolute and relative kidney weights for males and females and an exacerbation of 
spontaneous chronic nephropathy in females at 100 ppm. Dithianon was not carcinogenic in mice at 
a dietary concentration of 500 ppm, the highest dose tested. In the rat study, the NOAEL for chronic 
toxicity was 20 ppm (equivalent to 1 mg/kg bw per day), based on histopathological kidney lesions 
(females) at 120 ppm. Increased incidences of renal tubule adenomas and carcinomas in kidney 
were observed in female rats at 600 ppm (equivalent to 30 mg/kg bw per day). The highest dietary 
concentration (600 ppm) also resulted in a consistently signifi cant lower body weight (19.8–20.5%) 
in female rats compared with controls at weeks 72, 84 and 104. Moreover, only the highest dose (i.e. 
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600 ppm) in female rats demonstrated severe glomerulonephropathy with sclerosis. The tumours in 
rat kidneys were associated with severe nephrotoxicity in proximal tubular cells. This dose exceeded 
the MTD in females.

In a 7-day dietary study in rats, hydropic degeneration of the proximal tubular epithelial cells 
was seen in both males and females receiving 600 ppm (equivalent to 60 mg/kg bw per day) or 1080 
ppm (equivalent to 108 mg/kg bw per day) at 4 and 7 days, with signifi cantly greater incidence and 
severity in females. In females at day 7, the newly regenerated tubular epithelial cells with signs of 
hydropic degeneration demonstrated the susceptibility of renal tubules to damage. In contrast, males 
showed no evidence of further degeneration, suggesting adaptation to the toxic effects by day 7. Elec-
tron microscopy suggested that the mitochondria in the proximal tubular cells were the target. The 
NOAEL for this study was 120 ppm (equivalent to 12 mg/kg bw per day) in males and females.

These fi ndings were further substantiated by a 28-day dietary renal turnover study in female rats. 
Continuous labelling techniques using 5-bromo-2′-deoxyuridine showed an increase in tubular cell 
turnover at 600 ppm (equivalent to 60 mg/kg bw per day), consistent with the histopathological results. 
The NOAEL for the repeated cellular degenerative/regenerative responses was 120 ppm (equivalent 
to 12 mg/kg bw per day). It appears that persistent cellular damage to proximal tubular epithelial cells 
triggers a regenerative response in basophilic tubules, which is the basis for the development of pro-
liferative lesions following long-term (2-year) dietary exposure of female rats to 600 ppm. Neither the 
degenerative/regenerative (cell turnover) responses nor renal tumours (in the carcinogenicity study) 
were observed at a concentration of 20 or 120 ppm. The high susceptibility of female rats to renal ef-
fects (proximal tubular degeneration, regeneration and tumours) might be related to the involvement of 
COX-2, but experimental evidence for this as an explanation for the sex difference is not available.

Dithianon was tested for genotoxicity in an adequate range of assays, both in vitro and in vivo. 
The majority of results were negative, including in vivo studies. There were some positive results in 
vitro that occurred only at cytotoxic doses.

The Meeting concluded that dithianon is unlikely to be genotoxic in vivo.

In view of the lack of in vivo genotoxicity, the lack of any tumorigenic response in mice and 
male rats and the fact that the kidney tumours in female rats occurred only at doses that were cyto-
toxic, the Meeting concluded that dithianon is unlikely to pose a carcinogenic risk at human dietary 
exposure levels.

In a multigeneration study in rats, the NOAEL for fertility and reproductive functions was 
600 ppm (equal to 27.6 mg/kg bw per day), the highest dose tested. The NOAEL for parental toxicity 
was 200 ppm (equal to 9.0 mg/kg bw per day), based on reductions in feed consumption and body 
weight gain in parental animals of both generations at 600 ppm.

Developmental toxicity studies have been carried out in rats and rabbits. In a rat developmental 
toxicity study, the NOAEL for maternal toxicity and embryo and fetal toxicity was 20 mg/kg bw per 
day, based on decreases in body weight gain and feed consumption in the dams and increased number 
of resorptions and a subsequent reduction in the mean number of fetuses per dam at 50 mg/kg bw 
per day and above. In a rabbit developmental toxicity study, the NOAEL for maternal toxicity was 
10 mg/kg bw per day, based on reductions in body weight gain and feed consumption at 25 mg/kg 
bw per day. The NOAEL for developmental effects was 25 mg/kg bw per day, based on an increased 
incidence of postimplantation loss resulting from an increase in abortions and resorptions and a 
subsequent reduction in the mean number of fetuses per doe at 40 mg/kg bw per day. There were no 
developmental effects in the absence of maternal toxicity. 

The Meeting concluded that dithianon did not cause developmental toxicity at doses that were 
not toxic to the dams and that it was not teratogenic.

In a 4-week neurotoxicity study in rats, a NOAEL of 15 mg/kg bw per day was identifi ed based 
on clinical observations of smeared anogenital region with urine and dark discoloured urine at 30 mg/
kg bw per day. There were no signs of neurotoxicity in any other study. 
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Skin and eye irritation have been repeatedly observed in dithianon-exposed workers. In opera-
tors spraying dithianon-containing products, erythema, swelling, itching, blistering and peeling of the 
skin have been reported.

The Meeting concluded that the existing database on dithianon was adequate to characterize 
the potential for hazard to fetuses, infants and children.

Toxicological evaluation

The Meeting reaffi rmed the ADI of 0–0.01 mg/kg bw for dithianon based on a NOAEL of 
1 mg/kg bw per day for histopathological kidney lesions in females at 6 mg/kg bw per day in a 2-year 
toxicity study of rats and using a 100-fold safety factor.

The Meeting established an acute reference dose (ARfD) of 0.1 mg/kg bw for dithianon, taking 
into account a NOAEL of 12 mg/kg bw and using a safety factor of 100. The NOAEL was based on 
a mechanistic study in which nephrotoxicity was assessed in rats following 4 and 7 days of dosing. 
At these time points, a dietary intake of 60 mg/kg bw per day of dithianon induced repeated cellular 
degenerative/regenerative responses in kidney tubular cells of female rats.

Levels relevant to risk assessment

Species Study Effect NOAEL LOAEL

Mouse Eighty-week study 
of toxicity and 
c arcinogenicitya

Toxicity 20 ppm, equivalent to 
3 mg/kg bw per day

100 ppm, equivalent to 
15 mg/kg bw per day

Carcinogenicity 500 ppm, equivalent to 
75 mg/kg bw per dayb

—

Rat Seven-day study of 
toxicitya

Nephrotoxicity 120 ppm, equivalent to 
12 mg/kg bw per day

600 ppm, equivalent to 
60 mg/kg bw per day

Ninety-day study of 
toxicitya

Toxicity 180 ppm, equal to 
14.6 mg/kg bw per day

1080 ppm, equal to 
86.7 mg/kg bw per day

Twenty-four-month 
study of toxicity and 
carcinogenicitya

Toxicity 20 ppm, equivalent to 
1 mg/kg bw per day

120 ppm, equivalent to 
6 mg/kg bw per day

Carcinogenicity 120 ppm, equivalent to 
6 mg/kg bw per day

600 ppm, equivalent to 
30 mg/kg bw per day

Two-generation 
study of reproductive 
t oxicitya

Offspring toxicity 600 ppm, equal to 
27.6 mg/kg bw per dayb

— 

Parental toxicity 200 ppm, equal to 
9.0 mg/kg bw per day

600 ppm, equal to 
27.6 mg/kg bw per day

Rabbit Developmental t oxicity 
studyc

Maternal toxicity 10 mg/kg bw per day 25 mg/kg bw per day

Embryo and fetal toxicity 25 mg/kg bw per day 40 mg/kg bw per day

Dog Twelve-month study of 
toxicitya

Toxicity 200 ppm, equal to 
7.3 mg/kg bw per day

1000 ppm, equal to 
37.1 mg/kg bw per day

a  Dietary administration.
b  Highest dose tested.
c  Gavage administration.

Estimate of acceptable daily intake for humans

0–0.01 mg/kg bw

Estimate of acute reference dose

0.1 mg/kg bw
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Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
h uman exposure

Critical end-points for setting guidance values for exposure to dithianon

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption T
max

 approximately 6 h, 42–52% absorbed

Distribution Widely distributed

Potential for accumulation None

Rate and extent of excretion Excreted in faeces (64.0–72.2%) and urine (26.7–31.4%)

Half-life 46–57 h

Metabolism in animals Extensive

Toxicologically signifi cant compounds in 
a nimals, plants and the environment

Dithianon

Acute toxicity 

Rat, LD
50

, oral 300 mg/kg bw

Rat, LD
50

, dermal > 2000 mg/kg bw

Rat, LC
50

, inhalation 0.31 mg/l

Rabbit, dermal irritation Non-irritant

Rabbit, eye irritation Severe irritant

Guinea-pig, dermal sensitization Sensitizer (Magnusson & Kligman test)

Short-term studies of toxicity

Target/critical effect Kidney, tubular damage

Lowest relevant oral NOAEL 12 mg/kg bw per day (7-day study in rats)

7.3 mg/kg bw per day (1-year study in dogs) 

Lowest relevant dermal NOAEL Not relevant 

Lowest relevant inhalation NOAEC Not relevant 

Long-term studies of toxicity and carcinogenicity

Target/critical effect Kidney, tubular damage

Lowest relevant NOAEL 1 mg/kg bw per day (24-month study in rats)

Carcinogenicity Only in kidneys of female rats at cytotoxic doses

Genotoxicity 

Not genotoxic in vivo

Reproductive toxicity

Reproduction target/critical effect None

Lowest relevant reproductive NOAEL 27.6 mg/kg bw per day, the highest dose tested, in rats

Developmental target/critical effect Increase in postimplantation loss in the presence of maternal 
t oxicity; not teratogenic
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Lowest relevant developmental NOAEL 25 mg/kg bw per day in rabbits

Neurotoxicity/delayed neurotoxicity

Not neurotoxic

Other toxicological studies

Mechanistic studies on kidney toxicity

Medical data

Local skin and eye irritation effects in exposed plant workers and 
operators

Summary

Value Study Safety factor

ADI 0–0.01 mg/kg bw Two-year dietary toxicity study in rats 100

ARfD 0.1 mg/kg bw Four/seven-day nephrotoxicity study in rats 100
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Explanation

Etoxazole is the International Organization for Standardization (ISO)–approved name for (RS)-
5-tert-butyl-2-[2-(2,6-difl uorophenyl)-4,5-dihydro-1,3-oxazol-4-yl]phenetole (International Union 
of Pure and Applied Chemistry [IUPAC]), with Chemical Abstracts Service (CAS) No. 153233-
91-1. Etoxazole is a new acaricide that belongs to the diphenyloxazole class of miticides/ovicides, 
possibly acting by inhibiting chitin biosynthesis and causing adults to lay sterile eggs. Etoxazole has 
not been evaluated previously by the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) and 
was reviewed at the present Meeting at the request of the Codex Committee on Pesticide Residues 
(CCPR).

All the pivotal studies contained certifi cates of compliance with good laboratory practice 
(GLP).

Evaluation for acceptable daily intake

1. Biochemical aspects

The absorption, distribution, metabolism and excretion, as well as the toxicokinetics, of etoxa-
zole have been investigated in Sprague-Dawley rats. Summaries of the relevant data are presented 
below.

1.1 Absorption, distribution and excretion

In a rat metabolism study, [14C-t-butylphenyl]etoxazole or [14C-oxazole]etoxazole (≥ 97.5% 
radiochemical purity) (Figure 1) was administered to Sprague-Dawley (Hsd/Ola:CD) rats (3–12 of 
each sex per dose) as a single oral gavage dose at 5 or 500 mg/kg body weight (bw) or as a repeated 
oral gavage dose of equimolar [14C-t-butylphenyl/14C-oxazole]etoxazole at 5 mg/kg bw per day for 14 
days. In addition, groups of bile duct–cannulated rats (three of each sex per dose) received a single 
dose via stomach cannula of [14C-t-butylphenyl]etoxazole or [14C-oxazole]etoxazole at 5 or 500 mg/
kg bw.

Figure 1. Radiolabelled forms of etoxazole used in absorption, distribution, metabolism and 
excretion studies: Structure and position of label

(CH3)3C

OC2H5

O

N

F

F

*
#

* [14C-t-butylphenyl]etoxazole
# [14C-oxazole]etoxazole

Within 168 hours of administering a single oral dose of [14C-t-butylphenyl]etoxazole or [14C-
oxazole]etoxazole at 5 or 500 mg/kg bw, 92.0–97.6% of the administered dose was recovered from 
male and female rats. There were no major sex- or 14C label–related differences in the pattern of 
excretion. For both low- and high-dose rats, faecal excretion was the primary route of elimination, 
and excretion of the 14C dose was essentially complete within 120 hours of dosing. In the low-dose 
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groups (both 14C labels), 77.1–88.3% of the dose was recovered in the faeces and 7.6–16.6% of the 
dose was recovered in the urine. In the high-dose groups (both 14C labels), 90.9–93.8% of the dose 
was recovered in the faeces and 1.6–3.2% in the urine. For all dose groups, radioactivity recovered 
in exhaled air accounted for less than or equal to 0.05% of the dose, and radioactivity remaining in 
tissues and the residual carcass by 168 hours post-dosing accounted for 0.06–0.76% of the dose.

14C-labelled etoxazole was rapidly absorbed from the gastrointestinal tract of rats following 
oral dosing. Maximum concentrations of radioactivity in plasma were observed within 2–4 hours 
of dosing for the low-dose groups and within 4–6 hours of dosing for the high-dose groups (Tables 
1 and 2). Based on the recovery of radioactivity in the urine and bile of the bile duct–cannulated 
rats, a substantial portion (48.2–67.5%) of the dose was absorbed by rats in the low-dose groups. 
However, absorption (15.2–19.1% of the dose) was limited in the high-dose groups. The position 
of the 14C label within the molecule had no effect on the level of absorption, but there was a minor 
sex-related effect. Absorption, particularly at the low dose level, was slightly higher (1.3 times) in 
females than in males. In addition, biliary excretion was slightly higher (1.2–1.3 times) in females 
than in males and slightly higher (1.1–1.5 times) in the [14C-t-butylphenyl]etoxazole groups than in 
the  [14C-oxazole]etoxazole groups. Urinary excretion was higher (1.5–1.8 times) in the [14C-oxazole]-
etoxazole groups.

Concentrations of radioactivity in the plasma over time were not affected by position of the 14C 
label, but were affected by sex and dose level. In each dose group, concentrations of plasma radio-

Table 1. Average recovery of radioactivity in bile duct–cannulated rats 48 hours after a single oral 
dose of 14C-labelled etoxazole (5 mg/kg bw)

Sample Recovery of radioactivity (% of administered dose)

[14C-t-butylphenyl]etoxazole [14C-oxazole]etoxazole

Male Female Male Female

Carcass 1.37 1.59 1.85 1.26

Bile 40.25 53.95 29.80 36.80

Urine 12.13 13.53 18.37 24.11

Faeces 46.55 33.99 50.46 39.14

Cage washings 0.14 0.28 0.22 0.71

Total 100.44 103.33 100.70 102.0
From Elsom (1996)

Table 2. Average recovery of radioactivity in bile duct–cannulated rats 48 hours after a single oral 
dose of 14C-labelled etoxazole (500 mg/kg bw)

Sample Recovery of radioactivity (% of administered dose)

[14C-t-butylphenyl]etoxazole [14C-oxazole]etoxazole

Male Female Male Female

Carcass 1.03 8.05 0.92 5.94

Bile 12.54 11.87 9.77 10.91

Urine 4.29 6.03 5.38 8.17

Faeces 80.32 70.97 79.35 74.32

Cage washings 0.07 0.59 0.23 0.14

Total 98.24 97.51 95.66 99.48
From Elsom (1996)
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activity were approximately 2 times higher in males than in females. For the single low-dose groups, 
maximum concentrations in the plasma (Cmax) were 0.961–1.51 µg equivalent (Eq)/g for males and 
0.631–0.646 µg Eq/g for females. For the single high-dose groups, Cmax was 15.8–16.4 µg Eq/g for 
males and 5.3–5.6 µg Eq/g for females. Maximum plasma concentrations were 7–18 times higher 
in the high-dose rats than in the low-dose rats, but the increase was not proportional to the 100-fold 
increase in the dose level. With the exception of the [14C-oxazole]etoxazole high-dose rats, terminal 
half-lives were similar between the sexes within each group (28.2–88.8 hours). For the [14C-oxazole]-
etoxazole high-dose rats, the terminal half-life was 101.9 hours for males and 7.1 hours for females. 
The area under the curve (AUC) values were approximately 2–3 times higher in males than in females 
for each group, but were similar between 14C labels. AUC values were 23.9–33.0 µg Eq·h/g for low-
dose males, 15.6–16.4 µg Eq·h/g for low-dose females, 425–464 µg Eq·h/g for high-dose males and 
121–143 µg Eq·h/g for high-dose females. Although the dose level was increased by 100 times, AUC 
values were only 7–19 times higher in the high-dose rats, further indicating that absorption was lim-
ited at the higher dose level (Tables 3 and 4). 

Maximum concentrations of radioactivity in most tissues were observed at the 3- and 6-hour 
sampling interval for the low- and high-dose groups, respectively; concentrations in tissues declined 
steadily at longer post-treatment intervals. The relative distribution of radioactivity between tissues 
was similar regardless of sex, 14C label and dose level. Excluding the gastrointestinal tract, concen-
trations of radioactivity over time were generally highest in liver, lymph nodes, thyroid and fat and 
were lowest in brain for both sexes in each dose group. For each tissue, the actual concentrations of 
radioactivity were similar between the two 14C labels, but concentrations were generally 1.5–2 times 
higher in tissues of males than in tissues of females from the same group. Increasing the dose level by 
100 times increased the concentration of radioactivity in tissues. However, with the exception of the 
gastrointestinal tract, the approximately 20 times increase in tissue concentrations in the high-dose 
groups did not refl ect the 100 times increase in the dose level. By 168 hours post-dosing, concen-
trations of radioactivity remaining in liver, thyroid and fat of repeated-dose rats were 3.9–7.8 times 
higher than in the same tissues from the [14C-t-butylphenyl]etoxazole single-dose group. 

1.2 Biotransformation

Analyses of urine and faeces identifi ed or characterized 69.6–76.3% of the dose in excreta from 
the single low-dose groups and 89.1–91.1% of the dose in excreta from the single high-dose groups. 
With the exception of minor urinary metabolites, the metabolite profi le in excreta was qualitatively 
similar between the sexes, dose levels and 14C labels. Etoxazole was eliminated primarily in the faeces 
as parent compound. Unchanged parent accounted for 17.8–29.1% of the dose in faeces from the 
low-dose groups and 74.7–80.2% of the dose in faeces from the high-dose groups. Two other minor 
metabolites were also identifi ed in faeces: 4-(4-tert-butyl-2-ethoxyphenyl)-2-(2,6-difl uorophenyl)-
oxazole (R-13; 0.3–1.8% of the dose) and 2-amino-2-(4-tert-butyl-2-ethoxyphenyl)ethyl-2′,6′-
difl uorobenzoate hydrochloride (R-7; 1.2–6.1% of the dose). Urinalyses identifi ed two metabolites in 
the urine of [14C-t-butylphenyl]etoxazole-dosed rats, 2-amino-2-(2-ethoxy-4-(1′-hydroxymethyl-1′-
methylethyl)phenyl)ethanol (R-24) and 2-amino-2-(2-ethoxy-4-(1′-hydroxycarbonyl-1′-methylethyl)-
phenyl)ethanol (Met 1), and one metabolite in the urine of [14C-oxazole]etoxazole-dosed rats, 2,6-
difl uorobenzoic acid (R-11). At the low dose, levels of Met 1 were higher in the urine of males (5.4% 
of the dose) than in the urine of females (2.0% of the dose), whereas levels of R-24 were higher in the 
urine of females (4.1% of the dose) than in the urine of males (0.5% of the dose). For the high-dose 
rats, Met 1 accounted for 0.2–0.5% of the dose, and R-24 accounted for 0.4–0.9% of the dose. In 
the urine of the [14C-oxazole]etoxazole-dosed rats, metabolite R-11 accounted for 12.7–14.6% of the 
dose in low-dose rats and 1.7–2.4% of the dose in high-dose rats. 
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Analyses of bile from each group detected two additional metabolites: 2-(2,6-difl uorophenyl)-
4-[2-ethoxy-4-(1-hydroxymethyl-1-methylethyl)phenyl]-4,5-dihydrooxazole (R-2; ≤ 1.6% of the 
dose) and 4-(4-tert-butyl-2-ethoxyphenol)-2-(2,6-difl uorophenyl)-oxazole (Met 4; 1.4–16.3% of the 
dose). Met 4 accounted for 5.9–6.9% of the dose in bile of low-dose males, 10.3–16.3% of the dose 
in bile of low-dose females and 1.4–4.6% of the dose in bile of high-dose rats. 

Table 3. Radioactive inventory (n = 5) and selected pharmacokinetic parameters in rats following 
oral administration of [14C-t-butylphenyl]etoxazole (n = 3) 

Matrix Radioactive inventory (% of administered dose at day 7)

Single dose 

5 mg/kg bw

Male

Single dose 

500 mg/kg bw

Male

Single dose 

5 mg/kg bw

Female

Single dose 

500 mg/kg bw

Female

Expired air < 0.01 < 0.03 < 0.01 < 0.03

Urine 8.49 1.55 7.55 1.65

Faeces 88.3 91.6 86.8 93.8

Bile ND ND ND ND

Carcass/organsa 0.76 0.05 0.24 0.12

Cage wash 0.07 0.01 0.05 0.02

Total 97.6 93.2 94.7 95.6

C
max

 (µg Eq/g) 1.51 16.4 0.631 5.3

T
max

 (h) 3.0 6.0 4.0 6.0

AUC (µg Eq·h/g) 33.0 424.5 15.6 142.7

From Elsom (1996)

ND, not determined; T
max

, time to C
max 

a Carcass/gastrointestinal tract, kidneys and liver.

Table 4. Radioactive inventory (n = 5) and selected pharmacokinetic parameters in rats following 
oral administration of [14C-oxazole]etoxazole (n = 3)

Matrix Radioactive inventory (% of administered dose at day 7)

Single dose 

5 mg/kg bw

Male

Single dose 

500 mg/kg bw

Male

Single dose 

5 mg/kg bw

Female

Single dose 

500 mg/kg bw

Female

Expired air 0.04 < 0.01 0.05 < 0.01

Urine 14.2 3.23 16.6 1.94

Faeces 77.1 91.0 77.6 90.9

Bile ND ND ND ND

Carcass/organsa 0.65 0.06 0.25 0.07

Cage wash 0.04 0.01 0.08 0.01

Total 92.0 94.3 94.6 92.9

C
max

 (µg Eq/g) 0.961 15.8 0.646 5.6

T
max

 (h) 2.0 6.0 3.0 4.0

AUC (µg Eq·h/g) 23.9 464.0 16.4 121.1

From Elsom (1996)

ND, not determined; T
max

, time to C
max 

a Carcass/gastrointestinal tract, kidneys and liver.
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Metabolite R-2 was also detected in plasma sampled at T
max

 (the time to C
max

), along with etox-
azole. The levels of R-2 and etoxazole in plasma were similar between the dose levels and 14C labels, 
but different between the sexes. In males, R-2 was the major radioactive component in plasma (45.8–
50.0%), and etoxazole accounted for 2.8–3.6%. However, in females, metabolite R-2 accounted for 
1.6–6.9% and etoxazole accounted for 2.8–11.6%. Unknown components having retention values 
around 0.27–0.32 comprised a much greater proportion of the radioactivity in plasma of females 
(36.3–55.0%) than in plasma of males (14.7–24.4%).

Analyses of liver extracts detected etoxazole, along with fi ve metabolites: R-2; N-(2,6-
difl uorobenzoyl)-2-amino-2-[2-ethoxy-4-(1′-hydroxymethyl-1′-methylethyl)phenyl]ethanol (R-6); 
2-(2,6-difl uorophenyl)-4-[2-ethoxy-4-(1-hydroxycarbonyl-1-methylethyl)phenyl]-4,5-dihydrooxa-
zole (R-16); R-24; and Met 1. The metabolite profi le in liver was qualitatively similar between the 
sexes, dose levels and 14C labels, with the exceptions of metabolites Met 1 and R-24. Etoxazole 
(5.1–23.3% of liver radioactivity) was detected in liver in each group, along with the metabolites R-2 
(7.3–18.9%), R-6 (6.2–16.3%) and R-16 (1.2–10.2%). However, metabolites Met 1 (4.3–6.9%) and 
R-24 (10.5–18.8%) were detected only in liver of [14C-t-butylphenyl]etoxazole-dosed rats.

Based on the analyses of excreta, bile and liver, the biotransformation of etoxazole in rats 
primarily involves the hydroxylation of the 4,5-dihydrooxazole ring, followed by cleavage of the 
metabolite and hydroxylation of the tertiary-butyl side-chain (Figure 2) (Elsom, 1996). 

2. Toxicological studies

2.1  Acute toxicity

The results of acute toxicity studies with etoxazole administered orally, dermally or by inhala-
tion are summarized in Table 5. All of the studies were certifi ed to comply with GLP.

Figure 2. Postulated major metabolic pathways for etoxazole in rats
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The results of studies of the irritation and skin sensitization potential of etoxazole are sum-
marized in Table 6.

(a) Oral administration

In an acute oral toxicity study, fasted young adult Sprague-Dawley (Hsd/Ola:Sprague-Dawley 
(CD)) rats (fi ve of each sex) were orally gavaged with a single dose of etoxazole (purity 95.57%) 
in 1% weight per volume (w/v) aqueous methylcellulose. Animals were then observed for 14 days. 
Technical etoxazole is of low acute toxicity by the oral route, based on the lack of mortality at 5000 
mg/kg bw. All rats showed piloerection within 5 minutes of dosing; all subsequently showed hunched 
posture and abnormal gait (waddling). Lethargy was observed in 9 of 10 rats. All females (but no 
males) showed a decreased respiratory rate 4–5 hours after dosing. The rats had all recovered by day 
2 (the day following dosing). One male and one female had slightly reduced body weight gains at 
termination (day 15). No macroscopic abnormalities were observed following sacrifi ce on day 15 
(Allan, 1992a).

In an acute oral toxicity study, fasted young adult ICR (Hsd/Ola:ICR) mice (fi ve of each sex) 
were orally gavaged with a single dose of etoxazole (purity 95.57%) in 1% w/v aqueous methylcel-
lulose. Animals were then observed for 14 days. Technical etoxazole is of low acute toxicity by the 
oral route, based on the lack of mortality at 5000 mg/kg bw. All mice showed piloerection within 5 
minutes of dosing; all subsequently showed hunched posture and abnormal gait (waddling). The mice 
had all recovered by day 2 (the day following dosing). All mice showed satisfactory weight gains dur-
ing the 14-day observation period. No macroscopic abnormalities were observed following sacrifi ce 
on day 15 (Allan, 1992b).

Table 5. Acute toxicity of etoxazole

Species Strain Sex Route Purity (%) Result Reference

Rat Sprague-Dawley Male and 
female

Oral 95.57 LD
50

 > 5000 mg/kg bw Allan (1992a)

Mouse ICR (Hsd/Ola:ICR) Male and 
female

Oral 95.57 LD
50

 > 5000 mg/kg bw Allan (1992b)

Rat Sprague-Dawley Male and 
female

Dermal 95.57 LD
50

 > 2000 mg/kg bw Allan (1992c)

Rat Fischer Male and 
female

Inhalation 95.39 LC
50

 > 1.09 mg/l (maximal 
attainable concentration)

Ebino (1994)

LC
50

, median lethal concentration; LD
50

, median lethal dose

Table 6. Irritation and skin sensitization potential of etoxazole

Species Strain Sex End-point 
(method)

Purity (%) Result Reference

Rabbit New Zealand 
White

Male and 
female

Skin irritation 95.57 Not irritating Liggett (1992a)

Rabbit New Zealand 
White

Male and 
female

Eye irritation 95.57 Not irritating Liggett (1992b)

Guinea-pig Dunkin-Hartley Female Skin 
sensitization 
(Magnusson & 
Kligman)

95.96 Not sensitizing Allan (1995)
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(b) Dermal application

In an acute dermal toxicity study, etoxazole (purity 95.57%) was applied to the skin of male 
and female Sprague-Dawley rats as a 64% w/v dilution in distilled water at the limit dose of 2000 
mg/kg bw and at an application volume of 3.13 ml/kg bw. No mortality occurred, and no clinical 
signs or dermal responses were observed during the study. Slightly lower (compared with other rats 
in the same group) body weight gains were recorded for one male and three females on day 8 and for 
one male on day 15, although these animals achieved anticipated body weight gains on days 15 and 
8, respectively. All other rats achieved anticipated body weight gains throughout the study. No mac-
roscopic abnormalities were observed for animals killed on day 15. The acute dermal median lethal 
dose (LD

50
) for etoxazole in male and female rats was greater than 2000 mg/kg bw (Allan, 1992c).

(c) Exposure by inhalation

In an acute inhalation toxicity study, male and female Fischer rats were exposed whole body to 
an aerosol generated with undiluted etoxazole (purity 95.39%) at a concentration of 1.09 mg/l (mean 
atmospheric concentration, maximum attainable concentration) at an air fl ow rate of 100 l/min. The 
mean values of mass median aerodynamic diameter and geometric standard deviation were 3.6 µm 
and 1.5 µm, respectively. Thus, more than 99% of the test substance consisted of particles with an 
aerodynamic diameter of 10 µm or less. No mortality occurred. No clinical signs of toxicity were 
observed in any animal during exposure; slight reddish adhesive materials in the naso-rostral region 
were observed in four of fi ve males immediately after the termination of exposure and in all females 
1 day after exposure; this sign disappeared 1 day after exposure in the males and by 4 days after expo-
sure in the females. All animals showed an increase in body weight 7 and 14 days after exposure. No 
macroscopic abnormalities were observed for animals killed on day 15. The acute inhalation median 
lethal concentration (LC

50
) for etoxazole in male and female rats was greater than 1.09 mg/l, the 

maximum attainable concentration (Ebino, 1994).

(d) Ocular irritation

Rabbits

In a primary eye irritation study, approximately 53 mg (the weight of test substance occupying 
a volume of 0.1 ml) of etoxazole (purity 95.57%) was applied into the lower reverted lid of one eye 
of one male and fi ve female New Zealand White rabbits. Mild conjunctival irritation was observed in 
all rabbits 1 hour after instillation (redness degree 1 and chemosis degree 1 in all animals; discharge 
degree 1 in fi ve rabbits, degree 2 in the remaining one). All reactions had resolved 1 day after instilla-
tion. There were no signs of toxicity or ill-health in any rabbits during the 7-day observation period. 
Etoxazole was judged to be not irritating to the rabbit eye (Liggett, 1992b).

(e) Dermal irritation

Rabbits

In a primary skin irritation study, 0.5 g of etoxazole (purity 95.57%) moistened with 0.5 ml 
distilled water was applied to the shorn skin of one female and fi ve male New Zealand White rabbits. 
The treated skin area was 25 mm × 25 mm, and exposure lasted 4 hours. No dermal responses were 
observed in any rabbits during the observation period, and there were no signs of toxicity or ill-health. 
Etoxazole was not irritating to rabbit skin (Liggett, 1992a).

(f) Dermal sensitization

The skin sensitization potential of etoxazole (purity 95.96%) was investigated using the Mag-
nusson & Kligman maximization method. Groups of 20 female albino Dunkin-Hartley guinea-pigs 
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were tested according to the following dosing regimen: 1) induction by intradermal injection of 
0.25% w/v in 5% acetone in Alembicol D associated with Freund’s complete adjuvant; 2) induction 
by topical application of 80% w/v in acetone; and then 3) topical challenge with 40% w/v and 80% 
w/v in acetone. Groups of 10 animals were similarly treated in a positive control test with formalin. 
There were no dermal reactions seen in any of the test or control animals challenged with etoxazole 
at 40% w/v and 80% w/v in acetone. Dermal reactions were seen in all 10 animals in the positive 
control group compared with none in the controls. Etoxazole was not sensitizing to skin in the Mag-
nusson & Kligman test in guinea-pigs (Allan, 1995).

2.2 Short-term studies of toxicity

(a) Oral administration

Mice

In a 4-week range-fi nding study, groups of six ICR (Crj:CD-1) mice of each sex per dose 
received etoxazole (purity 96.26%) in the diet at a concentration of 0, 80, 400, 2000 or 10 000 parts 
per million (ppm) (equal to 0, 12.1, 58.2, 289.4 and 1465 mg/kg bw per day for males and 0, 11.8, 
59.7, 294.1 and 1476 mg/kg bw per day for females). There was no mortality, and there were no 
clinical signs. Body weights of male mice treated at 10 000 ppm were slightly, but consistently, lower 
than those of controls during the study. Feed effi ciency was also slightly decreased. Haematology 
and urinalysis did not reveal any effect of treatment. Clinical chemistry showed a signifi cant increase 
in alkaline phosphatase activity in males and increasing trends in activities of glutamic oxaloacetic 
transaminase (aspartate aminotransferase [AST]) and glutamic pyruvic transaminase (alanine ami-
notransferase [ALT]) in mice of both sexes treated at 10 000 ppm. In addition, females showed a 
signifi cant increase in blood urea nitrogen and an increasing trend in triglyceride levels. At necropsy, 
the livers of the six males and fi ve of the six females treated at 10 000 ppm were noted to be dark-
coloured. In mice of both sexes treated at 10 000 ppm, liver weights were statistically signifi cantly 
increased (only relative liver weights in males), and males also showed increased absolute and relative 
kidney weights. At 2000 ppm, relative liver weights were increased in mice of both sexes, whereas at 
400 ppm, only males exhibited an increasing trend in relative liver weight. The no-observed-adverse-
effect level (NOAEL) was established at 2000 ppm (equal to 289.4 mg/kg bw per day in males and 
294.1 mg/kg bw per day in females), based on decreased body weight (males only), changes in clini-
cal chemistry parameters and increased liver weight at 10 000 ppm (Enomoto, 1992a).

In an oral subchronic toxicity study, etoxazole (purity 97.99%) was administered in the diet for 
13 weeks to 12 ICR (Crj:CD-1) mice of each sex per dose at a concentration of 0, 100, 400, 1600 or 
6400 ppm (equal to 0, 13.42, 55.13, 213.6 or 878.4 mg/kg bw per day in males and 0, 15.15, 62.00, 
250.5 or 994.5 mg/kg bw per day in females). Mortality, body weight, body weight gain, feed con-
sumption, feed effi ciency, and haematological and urinalysis parameters were unaffected by the test 
substance. No treatment-related effects were observed in males and females at doses of up to 400 
ppm.

Most treatment-related effects indicated hepatotoxicity. Increased absolute and relative liver 
weights were observed in males at 1600 ppm and in both sexes at 6400 ppm (Table 7). Liver enlarge-
ment was observed in females at 1600 and 6400 ppm. Increased incidences of microscopic hepatic 
lesions were also observed: centrilobular hepatocellular swelling in males at 1600 ppm (slight) and 
in both sexes at 6400 ppm (slight to moderate) and slight periportal hepatocellular necrosis at 6400 
ppm in both sexes (Table 8). Increased triglyceride levels were also observed in females at 1600 and 
6400 ppm, whereas males and females from the 6400 ppm group also exhibited increased alkaline 
phosphatase levels. In females at 6400 ppm, slight increases in ALT and AST activities were also 
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observed. The treatment-related effects noted at 1600 ppm are considered to be non-adverse, adaptive 
responses to exposure to etoxazole. Also noted at 6400 ppm was a decrease in absolute and relative 
kidney weights in males. 

The NOAEL was established at 1600 ppm (equal to 213.6 mg/kg bw per day in males and 
250.5 mg/kg bw per day in females), based on periportal hepatocellular necrosis, increased alka-
line phosphatase levels, increased ALT and AST levels (females only), increased liver weight, liver 
enlargement (females only) and centrilobular hepatocellular swelling at 6400 ppm (Inui, 1994).

Rats

In a 4-week range-fi nding study, groups of six Fischer rats of each sex per dose received etoxa-
zole (purity 96.26%) in the diet at a concentration of 0, 80, 400, 2000 or 10 000 ppm (equal to 0, 
6.1, 30.1, 150.5 and 761 mg/kg bw per day for males and 0, 6.4, 31.9, 160.5 and 732 mg/kg bw per 
day for females). No unscheduled deaths occurred during the study. Clinical signs, body weight, feed 
consumption, feed effi ciency, haematological parameters and urinalysis parameters were unaffected 

Table 7. Mean absolute and relative liver weights in mice fed etoxazole for 13 weeksa

Organ Mean (± SD) liver weight (g)

Dietary concentration (ppm)

0 100 400 1600 6400

Males

Terminal body weight 44.1 ± 3.3 44.7 ± 5.1 44.1 ± 3.9 45.4 ± 3.4 44.0 ± 2.3

Liver

- Absolute 2.27 ± 0.19 2.38 ± 0.36 2.37 ± 0.23 2.64 ± 0.32** (↑16) 2.60 ± 0.12** (↑15)

- Relative 5.16 ± 0.32 5.32 ± 0.40 5.37 ± 0.23 5.82 ± 0.47** (↑13) 5.92 ± 0.33** (↑15)

Females

Terminal body weight 34.1 ± 2.8 35.0 ± 3.9 34.2 ± 3.0 35.4 ± 4.0 33.5 ± 2.2

Liver

- Absolute 1.80 ± 0.23 1.70 ± 0.23 1.80 ± 0.17 1.98 ± 0.28 2.19 ± 0.20** (↑22)

- Relative 5.26 ± 0.38 4.88 ± 0.49 5.27 ± 0.40 5.59 ± 0.38 6.53 ± 0.41** (↑24)

From Inui (1994)

SD, standard deviation; ** P ≤ 0.01
a  Data were obtained from the study report, Tables 21-1 through 22-2 on pages 71–74; per cent change from controls is presented 

parenthetically. 

Table 8. Incidence of microscopic liver lesions in mice fed etoxazole for 13 weeksa

Observation Incidence of microscopic liver lesions (no. affected/12)

Dietary concentration (ppm)

0 100 400 1600 6400 0 100 400 1600 6400

Males Females

Centrilobular hepatocellular swelling 0 0 0 5* 10** 0 0 0 0 12**

Slight periportal hepatocellular necrosis 0 0 0 0 4* 0 0 0 0 6**

From Inui (1994)

* P ≤ 0.05; ** P ≤ 0.01
a Data were obtained from the study report, Tables 23-1 through 24-2 on pages 75–78.
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by the test substance. No treatment-related effects were observed in the 80 ppm groups. The only 
fi nding at 400 ppm that was possibly related to treatment was increased relative liver weight in the 
females. At 2000 and 10 000 ppm, hepatotoxicity was indicated. Increased γ-glutamyl transpeptidase 
activity was observed in females at 2000 and 10 000 ppm, and total cholesterol level was increased in 
females at 2000 and 10 000 ppm. An increased incidence of liver enlargement was observed in males 
at 2000 and 10 000 ppm and in females at 2000 and 10 000 ppm. An increased incidence of centri-
lobular hepatocellular swelling was observed in both sexes (2/2 treated versus 0/2 controls in each 
case). Increased absolute and relative liver weights were observed in males and females at 2000 and 
10 000 ppm. Absolute and relative adrenal weights were increased in males at 2000 ppm and above 
and in females at 10 000 ppm. At 2000 ppm and above, triglygeride levels were increased in females, 
and blood urea nitrogen level was increased in males. At 10 000 ppm, platelet count and total protein 
and globulin levels were increased in males, and globulin level was increased in females. 

The NOAEL for this study is 400 ppm (equal to 30.1 mg/kg bw per day in males and 31.9 mg/
kg bw per day in females), based on liver enlargement, centrilobular hepatocellular swelling and 
increased liver weights in both sexes and increased γ-glutamyl transpeptidase activity in females at 
2000 ppm (Nakashima, 1992). 

Sprague-Dawley rats (12 of each sex per dose) were given diets containing etoxazole (purity 
96.26% and 95.57%) at a concentration of 0, 100, 300, 1000 or 3000 ppm (equal to 0, 6.12, 18.28, 
61.8 and 183.7 mg/kg bw per day in males and 0, 6.74, 20.50, 69.0 and 204.8 mg/kg bw per day in 
females) for 13 weeks. Mortality, clinical signs, body weight, body weight gain, feed consumption, 
feed effi ciency, ophthalmoscopy and urinalyses were unaffected by the test substance. Most adverse 
effects indicated hepatotoxicity. Increased total cholesterol level was observed in 3000 ppm males 
(Table 9). Increased absolute and relative (to body) liver weights were observed in males and females 
at 1000 and 3000 ppm (Table 10). An increased incidence of liver enlargement was observed in 
3000 ppm males and in 1000 and 3000 ppm females. Slight centrilobular hepatocellular swelling 
was observed in males at 1000 and 3000 ppm and in females at 3000 ppm (Table 11). Absolute liver 
weight was increased in females at 100 and 300 ppm. In 300 ppm males, increased absolute liver 
weight and relative (to body) liver weight were observed. However, there was no corroborating evi-
dence for toxicity at 100 and 300 ppm in either sex. Thus, these fi ndings are considered non-adverse. 
Treatment-related haematological effects were noted in males. Haematocrit and haemoglobin were 
slightly decreased at 1000 and 3000 ppm. Although treatment related, these changes were not consid-
ered adverse because of the small magnitude of change. 

In males, the NOAEL for this study was determined to be 1000 ppm (equal to 61.8 mg/kg bw 
per day), based on the increases in cholesterol level, liver weight, liver size and centrilobular hepato-
cellular swelling. The lowest-observed-adverse-effect level (LOAEL) for males was 3000 ppm (equal 
to 183.7 mg/kg bw per day).

In females, the NOAEL was determined to be 3000 ppm (equal to 204.8 mg/kg bw per day). 
The LOAEL for females was not established, as the effects noted in females (increases in centrilobu-
lar hepatocellular swelling and in liver weight and size) at 3000 ppm are considered non-adverse 
(Nakashima, 1994). 

In an additional study, testes samples (from paraffi n blocks) obtained from eight male rats of 
the control and high dose level (3000 ppm) groups in the previous study were immunohistochemi-
cally stained for proliferating cell nuclear antigen (PCNA) by the avidin biotin peroxidase complex 
method using an anti-PCNA antibody. The stained sections were examined for proliferative activity 
of testicular interstitial cells. Sections of paraffi n-embedded duodenum from the same animals were 
used as a positive control for the PCNA staining (i.e. to verify the integrity of the PCNA staining). 
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Table 9. Selected clinical chemistry fi ndings in male rats fed etoxazole for 13 weeksa

Parameter Dietary concentration (ppm)

0 100 300 1000 3000

AST (U/l) 101 ± 17 103 ± 22 95 ± 15 92 ± 16 142 ± 23** (↑41)

Total cholesterol (mg/dl) 55 ± 8 59 ± 10 63 ± 12 66 ± 16 76 ± 15** (↑38)

γ-Glutamyl transpeptidase (U/l) 1 ± 0 1 ± 0 1 ± 0 1 ± 0 2 ± 0** (↑100)

From Nakashima (1994)

** P ≤ 0.01 
a Data were extracted from Table 19-1 in the study report, page 72; n = 12; per cent difference from control is presented parenthetically.

Table 10. Absolute and relative liver weights in rats fed etoxazole for 13 weeksa

Mean (± SD) weight (g)

Dietary concentration (ppm)

0 100 300 1000 3000

Males

Terminal body 
weight

487 ± 32 503 ± 43 528 ± 41 504 ± 51 485 ± 43

Liver

- Absolute 12.59 ± 1.46 13.42 ± 1.71 14.89 ± 1.62* (↑18) 15.00 ± 2.52* (↑19) 15.44 ± 2.00** (↑23)

- Relative 2.58 ± 0.20 2.66 ± 0.20 2.82 ± 0.16* (↑9) 2.97 ± 0.34** (↑15) 3.17 ± 0.17** (↑23)

Females

Terminal body 
weight

278 ± 18 292 ± 21 285 ± 21 280 ± 27 274 ± 25

Liver

- Absolute 6.68 ± 0.55 7.36 ± 0.57* (↑10) 7.38 ± 0.70* (↑10) 7.54 ± 1.24 8.06 ± 0.87** (↑21)

- Relative 2.41 ± 0.14 2.53 ± 0.18 2.59 ± 0.20 2.69 ± 0.21** (↑12) 2.95 ± 0.24** (↑22)

From Nakashima (1994)

* P ≤ 0.05; ** P ≤ 0.01
a  Data were obtained from Tables 23-1, 23-2, 24-1 and 24-2 in the study report, pages 78–81; n = 12; per cent difference from control is 

presented parenthetically. 

Table 11. Incidence of centrilobular hepatocellular swelling in rats fed etoxazole for 13 weeksa 

Incidence (no. of animals/12)

Dietary concentration (ppm)

0 100 300 1000 3000 0 100 300 1000 3000

Males Females

Centrilobular hepatocellular 
swelling

0 0 0 5* 11** 0 0 0 0 9**

From Nakashima (1994)

* P ≤ 0.05; ** P ≤ 0.01
a Data were obtained from Tables 25 and 26 in the study report, pages 82–83.



317

ETOXAZOLE 305–344 JMPR 2010

The mean PCNA labelling index in the testicular interstitial cells was 0.16 for the controls and 0.19 
for the 3000 ppm dose group. Therefore, it was concluded that etoxazole administered in the diet for 
13 weeks had no proliferative effects on the testicular interstitial cells (Nakashima, 1996a). 

In another oral subchronic toxicity study, etoxazole (purity 95.2%) was administered in the diet 
to 12 Sprague-Dawley rats of each sex per group at a concentration of 0, 5000 or 10 000 ppm (equal 
to 0, 300.4 or 610 mg/kg bw per day for males and 0, 336.6 or 692 mg/kg bw per day for females) for 
13 weeks. The objective of this study was to evaluate the subchronic toxicity following oral admin-
istration of doses of etoxazole higher than those administered in the previous 90-day oral subchronic 
toxicity study in rats and thus to fi nd dose levels for an oral chronic toxicity and oncogenicity study 
in rats.

There were no mortalities during the study. Body weights, body weight gains, feed consump-
tion, feed effi ciency, ophthalmoscopy and urinalysis were unaffected by the test substance. At 5000 
and 10 000 ppm, changes in clinical chemistry, organ weights and histopathology indicated possible 
hepatotoxicity. In clinical chemistry, total protein level was increased in the 5000 and 10 000 ppm 
males, and globulin level was increased in the 5000 and 10 000 ppm animals. Although not statisti-
cally signifi cant, a dose-related increase in cholesterol level at 5000 and 10 000 ppm was noted in 
both males and females (Table 12). 

Absolute and relative (to body) liver weights were increased in the 5000 and 10 000 ppm 
animals. Microscopically, centrilobular hepatocellular hypertrophy was observed: hypertrophy was 
moderate in the 10 000 ppm animals, slight to moderate in the 5000 ppm males and slight in the 5000 
ppm females. Aside from the direct evidence of possible hepatotoxicity, some dose-related haemato-
logical effects were also noted. Haematocrit was decreased in males and females at 5000 and 10 000 
ppm. Decreased haemoglobin was noted in males and females at 10 000 ppm. Platelet counts were 
increased in the 5000 ppm females and 10 000 ppm animals. Mean corpuscular volume and pro-
thrombin time were decreased in the 5000 and 10 000 ppm females. Treatment-related increases were 
noted in thyroid and kidney weights in this study. Increases were observed in absolute and relative 
thyroid weights in the males at the high dose level. Absolute and relative kidney weights were also 
increased in the females at the high dose level. These fi ndings were not considered adverse, however, 

Table 12. Selected clinical chemistry fi ndings in rats fed etoxazole for 13 weeksa

Parameter Dietary concentration (ppm)

0 5000 10 000

Males

Creatine phosphokinase (U/l) 122 ± 21 130 ± 35 164** ± 38 (↑34)

Total protein (g/dl) 6.32 ± 0.13 6.52* ± 0.15 (↑3) 6.69** ± 0.23 (↑6)

Globulin (g/dl) 3.43 ± 0.10 3.61* ± 0.15 (↑5) 3.71** ± 0.20 (↑8)

Total cholesterol (mg/dl) 63 ± 13 71 ± 13 92** ± 16 (↑46)

Females

Serum glutamic oxaloacetic transaminase (AST) 
(U/l)

75 ± 9 73 ± 10 66* ± 6 (↓12)

Globulin (g/dl) 3.23 ± 0.13 3.38* ± 0.14 (↑5) 3.40* ± 0.14 (↑5)

Total bilirubin (g/dl) 0.16 ± 0.03 0.14* ± 0.02 (↓13) 0.13** ± 0.01 (↓19)

From Nakashima (1998)

* P ≤ 0.05; ** P ≤ 0.01
a  Data were obtained from the study report, Tables 19-1, 19-2, 20-1 and 20-2, pages 77–80; n = 12; per cent difference from control is 

listed parenthetically.
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as no corroborating evidence of toxicity in these organs was observed. Several other parameters 
differed from controls. At 10 000 ppm, creatine phosphokinase activity was increased in the males. 
Elongation of the incisors was observed in gross pathology and during clinical observations towards 
the end of the study, yet no histologically discernible alterations were noted. 

The LOAEL for this study was determined to be 5000 ppm (equal to 300.4/336.6 mg/kg bw 
per day for males/females), based on clinical chemistry, increased liver weights and histopathology. 
A NOAEL was not observed for this study (Nakashima, 1998), as adverse effects were observed at 
the lowest dose tested.

In a further study, groups of six Sprague-Dawley rats of each sex per dose received etoxazole 
(purity 95.39%) in the diet at a concentration of 0, 1000 or 2000 ppm (equal to 0, 74.75 and 152.35 
mg/kg bw per day at week 4 and 0, 59.6 and 119.5 mg/kg bw per day at week 13 for males and 0, 
76.2 and 155.1 mg/kg bw per day at week 4 and 0, 66.7 and 133.5 mg/kg bw per day at week 13 for 
females) for either 4 or 13 weeks. At each sacrifi ce, the liver was analysed to determine cytochrome 
P450 content and enzyme activities (ethoxycoumarin O-dealkylase and pentoxyresorufi n O-dealkyl-
ase). Histopathological examination of the liver was also performed. No mortality occurred, and no 
clinical signs related to treatment were noted. Body weight and feed consumption were not affected 
by treatment. No macroscopic change attributable to treatment was noted at necropsy. Male rats 
treated at 2000 ppm showed statistically signifi cant increases in liver weights after 4 or 13 weeks of 
treatment. Female rats of this same group showed increases in absolute and relative liver weights, 
compared with controls, after 4 weeks, but both absolute and relative liver weights were comparable 
to those of the control group after 13 weeks of treatment. In animals treated at 1000 ppm, only female 
rats showed increases in absolute and relative liver weights, compared with controls, after 4 weeks, 
but again both absolute and relative liver weights were comparable to those of the control group 
after 13 weeks of treatment. Histopathology showed centrilobular hepatocellular swelling in the liver 
of all male rats sacrifi ced after 4 weeks of treatment at 2000 ppm, whereas no treatment-related 
fi ndings were ever detected in female rats or in male rats after 13 weeks of treatment at either dose 
level. Results of liver biochemistry did not show any signifi cant change in any of the treated groups 
compared with the controls, with the exception of a statistically signifi cant increase in microsomal 
protein content in male rats treated for 13 weeks at 2000 ppm. In conclusion, hepatomegaly could not 
be associated with an effect on the cytochrome P450 system (Inui, 1995).

Dogs

In a 4-week range-fi nding study, groups of one male and one female Beagle dog received 
etoxazole (purity 96.26%) in pulverized basal diet (offered moistened with water to avoid spillage) at 
a concentration of 0, 1000, 3000, 10 000 or 30 000 ppm (mean substance intakes: 0, 30.5, 99.7, 321 
and 968 mg/kg bw per day for males and 0, 35.7, 102, 340 and 594 mg/kg bw per day for females) 
for 28 days. The animals were subjected to ophthalmology, urinalysis before beginning treatment and 
at week 4, and haematology and blood chemistry examinations before beginning treatment and at 
weeks 2 and 4. All animals were necropsied at the end of the study and examined for gross pathology. 
Absolute and relative organ weights were calculated; liver sections from all animals were examined 
microscopically.

No mortality occurred. Clinical signs were limited to vomit of feed or foamy fl uid and/or 
watery stool or loose stool on occasion in animals from all groups, including the control, but more 
frequently reported for the female dog treated at 30 000 ppm. Body weight loss was observed in 
the female treated at 30 000 ppm, whereas reduced body weight gains were recorded in the male 
dog treated at 30 000 ppm and in dogs of both sexes receiving 10 000 or 3000 ppm, compared 
with the body weight gains of control dogs. Average feed consumption was markedly reduced only 
in the female dog treated at 30 000 ppm and was comparable to that of control animals for all the 
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other treated dogs. Ophthalmology and haematology did not reveal any change in treated dogs. At 
urinalysis, absence of protein was noted in the female dog treated at 30 000 ppm and in dogs of 
both sexes treated at 10 000 ppm. Clinical chemistry showed increases in alkaline phosphatase in 
both dogs treated at 30 000 ppm and in glutamic oxalic transaminase (AST) and glutamic pyruvic 
transaminase (ALT) in the female at weeks 2 and 4. Decreases in total protein and albumin levels 
were also observed at week 4 of treatment in dogs of both sexes, accompanied by a reduced albumin 
to globulin ratio in the male. Total cholesterol level was reduced in the male at both weeks 2 and 4 
and in the female at week 4. In addition, the female showed an increase in creatine phosphokinase 
activity at week 4 and decreases in glucose levels at weeks 2 and 4 of treatment. Similarly, in dogs of 
both sexes treated at 10 000 ppm, alkaline phosphatase activity was increased at weeks 2 and 4, total 
protein and albumin levels were reduced at week 4 (with a low albumin to globulin ratio in the male) 
and total cholesterol level was reduced in the male at week 4 and at both time points in the female. 
In addition, the female dogs showed a decrease in glucose level and an increase in triglyceride level 
at both weeks 2 and 4 of treatment. In dogs treated at 3000 ppm, increases in alkaline phosphatase 
activity were noted at weeks 2 and 4 of treatment. In dogs treated at 1000 ppm, alkaline phosphatase 
activity was also increased, but at week 4 only and with the increase in the female still within normal 
range. The only necropsy observation was emaciation noted in the female dog treated at 30 000 ppm. 
Organ weight analysis showed increased absolute and relative liver weights and reduced absolute 
and relative spleen weights in the male treated at 30 000 ppm, decreased absolute pancreas weight 
and increased relative weights of the brain, pituitary and liver of the female treated at 30 000 ppm, 
increased absolute and relative liver weights in dogs of both sexes and decreased absolute and relative 
thyroid weights of the male treated at 10 000 ppm, increased absolute and relative liver weights in 
dogs treated at 3000 ppm and increased absolute and relative liver weights in the male treated at 1000 
ppm. In the female treated at 1000 ppm, only a slight increase in relative liver weight was recorded. 
Histopathology of the livers revealed centrilobular hepatocellular swelling in dogs treated at 30 000 
ppm, accompanied by bile duct proliferation in the male and focal haemorrhage and infl ammatory 
cell infi ltration in the female; centrilobular hepatocellular swelling in dogs treated at 10 000 ppm 
accompanied by focal necrosis in the male; and centrilobular hepatocellular swelling only in dogs 
treated at 3000 and 1000 ppm.

No NOAEL was established in this study, which was designed only to explore appropriate high 
doses for further study (Enomoto, 1992b).

In an oral subchronic toxicity study, etoxazole (purity 95.39%) was administered in the diet 
to four Beagle dogs of each sex per group at a concentration of 0, 200, 2000 or 10 000 ppm (equal 
to 0, 5.33, 53.7 and 268 mg/kg bw per day in males and 0, 5.42, 55.9 and 277 mg/kg bw per day in 
females) for 13 weeks. Males from the 2000 and 10 000 ppm dose groups exhibited mucous stool, 
and one male from the 10 000 ppm dose group exhibited bloody mucous stool. In both males and 
females, absolute and relative liver weights were increased at 2000 ppm and above. Slight to moder-
ate centrilobular hepatocellular swelling was observed in both sexes at 2000 ppm and above, whereas 
slight centrilobular infl ammatory cell infi ltration was observed in females from the 10 000 ppm 
dose group only. Males from the 2000 ppm dose group exhibited elevated triglyceride levels; this 
parameter was elevated in both sexes from the 10 000 ppm dose group. Alkaline phosphatase levels 
were increased in both sexes at 2000 ppm and above (Table 13). Additionally at 10 000 ppm, the 
activated partial thromboplastin time was reduced, albumin levels were decreased, globulin levels 
were increased and the albumin to globulin ratio was decreased in both males and females. Slight 
reductions in red cell indices (red blood cell count, haemoglobin concentration, haematocrit) were 
observed in males as well, and glucose levels were reduced in females. Prostate weights (absolute 
and relative) were decreased in males from the 2000 ppm dose groups and above (Table 14). Histo-
logically, acinar cell atrophy was observed in the prostate of one and three males from the 2000 and 
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Table 13. Selected clinical chemistry fi ndings in male dogs fed etoxazole for 13 weeksa

Clinical chemistry 
parameter

Study week Dietary concentration (ppm)

0 200 2000 10 000

Males

Triglycerides (mg/dl) Pretest 45 ± 4 47 ± 6 42 ± 9 37 ± 13

7 47 ± 7 45 ± 4 49 ± 14 54 ± 9

13 39 ± 10 40 ± 5 58* ± 11 (↑49) 54 ± 10 (↑38)

Alkaline phosphatase (U/l) Pretest 128 ± 34 116 ± 10 132 ± 19 132 ± 13

7 109 ± 24 98 ± 6 168 ± 41 (↑54) 365* ± 246 (↑235)

13 95 ± 18 81 ± 5 163 ± 57 (↑72) 281* ± 73 (↑196)

Albumin (g/dl) Pretest 3.08 ± 0.14 3.12 ± 0.14 3.19 ± 0.23 3.21 ± 0.13

7 3.35 ± 0.11 3.37 ± 0.19 3.24 ± 0.23 2.89* ± 0.28 (↓14)

13 3.27 ± 0.13 3.46 ± 0.23 3.24 ± 0.21 2.64* ± 0.46 (↓19)

Females

Triglycerides (mg/dl) Pretest 43 ± 12 47 ± 6 41 ± 6 40 ± 8

7 52 ± 20 48 ± 9 49 ± 12 92* ± 24 (↑77)

13 39 ± 11 44 ± 5 44 ± 6 88** ± 22 (↑126)

Alkaline phosphatase (U/l) Pretest 110 ± 9 141 ± 29 121 ± 21 99 ± 23

7 96 ± 15 122 ± 45 158 ± 53 (↑64) 587** ± 243 (↑511)

13 73 ± 15 106 ± 44 151 ± 64 (↑106) 697** ± 332 (↑855)

Albumin (g/dl) Pretest 3.42 ± 0.05 3.35 ± 0.19 3.24 ± 0.14 3.27 ± 0.24

7 3.55 ± 0.13 3.48 ± 0.04 3.40 ± 0.16 3.16** ± 0.14 (↓11)

13 3.56 ± 0.06 3.49 ± 0.03 3.40 ± 0.20 3.04** ± 0.22 (↓15)

From Kitazawa (1995)

* P ≤ 0.05; ** P ≤ 0.01
a  Data were obtained from the study report, Tables 17-1 through 17-6, pages 87–92; n = 4; per cent difference from controls is provided 

parenthetically.

Table 14. Selected organ weights of dogs fed etoxazole for 13 weeksa

Organ weight Organ weight (g)

Dietary concentration (ppm)

0 200 2000 10 000

Males

Liver

- Absolute 264 ± 30 263 ± 15 324** ± 13 (↑23) 351** ± 21 (↑33)

- Relative 2.72 ± 0.20 2.60 ± 0.19 3.23** ± 0.25 (↑19) 3.54** ± 0.12 (↑30)

Prostate

- Absolute 5.1 ± 0.6 5.1 ± 0.6 3.8 ± 1.8 (↓25) 1.9 ± 0.2 (↓63)

- Relative 0.052 ± 0.006 0.051 ± 0.015 0.038 ± 0.020 (↓25) 0.019* ± 0.002 (↓63)

Females

Liver 

- Absolute 247 ± 21 253 ± 15 300** ± 11 (↑21) 373** ± 29 (↑51)

- Relative 2.53 ± 0.17 2.55 ± 0.27 3.19* ± 0.36 (↑26) 3.86** ± 0.37 (↑53)

From Kitazawa (1995)

* P ≤ 0.05; ** P ≤ 0.01
a  Data were obtained from the study report, Tables 21-1, 21-2, 22-1 and 22-2, pages 101–104; n = 4; per cent difference from control is 

provided parenthetically.
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10 000 ppm dose groups, respectively. Thyroid gland weights (absolute and relative) were elevated in 
males and females from the 10 000 ppm dose group; however, no corresponding histological fi ndings 
were observed. One male from the 10 000 ppm dose group exhibited elevated white blood cell and 
segmented neutrophil counts and was observed to have severe lymphadenitis of the omental lymph 
node, moderate lymphoid cell hyperplasia of the iliac lymph node and moderate enteritis of the colon 
and rectum (Table 15). 

The NOAEL in this study is 200 ppm (equal to 5.33/5.42 mg/kg bw per day in males/females), 
based on clinical signs of toxicity (bloody/mucous stool), hepatotoxicity (increased alkaline phos-
phatase and triglyceride levels, increased liver weight, centrilobular hepatocellular swelling) and 
effects on the prostate (decreased weight, acinar cell atrophy) at the LOAEL of 2000 ppm (equal to 
53.7/55.9 mg/kg bw per day in males/females) (Kitazawa, 1995).

In a 1-year oral toxicity study, etoxazole (purity 95.96%) was administered in the diet to four 
Beagle dogs of each sex per group at a concentration of 0, 200, 1000 or 5000 ppm (equal to 0, 4.62, 
23.5 and 116 mg/kg bw per day in males and 0, 4.79, 23.8 and 117 mg/kg bw per day in females) for 
52 weeks. Findings noted at 200 ppm were limited to slight increases in absolute and relative liver 
weights in males and females. At 1000 ppm, levels of alkaline phosphatase were increased in males 
and females throughout treatment. Absolute and relative liver weights were also increased in males 
and females. Liver enlargement was observed in females, and slight centrilobular hepatocellular 
swelling was observed in all animals at this dose level. At 5000 ppm, the highest dose tested, alka-
line phosphatase and triglyceride levels were increased in males and females throughout treatment 
(Table 16). Absolute and relative liver weights were also increased in males and females (Table 17). 
Liver enlargement and severe centrilobular hepatocellular swelling were observed in all animals at 
this dose level. Additionally in 5000 ppm males, mucous stool and slight decreases in activated 
partial thromboplastin time, red blood cell count, haemoglobin concentration and haematocrit were 
observed. Albumin levels were decreased in males, globulin levels were increased in females and the 
albumin to globulin ratio was decreased in both sexes at this dose (Table 18). One male exhibited 
slight atrophy of the glandular epithelium of the prostate gland. 

Table 15. Selected histopathological fi ndings in dogs fed etoxazole for 13 weeksa

Microscopic fi nding Incidence (no./4)

Dietary concentration (ppm)

0 200 2000 10 000

Males

Liver: centrilobular hepatocellular swelling 0 0 4* 4*

Prostate: acinar cell atrophy 0 0 1 3

Colon/rectum: enteritis 0 0 0 1

Lymph nodes: (omental) – lymphadenitis 0 0 0 1

Lymph nodes: (iliac) – lymphoid cell hyperplasia 0 0 0 1

Females

Liver: centrilobular hepatocellular swelling 0 0 4* 4*

Liver: centrilobular infl ammatory cell infi ltration 0 0 0 2

From Kitazawa (1995) 

* P ≤ 0.05
a Data were obtained from the study report, Tables 23 and 24, pages 105–106.
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Table 16. Selected clinical chemistry fi ndings in dogs fed etoxazole for 52 weeksa

Clinical chemistry parameter Study week Dietary concentration (ppm)

0 200 1000 5000

Males

Alkaline phosphatase (U/l) Pretest 100 ± 12 129 ± 40 113 ± 40 102 ± 22

13 73 ± 12 109 ± 28 186 ± 102 (↑155) 344** ± 47 (↑371)

26 63 ± 19 79 ± 20 191 ± 99 (↑203) 367** ± 59 (↑483)

52 58 ± 20 78 ± 17 210 ± 122 (↑262) 398** ± 70 (↑586)

Triglycerides (mg/dl) Pretest 34 ± 4 46 ± 15 34 ± 7 41 ± 6

13 36 ± 10 49 ± 7 50 ± 18 115** ± 18 (↑219)

26 42 ± 12 46 ± 7 52 ± 12 108** ± 19 (↑157)

52 43 ± 14 47 ± 12 52 ± 13 106** ± 14 (↑147)

Females

Alkaline phosphatase (U/l) Pretest 107 ± 8 91 ± 25 92 ± 13 96 ± 23

13 87 ± 7 79 ± 19 180 ± 44 (↑107) 608* ± 290 (↑599)

26 63 ± 5 66 ± 14 215 ± 62 (↑241) 507* ± 232 (↑705)

52 65 ± 7 50 ± 6 197 ± 61 (↑203) 686* ± 330 (↑955)

Triglycerides (mg/dl) Pretest 41 ± 9 35 ± 7 33 ± 5 39 ± 10

13 45 ± 7 45 ± 9 47 ± 7 110* ± 32 (↑144)

26 50 ± 7 64 ± 20 41 ± 6 107** ± 20 (↑114)

52 49 ± 17 46 ± 5 47 ± 14 107** ± 19 (↑118)

Creatinine (mg/dl) Pretest 0.97 ± 0.03 0.91 ± 0.03 0.94 ± 0.16 0.96 ± 0.08

13 1.13 ± 0.05 1.02 ± 0.04 1.00 ± 0.12 1.07 ± 0.06

26 1.14 ± 0.05 0.96** ± 0.03 (↓16) 1.01 ± 0.10 1.02 ± 0.09

52 1.20 ± 0.06 1.01** ± 0.06 (↓16) 1.04* ± 0.07 (↓13) 1.05* ± 0.07 (↓13)

From Kitazawa (1996a)

* P ≤ 0.05; ** P ≤ 0.01
a  Data were obtained from the study report, Tables 17-1, 17-5, 18-1, 18-2 and 18-5, pages 98, 102, 105, 106 and 109, respectively; n = 4; 
per cent difference from controls is provided parenthetically.

Table 17. Liver weights of dogs fed etoxazole for 52 weeksa

Liver weight (g)

Dietary concentration (ppm)

0 200 1000 5000

Males

Absolute 248 ± 36 288* ± 18 (↑16) 319** ± 11 (↑29) 435** ± 6 (↑75)

Relative 2.15 ± 0.13 2.42 ± 0.10 2.71** ± 0.27 (↑21) 3.60** ± 0.17 (↑67)

Females

Absolute 244 ± 19 268 ± 24 326* ± 53 (↑34) 429** ± 59 (↑76)

Relative 2.13 ± 0.14 2.44 ± 0.21 2.74* ± 0.34 (↑29) 3.65** ± 0.25 (↑71)

From Kitazawa (1996a)

* P ≤ 0.05; ** P ≤ 0.01
a  Data were obtained from the study report, Tables 21-1, 21-2, 22-1 and 22-2, pages 114–117; n = 4; per cent difference from control is 

provided parenthetically.
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The NOAEL is 200 ppm (equal to 4.62/4.79 mg/kg bw per day in males/females), based on 
elevated alkaline phosphatase levels, increased liver weights, liver enlargement (females) and an 
increased incidence of slight hepatocellular swelling in the liver at the LOAEL of 1000 ppm (equal 
to 23.5/23.8 mg/kg bw per day in males/females) (Kitazawa, 1996a).

(b)  Dermal application

Rats

In a 28-day dermal toxicity study, groups of 10 Sprague-Dawley (Crj:CD) rats of each sex per 
dose were treated dermally with etoxazole (purity 95.2%) as a suspension in 0.5% methylcellulose 
at a dose level of 0, 30, 100 or 1000 mg/kg bw per day for 4 weeks. The volume of application was 2 
ml/kg bw, and the duration of treatment was 6 hours daily. All animals were subjected to functional 
observations and motor activity assessment during week 4. No mortality occurred, and no clini-
cal signs or skin reactions were found during the study. Body weights and feed consumption were 
not affected by treatment. Functional observational batteries, motor activity evaluation, ophthalmol-
ogy, haematology, clinical chemistry and necropsy did not reveal any treatment-related effect. The 
NOAEL in rats was 1000 mg/kg bw per day, the highest dose texted (Ichiki, 1999).

Table 18. Selected clinical chemistry fi ndings in dogs fed etoxazole for 52 weeksa

Clinical chemistry parameter Study week Dietary concentration (ppm)

0 200 1000 5000

Males

Albumin (g/dl) Pretest 3.07 ± 0.22 3.2 ± 0.14 3.04 ± 0.23 3.1 ± 0.14

13 3.09 ± 0.18 3.28 ± 0.16 2.85 ± 0.41 2.7 ± 0.25 (↓13)

26 3.1 ± 0.22 3.13 ± 0.26 3.02 ± 0.08 2.76 ± 0.24 (↓11)

52 3.22 ± 0.35 3.36 ± 0.22 3.08 ± 0.04 2.91 ± 0.24 (↓10)

Albumin/globulin ratio Pretest 1.39 ± 0.19 1.4 ± 0.18 1.39 ± 0.09 1.41 ± 0.1

13 1.2 ± 0.25 1.32 ± 0.19 1.04 ± 0.08 0.94 ± 0.19 (↓22)

26 0.96 ± 0.21 1.06 ± 0.21 0.93 ± 0.08 0.84 ± 0.16 (↓12.5)

52 0.91 ± 0.15 1.01 ± 0.19 0.86 ± 0.09 0.84 ± 0.22 (↓8)

Females

Albumin (g/dl) Pretest 3.14 ± 0.28 3.13 ± 0.15 3.01 ± 0.27 3.13 ± 0.22

13 3.21 ± 0.24 3.12 ± 0.18 2.97 ± 0.13 2.90 ± 0.07 (↓10)

26 3.29 ± 0.21 3.06 ± 0.23 3.04 ± 0.15 3.06 ± 0.2 (↓7)

52 3.22 ± 0.12 3.08 ± 0.34 3.14 ± 0.06 3.11 ± 0.23 (↓3.5)

Globulin (g/dl) Pretest 2.18 ± 0.28 2.18 ± 0.3 2.1 ± 0.35 2.05 ± 0.21

13 2.74 ± 0.29 2.57 ± 0.41 2.61 ± 0.36 2.95 ± 0.3 (↑7)

26 2.91 ± 0.22 2.87 ± 0.58 3.0 ± 0.49 3.1 ± 0.17 (↑6.5)

52 3.38 ± 0.53 2.92 ± 0.56 3.22 ± 0.31 3.79 ± 0.43 (↑12)

Albumin/globulin ratio Pretest 1.46 ± 0.2 1.46 ± 0.21 1.46 ± 0.24 1.53 ± 0.07

13 1.18 ± 0.15 1.24 ± 0.23 1.15 ± 0.16 1.0 ± 0.12 (↓15)

26 1.14 ± 0.13 1.09 ± 0.18 1.04 ± 0.18 0.99 ± 0.12 (↓13)

52 0.97 ± 0.16 1.07 ± 0.11 0.99 ± 0.12 0.83 ± 0.14 (↓14.5)

From Kitazawa (1996a)
a  Data were obtained from the study report, Tables 17-3, 17-4, 18-3 and 18-4, pages 100, 101, 107 and 108, respectively; n = 4; per cent 

difference from control is provided parenthetically.
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2.3 Long-term studies of toxicity and carcinogenicity

Mice

In a mouse oncogenicity study, etoxazole (purity 96.01%) was administered in the diet for 78 
weeks to 52 ICR (Crj:CD-1) mice of each sex per dose at nominal doses of 0, 15, 60 or 240 mg/kg bw 
per day (actual doses of 0, 15.1, 60.1 and 241 mg/kg bw per day in males and 0, 15.1, 60.5 and 243 
mg/kg bw per day in females). Average concentrations in the diet were 0, 143, 564 and 2285 ppm. A 
satellite group of 12 mice of each sex per dose were treated similarly, of which 10 mice of each sex per 
dose were sacrifi ced at 52 weeks. There were no treatment-related effects on mortality, clinical signs, 
body weight, feed consumption, feed effi ciency, haematology, clinical chemistry, urinalysis, gross 
pathology or neoplastic microscopic pathology. Relative (to body weight) liver weight was increased 
in males and females from the 240 mg/kg bw per day dose group at week 52, whereas an increased 
incidence of centrilobular fatty change was observed at week 52 in males from the 240 mg/kg bw per 
day dose group. Although there appeared to be some dose-related fi ndings indicative of hepatotoxic-
ity in animals sacrifi ced at week 52 in this study, the relationship to treatment is uncertain, as these 
fi ndings were not observed at week 78 in this study or at a similar dose level in a second mouse onco-
genicity study at week 52 and were observed only at the next higher dose of 480 mg/kg bw per day at 
week 78 in the second study. These fi ndings likely represent an adaptive response of the liver.

Therefore, the NOAEL in this study is considered to be 241 mg/kg bw per day (dietary con-
centration of 2285 ppm), the highest dose tested (Kitazawa, 1996b). The LOAEL was not established. 
Under the conditions of this study, there was no evidence of carcinogenic potential. However, it is 
evident that higher doses should have been tested to elicit toxicologically signifi cant effects. 

In a carcinogenicity study, etoxazole (purity 95.2%) was administered in the diet to 50 ICR 
(Crj:CD-1) mice of each sex per group for up to 78 weeks at a concentration of 0, 2250 or 4500 ppm 
(equal to 0, 242 and 484 mg/kg bw per day in males and 0, 243 and 482 mg/kg bw per day in females, 
respectively). An additional 12 mice of each sex per group were treated for up to 52 weeks. There 
were no treatment-related effects on mortality, clinical signs, body weight, body weight gain, feed 
consumption, feed effi ciency, haematology or gross or neoplastic lesions. In the main study (animals 
sacrifi ced at 78 weeks), an increased incidence of fatty change in the centrilobular hepatocytes of 
males from the 4500 ppm dose group was observed when all animals were considered (15/50 treated 
versus 5/50 in controls) and at the terminal sacrifi ce (12/33 treated versus 4/34 in controls). Absolute 
and relative liver weights were also increased in males at 52 and 78 weeks of treatment. Absolute and 
relative liver weights of females were also increased at weeks 52 and 78. Spleen weights appeared to 
be decreased at week 78 in both male and female mice. The NOAEL in males is 2250 ppm (equal to 
242 mg/kg bw per day), based on an increased incidence of centrilobular hepatocellular fatty change 
and increased absolute liver weight at the LOAEL of 4500 ppm (equal to 484 mg/kg bw per day). In 
females, the NOAEL is 4500 ppm (equal to 482 mg/kg bw per day), and the LOAEL was not estab-
lished because of the absence of adverse effects up to the highest dose tested (Nakashima, 2001a).

There were no treatment-related increases in tumour incidence in either sex when compared 
with controls. Dosing was considered adequate in males based on the fi nding of hepatocellular fatty 
change. No adverse toxicity was observed in females; however, a study using higher doses is not 
required based on a consideration of the weight of the evidence. There was no evidence of carcino-
genicity in this study. 

Rats

In a combined chronic toxicity/carcinogenicity study, etoxazole (purity 95.39%) was adminis-
tered in the diet to 50 Crj:CD(SD) rats of each sex per dose for up to 104 weeks at nominal doses of 
0, 4, 16 or 64 mg/kg bw per day (average concentrations in the diet were 0, 112, 449 and 1786 ppm). 
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The actual test material intake was 0, 4.01, 16.1 and 64.4 mg/kg bw per day for the males and 0, 4.03, 
16.1 and 64.5 mg/kg bw per day for the females. Additionally, 10 rats of each sex per dose per interim 
sacrifi ce time were treated in a similar manner and sacrifi ced at weeks 26, 52 and 78. Treatment-related 
fi ndings were limited to reduced overall body weight gain (6–8%) in both sexes from the 64 mg/kg 
bw per day dose group and signs of hepatotoxicity in males at week 26 only (liver enlargement at 16 
and 64 mg/kg bw per day and centrilobular hepatocellular swelling at 64 mg/kg bw per day). Transient 
changes in clinical chemistry parameters were also observed. Increased albumin levels were observed 
in females from the 16 and 64 mg/kg bw per day dose groups at week 78. Levels of the enzymes 
creatine phosphokinase and lactate dehydrogenase were elevated in females from the 64 mg/kg bw 
per day dose group at week 26. Also at week 26, males from the 16 and 64 mg/kg bw per day dose 
groups exhibited increased cholesterol levels, whereas males from the 64 mg/kg bw per day dose group 
showed only increased bilirubin levels. Overall, these fi ndings are not considered to be adverse. 

An increase in benign interstitial cell tumours was observed in the testis at all doses tested 
compared with the controls (1/80, 10/80, 10/80 and 11/78) (Table 19). In male rats treated at 16 
and 64 mg/kg bw per day, the incidence of testicular tubular atrophy was signifi cantly increased at 
terminal sacrifi ce. At 64 mg/kg bw per day, the overall incidence of this lesion was also signifi cantly 
increased (Table 20). Tubular atrophy was not observed when an interstitial cell tumour was simulta-
neously observed in the same side of the testis. A comparison with historical control data from either 
the performing laboratory or the animal supplier (Charles River) is given in Table 21.

Table 19. Incidence and fi rst detection time of testicular interstitial cell tumour

Time point Incidence

Dose (mg/kg bw per day)

0 4 16 64

Interim sacrifi ce week 26 0/10 0/10 0/10 0/10

Interim sacrifi ce week 52 0/10 1/10 0/10 0/10

Interim sacrifi ce week 78 0/10 1/10 2/10 2/10

Terminal sacrifi ce week 104 1/31 5/25 5/23* 8/28**

Rats killed in extremis or found dead 0/19 3/25 3/27 1/20

Overall incidence 1/80 10/80** 10/80** 11/78**

From Nakashima (1996b)

* P ≤ 0.05; ** P ≤ 0.01

Table 20. Incidence of testicular tubular atrophy

Time point Incidence

Dose (mg/kg bw per day)

0 4 16 64 

Interim sacrifi ce week 26 0/10 1/10 0/10 1/10

Interim sacrifi ce week 52 0/10 0/10 0/10 0/10

Interim sacrifi ce week 78 1/10 1/10 0/10 0/10

Terminal sacrifi ce week 104 2/31 6/25 7/23* 10/28**

Rats killed in extremis or found dead 3/19 3/25 3/27 6/20

Overall incidence 6/80 11/80 10/80 17/78

From Nakashima (1996b)

* P ≤ 0.05; ** P ≤ 0.01
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Benign islet cell adenoma in the pancreas was observed in the 64 mg/kg bw per day females 
(1/80, 1/80, 0/80 and 5/80) (Table 22). No increase in either of these tumours was observed in the 
second carcinogenicity study (see below; Nakashima, 2001b) at higher doses. The tumours are not 
considered to be treatment related. 

The NOAEL in this study is 64 mg/kg bw per day, the highest dose tested. A LOAEL was not 
observed in this study, as no adverse fi ndings were noted (Nakashima, 1996b). 

In a combined chronic toxicity/carcinogenicity study, etoxazole (purity 95.2%) was adminis-
tered to groups of 50 Crj:CD(SD) rats of each sex per dose at a dietary concentration of 0, 50, 5000 
or 10 000 ppm (equal to 0, 1.83, 187 and 386 mg/kg bw per day in males and 0, 2.07, 216 and 445 
mg/kg bw per day in females) for 104 weeks. Additional groups of 15 rats of each sex per dose (sat-
ellite study) were similarly dosed and sacrifi ced at 52 weeks. A functional observational battery was 
conducted at 52 weeks on 10 rats of each sex per dose. Mean absolute body weights were decreased 
by as much as 9% in the 10 000 ppm males up to week 100 and by 15% at study termination. Overall 
weight gain in the 10 000 ppm group males was reduced by 20% because of a marked weight loss 
after week 76 compared with that of controls. Female rats fed the 10 000 ppm diet weighed up to 

Table 21. Comparison of testicular interstitial cell tumour incidences

Dose (mg/kg bw per day) Incidence of interstitial cell tumour

Carcinogenicity phase only All animals (including interim 
sacrifi ces)

Number % Number %

0 1/50 2.0 1/80 1.3

4 8/50 16.0** 10/80 12.5

16 8/50 16.0** 10/80 12.5

64 9/48 18.8** 11/78 14.1

Historical controls

- In house (controls used in three toxicity studies) 10/149 6.7 (2.0–10.2) — —

- In house (controls used in two toxicity studies) — — 9/159 5.7 (5.0–6.3)

- Charles River (laboratory animal supplier) 59/1260 4.7 (1.4–10.0) — —

From Nakashima (1996b)

** P < 0.01

Table 22. Incidence of pancreatic islet cell adenomas and carcinomas (main and interim sacrifi ce 
groups; all animals examined)

Site and lesion Incidence

Dose (mg/kg bw per day)

Male Female

0 4 16 64 0 4 16 64

Number of animals examined 80 80 80 79 80 80 80 80

Islet cell adenoma 5 2 1 6 1 1 0 5

Mixed acinar–islet cell adenoma 0 1 0 0 0 0 0 0

Islet cell carcinoma 0 0 0 0 2 1 1 0

From Nakashima (1996b)
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15% less than controls from week 1 to week 84 and up to 17% less after week 84 and gained 15% 
less weight than controls during the fi rst year and 22% less overall. Feed consumption by the 10 000 
ppm females was 15% less than that of controls during the fi rst 12 weeks of the study and 7% less 
than controls over the entire study. Feed effi ciency was also 7% less than that of controls during the 
fi rst 13 weeks of the study when feed effi ciency was measured. At 5000 ppm, body weights at week 
104 and overall body weight gains were also reduced by 4% and 5%, respectively, in males and by 
7% and 10%, respectively, in females. 

Clinical signs observed in almost all male and female rats in the satellite and main studies at 
5000 and 10 000 ppm included whitening of the upper and lower incisors, elongation of the upper 
incisor and abrasion (secondary to elongation) of the upper (52 weeks only) and/or lower incisors. 
Similar observations were made during gross examination of the satellite and main study rats of both 
sexes. An increased incidence of abnormal amelogenesis (formation of tooth enamel) of the upper 
incisor was observed microscopically in the 10 000 ppm group males and females at 52 weeks and in 
both sexes of the 5000 and 10 000 ppm groups in the main study. Female rats fed the 5000 and 10 000 
ppm diets also had a signifi cantly increased incidence of emaciation that was confi rmed during gross 
examination of the 10 000 ppm dose group (Table 23). 

Evaluation of clinical chemistry parameters revealed that platelet counts were elevated in 
females from the 5000 and 10 000 ppm dose groups, whereas the activated partial thromboplastin 
time was elongated in males from the 5000 and 10 000 ppm dose groups at week 104 only. Levels of 
cholesterol, serum protein, albumin (week 13 only), globulin and γ-glutamyl transferase were consist-
ently elevated in males and females from the 10 000 ppm dose group, whereas urinary protein level 
was elevated in 10 000 ppm females only. At 5000 ppm, albumin and protein levels were elevated 
in males and females at week 13 only. Slight decreases in haematocrit and haemoglobin levels were 
observed in the 5000 ppm females only at week 26, whereas at 10 000 ppm, these changes, along with 
reduced mean cell volume, were observed in both sexes throughout the study. Mean cell volume was 
also reduced in the 5000 ppm group males. Postmortem examination showed signifi cantly increased 
absolute and relative liver weights in both sexes from the 5000 and 10 000 ppm dose groups at 52 
weeks and in males from the 10 000 ppm dose group at 104 weeks, as well as an increased incidence 
of liver spots in males from the 10 000 ppm dose group. Thyroid weights (absolute and relative) were 
elevated in males from the 5000 and 10 000 ppm dose groups as well, with no corroborating evidence 
of thyroid toxicity. In addition to abnormalities in the incisors, gross examination revealed that male 
and female rats had thickening of the bone in the parietal region at 10 000 ppm. 

Table 23. Statistically signifi cant changes in incidences of clinical signs (main group)

Clinical sign Incidence

Dietary concentration (ppm)

0 50 5000 10 000 0 50 5000 10 000 

Males Females

Incisor: whitening of upper incisor 0/50 0/50 49/50** 50/50** 0/49 0/50 50/50** 50/50**

Incisor: whitening of lower incisor 0/50 0/50 49/50** 50/50** 0/49 0/50 50/50** 50/50**

Incisor: elongation of upper incisor 14/50 12/50 37/50** 50/50** 9/49 13/50 47/50** 50/50**

Incisor: elongation of lower incisor — — — — 6/49 8/50 10/50 17/50**

Incisor: abrasion of upper incisor 0/50 1/50 1/50 5/50* 4/49 2/50 6/50 23/50**

Incisor: abrasion of lower incisor 2/50 3/50 6/50 49/50** 5/49 3/50 27/50** 49/50**

Appearance: emaciation — — — — 2/49 7/50 8/50* 14/50**

From Nakashima (2001b)

* P ≤ 0.05; ** P ≤ 0.01
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Treatment-related microscopic fi ndings observed at 10 000 ppm, other than abnormal amelo-
genesis, included hyperplasia of the bone in the parietal region in both sexes, bile duct hyperplasia in 
females and centrilobular hepatocellular hypertrophy in both sexes (Table 24). There was a statisti-
cally signifi cant increase in the incidence of seminiferous tubular atrophy at terminal sacrifi ce only at 
10 000 ppm. This effect was not observed when all animals were included (Table 25). 

The NOAEL in this study is 50 ppm (equal to 1.83/2.07 mg/kg bw per day in males/females), 
based on effects on the incisors, including abnormal amelogenesis, observed at the LOAEL of 5000 
ppm (equal to 187/216 mg/kg bw per day in males/females).

At the doses tested, there was no signifi cant increase in the incidence of neoplastic lesions in 
male or female rats receiving any dose of the test material. The animals were adequately dosed based 
on decreased weight gain and bone effects in both sexes at 10 000 ppm and effects on the incisors at 
5000 and 10 000 ppm (Nakashima, 2001b).

2.4 Genotoxicity

A battery of GLP-compliant studies of mutagenicity with etoxazole was conducted to assess 
its potential for inducing gene mutation, chromosomal aberration and unscheduled deoxyribonucleic 
acid (DNA) synthesis. The study results (summarized in Table 26) were negative, with the exception 
of the mammalian cell gene mutation assay and a published study with human lymphocytes, which 

Table 24. Statistically signifi cant treatment-related non-neoplastic fi ndings (overall incidence)

Site/lesion Incidence

Dietary concentration (ppm)

0 50 5000 10 000 0 50 5000 10 000 

Males Females

Liver: centrilobular hepatocellular 
hypertrophy

0/50 0/50 0/50 8/50** 0/49 0/50 0/50 28/50**

Upper incisor: abnormal amelogenesis 1/50 0/50 10/50** 32/50** 3/49 4/50 16/50** 40/50**

Bone (parietal region): hyperplasia of 
bone tissue

—a/0b —/0 1/1 15/15 —/0 —/0 1/1 13/13

From Nakashima (2001b)

** P < 0.01
a Number of animals bearing the histopathological lesion in bone in parietal region.
b Number of animals bearing the gross pathological lesion in bone in parietal region.

Table 25. Testicular effects, non-neoplastic and neoplastic

Effects Incidence

Dietary concentration (ppm)

0 50 5000 10 000

Seminiferous tubule atrophy total 23/50 12/50 20/50 24/50

Seminiferous tubule atrophy in animals sacrifi ced at week 104 4/16 4/17 7/20 14/23*

Interstitial cell tumour 5/50 2/50 4/50 1/50

From Nakashima (2001b)

* P < 0.05
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demonstrated mutagenicity at cytotoxic doses. Overall, etoxazole did not demonstrate any genotoxic 
potential.

2.5 Reproductive toxicity

(a)  Multigeneration studies

Rats

In a non-guideline reproduction range-fi nding study, etoxazole (purity 97.99%) was adminis-
tered continuously in the diet to eight Crj:CD(SD) rats of each sex per group at a dietary concentra-
tion of 0, 100, 300, 1000 or 3000 ppm (actual intakes shown in Table 27). Parental animals were given 
test article diet formulations for 3 weeks prior to mating. On postnatal day (PND) 21, all pups and 
their respective dams were sacrifi ced. 

When compared with concurrent controls, no treatment-related changes were observed in the 
following parameters: mortality, clinical signs, body weights, feed consumption, and reproductive 

Table 26. Genotoxicity of etaxazole

End-point Test object Concentration Purity (%) Results Reference

In vitro

Reverse 
mutation

Salmonella 
typhimurium and 
Escherichia coli

0, 313, 625, 1250, 2500 or 
5000 µg/plate

96.26 Negative Watanabe (1992)

Reverse 
mutation

S. typhimurium 
TA102

0, 313, 625, 1250, 2500 or 
5000 µg/plate

95.2 Negative Ota (1999)

Mammalian cell 
gene mutation

Mouse lymphoma 
L5178Y cells

0, 0.5, 1, 2.5, 3, 4, 5 or 10 µg/
ml (+S9)

95.4 Positive (+S9) Adams (1996)

0, 10, 35, 40, 50, 55 or 60 µg/
ml (−S9)

Inconclusive 
(−S9)

Chromosomal 
aberration 

Chinese hamster 
lung cells

0, 22.5, 45, 90 or 180 µg/ml 
(+S9, 6–18 h, 6–42 h)

95.39 Negative Matsumoto 
(1994)

0, 15.6, 31.3, 62.5 or 125 µg/
ml (−S9, 24 h)

0, 12.5, 25, 50 or 100 µg/ml 
(−S9, 48 h)

Chromosomal 
aberration, 
sister chromatid 
exchange, 
micronucleus

Human 
lymphocytes

0, 5, 10 or 20 µg/ml Not provided Positive Rencüzoğullari 
et al. (2004) 

In vivo

Mouse 
micronucleus

CD-1 mice, male 
and female

0, 1250, 2500 or 5000 mg/
kg bw (sampling times: 24, 
48, 72 h)

95.4 Negative Odawara (1996)

Unscheduled 
DNA synthesis

CD rats, male 0, 2500 or 5000 mg/kg bw 
(sampling times: 12–14 h, 
2–4 h)

95.3 Negative Clare (1997)
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function and performance in the parental animals; and mean number of pups delivered, survival 
indices, sex ratios, clinical signs and gross pathology in the offspring. At 300, 1000 and 3000 ppm, 
relative (to body weight) liver weights were increased in the males and females. Additionally at 3000 
ppm, enlarged liver was noted in four of eight males and two of eight females (versus 0/16 controls). 
No treatment-related fi ndings were noted at 100 or 300 ppm. Although relative liver weights were 
increased at 300 and 1000 ppm, they were not considered to be biologically signifi cant in the absence 
of other liver fi ndings. In the offspring at 3000 ppm, decreased body weights were noted in both sexes 
on lactation days 14 and 21. 

The NOAEL for parental toxicity is 1000 ppm, based on enlarged livers at 3000 ppm. The 
NOAEL for reproductive effects is 3000 ppm, the highest dose tested, and the NOAEL for offspring 
toxicity is 1000 ppm, based on decreased body weight at 3000 ppm (Hatakenaka, 1994a).

In a two-generation reproductive toxicity study, etoxazole (purity 96.01%) was administered 
continuously in the diet to Crj:CD(SD) rats (24 of each sex per dose) at a dietary concentration of 0, 
80, 400 or 2000 ppm (equivalent to premating doses of 0/0, 5.6/6.7, 28.2/33.4 and 139/159 mg/kg bw 
per day in males/females of the F

0
 parental generation and 0/0, 6.3/6.8, 31.7/35.6 and 157/172 mg/

kg bw per day in males/females of the F
1
 parental generation) (Tables 28 and 29). In the parental ani-

mals, there were no treatment-related effects on mortality, clinical signs, body weight, body weight 
gain, feed consumption, reproductive function or performance, or gross pathology in either the F

0
 or 

the F
1
 generation. At 2000 ppm, non-adverse changes in organ weight were observed in the F

0
 gen-

eration (increased absolute and relative liver weights in males, increased absolute [not statistically 
signifi cant] and relative adrenal gland weights in females), with no corresponding pathology noted in 
these tissues upon necropsy. Liver weights (absolute and relative) were also increased in F

1
 males at 

2000 ppm. Two males of the F
1
 generation from the 2000 ppm dose group exhibited slight centrilobu-

lar hepatocellular fatty change; no other animals from any dose group exhibited this lesion. 

Therefore, the NOAEL for parental toxicity is 400 ppm in males (31.7 mg/kg bw per day in 
the F

1
 generation), based on liver toxicity (increased weight, fatty change) noted at the LOAEL of 

2000 ppm (157 mg/kg bw per day in the F
1
 generation). For females, the parental NOAEL is 2000 

ppm (159 mg/kg bw per day in F
0
 females), the highest dose tested, as no adverse effects were noted 

in females.

In the offspring, no treatment-related effects on sex ratio, body weight or gross pathology were 
noted in either generation. As this study was conducted prior to the most current test guidelines, 

Table 27. Etoxazole intakes during the different phases of a range-fi nding one-generation study 
in rats

Phase of the study Dose (mg/kg bw per day)

Dietary concentration (ppm)

100 300 1000 3000 

Males 

Premating 6.35–7.47 19.4–23.4 64.7–77.0 185–229

Breeding 4.71–5.72 14.7–17.9 48.8–61.6 145–182

Females

Premating 7.30–7.51 22.4–23.2 78.1–80.3 221–223

Gestation 6.50–7.82 18.5–22.6 66.0–78.0 191–225

Lactation 11.89–22.92 35.1–65.2 120–227.2 369–658

From Hatakenaka (1994a)
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developmental landmarks, organ weights and histopathology were not assessed in the offspring, as 
the older test guidelines in force at the time at which this study was conducted did not require these 
assessments. 

At 2000 ppm, there was an increase in the number of pup deaths and number of litters with pup 
deaths between lactation days 0 and 4 in both generations, resulting in decreased viability indices 
on lactation day 4 (Tables 30 and 31). Therefore, the NOAEL and LOAEL for offspring toxicity are 
400 ppm (equivalent to 28.2/33.4 mg/kg bw per day in F

0
 generation males/females) and 2000 ppm 

(equivalent to 139/159 mg/kg bw per day in F
0
 generation males/females), respectively. A LOAEL for 

reproductive performance was not observed. The NOAEL for reproductive performance is 2000 ppm 
(Hatakenaka, 1996). 

(b)  Developmental toxicity

Rats

In a preliminary study of prenatal developmental toxicity, groups of seven mated Sprague-
Dawley female rats were given etoxazole (purity 97.99%) suspended in 1% aqueous solution of 
sodium carboxymethylcellulose by oral gavage at a dose of 0, 10, 100, 300 or 1000 mg/kg bw per day 
from gestation day (GD) 6 to GD 15. All dams were sacrifi ced on GD 20, and the uterine contents 
were examined. There was no evidence of maternal toxicity, and caesarean sectioning at day 20 also 
revealed no treatment-related changes in ovaries and uteri. The per cent incidence of resorptions and 
fetal deaths was statistically signifi cantly increased at 1000 mg/kg bw per day (14.5% versus 1.5% 
in controls). 

Table 28. Etoxazole intakes by male rats during the different phases of a two-generation study

Dietary concentration (ppm) Generation Dose (mg/kg bw per day)

Premating period Breeding period

80 F
0

4.20–8.36 3.52–4.05

F
1

4.29–9.57 3.45–3.94

400 F
0

21.5–41.4 17.2–20.5

F
1

21.8–48.6 17.0–19.0

2000 F
0

105.0–209.1 89.1–101.9

F
1

110.1–233.3 86.4–99.0

From Hatakenaka (1996)

Table 29. Etoxazole intakes by female rats during the different phases of a two-generation study

Dietary concentration (ppm) Generation Dose (mg/kg bw per day)

Premating period Gestation period Lactation period

80 F
0

5.27–8.92 4.77–5.41 8.26–16.38

F
1

5.12–9.73 4.82–5.56 7.89–16.21

400 F
0

26.5–45.1 23.3–26.9 41.8–82.3

F
1

26.4–50.5 23.6–25.6 37.9–82.5

2000 F
0

127–223 116–131 217–427

F
1

128–240 113–124 201–410

From Hatakenaka (1996)
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The NOAEL for maternal toxicity was 1000 mg/kg bw per day, the highest dose tested, and the 
NOAEL for developmental toxicity was 300 mg/kg bw per day, based on an increase in resorptions 
and fetal death at 1000 mg/kg bw per day (Hatakenaka, 1993). 

In a developmental toxicity study, etoxazole (purity 95.39%) was administered to pregnant 
Crj:CD (SD) rats (24 per dose) in 1% carboxymethylcellulose via gavage at a dose of 0, 40, 200 or 
1000 mg/kg bw per day from GD 6 through GD 15. All dams were sacrifi ced on GD 20. There were 
no unscheduled deaths during the study. When compared with concurrent controls, no treatment-
related changes in clinical signs, body weights or gross pathology were noted at any dose level tested. 
Slight, non-adverse decreases in feed consumption and body weight gain were noted in the dams 
during the dosing period at 1000 mg/kg bw per day. No treatment-related effects on reproductive 
parameters were observed, and no treatment-related external, visceral or skeletal variations or mal-
formations were noted in the fetuses. 

Table 30. F
1
 generation mean litter size and viabilitya

Observation Dietary concentration (ppm)

0 80 400 2000

Mean litter sizeb

- Day 0 14.4 13.8 12.7 13.7

- Day 4c 14.3 13.0 12.4 12.2

- Day 4d 8 7.7 7.9 7.5

- Day 4e 8 8 7.9 7.9

- Day 21 8 7.7 7.9 7.5

- Day 21e 8 8 7.9 7.9

Number of live pupsf

- Day 0 331 332 266 301

- Day 4c 328 313 261 269

- Day 4d 184 184 166 166

- Day 21 184 184 166 166

Number of deaths

- Days 0–4c 3 19 5 32

- Days 4d–21 0 0 0 0

Dams with total litter loss days 0–4 0 1 0 1

Viability index (%)

- Day 0

- Day 4

- Day 21

96.2

99.1

100

97.8

94.3

100

95.8

98.3

100

93.5

89.5*

100

Lactation index (%) NR NR NR NR

Sex ratio 0.499 0.485 0.459 0.579

From Hatakenaka (1996)

NR, not reported; * P ≤ 0.05
a Data extracted from the study report, Table 12, page 70. 
b Calculated from the number of live pups presented in this table.
c Pre-cull.
d Post-cull, including dams with total litter loss between day 0 and day 4.
e Post-cull, excluding dams with total litter loss between day 0 and day 4.
f Tabulated from individual data presented in the study report, Appendix 65, pages 156–163.
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The NOAEL for maternal toxicity was 200 mg/kg bw per day, based on reduced feed consump-
tion and body weight gain observed during the treatment period at the LOAEL of 1000 mg/kg bw per 
day. The NOAEL for developmental toxicity was 1000 mg/kg bw per day, the highest dose tested; a 
LOAEL for developmental toxicity was not established, as no adverse effects on prenatal develop-
ment were noted (Hatakenaka, 1994b). 

Rabbits

In a preliminary study of prenatal developmental toxicity, groups of fi ve inseminated female 
Japanese White rabbits (Kbl:JW) were given etoxazole (purity 95.39%) suspended in a 1% aqueous 
solution of sodium carboxymethylcellulose by oral gavage at a dose of 0, 10, 100, 300 or 1000 mg/kg 
bw per day from GD 6 to GD 18. All does were sacrifi ced on GD 27, and the uterine contents were 
examined. There was no evidence of maternal toxicity, but at necropsy of does, enlarged liver was 
observed in three of the fi ve does treated at 1000 mg/kg bw per day, and this fi nding was considered 

Table 31. F
2
 generation mean litter size and viabilitya

Observation Dietary concentration (ppm)

0 80 400 2000

Mean litter sizeb

- Day 0 13.2 13.2 12.7 14.0

- Day 4c 11.9 12.9 11.5 11.8

- Day 4d 7.8 7.8 7.2 7.2

- Day 4e 7.8 7.8 8.0 7.9

- Day 21 7.8 7.8 7.2 7.2

- Day 21e 7.8 7.8 7.9 7.9

Number of live pupsf

- Day 0 290 304 241 322

- Day 4c 261 296 219 272

- Day 4d 163 180 136 166

- Day 21 163 180 134 166

Number of deaths

- Days 0–4c 29 8 22 50

- Days 4d–21 0 0 2 0

Dams with total litter loss 
days 0–4

1 0 2 2

Viability index (%)

- Day 0

- Day 4

- Day 21

92.0

90.0

100

96.1

97.7

100

97.7

87.1

98.5

94.9

85.5

100

Lactation index (%) NR NR NR NR

Sex ratio 0.511 0.497 0.506 0.510

From Hatakenaka (1996)

NR, not reported
a Data extracted from the study report, Table 12, page 70. 
b Calculated from the number of live pups presented in this table.
c Pre-cull.
d Post-cull, including dams with total litter loss between day 0 and day 4.
e Post-cull, excluding dams with total litter loss between day 0 and day 4.
f Tabulated from individual data presented in the study report, Appendix 65, pages 156–163.
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likely to be related to treatment. Caesarean sectioning at day 27 did not reveal any treatment-related 
changes in ovaries, uteri or fetuses. 

The NOAEL for both maternal and developmental toxicity was 1000 mg/kg bw per day, the 
highest dose tested (Hojo, 1993).

In a developmental toxicity study, etoxazole (purity 95.39%) was administered in 1% aqueous 
sodium carboxymethylcellulose via gavage to pregnant Kbl:Japanese White rabbits (18 per dose) at 
a dose level of 0, 40, 200 or 1000 mg/kg bw per day on GD 6 through GD 18. All does were sac-
rifi ced on GD 27 (Table 32). At 1000 mg/kg bw per day, body weight gains were decreased during 
the treatment and post-treatment intervals, resulting in a decreased overall body weight gain in these 
animals. The does in this dose group also lost considerable weight during the post-treatment period. 
Feed consumption was similarly decreased throughout the treatment and post-treatment intervals. 
Liver enlargement was observed in 2 of 17 does from the 1000 mg/kg bw per day dose group, com-
pared with 0 in controls. At 1000 mg/kg bw per day, incidences of skeletal variations (27 presacral 
vertebrae and 27 presacral vertebrae with 13th rib) were increased on a fetal and litter basis when 
compared with controls (Table 33). 

The maternal NOAEL is 200 mg/kg bw per day, based on liver enlargement and decreased 
body weight gain and feed consumption at the LOAEL of 1000 mg/kg bw per day. The developmen-
tal NOAEL is 200 mg/kg bw per day, based on an increased incidence of skeletal variations at the 
LOAEL of 1000 mg/kg bw per day (Hojo, 1994).

Table 32. Summary of survival and pregnancy status in does

Dose (mg/kg 
bw per day)

No. of 
mated 
females 

No. of 
pregnant 
females 

No. of females 
that died or 
were killed in 
extremisa

No. of 
females 
that 
aborted

No. of 
females that 
surviveda

No. of females 
with resorptions 
only

No. of females 
with live 
fetuses

0 18 18 0 0 18 4 14

40 18 18 0 1 17 2 15

200 18 18 0 1 17 0 17

1000 17 17 1 0 16 1 15

From Hojo (1994)
a All females were pregnant.

Table 33. Incidence of 27 presacral vertebrae with 13th ribs in fetuses

Dose (mg/kg bw per day) Historical 
control

0 40 200 1000

Number of fetuses examined (number of 
litters examined)

117 (14) 121 (15) 149 (17) 129 (15) —

Fetal (litter) incidence of 27 presacral 
vertebrae

0 (0) 2 (2) 2 (2) 4 (3) Not provided

Fetal (litter)a incidence of 27 presacral 
vertebrae with 13th ribs

5 (2) 10 (6) 5 (3) 14* (9) 2–15 (2–7) 

From Hojo (1994)

* P ≤ 0.05
a Statistical analyses were not performed for litter incidences.
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2.6 Special studies

(a) Liver effects

Groups of six Sprague-Dawley rats of each sex per dose received etoxazole (purity 95.39%) in 
the diet at a concentration of 0, 1000 or 2000 ppm (equal to 0, 74.75 and 152.35 mg/kg bw per day at 
week 4 and 0, 59.6 and 119.5 mg/kg bw per day at week 13 for males and 0, 76.2 and 155.1 mg/kg bw 
per day at week 4 and 0, 66.7 and 133.5 mg/kg bw per day at week 13 for females) for either 4 or 13 
weeks. At each sacrifi ce, the liver was analysed to determine cytochrome P450 content and enzyme 
activities (ethoxycoumarin O-dealkylase and pentoxyresorufi n O-dealkylase). Histopathological 
examination of the liver was also performed. No mortality occurred, and no clinical signs related to 
treatment were noted. Body weight and feed consumption were not affected by treatment. No macro-
scopic change attributable to treatment was noted at necropsy. Male rats treated at 2000 ppm showed 
statistically signifi cant increases in liver weights after 4 or 13 weeks of treatment. Female rats of this 
same group showed increases in absolute and relative liver weights, compared with controls, after 
4 weeks, but both absolute and relative liver weights were comparable to those of the control group 
after 13 weeks of treatment. In animals treated at 1000 ppm, only female rats showed increases in 
absolute and relative liver weights, compared with controls, after 4 weeks, but again both absolute 
and relative liver weights were comparable to those of the control group after 13 weeks of treatment. 
Histopathology showed centrilobular hepatocellular swelling in the liver of all male rats sacrifi ced 
after 4 weeks of treatment at 2000 ppm, whereas no treatment-related fi ndings were ever detected in 
female rats or in male rats after 13 weeks of treatment at either dose level. Results of liver biochemis-
try did not show any signifi cant change in any of the treated groups compared with the controls, with 
the exception of a statistically signifi cant increase in microsomal protein content in male rats treated 
for 13 weeks at 2000 ppm. In conclusion, hepatomegaly could not be associated with an effect on the 
cytochrome P450 system (Inui, 1995).

(b) Testicular effects

A supplementary 4-week study was performed to assess the effects of etoxazole on prolifera-
tive activity of interstitial testicular cells, spermatogenesis and related serum hormone levels in male 
rats in order to provide supplementary data to a combined chronic toxicity/carcinogenicity study 
(Nakashima, 1996b). Groups of 14 male Sprague-Dawley rats, 14 weeks old, received etoxazole 
(purity 95.39%) in the diet at concentrations adjusted weekly to achieve intakes of 4, 16 or 64 mg/
kg bw per day (the same dose levels used in the combined study). Actual intakes were 3.9, 16.0 and 
64.1 mg/kg bw per day. After 4 weeks of treatment, serum levels of estradiol, luteinizing hormone, 
prolactin and testosterone were analysed in 10 animals in each group. For these same animals, testis 
weight was recorded, light microscopy of the testis and epididymis was performed and the cell index 
of germ cells (number of germ cells/number of Sertoli cells in seminiferous tubules) was determined. 
The remaining four animals per group were used to examine the labelling index with 5-bromo-2′-
deoxyuridine (BrdU) in testicular interstitial cells. 

There were no statistically signifi cant differences in any of the examined parameters (body 
weight, feed consumption, serum hormone levels, absolute and relative testis weights, histopathol-
ogy, cell index of germ cells and BrdU labelling index in interstitial cells) between the treated and 
the control groups. Dietary administration of etoxazole in the diet to male Sprague-Dawley rats for 4 
weeks at doses up to and including 64 mg/kg bw per day revealed no effects on serum hormone levels 
refl ecting testicular function, proliferative activity of testicular interstitial cells or spermatogenesis 
(Yoshida, 1996).

(c) Neurotoxicity

The clinical observations of the repeated-dose studies did not reveal any evidence of neurotox-
icity. In addition, a functional observational battery, which included an assessment of motor activity, 
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grip strength and sensorimotor reaction to stimuli, conducted at 1 year in the 2-year study in rats, 
yielded negative results for neurotoxicity.

(d)  Studies on impurity 2,5-YI

The acute oral toxicity and the genotoxic potential of the manufacturing impurity 2,5-YI were 
investigated. The studies were reported to comply with GLP and performed according to internation-
ally accepted guidelines.

A group of 10 fasted Sprague-Dawley rats (fi ve males and fi ve females) was given a single 
dose by oral gavage of 2,5-YI (purity 98.52%), formulated in 1% w/v aqueous methylcellulose, at 
the limit dose of 5000 mg/kg bw. There were no mortalities during the study. Clinical signs of reac-
tion to treatment included piloerection, soft to liquid faeces and gasping/noisy respiration, seen in 
all or the majority of rats. Less commonly observed were hunched posture, waddling gait, lethargy, 
decreased respiratory rate, pallor of the extremities, increased urine production, increased salivation, 
walking on toes, unsteadiness, hair loss and red/brown staining around nose and mouth. Recovery 
was complete in all instances by day 12. Slightly lower (compared with other rats in the same group) 
body weight gains were recorded for one male and one female on day 8, but these rats achieved sat-
isfactory body weight gains as measured on day 15. All other rats achieved satisfactory body weight 
gains throughout the study.

The acute oral LD
50

 for 2,5-YI was greater than 5000 mg/kg bw (McRae, 1996).

In two independent microbial mutagenicity tests, Salmonella typhimurium strains TA98, 
TA100, TA1535 and TA1537 and Escherichia coli strain WP2 uvrA were exposed to 2,5-YI (purity 
98.52%) in dimethyl sulfoxide at a concentration of 312.5, 625, 1250, 2500 or 5000 µg/plate in the 
presence or absence of exogenous metabolic activation (±S9). 2,5-YI was tested up to the limit of 
solubility (625 µg/plate) and the limit dose (±S9). No cytotoxicity was observed at any dose level in 
either test. No increases in the number of revertants per plate were observed in any bacterial strain 
at any dose level of 2,5-YI in the presence or absence of S9 activation when compared with vehicle 
controls. The effi cacy of the S9 mix and the sensitivity of the test system to detect mutagenic agents 
were adequately demonstrated by the responses obtained with the non-activated and S9-activated 
positive controls. Under the conditions of this study, 2,5-YI is considered to be non-mutagenic in S. 
typhimurium or E. coli when tested up to 5000 µg/plate, with or without exogenous metabolic activa-
tion (Jones, 1996).

3.  Observations in humans

Medical data on etoxazole are limited, but no reports of adverse effects were identifi ed during 
routine monitoring of production plant workers or among personnel involved in the experimental 
biological testing or fi eld trials. There is no evidence available to support any fi ndings in relation to 
poisoning with etoxazole.

Comments

Biochemical aspects

The absorption, distribution, metabolism and excretion of etoxazole were investigated in rats. 
14C-labelled etoxazole was rapidly but only moderately absorbed from the gastrointestinal tract of 
rats following oral dosing. Maximum concentrations of radioactivity in plasma were observed within 
2–4 hours of dosing for the low-dose group (5 mg/kg bw) and within 4–6 hours for the high-dose 
group (500 mg/kg bw). At the low dose, the degree of absorption in males (50–54%) was less than 
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that in females (63–70%), but there were no major sex-related differences in the pattern of  excretion. 
Saturation of absorption occurred at a high dose (500 mg/kg bw per day), with less than 30% absorbed. 
Faecal excretion was the primary route of elimination, and excretion was essentially complete within 
120 hours after dosing. Very little etoxazole was retained in the tissues. By 168 hours post-dosing, 
concentrations of radioactivity remaining in liver, thyroid and fat of rats were 3.9–7.8 times higher in 
the repeated-dose experiment than in the same tissues from the single-dose group.

The parent compound was the major component in the faeces, at 17.8–29.1% in the low-dose 
groups and 74.7–80.2% in the high-dose groups. Based on the analyses of excreta, bile and liver, the 
biotransformation of etoxazole in rats primarily involves the hydroxylation of the 4,5-dihydrooxazole 
ring, followed by cleavage of the metabolite and hydroxylation of the tert-butyl side-chain.

Toxicological data

Etoxazole had low acute toxicity in rats, causing no mortality at the limit dose after oral (LD
50

 
> 5000 mg/kg bw), dermal (LD

50
 > 2000 mg/kg bw) or inhalation (LC

50
 > 1.09 mg/l air, highest 

attainable concentration) exposure. Etoxazole was not irritating to the skin or eyes of rabbits and not 
sensitizing under the conditions of the Magnusson & Kligman maximization test in guinea-pigs.

Following repeated dietary dosing, the liver was the main target organ in mice, rats and dogs. 
Hepatotoxicity was manifest as increased liver weight, liver enlargement and centrilobular hepatocel-
lular hypertrophy, as well as alterations in clinical chemistry (elevated serum levels of liver enzymes, 
cholesterol, triglycerides and protein). In several studies, effects on the liver were mild and considered 
to be non-adverse, refl ecting an adaptive response of the liver rather than overt hepatotoxicity. The 
spectrum of liver effects and the doses eliciting hepatotoxicity did not change signifi cantly with dura-
tion of dosing, although the severity of the histopathological lesions observed in the liver did increase 
slightly with longer-term dosing. For example, fatty change of the liver was observed in mice only 
after exposure to doses of 2285 ppm (equal to 241 mg/kg bw per day) and higher for 18 months and 
in rats in the second generation of a multigeneration reproduction study at 2000 ppm (equal to 157 
mg/kg bw per day), and the degree of centrilobular hepatocellular hypertrophy was graded as severe 
only in high-dose dogs after 12 months of dosing at 5000 ppm (equal to 116 mg/kg bw per day). Gen-
erally, the macroscopic observation of liver enlargement was more evident in females than in males, 
whereas the microscopic observation of hepatocellular hypertrophy was more prominent in males. 
Periportal necrosis of the liver was observed only in mice at 6400 ppm (equal to 878 mg/kg bw per 
day), the highest dose tested. An increased incidence of hyperplasia of the bile duct was observed at 
high doses in female rats only after dosing for 2 years. A special study revealed that drug metaboliz-
ing enzymes were not induced following exposure of rats to etoxazole for 4 or 13 weeks. 

Dental and bone abnormalities were observed in rats after repeated dosing. The dental abnor-
malities included elongation of the upper incisors after subchronic dosing and elongation, whitening 
and abrasion of the upper and lower incisors as well as abnormal amelogenesis (formation of tooth 
enamel) of the upper incisor after longer-term dosing. It should be noted that the molecule contains 
fl uorine. Although there are no specifi c studies on the release of fl uoride from the molecule, these 
dental and bone effects would be consistent with the presence of free fl uoride. The NOAEL for elon-
gation of incisors in the 90-day study was 5000 ppm (equal to 300 mg/kg bw per day). In the 2-year 
study conducted at higher doses, the dental effects occurred at the LOAEL of 5000 ppm (equal to 
187 mg/kg bw per day), and the NOAEL was 50 ppm (equal to 1.83 mg/kg bw per day). Thickening 
and hyperplasia of the parietal bone were observed in rats only after chronic dosing at the highest 
dose tested, 10 000 ppm (equal to 386 mg/kg bw per day). In the 2-year rat study conducted at lower 
doses, no dental or bone effects were observed at the highest dose tested (64 mg/kg bw per day). An 
overall NOAEL for dental and bone abnormalities and liver effects from the two long-term rat studies 
combined is 64 mg/kg bw per day.
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The dog was the most sensitive species following short-term dosing. The NOAEL in the 90-day 
study was 200 ppm (equal to 5.33 mg/kg bw per day), based on liver effects (increased serum lev-
els of triglycerides and alkaline phosphatase, absolute and relative weights and incidence of cen-
trilobular hepatocellular hypertrophy), as well as mucous stool (observed after repeated dosing), 
decreased absolute and relative prostate weights and slight to moderate prostate acinar cell atrophy. 
The NOAEL in the 1-year dog study was also 200 ppm (equal to 4.62 mg/kg bw per day), based on 
liver effects (increased serum level of alkaline phosphatase, incidence of liver enlargement and inci-
dence of centrilobular hepatocellular hypertrophy) at the LOAEL of 1000 ppm (equal to 23.5 mg/kg 
bw per day). In contrast, the NOAEL in the 90-day mouse study was 1600 ppm (equal to 214 mg/kg 
bw per day), and the NOAEL in the 90-day rat study was 1000 ppm (equal to 61.8 mg/kg bw per day), 
in both cases based on liver effects.

Two carcinogenicity studies each were conducted in the rat and the mouse due to inadequate 
dosing in the initial studies. In the fi rst mouse study, animals were dosed at 0, 15.1, 60.1 or 241 mg/
kg bw per day (average concentrations in the diet were 0, 143, 564 and 2285 ppm), and no adverse 
effects were observed at any dose. In the second mouse carcinogenicity study, the animals were dosed 
at 0, 2250 or 4500 ppm (equal to 0, 242 and 482 mg/kg bw per day), and these doses were still not 
suffi cient to produce adverse effects in females. In males, liver effects (increased incidence of fatty 
change) were observed at the highest dose. However, based on a weight of evidence evaluation, the 
study was considered acceptable for the assessment of carcinogenicity in mice. In the fi rst rat study, 
animals were dosed at 0, 4, 16 or 64 mg/kg bw per day (approximately 0, 112, 449 and 1786 ppm). 
Testicular interstitial cell tumours were increased in all dose groups compared with controls (1/80, 
10/80, 10/80 and 11/78, respectively); however, this was not considered to be treatment related, as 
it was not dose related, the incidence in the control group in this study was very low compared 
with historical control data for the laboratory and the strain, and an increase in the tumours was not 
observed in the second study at higher doses (5/50, 2/50, 4/50 and 1/50 at 0, 1.83, 187 and 386 mg/kg 
bw per day, respectively). Furthermore, special studies were conducted to examine testicular effects 
in the rat. These studies showed that etoxazole did not affect the proliferative activity of testicular 
interstitial cells after 4 or 13 weeks of dosing, nor did it have a signifi cant impact on circulating lev-
els of male reproductive hormones, the histology of the testis or epididymides or spermatogenesis 
after 13 weeks of dosing. An increased incidence of pancreatic islet cell adenomas was observed in 
the females at 64 mg/kg bw per day; however, this was not considered to be treatment related in the 
absence of an increase in carcinomas in the same study or an increase in adenomas at higher doses in 
the second study. Therefore, no adverse effects were observed at any dose. In the second rat study, the 
animals were dosed at 0, 50, 5000 or 10 000 ppm (equal to 0, 1.83, 187 and 386 mg/kg bw per day), 
and no increase in tumours was observed. Overall, there was no evidence of carcinogenicity in either 
the rat or the mouse when the results from all of these studies are considered.

Etoxazole was adequately tested for genotoxicity in vitro and in vivo in a range of assays. 
Several negative results were obtained in a battery of in vitro and in vivo genotoxicity studies. A 
positive response was obtained at cytotoxic doses in a study with human lymphocytes. In the mouse 
lymphoma assay with metabolic activation, a weakly positive response occurred at a dose approach-
ing cytotoxic doses, and an inconclusive result was found without metabolic activation.

The Meeting concluded that etoxazole was unlikely to be genotoxic.

On the basis of the absence of treatment-related carcinogenicity in rodents and the lack of geno-
toxicity, the Meeting concluded that etoxazole is unlikely to pose a carcinogenic risk to humans.

No effects on reproduction were noted in a multigeneration reproduction study in the rat. How-
ever, there was an increase in mortality of the offspring during early lactation in both generations at 
2000 ppm (equal to 139 mg/kg bw per day), the highest dose tested. Increases in the number of pup 
deaths as well as the number of litters with pup deaths were observed. Furthermore, at this dose, the 
viability index on lactation day 4 was below historical control values. Effects in parental animals at 
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the high dose were limited to non-adverse changes in organ weights (increased absolute and relative 
liver weights in males and increased relative weight in adrenal gland in females, with no correspond-
ing histopathology noted in these tissues) in the fi rst generation and slight hepatotoxicity in males 
(increased absolute and relative liver weights, slight centrilobular hepatocellular fatty change in two 
males) of the second generation. The NOAEL for parental and offspring toxicity was 400 ppm (equal 
to 28.2 mg/kg bw per day), and the NOAEL for reproductive toxicity was 2000 ppm (equal to 139 
mg/kg bw per day), the highest dose tested. 

No developmental toxicity was observed when pregnant rats were dosed up to 1000 mg/kg bw 
per day over the period of major organogenesis. Slight reductions in body weight and feed consump-
tion were observed in maternal animals at this dose. The NOAEL for maternal toxicity was 200 mg/
kg bw per day, and the NOAEL for developmental toxicity was 1000 mg/kg bw per day, the highest 
dose tested. In rabbits, the fetal and litter incidences of skeletal variations were increased following 
prenatal exposure to etoxazole at 1000 mg/kg bw per day, in the presence of maternal toxicity (i.e. 
liver enlargement as well as body weight reduction). The NOAEL for maternal and developmental 
toxicity was 200 mg/kg bw per day.

The Meeting concluded that etoxazole induced developmental toxicity only in the presence of 
maternal toxicity and that it was not teratogenic.

The clinical observations of the repeated-dose studies did not reveal any evidence of neurotox-
icity. In addition, a functional observational battery, which included an assessment of motor activity, 
grip strength and sensorimotor reaction to stimuli, conducted at 1 year in the 2-year study in rats, 
yielded negative results for neurotoxicity. 

There were no reports of adverse health effects in manufacturing plant personnel or in opera-
tors and workers exposed to etoxazole formulations during their use. Also, there was no evidence to 
support any fi ndings in relation to poisoning with etoxazole.

The Meeting concluded that the existing database on etoxazole was adequate to characterize 
the potential hazards to fetuses, infants and children.

Toxicological evaluation

The Meeting established an acceptable daily intake (ADI) of 0–0.05 mg/kg bw on the basis of 
an overall NOAEL of 5.33 mg/kg bw per day in the 90-day and 1-year studies in dogs for liver effects 
(e.g. increases in serum levels of alkaline phosphatase and triglycerides, absolute and relative liver 
weights and incidence of centrilobular hepatocyte hypertrophy). A safety factor of 100 was applied.

The Meeting concluded that it was not necessary to establish an acute reference dose (ARfD) 
for etoxazole in view of its low acute toxicity, the absence of relevant developmental toxicity in rats 
and rabbits that could have occurred as a consequence of an acute exposure, and the absence of any 
other toxicological effect that would be elicited by a single dose.

Levels relevant to risk assessment

Species Study Effect NOAEL LOAEL

Mouse Two-year study 
of toxicity and 
carcinogenicitya

Toxicity 2250 ppm, equal to 242 mg/
kg bw per day

4500 ppm, equal to 482 mg/kg 
bw per day

Rat Two-year studies 
of toxicity and 
carcinogenicitya,b

Toxicity 1786 ppm, equal to 64 mg/kg 
bw per day

5000 ppm, equal to 187 mg/kg 
bw per day

Carcinogenicity 10 000 ppm, equal to 
386 mg/kg bw per dayc

—
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Species Study Effect NOAEL LOAEL

Two-generation 
study of reproductive 
toxicitya

Parental toxicity 400 ppm, equal to 28.2 mg/
kg bw per day

2000 ppm, equal to 139 mg/kg 
bw per dayc 

Offspring 
toxicity

400 ppm, equal to 28.2 mg/
kg bw per day

2000 ppm, equal to 139 mg/kg 
bw per dayc

Reproductive 
toxicity

2000 ppm, equal to 139 mg/
kg bw per dayc

—

Developmental 
toxicityd

Maternal toxicity 200 mg/kg bw per day 1000 mg/kg bw per day

Embryo and fetal 
toxicity

1000 mg/kg bw per dayc —

Rabbit Developmental 
toxicityd

Maternal toxicity 200 mg/kg bw per day 1000 mg/kg bw per day

Embryo and fetal 
toxicity

200 mg/kg bw per day 1000 mg/kg bw per day

Dog Thirteen-week and 
1-year studies of 
toxicitya,b

Toxicity 200 ppm, equal to 5.33 mg/
kg bw per day

1000 ppm, equal to 23.5 mg/
kg bw per day 

a Dietary administration.
b Two or more studies combined. 
c Highest dose tested. 
d Gavage administration. 

Estimate of acceptable daily intake for humans

0–0.05 mg/kg bw

Estimate of acute reference dose

Unnecessary

Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
human exposure 

Critical end-points for setting guidance values for exposure to etoxazole

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Rapid; approximately 60%

Distribution Wide; highest concentrations in liver

Potential for accumulation None

Rate and extent of excretion Largely complete within 48 h; primarily via faeces (77–88%, bile 
30–54%) and to a lesser extent via urine (8–17%)

Metabolism in animals Extensive; mainly by hydroxylation of the 4,5-dihydrooxazole ring 
followed by cleavage of the molecule and hydroxylation of the tert-
butyl side-chain

Toxicologically signifi cant compounds in animals, 
plants and the environment

Parent compound

Acute toxicity 

Rat, LD
50

, oral > 5000 mg/kg bw

Rat, LD
50

, dermal > 2000 mg/kg bw

Rat, LC
50

, inhalation > 1.09 mg/l (highest attainable concentration)
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Rabbit, dermal irritation Not irritating

Rabbit, eye irritation Not irritating

Guinea-pig, dermal sensitization Not sensitizing (Magnusson & Kligman test)

Short-term studies of toxicity

Target/critical effect Increased absolute and relative liver weights, clinical chemistry 
changes, centrilobular hepatocyte hypertrophy, prostate atrophy

Lowest relevant oral NOAEL 5.33 mg/kg bw per day (13-week study in dogs)

Lowest relevant dermal NOAEL 1000 mg/kg bw per day (28-day study in rats)

Lowest relevant inhalation NOAEC No data

Long-term studies of toxicity and carcinogenicity

Target/critical effect Increased absolute and relative liver weights, clinical chemistry 
changes, histopathological changes in liver, dental and bone 
abnormalities

Lowest relevant NOAEL 64 mg/kg bw per day (2-year study in rats)

Carcinogenicity Not carcinogenic in rats or mice

Genotoxicity

Unlikely to be genotoxic

Reproductive toxicity

Reproduction target/critical effect No effect on fertility at highest dose tested; slight decrease in 
viability of pups and pup body weight at parentally toxic dose

Lowest relevant reproductive NOAEL 28.2 mg/kg bw per day for offspring toxicity in two-generation 
reproduction study in rats

Developmental target/critical effect Increased incidence of skeletal variations at maternally toxic dose

Lowest relevant developmental NOAEL 200 mg/kg bw per day in rabbits

Neurotoxicity/delayed neurotoxicity

No evidence of neurotoxicity

Other toxicological studies

Special studies on testicular function in rats revealed no effect on 
proliferative activity of interstitial cells, changes in circulating male 
hormones or histopathology

Medical data

No data

Summary

Value Study Safety factor

ADI 0–0.05 mg/kg bw Dog, 90-day and 1-year study 100

ARfD Unnecessary
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Explanation

Flubendiamide is the International Organization for Standardization (ISO)–approved name for 
3-iodo-N′-(2-mesyl-1,1-dimethylethyl)-N-{4-[1,2,2,2-tetrafl uoro-1-(trifl uoromethyl)ethyl]-o-tolyl}-
phthalamide (International Union of Pure and Applied Chemistry [IUPAC]), which has the Chemical 
Abstracts Service (CAS) No. 272451-65-7. Flubendiamide is an insecticide that operates by a highly 
specifi c biochemical mode of action. It is a ryanodine receptor agonist, which activates ryanodine-sen-
sitive intracellular calcium release channels in neuromuscular junctions, leading to an o verstimulation 
of these cells. Flubendiamide does not bind to mammalian type 1, 2 and 3 ryanodine r eceptors.

Flubendiamide is being evaluated for the fi rst time by the Joint FAO/WHO Meeting on P esticide 
Residues (JMPR) at the request of the Codex Committee on Pesticide Residues (CCPR).

All critical studies complied with good laboratory practice (GLP).

Evaluation for acceptable daily intake

The structure of fl ubendiamide is shown in Figure 1.

1. Biochemical aspects

1.1 Absorption, distribution and excretion

Rats

Groups of male and female Fischer F344/DuCrj rats were treated with single oral (gavage) 
doses of [14C]fl ubendiamide (radiochemical purity > 98%), labelled either in the phthalic acid ring 
or in the aniline ring, diluted with non-labelled fl ubendiamide (purity 99.6%; lot No. 1FH0013P), 
suspended in aqueous vehicle (containing 2% carboxymethylcellulose with 0.4% Tween 80). 

The experimental designs are presented in Table 1. Metabolites were analysed in urine, faeces 
plus gastrointestinal contents and liver (see section 1.2). Statements of adherence to quality assurance 
(QA) and GLP were included.

Total recovery of radiolabel in all experiments was greater than 94%. Flubendiamide at 2 mg/kg 
body weight (bw) was relatively slowly and incompletely absorbed after oral administration, with peak 
plasma concentrations of 0.233 and 0.196 µg equiv./g and time to peak plasma concentrations (T

max 
val-

ues) of 12 and 6 hours in males and females, respectively. Plasma half-lives were 12.6 and 37.6 hours 
in males and females, respectively. At 200 mg/kg bw, plasma concentrations were only about 2–4 times 
higher than at 2 mg/kg bw, indicating that absorption is almost saturated at the high dose. 

At 2 mg/kg bw in males and females, 1.7% and 0.4% of radiolabel were excreted in urine, 
respectively, with 96.2% and 91.4% being excreted in faeces over a 168-hour sampling period. Uri-
nary excretion at 200 mg/kg bw was even less (~0.1% in both sexes), whereas at this dose, 93.6% 
and 99.6% were excreted in faeces of males and females, respectively. Faecal excretion was rapid, 
with 77%/58% (males/females) and 90%/99% (males/females) being excreted within 24 hours after 
administration of the low and high doses, respectively. No signifi cant excretion in expired air was ob-
served. Radiolabel was widely distributed over tissues and organs, including bone marrow. At 9 hours 
after dosing of 2 mg/kg bw, highest radiolabel concentrations were found in the gastrointestinal tract, 
liver, adrenals, fat and kidneys, with higher levels in males than in females. Excretion in females was 
slower than in males, resulting in higher tissue levels in females than in males at 24 and 168 hours. 
Although excretion was slower in females than in males, tissue levels in both sexes had markedly 
and time-dependently decreased at 24 and 168 hours. Tissue levels were higher at 200 mg/kg bw, 
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but far less than the 100-fold dosing difference, again indicating saturated absorption. Relative tis-
sue distribution at 200 mg/kg bw per day was similar to that observed after 2 mg/kg bw per day. 
After 168 hours, less than 1% and less than 5% of administered radiolabel were recovered from the 
carcasses of males and females, respectively. Tissue distribution and excretion were almost i dentical 
between aniline ring–labelled and phthalic acid ring–labelled groups (Motoba, 2004a).

The oral absorption and biliary excretion of [14C]fl ubendiamide (radiochemical purity > 98%), 
labelled in the phthalic acid ring, administered by gavage at 2 mg/kg bw, were studied in male and 
female Fischer F344/DuCrj rats. The labelled substance was diluted with non-labelled fl ubendiamide 
(purity 99.6%) and suspended in aqueous vehicle (containing 2% carboxymethylcellulose with 0.4% 

Figure 1. Structure of fl ubendiamide
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Table 1. Experimental designs

Position of label Dose (mg/kg bw) Number and sex of animals Samples (h post-dosing)

Phthalic acid ring 2 4M, 4F Blood: 1, 3, 6, 9, 12, 24, 48, 72, 96, 120, 144, 168

Phthalic acid ring 200 4M, 4F Blood: 1, 3, 6, 9, 12, 24, 48, 72, 96, 120, 144, 168

Phthalic acid ring 2 4M, 4F Organs/tissues: 9

Phthalic acid ring 2 4M, 4F Organs/tissues: 24

Phthalic acid ring 2 4M, 4F Excreta: 24, 48, 72, 96, 120, 144, 168

Expired air: 24 (2 selected animals)

Organs/tissues: 168

Phthalic acid ring 200 4M, 4F Organs/tissues: 9

Phthalic acid ring 200 4M, 4F Organs/tissues: 24

Phthalic acid ring 200 4M, 4F Excreta: 24, 48, 72, 96, 120, 144, 168

Organs/tissues: 168

Aniline ring 2 2M Excreta: 24

Expired air: 24

Aniline ring 2 2F Excreta: 24, 48

Expired air: 24, 48

Aniline ring 2 4M, 4F Excreta: 24, 48, 72, 96, 120, 144, 168

Organs/tissues: 168

From Motoba (2004a) 
bw, body weight; F, females; M, males
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Tween 80). The levels of radiolabel were determined in bile, faeces and urine, collected over 48 hours, 
and in gastrointestinal tract and liver, obtained after 48 hours. Furthermore, the metabolites in bile, 
faeces and gastrointestinal contents (see section 1.2) were analysed. Statements of adherence to QA 
and GLP were included.

The percentages of radioactivity recovered in the various compartments and excreta are 
p resented in Table 2.

The data indicate that absorption is relatively slow and incomplete, and excretion occurs m ainly 
via bile (Motoba, 2004b).

In a third study, Fischer F344/DuCrj rats (four of each sex per group) received [14C]fl uben-
diamide (radiochemical purity > 98.2%), labelled in the phthalic acid ring, administered by gav-
age at 2 mg/kg bw per day for 14 days. The vehicle was an aqueous solution containing sodium 
carboxymethylcellulose and 0.4% Tween 80. Blood samples were obtained 24 hours after the 6th 
and 13th doses and at termination. Urine and faeces were collected every 24 hours until 168 hours 
after the last dosing. Groups of four animals each were sacrifi ced 9, 24 and 168 hours after the last 
dose, respectively. At termination, the animals were necropsied and gastrointestinal contents and 
major organs, tissues and residual carcass were sampled for radioactivity measurement. Statements 
of a dherence to QA and GLP were included.

Blood and plasma radioactivity levels at days 6, 13 and 14 were similar to each other and com-
parable to those observed after a single administration (Motoba, 2004a), with the highest concentra-
tion observed at 9 hours after the last dosing in both sexes. At 168 hours after the last dosing, radio-
activity was hardly detectable in blood and plasma. Highest tissue levels of radiolabel were observed 
in liver, kidneys, adrenals, gastrointestinal tract and fat. Radioactivity levels were generally higher 
in tissue of females. In males, tissue levels after repeated dosing were comparable to those observed 
after a single dose (Motoba, 2004a); they peaked at 9 hours and were markedly decreased at 24 and 
168 hours, indicating no potential for accumulation in males. In females, however, after repeated dos-
ing, tissue levels at 24 hours were comparable to those at 9 hours, and signifi cant levels of radiolabel 
were still found at 168 hours. Compared with the tissue levels after a single dose, after 14 days of 
dosing, tissue levels in females were considerably higher (e.g. 6–13 times higher at 24 hours after the 
last dose), indicating a considerable potential for accumulation in females.

In both sexes, radiolabel was excreted almost completely in faeces. Less than 0.5% of the ad-
ministered dose was excreted in urine, and 0.02% and 0.42% of the total administered dose remained 
in the carcass 168 hours after the last dose in males and females, respectively (Motoba, 2004c).

Table 2. Excretion and distribution of phthalic acid ring–labelled fl ubendiamide in bile duct–
cannulated rats administered 2 mg/kg bw

Radioactivity (% of administered dose) at 48 h

Males (n = 3) Females (n = 6)

Bile 11.1 3.3

Urine 0.8 0.2

Faeces 12.8 11.0

Gastrointestinal tract contents 60.4 50.6

Gastrointestinal tract 2.5 2.4

Liver 3.3 5.5

Carcass 5.9 22.8

Total oral absorption 23.5 34.1

Total recovery 96.6 95.7

From Motoba (2004b)
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1.2 Biotransformation

Rats

In the study of Motoba (2004a), metabolites were analysed in urine, faeces plus gastrointestinal 
contents and liver. The study design is described under section 1.1. Statements of adherence to QA 
and GLP were included.

The levels of the major metabolites in excreta and liver are presented in Table 3. 

Apart from the metabolites in Table 3, hydroxyfl ubendiamide was also detected, but not quanti-
fi ed. Other non-identifi ed metabolites occurred at levels below 1% of the administered dose.

In males at 2 mg/kg bw, unchanged fl ubendiamide was one of the main compounds in faeces, 
together with fl ubendiamide-benzyl alcohol and fl ubendiamide-benzoic acid. In females at 2 mg/kg 
bw, faeces and liver contained mostly unchanged fl ubendiamide. This may indicate slower metabo-
lism in females. At 200 mg/kg bw, faeces of both sexes contained mainly unchanged fl ubendiamide. 
No signifi cant difference in metabolite profi les was found between aniline ring–labelled and phthalic 

Table 3. Metabolites of phthalic acid ring–labelled or aniline ring–labelled fl ubendiamidea in 
excreta and liver of rats after administration of single oral doses of 2 or 200 mg/kg bw 

Dose 
(mg/kg 
bw)

Radioactivity (% of administered dose)

Males Females

Urineb Faecesb Liverc Urine Faeces Liver

Flubendiamide 2 0.01

0.04

15.4

30.5

—

0.08

0.09

0.21

65.8

65.7

—

8.64

200 0.04 89.1 — < 0.01 97.8 —

Flubendiamide-benzyl 
alcohol

2 0.45

0.42

37.3

30.8

—

0.22

0.05

0.05

5.4

5.7

—

0.25

200 0.01 0.2 — < 0.01 ND —

Flubendiamide-benzaldehyde 2 0.01

0.03

0.44

0.31

—

0.19

ND

ND

ND

ND

—

ND

200 ND 0.3 — ND 0.24 —

Flubendiamide-benzoic acid 2 0.03

0.05

16.4

14.9

—

—

0.01

0.01

ND

0.13

—

—

200 ND ND — ND ND —

Sum of others 2 0.84

0.78

12.7

9.5

—

1.4

0.08

0.11

4.7

4.1

—

0.67

200 0.02 0.27 — 0.04 0.31 —

Non-extractable 2 0.28

0.2

12.54

6.64

—

0.42

0.07

0.08

5.01

3.93

—

0.18

200 0.03 0.14 — 0.02 0.16 —

Total 2 1.61

1.52

94.8

92.6

—

2.4

0.30

0.47

81.0

79.6

—

9.74

200 0.09 89.9 — 0.06 98.5 —

From Motoba (2004a)
ND, not detected
a  Results of aniline ring label shown in italics.
b   For the phthalic acid ring–labelled 2 mg/kg bw group, excreta obtained until 72 h after dosing were analysed, and until 24 h for the 

200 mg/kg bw group. For the aniline ring–labelled 2 mg/kg bw group, excreta obtained until 24 h after dosing were analysed.
c  Liver was analysed 24 h after dosing.
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acid ring–labelled groups. Small but signifi cant amounts of NNI-0001-iodophthalimide (A-14) were 
detected in the fat extract of both male and female rats (3.3% and 1.0% of total radioactivity in the 
fat, respectively). The detection of NNI-0001-iodophthalimide (A-14) implied the hydrolysis of the 
amide bond between the phthalic acid ring and the thioalkylamine moiety (Motoba, 2004a).

The oral absorption and biliary excretion of [14C]fl ubendiamide (radiochemical purity > 98%), la-
belled in the phthalic acid ring, administered by gavage at 2 mg/kg bw, were studied in male and female 
Fischer F344/DuCrj rats. The labelled substance was diluted with non-labelled fl ubendiamide (purity 
99.6%) and suspended in aqueous vehicle (containing 2% carboxymethylcellulose with 0.4% Tween 
80). The levels of radiolabel were determined in bile, faeces and urine, collected over 48 hours, and in 
gastrointestinal tract and liver, obtained after 48 hours. Furthermore, the metabolites in bile, faeces and 
gastrointestinal contents were analysed. Statements of adherence to QA and GLP were included.

The levels of the major metabolites in bile, faeces and gastrointestinal contents are presented 
in Table 4.

The metabolic profi le indicates that metabolism occurs mainly by oxidation of the methyl 
groups, followed by glucuronidation of the hydroxyl moiety, in particular in males, and direct 
g lutathione conjugation of the phthalic acid ring, particularly in females (Motoba, 2004b).

The proposed metabolic pathway, based on the studies of Motoba (2004a,b), is depicted in 
Figure 2.

The metabolism following repeated oral administration of fl ubendiamide was studied by Mo-
toba (2004c) (see study description under section 1.1). In this study, metabolites in faeces, urine 
and fat were analysed by thin-layer chromatography and high-performance liquid chromatography 
(HPLC). Statements of adherence to QA and GLP were included.

In faeces of males and females, 82.2% and 91.3%, respectively, of the total administered dose 
were unchanged fl ubendiamide. Flubendiamide-benzyl alcohol represented 7.2% and 2.2% of radio-
label in faeces of males and females, respectively. In faeces of males, 2.8% of radiolabel represented 
fl ubendiamide-benzoic acid. Other metabolites in faeces were present at levels below 1.6%. The 
metabolic profi le indicates that metabolism occurs mainly by oxidation of the methyl group of the 
aniline ring. In fat of female rats, almost all radiolabel represented fl ubendiamide, whereas in males, 
fl ubendiamide (53%), fl ubendiamide-benzyl alcohol (13%), fl ubendiamide-benzaldehyde (14%) and 
others (14%) were found. Additionally, in both sexes, the metabolite fl ubendiamide-iodophthalimide 
was found in low quantities (3.3% and 1%, respectively). The data indicate that there are no qualita-
tive differences in metabolism between single and repeated dosing of fl ubendiamide and that the rate 
of metabolism is slower in female rats (Motoba, 2004c).

The sex difference in metabolism of [14C]fl ubendiamide (radiochemical purity > 98%) labelled 
in the phthalic acid ring was investigated in vitro using hepatic microsomes obtained from Fischer 
F344/DuCrj rats, CD-1 mice, Beagle dogs and humans. Statements of adherence to QA and GLP 
were included.

It was found that all microsome preparations caused hydroxylation of fl ubendiamide to fl uben-
diamide-benzyl alcohol as a fi rst step of metabolism, except for the microsomes of female rats. 
Immunological inhibition tests indicated that the hydroxylation in the rat may be mediated by cyto-
chrome P450 (CYP) isoforms that are immunologically indistinguishable from CYP2C11. In human 
microsomes, hydroxylation of fl ubendiamide to fl ubendiamide-benzyl alcohol was predominantly 
mediated by CYP3A4. The study authors reported that in humans, CYP3A4 is the most abundant, 
versatile and important isoform for metabolism of xenobiotics and that it is known not to have sex 
differences or genetic polymorphisms; therefore, no sex-dependent or individual differences in 
m etabolism of fl ubendiamide are expected in humans (Motoba, 2004d).
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Table 4. Metabolites of phthalic acid ring–labelled fl ubendiamide in bile duct–cannulated rats 
following a single oral dose of 2 mg/kg bw

Radioactivity (% of administered dose)

Males (n = 3) Females (n = 6)

Bile Faeces Gastrointestinal 
contents

Bile Faeces Gastrointestinal 
contents

Flubendiamide ND 12.0 56.3 ND 10.7 49.7

Flubendiamide-benzyl alcohol 1.3 0.6 3.4 0.1 0.1 0.6

Flubendiamide-benzoic acid 2.3 ND ND ND ND ND

Flubendiamide cyclic acetal 1.8 ND ND 0.2 ND ND

Flubendiamide carboxy-benzylalcohol 0.3 ND ND 0.2 ND ND

Flubendiamide benzylalcohol glucuronide 0.9 ND ND 0.1 ND ND

Flubendiamide hydroxy-benzylalcohol glucuronide 1.4 ND ND ND ND ND

Flubendiamide glutathione conjugate 1.2 ND ND 0.8 ND ND

Flubendiamide–cysteinyl-glycine conjugate 0.3 ND ND 0.5 ND ND

Flubendiamide–cysteine conjugate 0.3 ND ND 1.4 ND ND

Sum of other minor unknowns 1.3 — 0.1 — — —

Non-extractable NA 0.2 0.5 NA 0.2 0.3

Total  11.1 12.8 60.4 3.3 11.0 50.6

From Motoba (2004b)
NA, not applicable; ND, not detected

Male and female Fischer F344/DuCrj rats and Crlj CDI (ICR) mice (n = 3–4 per group) re-
ceived daily oral doses of fl ubendiamide (purity > 96.7%) of 200 mg/kg bw for 1, 7 or 14 days, after 
which the levels of fl ubendiamide and its metabolite fl ubendiamide-iodophthalimide in plasma, liver 
and fat were measured using HPLC. Statements of adherence to QA and GLP were included.

Plasma levels of fl ubendiamide were low in all animals, with the highest levels (1.4 mg/l) 
being observed in female rats. Levels of fl ubendiamide were high in liver (19–27 mg/kg) and fat 
(47–68 mg/kg) of female rats at days 1, 7 and 14, with the levels after 7 and 14 doses being about 1.5 
times higher than those after a single dose. In male rats and in both sexes of mice, levels of fl ubendi-
amide in liver and fat were much lower (6–39 times lower) than in female rats. The levels of the me-
tabolite fl ubendiamide-iodophthalimide in plasma and liver of rats and mice and in fat of mice were 
generally close to or below the limit of quantifi cation (0.1 mg/l or mg/kg). Fat of male and female rats 
contained between 2.8 and 3.7 mg/kg of this metabolite after 7 or 14 doses (Motoba, 2005).

2. Toxicological studies

2.1 Acute toxicity

(a) Lethal doses

The results of studies of acute toxicity with fl ubendiamide are summarized in Table 5. No 
substance-related clinical signs were observed in the oral and dermal acute toxicity studies. During 
and immediately after the 4-hour exposure period in the inhalation study, increased respiratory rate, 
wet fur, hunched posture, piloerection and red/brown staining around the eyes were observed. These 
clinical signs are considered to be related to the exposure and restraining procedure. Apart from one 
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Figure 2. Proposed metabolic pathway of fl ubendiamide (company code NNI-0001) in the rat, 
summarizing the results of all metabolism studies
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NNI-0001-benzyl alcohol (A-16)
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benzaldehyde (A-19)
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a)

a)

b)

b)

glucuronic acid conjugation ---
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NNI-0001-iodo-phthalimide (A-14)

NNI-0001-aniline (A-22)

Notes: 
a)  The position of the glutathione conjugation (gs-substituent at c-5 of the phthalic acid  ring) was not clearly identifi ed and may be 

d ifferent.
b) The two structures in parentheses represent proposed intermediates. 
c)  The frame around the group of six hydroxy compounds indicates additional glucuronic acid conjugates. 
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animal showing red/brown staining around the eyes 1 hour after exposure, no clinical signs following 
inhalation of fl ubendiamide were observed in the 14-day observation period.

(b) Dermal irritation

In a dermal irritation study, performed according to Organisation for Economic Co-operation 
and Development (OECD) guideline 404, three male Japanese White rabbits were dermally exposed 
for 4 hours under semiocclusive conditions to 0.5 g fl ubendiamide (purity 97.8%; lot No. 1FH0018P; 
pulverized crystal) moistened with deionized water. Dermal irritation was scored according to the 
Draize system at 1, 24, 48 and 72 hours post–patch removal. Statements of adherence to QA and GLP 
were included.

No dermal irritation was observed at any point during the study (Horiuchi, 2004a). 

(c) Ocular irritation

In an eye irritation study, performed according to OECD guideline 405, 0.1 ml (approximately 
66 mg) of fl ubendiamide (purity 97.8%; lot No. 1FH0018P; pulverized crystal) was instilled into the 
conjunctival sac of the left eye of three male Japanese White rabbits. The untreated left eye served as 
a control. An additional group of three male rabbits was similarly treated, and their eyes were washed 
30 seconds after instillation of the test material. Eye irritation was scored at 1, 24, 48 and 72 hours 
post-instillation according to Draize. Statements of adherence to QA and GLP were included.

No corneal opacity or chemosis of the conjunctiva was noted. Iritis (score 1) was observed 
only at 1 hour in one animal in both the washed and the non-washed group. In the non-washed group, 
conjunctival redness (score of 1) was noted in all eyes at 1 and 24 hours. Discharge (score of 1 and 
2) was noted in all eyes at 1 hour. No signs of irritation were observed at 48 and 72 hours. In the 
washed group, the scores for conjunctival discharge were reduced (all eyes score 1) and the duration 
of conjunctival redness was shortened in two animals. It is concluded that fl ubendiamide is not an eye 
irritant (Horiuchi, 2004b).

(d) Dermal sensitization

In a dermal sensitization study using the Magnusson & Kligman maximization test, in accordance 
with OECD guideline 406, fl ubendiamide (purity 97.8%; lot No. 1FH0018P; pulverized and suspended 
in propylene glycol) was tested in 20 female Hartley guinea-pigs. The control group consisted of 10 

Table 5. Results of studies of acute toxicity with fl ubendiamide

Species Strain Sex Route Vehicle Purity 
(%)

LD
50

 (mg/kg bw); 
LC

50
 (mg/l)

Referencea

Rat Sprague-Dawley 
(Slc:SD)

Male/
female

Oral Aqueous methylcellulose 97.8b > 2000 Horiuchi 
(2003a)c

Rat Sprague-Dawley 
(Slc:SD)

Male/
female

Dermal Aqueous methylcellulose 97.8b > 2000 Horiuchi 
(2003b)d

Rat Sprague-Dawley 
Crl:CD(SD) IGS BR

Male/
female

Inhalation PEG 200 96.7e > 0.0685 Wesson 
(2004)f

LC
50

, median lethal concentration; LD
50

, median lethal dose; PEG, polyethylene glycol
a  All studies include statements of adherence to GLP and QA.
b  Lot No. 1FH0018P.
c  Performed according to Organisation for Economic Co-operation and Development (OECD) guideline 401.
d  Performed according to OECD guideline 402. 
e   Lot No. 1FH0019M. A 25% fl ubendiamide/75% PEG (weight per weight [w/w]) formulation was used. The maximum achievable 

concentration was 0.0685 mg/l. Mass median aerodynamic diameter (MMAD) 4.18 µm (geometric standard deviation [GSD] 2.74), 
inhalable fraction ~48%.

f  Performed according to OECD guideline 403, nose-only exposure. 
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animals. In the fi rst induction phase, the animals of the treatment group received three intradermal in-
jections on both sides of the neck. Each injection consisted of 0.05 ml of a suspension containing a) 1% 
fl ubendiamide in liquid paraffi n, b) 50% volume per volume (v/v) mixture of Complete Freund’s Adju-
vant in purifi ed water or c) 1% fl ubendiamide in a 50% (v/v) mixture of Complete Freund’s Adjuvant. 
Control animals were similarly treated with vehicle only. One week later, this was followed by a topical 
application (48 hours) under occlusion (Elastopore) of 0.3 ml of a solution containing 50% (weight per 
volume [w/v]) fl ubendiamide in propylene glycol. The animals were pretreated with sodium lauryl sul-
fate 24 hours prior to the topical applications. In the challenge phase, 21 days after study initiation, the 
animals received topical applications of 0.15 ml of the challenge solution containing 50% (w/v) fl uben-
diamide in propylene glycol for 24 hours. At 24 and 48 hours post–patch removal, the degree of dermal 
irritation was scored according to the Magnusson & Kligman grading scale. 2,4-Dinitrochlorobenzene 
was used as a positive control. Statements of adherence to QA and GLP were included.

At challenge, the highest grade of dermal reaction in the control group to both vehicle and 
fl ubendiamide challenge was 1 (in 5/10 and 4/10 animals, respectively). In the fl ubendiamide test 
group, the highest scores to a vehicle and fl ubendiamide challenge were 2, both observed in the same 
female. The highest score to vehicle and fl ubendiamide in the other animals was 1 (in 12/20 and 7/20 
animals, respectively). The 2,4-dinitrochlorobenzene group showed a 100% positive reaction. It is 
concluded that fl ubendiamide is not a dermal sensitizer under the conditions of the maximization test 
(Horiuchi, 2004c). 

2.2 Short-term studies of toxicity

(a) Oral administration

Mice

In a 28-day range-fi nding feeding study, performed in accordance with OECD guideline 407, 
fl ubendiamide (purity 97.7%; lot No. 0FH0009P) was administered to ICR (Crj:CD-l) SPF mice (six 
of each sex per dose) at a dose level of 0, 20, 200, 2000 or 20 000 parts per million (ppm), equal to 
0, 2.7, 26.9, 265 and 2678 mg/kg bw per day for males and 0, 2.9, 30.0, 299 and 3024 mg/kg bw per 
day for females. Animals were checked daily for clinical signs and mortality, and a detailed clinical 
examination was performed weekly. Body weight and group mean feed consumption were measured 
weekly. Haematology and clinical chemistry were performed at termination after 4 weeks of treat-
ment. Also at termination, gross examinations were performed on all animals, and selected organs 
were weighed. Livers of all animals were histologically examined. Statements of adherence to QA 
and GLP were included.

No treatment-related mortalities or clinical signs of toxicity were observed. Body weight gain, 
feed consumption and haematological parameters in treated animals were comparable to those of 
controls. A small (30%) but statistically signifi cant increase in alkaline phosphatase activity was not-
ed in high-dose females. Small increases in relative liver weight (9–10%) were observed in high-dose 
animals, reaching statistical signifi cance in males only. Necropsy showed dark colouring of the liver 
in two males at the high dose and in one male at 2000 ppm. Histology showed increased incidences 
of fatty changes in centrilobular hepatocytes in males at 2000 ppm and in both sexes at the high dose. 
Centrilobular hepatocyte hypertrophy was observed in both sexes at doses of 2000 ppm and above.

The no-observed-adverse-effect level (NOAEL) was 200 ppm, equal to 26.9 mg/kg bw per day, 
based on dark-coloured livers, fatty changes in centrilobular hepatocytes and centrilobular h epatocyte 
hypertrophy at 2000 ppm (Takeuchi, 2001).

In a 13-week feeding study in ICR (Crj:CD-1) mice (10 of each sex per dose), the toxicity 
of fl ubendiamide (purity 98.5%; lot No. 0FH0010P) was investigated. The study was performed in 
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 accordance with OECD guideline 408. Flubendiamide was administered in the diet at 0, 50, 100, 
1000 or 10 000 ppm, equal to 0, 6.0, 11.9, 123 and 1214 mg/kg bw per day for males and 0, 7.1, 14.7, 
145 and 1424 mg/kg bw per day for females. Animals were observed at least once daily for clinical 
signs and mortality. Detailed clinical examination was performed weekly. Body weight and group 
mean feed consumption were measured weekly. Haematology and clinical chemistry were performed 
at week 13 of treatment. After 13 weeks of treatment, the animals were killed and necropsied, and 
selected organs were weighed. An extensive range of organs and tissues of control and high-dose 
animals was histologically examined. Liver, thyroid and gross lesions of animals of the low- and 
middle-dose groups were also histologically examined. Statements of adherence to QA and GLP 
were included.

No treatment-related effects on mortality, clinical observations, body weight, feed consump-
tion or haematology were observed. Bilirubin levels were increased by 19% in females of the high-
dose group. Absolute (up to 16%) and relative liver weights (up to 22%) were increased in females at 
1000 ppm and higher, as was relative liver weight (13%) in high-dose males. Relative ovary weight 
was increased (37%) in high-dose females. At the high dose, four males and one female showed dark-
coloured liver (not observed in controls). The incidences of centrilobular hepatocyte hypertrophy and 
fatty change were increased at 1000 and 10 000 ppm in both sexes. In the ovaries, no microscopic 
lesions were noted.

The NOAEL was 100 ppm, equal to 11.9 mg/kg bw per day, based on centrilobular hepatocyte 
hypertrophy and fatty change in both sexes and increased liver weight in females at 1000 ppm, equal 
to 123 mg/kg bw per day (Takeuchi, 2002).

Rats

In a 28-day feeding study, performed in accordance with OECD guideline 407, fl ubendiamide 
(purity 97.7%; lot No. 0FH0009P) was administered in the diet to Fischer (F344/DuCrj) rats (six of 
each sex per dose) at 0, 20, 50, 200, 2000 or 20 000 ppm, equal to 0, 1.5, 3.9, 15.1, 152 and 1575 mg/
kg bw per day for males and 0, 1.6, 4.2, 16.1, 156 and 1605 mg/kg bw per day for females. Animals 
were observed at least once daily for clinical signs and mortality. Detailed clinical examination was 
performed weekly. Body weight and group mean feed consumption were measured weekly. Hae-
matology, clinical chemistry and urinalysis were performed at termination after 4 weeks of treat-
ment. Also at termination, gross examinations were performed on all animals, and selected organs 
were weighed. An extensive range of organs and tissues of all animals was histologically examined. 
S tatements of adherence to QA and GLP were included.

No mortalities or clinical signs of toxicity were observed. Body weight gain and feed con-
sumption in treated animals were comparable to those of controls. Haematology revealed statistically 
signifi cant but small decreases (≤ 3%) in mean corpuscular volume (MCV) at doses of 2000 ppm and 
higher in females and at 20 000 ppm in males and an increase in platelet count (12%) in the high-dose 
males. As these effects were small, they are considered not toxicologically relevant. Clinical chem-
istry showed small (≤ 19%) but statistically signifi cant reductions in alkaline phosphatase, alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) levels. However, reductions in levels 
of these enzymes are generally not considered to be adverse. γ-Glutamyl transpeptidase (GGT) levels 
were statistically signifi cantly increased (doubled) in females at 200 ppm and higher. Total protein, 
globulin, inorganic phosphorus and potassium levels were slightly increased (≤ 16%) in females at 
2000 ppm and/or 20 000 ppm, and glucose levels were increased by 10% in males at 2000 ppm and 
higher. Cholesterol levels were slightly increased (up to 15%) in all treated males except for the high 
dose. Decreases in cholesterol (up to 28%), triglyceride (up to 20%) and plasma cholinesterase (up to 
43%) levels were observed in females at 2000 ppm and higher. Relative liver weights were increased 
by 8% and 14% in males at 2000 and 20 000 ppm, respectively, and by 9%, 33% and 45% in females 
at 200, 2000 and 20 000 ppm, respectively. The absolute liver weights were also increased in females 
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at these doses. Histological examination revealed periportal fat storage in hepatocytes in females at 
200 ppm and above and in two males at the high dose. In females at 2000 ppm and above, hepatocyte 
hypertrophy was observed. Hypertrophy of follicular cells in the thyroid was observed in high-dose 
males and in females at 2000 ppm and higher. Urinalysis showed no treatment-related effects.

The NOAEL was 50 ppm, equal to 4.2 mg/kg bw per day, based on fatty changes in periportal 
hepatocytes, increases in plasma GGT and increases in absolute and relative liver weights in females 
(Enomoto, 2001).

The toxicity of fl ubendiamide (purity 97.7%; lot No. 0FH0009P) was investigated in a 13-week 
feeding study, performed in accordance with OECD guideline 408. Flubendiamide was administered 
to Fischer (F344/DuCrj) rats (10 of each sex per dose) at a dietary concentration of 0, 20, 50, 200, 
2000 or 20 000 ppm, equal to 0, 1.2, 2.9, 11.4, 116 and 1192 mg/kg bw per day for males and 0, 1.3, 
3.3, 13.1, 128 and 1320 mg/kg bw per day for females. In order to study the reversibility of effects, 
additional groups of rats (10 of each sex per dose) received fl ubendiamide at 0 or 20 000 ppm for 
13 weeks and were observed for an additional 4 weeks without treatment. Animals were observed at 
least once daily for clinical signs and mortality. Detailed clinical examination was performed weekly. 
The animals were subjected to a functional observational battery (FOB) during week 11 and week 
4 of the recovery period. Body weight and group mean feed consumption were measured weekly. 
Haematology, clinical chemistry, urinalysis and ophthalmoscopy were performed at week 13 of treat-
ment and week 4 of the recovery period. At termination of treatment in week 13 or at the end of the 
4-week recovery period, gross examinations were performed on all animals, and selected organs 
were weighed. An extensive range of organs and tissues of all animals was histologically examined. 
S tatements of adherence to QA and GLP were included.

No treatment-related effects on mortalities or general clinical observations were observed. 
Slight increases in rearing activity were observed in females of the high-dose group during weeks 
7, 8 and 11. However, as this fi nding was not observed in similarly treated females of the satellite 
group and was not accompanied by other behavioural parameters or histological changes in the nerv-
ous system, it is considered not toxicologically signifi cant. Body weight gain, feed consumption and 
ophthalmology in treated animals were comparable to those of controls. Haematology revealed sta-
tistically signifi cant decreases in MCV at 20 000 ppm in males (−2%) and in females at 200 (−2%), 
2000 (−3%) and 20 000 ppm (−6%). In females of the 2000 and 20 000 ppm groups, haematocrit 
(6–7%) and haemoglobin levels (5%) were decreased, and a reduction in mean corpuscular haemo-
globin (5%) was found in females at 20 000 ppm. Platelet counts were increased (7–16%) in both 
sexes at doses of 2000 ppm and higher. The changes in haematological parameters were only partially 
reversible after 4 weeks of recovery, and they were not accompanied by histopathological changes 
in bone marrow or spleen. Clinical chemistry showed a reduction in alkaline phosphatase, plasma 
cholinesterase, triglycerides and total bilirubin levels and a 3-fold increase in GGT activity in fe-
males at 2000 ppm or higher. ALT and total bile acid levels were decreased in females at 20 000 ppm. 
Increases in total protein (5–7%) and albumin levels (6%) were observed in both sexes at 20 000 
ppm. Globulin levels were increased (9%) in females at the high dose. Cholesterol was increased (up 
to 25%) in males at doses of 50 ppm and higher, but decreased by 24% in females at the high dose. 
A slight increase in potassium levels (up to 14%, not dose dependent) was observed in females at 
doses of 2000 ppm and higher. Most of the biochemical effects were reversible during the recovery 
phase. No treatment-related effects on urinalysis were observed. The incidences of dark-coloured 
and enlarged livers were increased in both sexes at the high dose and in females at 2000 ppm. These 
effects were no longer observed after 4 weeks of recovery. Absolute and relative liver weights were 
increased in males at the high dose (relative weight 11%) and in females at doses of 200 ppm and 
higher (relative weight 11–47%). Absolute and relative kidney weights were increased (up to 13%) 
in females at 2000 ppm and higher. Absolute and relative weights of the adrenals and ovaries and 
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relative weight of the heart were also statistically signifi cantly increased in high-dose females. After 
4 weeks of recovery, the absolute and relative kidney and ovary weights were still increased, whereas 
the other organ weight changes were less prominent. Other effects on organ weights were small and 
not always dose dependent and are considered not toxicologically signifi cant. Hepatocyte hypertro-
phy was observed in females at 2000 ppm and higher. In the liver, increased incidences in periportal 
fatty changes and thyroid follicular cell hypertrophy were found in high-dose males and in females 
at 200 ppm and higher. Most effects observed at the end of the treatment period at 20 000 ppm were 
partially or fully reversible within the 4-week recovery period.

The NOAEL was 50 ppm, equal to 3.3 mg/kg bw per day, based on increases in absolute and 
relative liver weights, increased incidences of periportal fatty changes and follicular cell hypertrophy 
of the thyroid observed in females at 200 ppm, equal to 13.1 mg/kg bw per day (Enomoto, 2003). 

In a 1-year dietary study in rats, performed in accordance with OECD guideline 452, the ef-
fects of fl ubendiamide (purity 97.8%; lot No. 1FH0018P) were investigated. Flubendiamide was 
administered to male and female Fischer (F344/DuCrj) rats (25 of each sex per dose) at 0, 20, 50, 
2000 or 20 000 ppm, equal to 0, 0.78, 2.0, 79 and 822 mg/kg bw per day for males and 0, 0.96, 2.4, 98 
and 998 mg/kg bw per day for females. Clinical signs and mortality were recorded daily. A detailed 
clinical examination was performed weekly. Special neurobehavioural examinations (FOB and motor 
activity test) were performed on 10 animals of each sex per dose during week 49 of treatment. Body 
weight and feed consumption were recorded weekly from week 1 to week 13 and once every 4 weeks 
thereafter. Ophthalmological examinations were carried out pretreatment and during week 52. Hae-
matology, clinical chemistry and urinalysis were performed during weeks 13, 26 and 51/52. Brain 
cholinesterase activity and selected organ weights were measured in 10 animals of each sex per dose 
at week 52. At termination, all animals were necropsied. Histological examination of an extensive 
range of organs was performed on all animals of the control and high-dose groups and on all animals 
found dead during the treatment period. Furthermore, liver, kidneys, thyroids and all gross lesions 
from the 20, 50 and 2000 ppm groups were histologically examined. Statements of adherence to QA 
and GLP were included.

Incidences of mortality and clinical signs were not affected by treatment. High-dose females 
showed increased rearing, mainly between weeks 6 and 15. No toxicologically relevant changes in 
body weight gain were observed. In high-dose males and females, small but statistically signifi cant 
increases (104–107% of control) in feed consumption were found. Ophthalmoscopy and urinalysis 
showed no treatment-related changes. In high-dose males and in females of the 2000 and 20 000 ppm 
groups, statistically signifi cant decreases in haematocrit (up to 9%), haemoglobin (up to 9%), eryth-
rocyte count (up to 4%), MCV (up to 6%) and mean corpuscular haemoglobin (MCH) (up to 6%) 
were found. These decreases generally were observed at all time points (weeks 13, 26 and 52). In 
both sexes of the 2000 and 20 000 ppm groups, increases in platelet counts (up to 10%) and reticu-
locyte counts (up to 64%) were occasionally observed. Mean corpuscular haemoglobin concentra-
tion (MCHC) was occasionally slightly increased (up to 3%) in high-dose males and in females at 
2000 and 20 000 ppm. In females at 50 ppm, sporadic slight but statistically signifi cant decreases 
in haematocrit (−3%), MCV (1–2%) and MCH (2%) were observed. These fi ndings are consid-
ered not adverse. Bone marrow cytology at week 52 showed a slight decrease in erythroblast count. 
These haematological changes indicate that fl ubendiamide induces microcytic anaemia and possibly 
reactive haematopoiesis. A decrease in segmented neutrophil counts was detected in both sexes at 
20 000 ppm. In males at doses of 2000 ppm and higher, slight increases in prothrombin time (up to 
11%) and activated partial thromboplastin time (up to 5%) were found. Reductions in AST, ALT and 
bilirubin levels in males and/or females at doses of 2000 ppm and higher were considered not toxi-
cologically relevant. In both sexes at 2000 ppm and above, GGT levels were increased (up to 300% 
of controls). In high-dose females, increased levels of total protein, albumin and p otassium levels 
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were observed. Decreases in cholesterol (up to 23%), triglyceride (up to 63%), plasma cholinesterase 
(up to 34%), total bile acid (up to 53%) and bilirubin levels (up to 43%) and increases in inorganic 
phosphorus (up to 31%) and erythrocyte cholinesterase (up to 16%) levels were found in females at 
doses of 2000 ppm and higher. Other changes in haematology and clinical chemistry parameters were 
considered incidental, as they occurred sporadically, were marginal or were not dose related. Brain 
cholinesterase was not affected by treatment. Absolute and relative liver weights were increased (up to 
41%) in both sexes at doses of 2000 ppm and above. Females at these doses also exhibited increased 
weights of kidneys (up to 13%), adrenals (up to 14%), heart (up to 10%) and ovaries (up to 17%), 
whereas spleen weights were reduced by 10%. At the high dose, absolute and relative thyroid weights 
were increased in both sexes (up to 26%), reaching statistical signifi cance in males only. Females at 
2000 and 20 000 ppm showed high incidences of dark-coloured and enlarged livers. Histopathology 
showed high incidences of periportal fatty changes, hypertrophy and foci of cellular alteration (ba-
sophilic cell type) in females at doses of 2000 ppm and higher and increased incidences of follicular 
cell hypertrophy of the thyroid in both sexes at doses of 2000 ppm and higher. No treatment-related 
effects on the incidences of neoplastic lesions were observed.

The study demonstrated toxicologically relevant changes in haematology, clinical chemistry, 
organ weights, and liver and thyroid histology in males and/or females at doses of 2000 ppm or higher. 
Based on these effects, the NOAEL was 50 ppm, equal to 2.0 mg/kg bw per day (Enomoto, 2004a).

Dogs

In a 28-day oral range-fi nding study, fl ubendiamide (purity 98.5%; lot No. 0FH0010P) was 
administered to Beagle dogs (one animal of each sex per dose) in feed at a dose of 0, 40, 400, 4000 
or 40 000 ppm, equal to 0, 1.1, 10.7, 101.1 and 1111 mg/kg bw per day in males and 0, 1.1, 12.0, 120 
and 1180 mg/kg bw per day in females. The animals were observed daily for mortality and general 
condition, and detailed clinical examinations were conducted pre-study and then weekly thereafter. 
Body weight was measured weekly, and feed consumption was measured daily. All animals were 
subjected to ophthalmoscopy, urinalysis, haematology and clinical chemistry prior to study start and 
at week 2 (except ophthalmoscopy) and week 4. After 4 weeks, the dogs were killed and subjected to 
gross examinations, and selected organs were weighed. Liver, kidneys and adrenals were evaluated 
microscopically. 

No treatment-related effects on survival, body weight, feed consumption, ophthalmology, hae-
matology, urinalysis, gross pathology or histopathology were observed. Slightly increased incidences 
of loose stool, observed in the male and female dogs at 40 000 ppm, are probably not treatment re-
lated, as loose stool was also observed pretreatment. Detailed clinical examination showed no treat-
ment-related effects. The activity of alkaline phosphatase was increased (up to 5 times) in both sexes 
at 4000 and 40 000 ppm at weeks 2 and 4. At 400 ppm, the alkaline phosphatase activity in the female 
was 3-fold higher than in the control female. At 40 000 ppm, relative liver weights of the male and 
female dogs were 35% and 9% higher than those of their respective controls (Kuwahara, 2001). 

In a 90-day study, Beagle dogs (four of each sex per dose) were fed on a diet containing fl uben-
diamide (purity 98.5%; lot No. 0FH0010P) at 0, 100, 2000 or 40 000 ppm, equal to 0, 2.6, 53 and 1076 
mg/kg bw per day in males and 0, 2.8, 60 and 1135 mg/kg bw per day in females. The study was per-
formed in accordance with OECD guideline 409. Mortality, clinical signs and feed consumption were 
recorded daily. Weekly, a detailed clinical examination, including motor activity, open-fi eld and social 
behaviour, was performed, and body weights were recorded. Ophthalmoscopy was performed prior to 
the start of the study and prior to termination. Blood and urine samples were collected pretest and at 
weeks 4, 8 and 13 for haematology, coagulation, clinical chemistry and urinalysis. At termination, the 
dogs were killed and subjected to gross examinations. Selected organs were weighed. An extensive 
range of organs was examined histologically. Statements of adherence to QA and GLP were included.
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An increased incidence of loose stool was observed in both sexes at the high dose and in fe-
males at 2000 ppm. Other clinical signs were considered not to be treatment related. The terminal 
body weight of high-dose males was 10% lower than in controls. A small reduction in body weight 
gain in mid-dose males was due to a markedly lower weight gain in one animal. Feed consumption 
was not affected by treatment. Ophthalmoscopy and urinalysis showed no treatment-related changes. 
Haematology revealed, in both sexes of the middle- and high-dose groups, a shortening of the acti-
vated partial thromboplastin time (up to 83% of control) at weeks 4 (not in 2000 ppm females), 8 and 
13. In high-dose males, increases in haemoglobin (weeks 8 and 13, up to 16%) and red blood cells 
(weeks 8 and 13, up to 18%) were observed. Effects on clinical chemistry parameters, expressed as a 
percentage of control values, are presented in Table 6.

The marked increases in alkaline phosphatase levels were not accompanied by macroscopic 
or histopathological signs of liver (biliary tract) lesions. Also, no changes in osteoblasts (alkaline 
phosphatase–producing cells), thyroid or parathyroid (organs that regulate osteoblast proliferation) 
were observed. In dogs, alkaline phosphatase may be induced by corticoids, and increased adrenal 
weights and hypertrophy of cortical cells were observed in mid- and high-dose animals. However, no 
changes in other steroid-producing organs or in the pituitary were observed. Accordingly, the source 
of the increased plasma alkaline phosphatase levels is not clear.

Signifi cant decreases in cholesterol levels were observed in high-dose males at weeks 4 and 
8, but less so at week 13. As the changes were within historical control levels and as one control 
male had cholesterol levels above the historical control range, the effects on cholesterol levels are 
c onsidered not to be treatment related. 

Absolute and relative adrenal weights were increased (not statistically signifi cantly) in all treat-
ed males (relative weights by 18%, 24% and 39%, respectively) and mid- and high-dose females (by 
27% and 18%, respectively). No macroscopic changes were observed. Histopathological examination 
revealed cortical hypertrophy of cells in the zona glomerulosa and zona fasciculata of the adrenals in 
two of four males and one of four females at the high dose and in two of four females of the 2000 ppm 
group. Other histopathological changes were considered not treatment related.

The NOAEL was 100 ppm, equal to 2.6 mg/kg bw per day, based on a shortening of the activated 
partial thromboplastin time, increased alkaline phosphatase levels, increased adrenal weights and adre-
nal cortical hypertrophy observed at 2000 ppm, equal to 53 mg/kg bw per day (Kuwahara, 2003).

Flubendiamide (purity 96.7%; lot No. 1FH0019M) was administered in feed to Beagle dogs 
(four of each sex per dose) at a dose level of 0, 100, 1500 or 20 000 ppm (equal to 0. 2.2, 35 and 

Table 6. Effects of fl ubendiamide on clinical chemistry parameters 

Parameter Week % of control values

Males Females

Dietary concentration (ppm)

100 2000 40 000 100 2000 40 000

Alkaline phosphatase 4 87 171 363* 104 495 741*

8 86 240 508* 118 771* 1151*

13 92 292 713* 121 992* 1584*

Triglyceride 4 105 114 112 104 125 133*

8 98 125 118 114 142* 163*

13 94 111 125 107 136* 158*

From Kuwahara (2003)
* P < 0.05
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484 mg/kg bw per day for males and 0, 2.5, 38 and 533 mg/kg bw per day for females) for a period of 
52 weeks. The animals were subjected to general clinical observations and checked for mortality on a 
daily basis. Detailed clinical examinations were performed weekly. Individual body weights and feed 
consumption were recorded weekly for the fi rst 13 weeks and every 4 weeks thereafter. Ophthalmol-
ogy, urinalysis, haematology and blood biochemistry were performed before initiation of treatment 
and at weeks 13, 26, 39 (except for ophthalmology) and 52 of treatment. After 52 weeks of treatment, 
the animals were killed and necropsied, selected organ weights were recorded and an extensive range 
of organs was examined histologically. Statements of adherence to QA and GLP were included.

No mortality was observed. Flubendiamide had no effect on clinical signs, feed intake, ophthal-
moscopy or urinalysis. A marginally reduced body weight gain (10–11%) was found at 20 000 ppm 
in both sexes. Throughout the treatment period, a shortening of activated partial thromboplastin time 
was found in both sexes at 1500 ppm (6–17%, most prominent in females) and 20 000 ppm (13–21%). 
An increase in platelet count was observed in high-dose females at weeks 39 (57%) and 52 (38%). 
Other haematological fi ndings were considered not to be treatment related. Increases in the serum 
levels of alkaline phosphatase (8- to 27-fold, throughout the treatment period) and ALT (2- to 3-fold, 
at weeks 39 and 52) were measured at the high dose in both sexes. Increases (7- to 11-fold) in alka-
line phosphatase levels were observed in both sexes at 1500 ppm, but reached statistical signifi cance 
only in females. High-dose males showed decreases in albumin and in albumin to globulin ratio. The 
signifi cance of slight (1.2–1.4%) but statistically signifi cant reductions in sodium levels in males at 
1500 and 20 000 ppm at weeks 13 and 26 is questionable. Triglyceride levels were increased (2-fold 
maximally), but not dose-dependently, in mid- and high-dose males. In high-dose females, increases 
in GGT and triglyceride levels and a decrease in glucose level were recorded. 

Absolute (12–23%) and relative weights (26–37%) of the liver were increased in both sexes at 
20 000 ppm. At 1500 ppm, relative liver weights were increased by 14% in males and females. One 
high-dose female had an enlarged and dark-coloured liver. Brown pigment deposition in the Kupffer 
cells of the liver was observed in two males and one female at 20 000 ppm.

The NOAEL was 100 ppm, equal to 2.2 mg/kg bw per day, based on increased alkaline phos-
phatase, shortening of activated partial thromboplastin time and increased relative liver weights in 
both sexes and a possible decrease in sodium concentration at 1500 ppm (Kuwahara, 2004).

(b) Dermal application

In a 1-month dermal study, performed in accordance with OECD guideline 410, fl ubendiamide 
(purity 97.1%; lot No. 1FH0019M) was applied to the shaved, intact dorsal skin of Fischer F344/
NHsd rats (10 of each sex per dose). The rats were exposed to the test substance under semiocclusion 
for 6 hours per day, 5 days per week, for 3 weeks, followed by 8 days of consecutive treatment. Ex-
posure doses were 0, 10, 100 or 1000 mg/kg bw per day. The test substance was moistened with tap 
water. Clinical signs were recorded daily, and body weight, feed consumption and water consump-
tion were measured weekly. Open-fi eld behaviour was assessed weekly. Ophthalmological examina-
tions were performed on all animals prior to testing and on control and high-dose animals at the end 
of treatment. At termination, blood and urine were collected for clinical chemistry, haematology 
and urinalysis, the animals were necropsied and selected organs were weighed and microscopically 
e xamined. Statements of adherence to QA and GLP were included.

No fl ubendiamide-related effects on survival, open-fi eld behaviour, clinical observations, body 
weight gain, water and feed consumption or ophthalmology were observed. In females at 1000 mg/
kg bw per day, slight decreases in MCV (3%) and haematocrit (5%) were noted. A decrease (15%) in 
AST levels in high-dose females is not considered to be toxicologically relevant. Other occasionally 
observed differences in haematology, clinical chemistry and urinalysis were small and generally not 
dose dependent. At the high dose, absolute and relative liver weights were increased in males (relative 
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weight 11%) and females (relative weight 16%). Histological examination showed a slight increase in 
incidence and/or severity of elevated fat-positive reaction in the periportal zone of the livers in both 
sexes at the high dose and a slightly higher incidence of follicular cell hypertrophy of the thyroid 
gland in high-dose females. The fi nding of a decrease in absolute and relative uterus weights (~20%) 
in high-dose females had no microscopic correlate and is considered to be incidental. Repeated der-
mal administration of fl ubendiamide induced no local skin effects.

The NOAEL for systemic effects was established at 100 mg/kg bw per day, based on thyroid 
follicular cell hypertrophy and a possibly marginal decrease in haematocrit and MCV in females and 
a slightly elevated fat-positive reaction in periportal hepatocytes in both sexes at 1000 mg/kg bw per 
day (Kroetlinger, 2004). 

2.3 Long-term studies of toxicity and carcinogenicity

Mice

In an 18-month carcinogenicity feeding study, performed in accordance with OECD guideline 
451, fl ubendiamide (purity 96.7%; lot No. 1FH0019M) was administered to SPF ICR (Crj:CD-1) 
mice (52 of each sex per dose) at 0, 50, 1000 or 10 000 ppm, equal to 0, 4.9, 94 and 988 mg/kg bw 
per day in males and 0, 4.4, 93 and 937 mg/kg bw per day in females. During the treatment period, 
all animals were checked daily for mortality and general clinical signs. Detailed clinical observations 
were carried out weekly. Body weights and feed consumption were monitored weekly for the fi rst 
13 weeks and every 4 weeks thereafter. Haematological examinations were performed on all surviv-
ing animals after 78 weeks of treatment. At the end of the treatment period, the animals were killed 
and necropsied. Selected organ weights for 10 animals of each sex per dose were measured. An ex-
tensive range of organs and tissues of high-dose and control animals and of animals of the low- and 
mid-dose groups that were killed in extremis was examined histologically. In addition, in low- and 
mid-dose animals, liver, kidneys, thyroids (both sexes), pituitary (females only) and gross lesions 
were examined histologically. Statements of adherence to QA and GLP were included.

No treatment-related effects on mortality, general clinical observations, body weights or feed 
consumption were observed. Haematological examinations showed a statistically signifi cant decrease 
in eosinophil count in high-dose males. Increases in absolute and relative liver weights (37–64%) and 
thyroid weights (175–176%) in both sexes and adrenal weights (32–44%) in males were observed 
at the high dose. Liver weights were also increased (by 23–30%) in both sexes at the middle dose. 
At necropsy, both sexes showed increased incidences of dark-coloured liver and enlargement of the 
thyroid. In addition, treated males showed an increased incidence of masses in the liver. Histology 
showed higher incidences of centrilobular hypertrophy and centrilobular microvesicular fatty change 
of hepatocytes (both sexes) and diffuse microvesicular and macrovesicular fatty change (females 
only) in the liver at 1000 and 10 000 ppm. In addition, high-dose females showed a periportal fatty 
change, whereas in males at this dose, higher incidences of foci of cellular alteration were found. In 
the thyroid, hypertrophy with hydropic change and increased large-sized follicles were observed in 
both sexes at doses of 1000 ppm and higher. In addition, incidences of altered colloid (both sexes) 
and follicular cell hyperplasia (females only) were increased at the high dose. Females at 10 000 ppm 
also showed a slightly, but not statistically signifi cantly, higher incidence of anterior cell hyperplasia 
of the pituitary. No substance-related effect on tumour incidence was noted.

The NOAEL was 50 ppm, equal to 4.4 mg/kg bw per day, based on increased liver weight, cen-
trilobular hypertrophy, centrilobular microvesicular fatty change, enlarged thyroid, increased thyroid 
weights, increased incidence of thyroid follicular cell hypertrophy and hydropic change and increased 
large size follicles in both sexes, diffuse microvesicular and macrovesicular fatty change in females 
and discoloration of the liver in males at 1000 ppm, equal to 93 mg/kg bw per day (Takeuchi, 2004).
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Rats

In a 2-year dietary carcinogenicity study, performed in accordance with OECD guideline 451, 
fl ubendiamide (purity 97.8%, lot No. 1FH0018P, up to weeks 75–76; purity 96.7%, lot No. 1FH0019M, 
from weeks 75–76 to week 105) was administered to Fischer (F344/DuCrj) rats (50 of each sex per 
dose) at doses of 0, 50, 1000 or 20 000 ppm, equal to 0, 1.7, 34 and 705 mg/kg bw per day in males 
and 0, 2.2, 44 and 912 mg/kg bw per day in females. The animals were observed daily for mortality, 
morbidity and clinical signs. Detailed clinical examinations were conducted weekly. Body weight and 
feed consumption were measured weekly for the fi rst 13 weeks and once every 4 weeks thereafter. 
Blood samples collected after termination were used for haematology. All animals were necropsied. 
In 10 rats of each sex per dose, selected organs were weighed. A wide range of tissues collected from 
the control and high-dose groups and from low- and mid-dose rats killed in extremis or found dead 
was evaluated microscopically. Liver, kidneys, thyroid, spleen and bone marrow of all animals were 
examined histologically. Statements of adherence to QA and GLP were included.

Mortality was not affected by treatment. Females at doses of 1000 ppm and higher showed 
increased incidences of hair loss. Body weights of high-dose females were increased during weeks 
2–5 and decreased to about 90% from control during weeks 76–104. Feed consumption of high-dose 
animals was on average 105% of that of controls from week 9 onward. Eosinophil counts were sig-
nifi cantly decreased in males at doses of 1000 ppm and above. Neutrophil counts were decreased in 
females at 50 and 1000 ppm, but not at 20 000 ppm. 

Analysis of organ weights (excluding organs with neoplastic and non-neoplastic diseases) 
showed increased absolute (17–37%) and relative (16–45%) liver weights in males and females at 
doses of 1000 ppm and higher. Increases in absolute (33–53%) and relative (25–68%) thyroid weights 
were noted in high-dose males and females. Relative kidney weights were increased in mid-dose 
(12%) and high-dose (19%) females, whereas absolute kidney weights (11%) and relative adrenal 
weights (19%) were also increased in high-dose females. Increases in absolute and relative ovary 
(25% and 35%, respectively) and testes weights (48% and 40%, respectively) were found at the high 
dose. Necropsy revealed increased incidences of dark-coloured spleens and liver spots, accentuated 
lobular pattern, coarse surface and masses in high-dose males and dark-coloured and enlarged livers 
in mid- and high-dose females.

Periportal fatty change of hepatocytes was noted in males and females at doses of 1000 ppm 
and higher. Diffuse fatty change and diffuse hypertrophy of hepatocytes were also found in females 
at these doses. Most of the periportal and diffuse fatty change of hepatocytes was microvesicular 
(observed as small lipid droplets in the hepatocytes), but some lesions also contained macrovesicles 
(large lipid droplets). Some of the masses in the liver observed at necropsy in males at 20 000 ppm 
corresponded histopathologically to foci of cellular alterations or were due to leukaemia, and only 
a few were diagnosed as hepatocellular tumours. Chronic nephropathy was observed in all dose 
groups, including controls, with a dose-related increase in incidence at the middle and high doses. 
However, chronic progressive nephropathy is a kidney alteration that occurs spontaneously in ageing 
rats and is not considered relevant for humans (Hard & Khan, 2004). Follicular cell hypertrophy of 
the thyroid was noted in high-dose males and in mid- and high-dose females. Lymphocytic follicu-
litis, characterized by mononuclear cell infi ltration around hair bulbs in some or many follicles, was 
detected in female skin at 1000 ppm and above. 

No treatment-related effect on tumour incidence was found.

The NOAEL was 50 ppm, equal to 1.7 mg/kg bw per day, based on increased liver weights and 
periportal fatty change (both sexes), increased incidence of hair loss associated with folliculitis, dark-
coloured and enlarged livers, hepatocyte hypertrophy, diffuse fatty change and diffuse hypertrophy, 
increased kidney weight and increased incidences of thyroidal follicular cell hypertrophy in females 
and decreased eosinophil count in males at 100 ppm, equal to 34 mg/kg bw per day (Enomoto, 
2004b).
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2.4 Genotoxicity

Flubendiamide was tested for genotoxicity in a range of OECD guideline–compliant assays. 
No evidence for genotoxicity was observed in any test. 

The results of the genotoxicity tests are summarized in Table 7. It is concluded that fl  ubendiamide 
is unlikely to be genotoxic. 

2.5 Reproductive toxicity

(a) Multigeneration studies

Rats

A preliminary study of reproductive toxicity with fl ubendiamide (purity 98.5%; lot 
No. OFH0010P) was performed in groups of Wistar Hannover (BrlHan:WIST@Jcl[GALAS]) rats 
(eight of each sex per dose). The animals received diets containing fl ubendiamide at 0, 20, 200, 2000 
or 20 000 ppm (equal to 0, 1.2, 11.7, 118 and 1196 mg/kg bw per day in males and 0, 2.2, 22, 224 and 
2214 mg/kg bw per day in females) during a premating period of 3 weeks and subsequent breeding 
periods until weaning of the fi rst generation (F

1
) pups. The rats were observed daily for mortality and 

Table 7. Results of studies on the genotoxicity of fl ubendiamide

End-point Test object Concentration Purity (%) Results Referencea

In vitro

Reverse 
m utation

Salmonella typhimu-
rium strains TA98, 
TA100, TA1535 and 
TA1537, Escherichia 
coli WP2 uvrA

3.9–313 µg/plate (−S9) 

62–5000 µg/plate (+S9)

97.8 Negative Inagaki 
(2002)b

Gene 
m utation

V79, HGPRT test 7.5–240 µg/ml (±S9) 96.6–97.3 Negative Herbold 
(2003)c

Chromosomal 
aberrations 

Chinese hamster lung 
cells

550–2200 µg/ml (±S9, 6 h)

125–500 µg/ml (−S9, 40 h)

300–1200 µg/ml (+S9, 20 h)

97.8 All negative Miyahana 
(2004)d

In vivo

Micronucleus 
formation

Mouse bone marrow 
(males/females)

Gavage dose of 500, 1000 or 2000 mg/
kg bw 

97.8 Negative Miyahana 
(2003)e

Micronucleus 
formation

Male mouse bone 
marrow

Two intraperitoneal injections of 1000, 
2000 or 4000 mg/kg bw separated by 24 h

98.9 Negative Herbold 
(2005)f

S9, 9000 × g rat liver supernatant
a   Positive and negative (solvent) controls were included in all studies. In all studies, statements of adherence to GLP and QA were 

included.
b   Lot No. 1FH0018P. Performed in accordance with OECD guideline 471. –S9: precipitation at ≥ 104 µg/plate. +S9: precipitation at 
≥ 556 µg/plate. At ≥ 1670 µg/plate, precipitation made judgement of cytotoxicity impossible. 

c   Lot No. 1FH0019M. Precipitation at ≥ 160 µg/ml. Performed in accordance with OECD guideline 476. Cytotoxicity was observed at 
high doses.

d  Lot No. 1FH0018P. Performed in accordance with OECD guideline 473. 
e   Lot No. 1FH0018P. Performed in accordance with OECD guideline 474. As no clinical signs of toxicity and no changes in the 

polychromatic erythrocyte/normochromatic erythrocyte (PCE/NCE) ratio were observed at any dose, it is not clear whether the bone 
marrow was suffi ciently exposed in this study. However, in the toxicokinetic study of Motoba (2004a), radiolabel was detected in bone 
marrow, and low concentrations of parent compound were detected in urine following single oral administration of fl ubendiamide at a 
dose of 2 or 200 mg/kg bw, suggesting that the bone marrow will have been exposed to fl ubendiamide. 

f   Lot No. 3FH0032M. Performed in accordance with OECD guideline 474. Clinical signs of toxicity at all doses. Changed PCE/NCE 
ratio at doses of ≥ 2000 mg/kg bw.
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clinical signs, and detailed clinical observations were performed at least once weekly. Body weights 
and feed consumption were recorded on a weekly basis and included gestation days (GDs) 0, 7, 14 and 
21 and postnatal days (PNDs) 0, 7, 14 and 21. In parental (P) animals, estrous cycle, mating perform-
ance, fertility, duration of gestation, gestation indices and number of implantation sites were recorded. 
The parental animals were necropsied, and livers were weighed. In the offspring, mortality, clinical 
signs, number of live and dead pups, sex ratio, viability index and body weights at PNDs 0, 4, 7, 14 and 
21 were recorded. Litter size was reduced to eight pups on PND 4. All pups, killed at PND 4 (culling) 
or at PNDs 22–24, were grossly examined. Statements of adherence to QA and GLP were included.

In the parental rats, no mortality and no treatment-related clinical signs were observed. At 2000 
and 20 000 ppm, body weight gains of females were increased during gestation. Feed consumption 
was not affected. No toxicologically relevant effects on estrous cycle, mating index, fertility index, 
gestation index, gestation duration or number of implantation sites were seen. At 20 000 ppm, almost 
all parental females showed liver enlargement and dark-coloured liver at necropsy, and the absolute 
(+46%) and relative liver weights (+37%) were statistically signifi cantly higher than those of con-
trols. In the 2000 ppm group, liver enlargement and dark-coloured livers were found in about half 
the females. Both absolute (+25%) and relative liver weights (+19%) of the females in this group 
were higher than those of controls, although no statistically signifi cant differences were observed. 
No gross abnormalities were found in males. In the offspring, no treatment-related effects on mor-
tality, clinical signs, number of pups delivered, sex ratio or viability index were found. At PND 21, 
pup weights at 20 000 ppm were decreased (91% of control, statistically signifi cant in females only). 
Necropsy of the pups revealed no macroscopic alterations.

The NOAEL for parental toxicity was 200 ppm, equal to 22 mg/kg bw per day, based on 
e nlarged and darkened livers in females at 2000 ppm.

The NOAEL for reproductive toxicity was 20 000 ppm, equal to 1196 mg/kg bw per day, the 
highest dose tested.

The NOAEL for offspring toxicity was 2000 ppm, equal to 118 mg/kg bw per day, based on 
reduced body weight gain in female pups at PND 21 at 20 000 ppm (Hojo, 2001).

In a two-generation study of reproductive toxicity, performed in accordance with OECD 
g uideline 416, Wistar Hannover (BrlHan:WIST@Jcl[GALAS]) rats (24 of each sex per dose) were 
given diets containing fl ubendiamide (purity 96.7%; lot No. 1FH0019M) at a concentration of 0, 20, 
50, 2000 or 20 000 ppm, equal to 0, 1.3, 3.3, 131 and 1307 mg/kg bw per day for P generation males, 
0, 1,6, 4.0, 159 and 1577 mg/kg bw per day for P generation females, 0, 1.6, 4.1, 162 and 1636 mg/kg 
bw per day for F

1
 generation males and 0, 1.8, 4.6, 176 and 1808 mg/kg bw per day for F

1
 generation 

females, respectively. Treatment started 10 weeks before mating. Litters were culled to eight pups at 
PND 4. The rats were observed daily for clinical signs, and detailed clinical observations were per-
formed at least once weekly. Body weights and feed consumption were recorded on a weekly basis 
and included GDs 0, 7, 14 and 21 and PNDs 0, 7, 14 and 21. In P and F

1
 parental animals, estrous 

cycle, mating performance, fertility, duration of gestation, gestation indices, sperm parameters and 
number of implantation sites were recorded. Sexual maturation (preputial separation and vaginal 
opening) in F

1
 pups selected for breeding a second generation (F

2
) and anogenital distance on PND 

4 in F
2
 pups were recorded. All the P and F

1
 parental animals were necropsied, and selected organs 

were weighed. In the control and high-dose parental animals, reproductive organs and liver, thyroid, 
kidneys and spleen were examined histologically. Histology was also performed on pituitaries, thy-
roid, liver and ovaries of all P and F

1
 parental animals of the 20, 50 and 2000 ppm groups and on 

adrenals and kidneys of P females at 20, 50 and 2000 ppm. In the offspring, mortality, clinical signs, 
number of live and dead pups, sex ratio, viability index and body weights at lactation days (LDs) 0, 
4, 7, 14 and 21 were recorded. All pups were grossly examined. In selected pups, a range of organs 
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was weighed. In selected F
1
 and F

2
 pups of the control and high-dose groups, thyroid, thymus, spleen, 

liver and uterus were examined histologically. In addition, thyroid and liver of F
1
 and F

2
 weanlings of 

the 20, 50 and 2000 ppm groups were examined histologically. Statements of adherence to QA and 
GLP were included.

One P generation female in the 2000 ppm group and one P generation female and two F
1
 gen-

eration females in the 20 000 ppm group died during delivery. No treatment-related clinical signs 
were observed. Incidental changes in body weights are considered not treatment related. In F

1
 paren-

tal males at 20 000 ppm, a slight, but statistically signifi cant, reduction (11%) in sperm head counts 
per testis was found. Other small effects on reproductive parameters are considered incidental and 
not treatment related. The parental P and F

1
 females showed increased incidences of enlarged and 

dark-coloured livers at 2000 and 20 000 ppm. Absolute and relative liver weights were increased up 
to 47% at 2000 ppm and up to 63% at 20 000 ppm compared with controls. Enlargement and a brown 
coloration of the thyroids were found in both sexes at the high dose. Brown coloration of the thyroid 
was also observed in females at 2000 ppm. Absolute and relative thyroid weights were increased up 
to 36% at 2000 ppm in females and up to 84% at 20 000 ppm compared with controls.

In females mainly of the P generation, increases in relative kidney (up to 15%) and uterus 
weights (up to 22%) were found at 2000 ppm and above, and increases in relative adrenal (11%) and 
ovary weights (21%) at 20 000 ppm. Relative spleen weight was decreased (by 12–19%) in P and F

1
 

generation females at 2000 ppm and above; relative pituitary weight was decreased (by 12–18%) in 
F

1
 generation males and females at 2000 ppm and above.

In high-dose males, increases in periportal fatty change of hepatocytes (P and F
1
), diffuse 

hypertrophy of hepatocytes (F
1
), deposition of brown pigment in the hepatic portal area (F

1
, also at 

2000 ppm), hypertrophy of thyroid follicular cells (P and F
1
, also at 2000 ppm) and a hydropic degen-

eration of basophilic cells of the pituitary in three animals (P and F
1
) were seen. In females, increases 

in periportal fatty change of hepatocytes, diffuse hypertrophy of hepatocytes and deposition of brown 
pigment in the hepatic portal area (P and F

1
 at 2000 and 20 000 ppm), increased multinucleated 

hepatocytes (P at 20 000 ppm), proliferation of the bile duct (P and F
1
 at 20 000 ppm), hypertrophy 

of thyroid follicular cells (P and F
1
 at 2000 and 20 000 ppm), hydropic degeneration of the basophilic 

cells of the pituitary (P and F
1
 at 20 000 ppm), vacuolation of interstitial cells in the ovaries (P at 2000 

and 20 000 ppm, F
1
 at 20 000 ppm), diffuse hypertrophy of adrenal cortical cells (P at 20 000 ppm) 

and a tubular basophilic change and urinary casts in the kidneys (P at 2000 and 20 000 ppm) were 
observed. Synechia (adherence of the anterior epithelium of the iris to the posterior epithelium of the 
cornea) was noted in one 20 000 ppm F

1
 female, which may be a treatment-related sequela of eyeball 

effects that also occurred postnatally in some weanlings (see below).

Examination of the offspring showed a lower pup body weight (91–92% of control) in both 
sexes on PND 21 in 20 000 ppm F

1
 and F

2
 litters. During PNDs 15–21, an enlargement of the eyeball 

(buphthalmos) was noted in 16 out of 180 F
1
 pups at 2000 ppm (6/23 litters) and in 3 out of 143 pups 

at 20 000 ppm (2/19 litters). In the F
2
 generation, 4 pups out of 130 were affected in the 2000 ppm 

group (2/18 litters) and 5 pups out of 157 (5/20 litters) in the 20 000 ppm group. Occasional slightly 
lower viability indices at 2000 and 20 000 ppm were considered incidental. At 2000 ppm and higher, 
F

1
 and F

2
 weanlings or pups found dead during PNDs 5–21 showed increased incidences of dark-

coloured livers, increases in absolute and relative liver weights and decreases in absolute and relative 
spleen and thymus weights. Other effects on organ weights observed at doses of 2000 ppm and higher 
were considered not compound related in view of the poor dose–response relationship and lack of 
confi rmation in an additional one-generation study (Hojo, 2004b).

Histological examination of the offspring showed diffuse fatty change of hepatocytes, diffuse 
hypertrophy of hepatocytes, deposition of brown pigment in the hepatic portal area, proliferation of 
the bile duct and hypertrophy of thyroid follicular cells in 2000 and 20 000 ppm F

1
 and F

2
 weanlings 

of both sexes. Histology of the enlarged eyeballs demonstrated synechia in all of these eyes, hydropic 



366

FLUBENDIAMIDE 345–382 JMPR 2010

degeneration of the basal layers of the corneal epithelium in most of these eyes and haemorrhage, 
keratitis, iritis and cataract in some of these eyes.

In the F
1
 males of the 2000 and 20 000 ppm groups, completion of balano-preputial separa-

tion (at PND 43.7) was signifi cantly delayed compared with controls (at PND 41.3), with mean body 
weights on the completion day of balano-preputial separation being statistically signifi cantly higher 
(5.3–7.2%) than control. Based on the occurrence of other signs of toxicity, the delay in balano-
preputial separation is considered to refl ect general toxicity rather than a specifi c effect on the devel-
opment of the prepuce. A small delay in balano-preputial separation (at PND 42.5) observed in the 
50 ppm F

1
 parental males was not considered toxicologically relevant, as it was within the historical 

control range (40.9–43.4 days) and it could not be confi rmed in an additional one-generation study 
(Hojo, 2004b). No signifi cant effect was noted in the sexual development (days of age at completion 
of vaginal opening) of the F

l
 parental females or on anogenital distance on PND 4 in F

2
 pups. 

The overall NOAEL for parental toxicity was 50 ppm, equal to 3.3 mg/kg bw per day, based on 
increased relative liver weight and absolute thyroid weights (P males), brown pigment deposition in 
the portal area of the liver and decreased absolute and relative pituitary weights (F

1
 males), increased 

incidence of thyroid follicular cell hypertrophy (P and F
1
 males), enlarged livers, dark-coloured liv-

ers, increased liver weight, hepatocyte hypertrophy, hepatic periportal fatty change, hepatic brown 
pigment deposition, increased thyroid weight, thyroid follicular cell hypertrophy, increased kidney 
weights, decreased spleen weight (P and F

1
 females), renal tubular basophilic change and urinary 

casts, vacuolation of ovarian interstitial cells, increased uterus weight (P females) and decreased 
pituitary weight (F

1
 females) at 2000 ppm, equal to 131 mg/kg bw per day.

The overall NOAEL for reproductive toxicity was 2000 ppm, equal to 162 mg/kg bw per 
day, based on signifi cantly lower sperm head counts in the testes of F

1
 parental males, observed at 

20 000 ppm, equal to 1636 mg/kg bw per day.

The overall NOAEL for offspring toxicity was 50 ppm, equal to 3.3 mg/kg bw per day, based on 
dark-coloured livers and increased liver weight, hepatocyte hypertrophy, diffuse fatty change, brown 
pigment deposition, proliferation of bile duct, thyroid follicular cell hypertrophy, decreased spleen and 
thymus weights, delayed balano-preputial separation, enlargement of eyeballs with synechia, hydropic 
degeneration of the basal layers of the corneal epithelium, haemorrhage, keratitis, iritis and c ataract 
formation in F

1
 and F

2
 offspring at 2000 ppm, equal to 131 mg/kg bw per day (Hojo, 2004a).

In the two-generation study of reproductive toxicity by Hojo (2004a), effects on, among others, 
the eyes and balano-preputial separation were observed. In order to further investigate these fi ndings, 
a one-generation study of reproductive toxicity was performed. Wistar Hannover (BrlHan:WIST@
Jcl[GALAS]) rats (24 of each sex per dose) were given diets containing fl ubendiamide (purity 96.7%; 
lot No. 1FH0019M) at concentrations of 0, 50, 200, 2000 or 20 000 ppm, equal to 0, 3.3, 13, 127 and 
1287 mg/kg bw per day for P males and 0, 3.9, 15, 149 and 1490 mg/kg bw per day for P females. 
Treatment started 10 weeks before mating. Litters were culled to eight pups at PND 4. The rats were 
observed daily for clinical signs, and detailed clinical observations were performed at least once 
weekly. Body weights and feed consumption were recorded on a weekly basis and included GDs 0, 7, 
14 and 20 and PNDs 0, 7, 14 and 21. In P parental animals, estrous cycle, mating performance, fer-
tility, duration of gestation, gestation indices and number of implantation sites were recorded. In F

1
 

parental animals, sexual maturation (preputial separation and vaginal opening) was assessed. All the 
P and F

1
 parental animals were necropsied, and selected organs were weighed. In the offspring, mor-

tality, clinical signs, number of live and dead pups, sex ratio, viability index and body weights at LDs 
0, 4, 7, 14 and 21 were recorded. Anogenital distance was measured at PND 4. All pups were grossly 
examined. In one weanling of each sex per litter, a range of organs was weighed. Histopathological 
examinations of all ocular lesions and normal eyes in a subset of weanlings of the 0, 200, 2000 and 
20 000 ppm groups were performed. Statements of adherence to QA and GLP were included.
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Two P generation females in the 20 000 ppm group died during delivery. Other effects on fertil-
ity were not observed. Body weights were not affected by treatment. In parental animals, enlargement 
of eyeballs was found during clinical examinations in one F

1
 generation male of the control group, one 

F
1
 generation female of the 2000 ppm group and one F

1
 generation male and one F

1
 generation female 

of the 20 000 ppm group. Similar to the two-generation study, in the 2000 and 20 000 ppm groups, 
the completion of the balano-preputial separation was statistically signifi cantly delayed (42.2–43.1 
versus 41 days), with the mean body weight on the day of completion of preputial separation in the 
20 000 ppm group being statistically signifi cantly higher (7.7%) than control. In contrast to the two-
generation study, however, in the 20 000 ppm group, the age and the mean body weight at comple-
tion of vaginal opening were statistically signifi cantly increased. However, as no effect on vaginal 
opening was observed in the study of Hojo (2004a), the present fi nding was considered incidental. 
Dark-coloured livers were noted in P generation females at 200 ppm and above and in F

1
 males of the 

parental generation at 20 000 ppm. In addition, enlarged livers were found in P generation females at 
2000 and 20 000 ppm and in F

1
 generation females at 20 000 ppm. Brownish coloration of thyroids 

was noted in P and F
1
 parental male animals mainly at 20 000 ppm and in P generation females at 

2000 ppm and above. Slightly increased incidences of enlarged thyroids were seen only in males at 
20 000 ppm. In P and F

1
 generation animals, treatment-related increases in absolute and relative liver 

weights were observed in male adults at 20 000 ppm (11–16%) and in females at 2000 ppm (24–40%) 
and 20 000 ppm (43–53%). Thyroid weights were increased (17–28%) in P generation females at 
2000 and 20 000 ppm and in F

1
 generation females at 20 000 ppm. In females mainly of the F

1
 gen-

eration, increases in absolute and relative kidney weights (9–16%) were noted at 200 ppm and above. 
The relative uterus weight was marginally increased (17%) in P generation adults at 20 000 ppm, and 
absolute and relative ovary weights were increased (16–21%) in F

1
 generation animals at 2000 and 

20 000 ppm. Absolute and relative weights of the pituitary were decreased (9–24%) in F
1
 generation 

males and females at 2000 ppm and above. The statistically signifi cantly lower mean relative pituitary 
weight (8%) in F

1
 generation female adults at 200 ppm was not considered treatment related. In con-

trast to the two-generation study, relative adrenal and spleen weights were not decreased, suggesting 
that the differences from control are possibly due to the inherent variability and not a true effect of 
treatment. The same is assumed for the statistically signifi cantly lower relative weight of the semi-
nal vesicles (10%) at 2000 ppm and above, which was observed in the present supplemental study 
only. The slight decrease in relative testes weight (7%) in F

1
 generation males at 20 000 ppm only is 

considered due to chance variation, as no such change was observed either in the main study or in 
other rat feeding studies. The statistically signifi cant increase in the absolute ovary weights without 
a statistically signifi cant increase in relative weight at 200 ppm and above is considered to be due to 
the increased body weight rather than to a direct effect on the organ itself.

The litter parameters determined at birth were not affected by treatment. In the offspring, a 
statistically signifi cant decrease in body weight was noted at 20 000 ppm on day 21 in both sexes. 
During PNDs 5–21, clinical and gross examinations revealed enlargement of the eyeballs in pups 
at 2000 ppm (in 7/191 pups) and 20 000 ppm (in 24/154 pups). The enlarged eyes were confi rmed 
to have various histological changes, including synechia, haemorrhage, keratitis, iritis, cataract, hy-
dropic degeneration of the basal layer of the corneal epithelium and/or corneal epithelial vacuolation. 
Gross examination revealed dark-coloured livers, increased absolute and relative liver weights and 
decreases in absolute and relative spleen weights at 2000 ppm and above. In F

1
 generation female 

weanlings, there were also statistically signifi cant decreases in absolute and relative weights of the 
thymus at 2000 ppm and above. 

The NOAEL for parental toxicity was 50 ppm, equal to 3.9 mg/kg bw per day, based on dark-
coloured livers in P generation females and increased kidney weights in F

1
 generation females at 

200 ppm, equal to 15 mg/kg bw per day.

The NOAEL for reproductive toxicity was 20 000 ppm, equal to premating doses of 1287 mg/kg 
bw per day, the highest dose tested. The increase in time to balano-preputial separation is c onsidered 
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treatment related and due to systemic toxicity and not a specifi c effect on the development of the 
prepuce. Therefore, the delay in balano-preputial separation is not used as a measure of reproductive 
function.

The NOAEL for offspring toxicity was 200 ppm, equal to 15 mg/kg bw per day (i.e. the mater-
nal compound intake), based on dark-coloured livers and increased liver weight, decreased spleen and 
thymus weights, delayed balano-preputial separation, enlargement of eyeballs, synechia, haemorrhage, 
keratitis, iritis, cataract, hydropic degeneration of the basal layer of the corneal epithelium and/or corneal 
epithelial vacuolation at 2000 ppm, equal to 149 mg/kg bw per day (Hojo, 2004b; Takeuchi, 2005).

(b) Developmental toxicity

Rats

In a preliminary developmental toxicity study, fl ubendiamide (purity 98.5%; lot No. OFH0010P) 
in 1% aqueous carboxymethylcellulose was administered by gavage to time-mated female Wistar 
Hannover (BrlHan:WIST@Jcl[GALAS]) rats (seven per dose) on GDs 6–19 at a dose of 0, 20, 100 
or 1000 mg/kg bw per day. Animals were examined daily for clinical signs. Body weight and feed 
consumption were recorded on GDs 9, 12, 15, 18 and 20. At termination on GD 20, the gravid uterus, 
live fetuses and placentas were weighed, and the number of live and dead fetuses, fetal resorptions, 
sex, external alterations, intrauterine location and identifi cation number were recorded. Approxi-
mately half of the fetuses from each litter were examined for visceral abnormalities. All remaining 
live fetuses from the control and high-dose groups were examined for skeletal alterations. Dams were 
necropsied. Statements of adherence to QA and GLP were included.

No test substance–related effects on maternal test parameters were found. In the low- and 
mid-dose groups, but not in the high-dose group, increased incidences of left umbilical artery were 
found. In high-dose fetuses, increased incidences of supernumerary ribs were observed. Other fetal 
parameters were not affected by treatment (Aoyama, 2002). 

In the main developmental toxicity study, performed in accordance with OECD guideline 414, 
fl ubendiamide (purity 96.7%; lot No. 1FH0019M) in 1% aqueous carboxymethylcellulose was admin-
istered by gavage to time-mated female Wistar Hannover (BrlHan:WIST@Jcl[GALAS]) rats (24 per 
dose) on GDs 6–19 at a dose of 0, 10, 100 or 1000 mg/kg bw per day. Animals were examined daily 
for clinical signs. Body weight and feed consumption were recorded on GDs 0, 6, 9, 12, 15, 18 and 
20. At termination on GD 20, the gravid uterus, live fetuses and placentas were weighed, and number 
of live and dead fetuses, fetal resorptions, sex, external alterations, intrauterine location and identifi -
cation number were recorded. Approximately half of the fetuses from each litter were examined for 
visceral abnormalities. All remaining live fetuses were examined for skeletal alterations. Dams were 
necropsied, and livers were weighed. Statements of adherence to QA and GLP were included.

Dose-related increases in absolute and relative liver weights were measured in dams at 100 
(8%) and 1000 mg/kg bw per day (15–16%). No other treatment-related effects on maternal test 
parameters were found. Treatment with fl ubendiamide did not infl uence any of the fetal parameters, 
including the incidences of supernumerary ribs.

The NOAEL for maternal toxicity was 100 mg/kg bw per day, based on the increases in a bsolute 
and relative liver weights at 1000 mg/kg bw per day.

The NOAEL for developmental toxicity was 1000 mg/kg bw per day, the highest dose tested. 
No evidence for a teratogenic effect of fl ubendiamide was observed (Aoyama, 2003).

Rabbits

In a preliminary developmental toxicity study, fl ubendiamide (purity 98.5%; lot No. OFH0010P) 
in 1% aqueous methylcellulose was administered by gavage to pregnant Japanese White (Kbl:JW) 
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rabbits (six per dose) on GDs 6–27 at a dose of 0, 30, 100, 300 or 1000 mg/kg bw per day. Animals 
were examined daily for clinical signs. Body weight and feed consumption were recorded on GDs 0, 
3 (feed consumption only), 6, 9, 12, 15, 18, 21, 24, 27 and 28. At termination on GD 28, dams were 
necropsied, fetal resorptions were recorded, live fetuses and placentas were weighed, and number 
of live and dead fetuses, fetal resorptions, sex, external alterations and intrauterine location were 
recorded. Statements of adherence to QA and GLP were included.

No treatment-related effects on maternal parameters were observed. At 300 mg/kg bw per day, 
one fetus with mandibular and maxillar microagnathia and short tail and one fetus with omphalocele 
were observed (Takahashi, 2001). 

In the main developmental toxicity study, performed in accordance with OECD guideline 414, 
fl ubendiamide (purity 96.7%; lot No. 1FH0019M) in 1% aqueous carboxymethylcellulose was ad-
ministered by gavage to pregnant Japanese White (Kbl:JW) rabbits (25 per dose) on GDs 6–27 at a 
dose of 0, 20, 100 or 1000 mg/kg bw per day. Animals were examined daily for clinical signs. Body 
weight and feed consumption were recorded on GDs 0, 3 (feed consumption only), 6, 9, 12, 15, 18, 
21, 24, 27 and 28. At termination on GD 28, dams were necropsied, numbers of live and dead fetuses 
and fetal resorptions were recorded, live fetuses and placentas were weighed, and number of live 
fetuses, sex, external alterations and intrauterine location were recorded. All fetuses were examined 
for thoracic and abdominal visceral abnormalities. In approximately half of the fetuses from each lit-
ter, the heads were examined for visceral abnormalities. The carcasses of all fetuses and the heads of 
about half of the fetuses were examined for skeletal alterations. Statements of adherence to QA and 
GLP were included.

In high-dose dams, increased incidences of loose stool were noted. From GD 24 to GD 28, 
there was a tendency towards a decrease in body weight gain, and on GDs 27–28, feed consumption 
was decreased in high-dose females. In fetuses, occasionally visceral and/or skeletal variations and 
malformations were observed in all groups, including controls. The total number of skeletal malfor-
mations was increased at 100 and 1000 mg/kg bw per day, but it was not dose related and was statisti-
cally signifi cant only at 100 mg/kg bw per day. However, for each individual type of malformation 
and variation, no statistically signifi cant difference was noted in any of the incidences of external, 
visceral and skeletal malformations and variations between the control group and any of the treated 
groups.

The NOAEL for maternal toxicity was 100 mg/kg bw per day, based on increased incidences of 
loose stool, reduced feed consumption on GDs 27–28 and a tendency towards reduced body weight 
gain during the latter part of gestation.

The NOAEL for developmental toxicity was 1000 mg/kg bw per day, the highest dose tested. 
No evidence for a teratogenic effect of fl ubendiamide was observed (Takahashi, 2002).

2.6 Special studies

(a) Neurotoxicity studies

In an acute neurotoxicity study, performed in accordance with OECD guideline 424, fl uben-
diamide (purity 97.0%; lot No. 1FH0019M) was administered in 0.5% methylcellulose/0.4% Tween 
80 by gavage to Fischer CDF(F-344)CrlBR rats (12 of each sex per dose) at a dose of 0, 209, 731 
or 2213 mg/kg bw for both males and females. Detailed physical examinations for clinical signs of 
toxicity were carried out and recorded once each day for 14 days following dosing. Animals were 
weighed weekly, as a component of the FOB, which was performed 1 week prior to treatment and 
8 hours, 7 days and 14 days after dosing. At day 14 or 15 after dosing, the animals were killed and 
necropsied. Brains were weighed, and parts of the central and peripheral nervous systems, selected 
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muscle tissue of control and high-dose animals and any gross lesions were examined histologically. 
Statements of adherence to QA and GLP were included.

No adverse compound-related effects on any of the investigated parameters were observed in 
either sex. The NOAEL is 2213 mg/kg bw, the highest dose tested (Gilmore & Lake, 2003).

In a developmental neurotoxicity study, performed in accordance with United States Envi-
ronmental Protection Agency OPPTS guideline 870.6300, groups of time-mated female Wistar Han 
Crl:Wi (Glx/Brl/Han) IGSBR rats (30 per dose) received diets containing fl ubendiamide (purity 
97.3%; lot. No. 1FH0019M) at 0, 120, 1200 or 12 000 ppm (equal to 0, 9.9, 100 and 980 mg/kg bw 
per day) from GD 7 to PND 21. On PND 4, litters were culled to eight pups (four of each sex when 
possible). Pups were weaned on PND 21 and allowed to grow to adulthood. Offspring were assigned 
to one of four subsets (at least 10 animals of each sex per dose) for testing of 1) motor activity, 2) au-
ditory startle, 3) passive avoidance, water maze and FOB and 4) histological and morphometric anal-
ysis of the brain at PND 21. At least 10 animals of each sex per dose were selected for ophthalmology 
at PNDs 50–60 and histology of neural and muscle tissue at about PND 75. In addition, brains of 10 
animals of each sex per dose were weighed at about PND 75. All dams were examined daily for clini-
cal signs and subjected to an FOB on GD 13 and GD 20. Ten dams per dose were tested in the FOB 
on LD 11 and LD 21. Body weight and feed consumption were measured weekly. At termination on 
LD 21 in 10 dams per dose, liver and thyroid were weighed and examined histologically.

Live pups were examined daily for clinical signs up to LD 21 and were counted and weighed 
on LDs 0, 4, 11, 17 and 21. After weaning, detailed examinations for clinical signs and body weight 
measurements were performed on a weekly basis. The age of onset of balano-preputial separation and 
vaginal patency was recorded. Subsets of offspring were subjected to the following tests: 1) FOB on 
PNDs 4, 11, 21, 35, 45 and 60, 2) motor activity on PNDs 13, 17, 21 and 60, 3) auditory startle on 
PNDs 22 and 60, 4) passive avoidance (PNDs 22 and 29) and water maze (PND 60). At termination 
on PND 21 or PND 75, the offspring were necropsied, and nervous and muscle tissues from subsets 
of animals were examined histologically. Statements of adherence to QA and GLP were included.

In dams, increased absolute and relative liver weights were observed at 1200 ppm (absolute 
26%, relative 20%) and 12 000 ppm (absolute 34%, relative 28 %). No other treatment-related effects 
were observed. Enlarged eyeballs were observed at 1200 ppm (1/124 pups, 1/21 litters) and at 20 000 
ppm (22/131 pups, 9/23 litters). Enlarged eyeball was fi rst observed at PND 15 and also occurred 
after cessation of treatment (e.g. an enlarged eyeball was fi rst evident in one animal as late as PND 
48). Also, dose-dependent increased incidences of exophthalmos and general ocular opacities and 
decreases in preweaning body weight gain were observed in the offspring at 1200 and 12 000 ppm. In 
addition, a delayed balano-preputial separation was found in both groups. In addition, at 12 000 ppm, 
dark red eyes and dilated or slightly constricted pupils and a delayed vaginal patency were observed, 
and body weights remained decreased compared with controls throughout the study duration. No 
other treatment-related effects on offspring were found.

The NOAEL for maternal toxicity was 120 ppm, equal to 9.9 mg/kg bw per day, based on 
i ncreases in absolute and relative liver weights at 1200 ppm, equal to 100 mg/kg bw per day.

The NOAEL for offspring toxicity was 120 ppm, equal to 9.9 mg/kg bw per day, based on 
effects on the eye, decreased preweaning body weight and delayed balano-preputial separation at 
1200 ppm, equal to 100 mg/kg bw per day (Sheets, Gilmore & Hoss, 2006).

(b) Perinatal ocular toxicity studies 

In the reproductive toxicity studies and developmental neurotoxicity study in rats, effects on 
the eye were observed. It was hypothesized that the effects on the developing eyes in rat studies may 
be a rat-specifi c phenomenon due to the fact that female rats are poor metabolizers of fl ubendiamide. 
Whereas microsomes from mice, dogs and humans (both sexes) and male rats effi ciently caused 
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h ydroxylation of fl ubendiamide to fl ubendiamide-benzyl alcohol as a fi rst step of metabolism, female 
rats lack this capacity (see section 1). Therefore, the effects of fl ubendiamide on the development of 
the eye were further studied in mice. 

In a pilot study, the effects of fl ubendiamide (purity 97.1%; lot No. 1FH0019M) on perinatal 
ocular development in mice were investigated. Pregnant CD-1 mice (n = 7) received fl ubendiamide 
in the diet from GD 6 to PND 21. At PND 4, litters were culled to eight pups. After weaning, pups 
were raised until PND 42. The initial dietary concentration during gestation of 4500 ppm, equal to 
1101 mg/kg bw per day, was reduced on PND 3 to 2250 ppm, equal to 1395 mg/kg bw per day, in 
order to adjust for the increased feed intake during lactation. A group of seven pregnant mice served 
as a control group.

No treatment-related fi ndings on appearance, behaviour, mortality, feed and water intake or 
excretions of the maternal animals were observed. The pups of the dose group showed no treatment-
related fi ndings on appearance, behaviour, mortality or body weight. Eye lesions were not noted 
(Langewische, 2005).

Following the pilot study, the effects of fl ubendiamide (purity 97.1%; lot No. 1FH0019M) on 
perinatal ocular development in mice were further investigated. Pregnant CD-1 mice (n = 28) re-
ceived fl ubendiamide in the diet from GD 6 to PND 21. At PND 4, litters were culled to eight pups. 
After weaning, pups were raised until PND 42. The initial dietary concentration of 4500 ppm, equal 
to 931 mg/kg bw per day, was reduced on PND 3 to 2000 ppm, equal to 1133 mg/kg bw per day, in 
order to adjust for the increased feed intake during lactation. A group of 25 pregnant mice served as 
a control group. In the dams, clinical signs, body weight, feed consumption and excretory products 
were assessed daily during treatment. In addition, water intake (weekly), fertility index, gestation in-
dex and rearing index, duration of gestation, course of birth and lactation behaviour were recorded. In 
pups, appearance (with special focus on eye lesions), general behaviour and mortality were checked 
daily. Body weights were measured on PNDs 0, 4, 7, 14, 21 and 42. Statements of adherence to QA 
and GLP were included.

No effects of fl ubendiamide on appearance, behaviour, mortality, body weight, water intake 
or urinary and faecal excretion were found. Maternal feed consumption was slightly decreased at 
several time points. Fertility index was slightly reduced, but gestation and rearing indices were un-
affected. Flubendiamide induced a slightly lower pup weight between PND 17 and PND 21, which 
was attributed to the decreased feed intake in the dams. No other treatment-related effects, including 
effects on eye development, were noted in the pups. As no macroscopic lesions of the eye were noted, 
histological examination of the eyes was not performed (Langewische, 2006).

(c) In vitro studies

Flubendiamide, an iodobenzene derivative, induced follicular cell hypertrophy and an increase 
in thyroid weight in a number of rat studies at high doses. As certain iodobenzene derivatives have 
been reported to inhibit iodothyronine deiodinase type I (ID-I), the interaction of fl ubendiamide with 
iodothyronine deiodinase, derived from rat liver, was investigated in vitro in a study from the pub-
lic literature. Enzymatic release of radiolabelled iodide from the phenolic ring of the radiolabelled 
3,3′,5′-L-triiodothyronine was taken as a measure of ID-I enzymatic activity.

Flubendiamide did not affect ID-I activity at concentrations up to 100 µmol/l, the maximally 
testable concentration (Freyberger, 2003).

(d) Mechanistic studies

A study was performed to investigate the effect of fl ubendiamide on thyroid-related hormones 
and metabolizing enzymes in the liver. Groups of female Fischer (F344/DuCrj) rats (10 per dose) 
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were treated with fl ubendiamide (purity 96.7%; lot No. 1FH0019M) at a dietary concentration of 0, 
1000 or 10 000 ppm, equal to 0, 83 and 812 mg/kg bw per day, for 7 or 28 days. Clinical signs were re-
corded daily, and body weight and feed consumption were calculated on a weekly basis. In one group, 
blood was sampled on days −1, 3 and 14 and at termination on day 28; in the second group, blood was 
sampled on days −1 and 1 and at termination on day 7. At termination, the animals were necropsied, 
and liver, thyroid and pituitary were weighed. Serum levels of total serum thyroxine (T

4
), circulating 

total triiodothyronine (T
3
) and thyroid stimulating hormone (TSH) were analysed. On days 7 and 

28, uridine diphosphate-glucuronosyltransferase (UDPGT) activity, 7-ethoxyresorufi n O-deethyl-
ase (EROD) activity (CYP1A2), 7-pentoxyresorufi n O-dealkylase (PROD) activity (CYP2B) and 
CYP content were measured in liver. Tissue samples of liver, thyroid and pituitary were i nvestigated 
h istopathologically in all animals. Statements of adherence to QA and GLP were included.

No toxicologically relevant effects on clinical signs, body weight, feed consumption or macros-
copy were seen. At days 7 and 28, absolute (21–62%) and relative liver weights (18–54%) were dose- 
and time-dependently increased at 1000 and 10 000 ppm. At day 28, increases in absolute (33%) and 
relative thyroid weights (27%) were found at 10 000 ppm. Activities of UDPGT (31–97%), EROD 
(30–53%) and CYP (36–57%) in liver were increased at days 7 and 28 in both dose groups, although 
no clear dose dependency was observed. Changes in PROD levels in treated groups compared with 
control values ranged from −12% to +17%, without dose dependency. Microsomal protein level 
was reduced (11%) at day 7 in the high-dose group. On days 14 and 28, TSH concentrations were 
signifi cantly increased at 1000 ppm (by 19% and 36%, respectively) and 10 000 ppm (by 30% and 
64%, respectively). Also at these doses, slight, but statistically signifi cant, T

3
 increases (14–28%) 

were noted on days 7, 14 and 28. Small increases (8–34%) in T
4
 levels were found at all time points 

at both doses. Histological examination showed hepatocyte hypertrophy and periportal vacuolation of 
hepatocytes and follicular cell hypertrophy in the thyroid at both doses. The incidences and severity 
of these observations increased with dose and treatment duration. At day 7, increased mitotic fi gures 
of hepatocytes were observed at both doses. 

The study indicates that fl ubendiamide induces UDPGT and EROD activities and an increase 
in CYP content. Flubendiamide also increases serum TSH levels and thyroid weight and induces 
thyroid follicular cell hypertrophy (Amanuma, 2005).

(e) Immunotoxicity studies

In a 28-day immunotoxicity feeding study, performed in accordance with OECD guideline 407, 
fl ubendiamide (purity 97.2%; lot No. 1FH0019M) was administered to Wistar (HsdCpb:WU) rats (10 
of each sex per dose) at 0, 40, 400 or 4000 ppm, equal to 0, 3.3, 34 and 336 mg/kg bw per day for males 
and 0, 4.0, 39 and 359 mg/kg bw per day for females. Animals were checked daily for mortality and 
morbidity and weekly for clinical signs. Body weight and feed consumption were recorded weekly. On 
days 21/22, blood was sampled for haematology and clinical chemistry. On day 23, animals were inject-
ed intravenously with 0.2 ml of 1 × 109 sheep red blood cells (SRBC) per millilitre. On day 28, SRBC-
specifi c immunoglobulin M (IgM) levels in blood were measured. At day 28, each animal was examined 
grossly, and the adrenals, thymus, liver, spleen and thyroid were weighed. At necropsy, spleens were 
removed and examined for plaque-forming cell response, and the cell counts in the spleen were deter-
mined, subpopulations of the spleen cells were analysed by FACScan and the antibody (IgG, IgM and 
IgA) titres in the sera were determined. Statements of adherence to QA and GLP were included.

No treatment-related effects on clinical signs, body weight, gross pathology, organ weight or 
SRBC-specifi c antibody (IgM) response were observed. In females at 400 and 4000 ppm, a slight re-
duction (8–14%) in feed consumption was observed. Decreased erythrocyte counts (6%) were detect-
ed at 4000 ppm in females. The haemoglobin concentrations and the haematocrit values were slightly 
decreased (maximally 7%) at 400 ppm and above in females. The fi nding of a slightly s hortened 
prothrombin time in all treatment groups in males was considered incidental, as they were within 
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the historical control range, no effects were found in females and no such effects were found in the 
subchronic rat study (Enomoto, 2003). Decreases in ALT and AST activities at doses of 400 ppm and 
higher were noted in both sexes. However, reductions in levels of these enzymes are generally not 
considered to be adverse. Necropsy showed an increased incidence of pale kidney in high-dose males. 
Absolute and relative liver weights were increased in mid-dose (18% and 23%, respectively) and 
high-dose females (50% and 46%, respectively). Slight increases (5–8%) in absolute and relative liv-
er weights were observed in high-dose males. No substance-induced effects were observed on splenic 
cell counts or on the size distribution of spleen cells. A statistically signifi cant decrease (32%) in the 
antibody titre of IgA at 4000 ppm was observed in females. No other toxicologically relevant effects 
on the antibody titre of IgA, IgM or IgG or on plaque-forming cells were induced by fl ubendiamide. 
A decrease in CD45 total (13% in males, 9% in females) and CD45 high positive cells (26% in males, 
29% in females) and consequently an increase in CD45 low positive spleen cells (33% in males, 24% 
in females) were observed at 4000 ppm. Other observed changes were within the historical control 
range and were considered not toxicologically relevant. The changes in IgA and CD45 lymphocytes 
are interpreted as secondary changes due to the liver toxicity observed at 400 ppm and above.

The NOAEL for immunotoxicity was 400 ppm, equal to 34 mg/kg bw per day, based on a de-
crease in CD45 lymphocytes in both sexes and a decrease in IgA antibody titres in females at 4000 ppm, 
equal to 336 mg/kg bw per day, which are considered secondary changes due to liver toxicity. 

The NOAEL for other effects was 40 ppm, equal to 4 mg/kg bw per day, based on decreases in 
food intake, haemoglobin and haematocrit and increases in liver weights at 400 ppm, equal to 34 mg/
kg bw per day (Kroetlinger & Vohr, 2005).

(f) Studies with metabolites

Acute toxicity and genotoxicity studies with the metabolites fl ubendiamide-des-iodo and 
fl ubendiamide-3-OH were available.

 (i) Acute toxicity

The results of studies of acute toxicity with metabolites of fl ubendiamide are summarized in 
Table 8.

 (ii) Genotoxicity

The results of genotoxicity studies with metabolites of fl ubendiamide are summarized in 
Table 9. 

3. Observations in humans

Occupational medical surveillance of workers exposed to fl ubendiamide has not revealed any 
adverse effects (Steffens, 2009). 

Comments

Biochemical aspects

After administration of a single oral dose (2 mg/kg bw) of [14C]fl ubendiamide to rats, about 
23–34% of the radiolabel was absorbed. Peak plasma concentrations were reached within 6–12 hours. 
Plasma half-lives were 12.6 and 37.6 hours in males and females, respectively. The radiolabel was 
widely distributed, with highest concentrations in liver, adrenals, fat and kidneys. Male rats showed 
slightly higher peak organ and tissue levels than females, but also had a more rapid clearance of resi-
dues. After a single high oral dose of 200 mg/kg bw, plasma and tissue levels in rats were only slightly 
higher than after 2 mg/kg bw, indicating saturated absorption. Repeated oral dosing with 2 mg/kg 
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bw for 14 days did not affect metabolism and excretion in rats; whereas residue levels in males were 
similar to those observed after a single dose of 2 mg/kg bw, residue levels in females were consider-
ably higher, indicating a considerable potential for accumulation in female rats. Excretion occurred 
predominantly through bile and faeces. Urinary excretion was 1.7% and 0.4% of the 2 mg/kg bw 
dose in males and females, respectively. 

In mice, male rats (but not female rats), dogs and humans, fl ubendiamide can be readily me-
tabolized by oxidation of the methyl groups linked to the aniline ring and at the alkyl bridge between 
the amide and sulfonyl functions, resulting in the corresponding alcohol, aldehyde and benzoic acid 
derivatives, followed by formation of glucuronide conjugates of hydroxylated metabolites. As female 
rats have very limited capability to oxidize these methyl groups, in these animals, fl ubendiamide is 
metabolized by direct conjugation with glutathione, leading to further amino acid conjugates with 
cysteine and glycine. This metabolic pathway is less effi cient than the oxidation route, leading to a 
less rapid excretion of fl ubendiamide in female rats. Small but signifi cant amounts of fl ubendiamide-
iodophthalimide were detected in the fat extract of both male and female rats, implying the hydrolysis 
of the amide bond between the phthalic acid ring and the thioalkylamine moiety.

The observed sex difference in clearance and metabolism in rats (both are slower in females) 
was further investigated. Liver microsomes from mice (both sexes), male rats, dogs (both sexes) and 
humans (both sexes) effi ciently caused hydroxylation of fl ubendiamide to fl ubendiamide-benzyl al-
cohol as a fi rst step of metabolism. Female rat microsomes, however, have very limited capability to 
oxidize the methyl moieties.

Table 8. Results of studies of acute toxicity with fl ubendiamide metabolites

Species Strain Sex Route Metabolite Purity (%) LD
50

 (mg/kg bw) Referencea

Rat Sprague-Dawley 
(Slc:SD) 

Female Oral Flubendiamide-des-iodob 100 > 2000 Horiuchi 
(2004d)c

Rat Sprague-Dawley 
(Slc:SD) 

Female Oral Flubendiamide-3-OHd 97.5 > 2000 Horiuchi 
(2004e)c

a  Statements of adherence to GLP and QA were included in both studies.
b  Lot No. 1FH0103S. No substance-related clinical signs were observed.
c  Performed in accordance with OECD guideline 423.
d   Lot No. 3FH0203S. Soiled fur was observed in one animal from 30 min to 3 h after administration and also in four animals at 6 h. 

Loose stool was observed in one animal at 30 min and in six animals at 6 h.

Table 9. Results of studies on the genotoxicity of metabolites of fl ubendiamide

Metabolite End-point Test object Concentration Purity (%) Results Referencea

In vitro

Flubendiamide-
des-iodob

Reverse 
mutation

S. typhimurium strains 
TA98, TA100, TA1535, 
TA1537, E. coli WP2 uvrA

1.7–1250 µg/plate (−S9) 100 Negative Inagaki 
(2004a) 6.9–5000 µg/plate (+S9)

Flubendiamide-
3-OHc

Reverse 
mutation

S. typhimurium strains 
TA98, TA100, TA1535, 
TA1537, E. coli WP2 uvrA

S. typhimurium. strains: 
3.9–313 µg/plate (±S9)

97.5 Negative Inagaki 
(2004b) 

E. coli: 6.9–5000 µg/
plate (±S9)

a   Positive and negative (solvent) controls were included in all studies. In all studies, statements of adherence to GLP and QA were 
included.

b   Performed in accordance with OECD guideline 471. Lot No. 1FH0103S. Precipitation at ≥ 139 µg/plate (−S9) and ≥ 556 µg/plate 
(+S9). At 1250 (−S9) and 5000 (+S9) µg/plate, precipitation made judgement of cytotoxicity impossible.

c   Performed in accordance with OECD guideline 471. Lot No. 3FH0203S. Slight cytotoxicity at 313 µg/plate (±S9) with Salmonella 
strains. Precipitation at ≥ 556 (−S9) and ≥ 1670 µg/plate (+S9).
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Toxicological data

The acute toxicity of fl ubendiamide is low in rats (oral and dermal LD
50

 > 2000 mg/kg bw; in-
halation LC

50
 > 0.0685 mg/l, maximum achievable concentration). Flubendiamide is not irritating to 

the skin and eyes of rabbits and is not a skin sensitizer (Magnusson & Kligman test in guinea-pigs).

In repeated-dose studies with rodents, the most sensitive target was the liver, followed by 
the thyroid and the red blood cell system (rats only). In general, female rats were more sensitive 
than males to the effects of fl ubendiamide. This is likely due to the fact that female rats are poor 
m etabolizers of fl ubendiamide.

A 28-day mechanistic study in female rats showed that fl ubendiamide induces liver enzyme 
activities (UDPGT and EROD) and increases in CYP content in liver and serum TSH levels. The 
mechanistic study was not adequate to elucidate the mode of action of thyroid activation in rodents.

The repeated-dose toxicity of fl ubendiamide was investigated in mice (28-day and 13-week 
studies), rats (28-day, 3-month and 1-year studies) and dogs (3-month and 1-year studies). The over-
all NOAEL from the 28-day and 13-week studies in mice was 200 ppm (equal to 26.9 mg/kg bw 
per day), based on dark-coloured liver, fatty changes in centrilobular hepatocytes and hepatocyte 
h ypertrophy at 1000 ppm (equal to 123 mg/kg bw per day).

In the 28-day, 3-month and 1-year oral feeding studies with fl ubendiamide in rats, the lowest 
NOAEL was 50 ppm (equal to 2.0 mg/kg bw per day), based on liver effects (increased liver weights, 
dark-coloured and enlarged livers, periportal fatty changes, hepatocyte hypertrophy and foci of cel-
lular alterations [basophilic cell type], clinical chemistry changes), haematological effects (decreased 
haematocrit, haemoglobin, erythrocyte count, MCV and MCH, indicative of microcytic anaemia 
and possibly reactive haematopoiesis) and thyroid effects (follicular cell hypertrophy) observed at 
2000 ppm (equal to 79 mg/kg bw per day), observed in the 1-year study. Similar effects had been 
observed in the 28-day and 3-month studies in rats at 200 ppm (equal to 13–15 mg/kg bw per day). 
After cessation of treatment in the 3-month rat study, liver, thyroid and red blood cell effects were 
partially or fully reversible after a 4-week recovery period.

In repeated-dose studies in dogs, the most sensitive targets were the liver, blood and adrenals. 
In a 3-month and a 1-year study in dogs, the NOAEL was 100 ppm, equal to 2.6 and 2.2 mg/kg bw 
per day, respectively, based on increased alkaline phosphatase levels and shortened activated pro-
thrombin time (both studies), increased adrenal weights and adrenal cortical hypertrophy (3-month 
study) and increased liver weights (1-year study) observed at 2000 and 1500 ppm, equal to 53 and 
35 mg/kg bw per day, respectively. 

In an 18-month feeding study in mice, the NOAEL was 50 ppm (equal to 4.4 mg/kg bw per day), 
based on increased liver weight, centrilobular hypertrophy, centrilobular microvesicular fatty change, 
enlarged thyroid, increased thyroid weights, increased incidence of thyroid follicular cell hypertrophy 
and hydropic change and increased large size follicles in both sexes, diffuse microvesicular and mac-
rovesicular fatty change in the liver of females and discoloration of the liver in males observed at 1000 
ppm (equal to 93 mg/kg bw per day). No effect of fl ubendiamide on tumour i ncidence was found.

In a 2-year feeding study in rats, the NOAEL was 50 ppm (equal to 1.7 mg/kg bw per day), 
based on increased liver weights and periportal fatty change (both sexes), increased incidence of hair 
loss, dark-coloured and enlarged livers, hepatocyte hypertrophy, increased kidney weight and in-
creased incidence of thyroidal follicular cell hypertrophy in females and decreased eosinophil count 
in males observed at 1000 ppm (equal to 34 mg/kg bw per day). No treatment-related effect on 
t umour incidence was found.

The Meeting concluded that fl ubendiamide is not carcinogenic in rodents.

Flubendiamide was tested for genotoxicity in an adequate range of in vitro and in vivo studies. 
No evidence for genotoxicity was observed in any test. 

The Meeting concluded that fl ubendiamide is unlikely to be genotoxic.
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In view of the lack of genotoxicity and the absence of carcinogenicity in mice and rats, the 
Meeting concluded that fl ubendiamide is unlikely to pose a carcinogenic risk to humans.

One-generation and two-generation studies of reproductive toxicity in rats were available. The 
overall NOAEL for parental toxicity was 50 ppm (equal to 3.9 mg/kg bw per day), based on dark-
coloured livers in parental females and increased liver weights in F

1
 females observed in a one-gen-

eration study of reproductive toxicity at 200 ppm (equal to 15 mg/kg bw per day). No reproductive 
toxicity was seen at 2000 ppm (equal to 162 mg/kg bw per day), the highest relevant dose tested. The 
overall NOAEL for offspring toxicity (combined data from the one- and two-generation studies of re-
productive toxicity) was 200 ppm, equal to 15 mg/kg bw per day (i.e. the maternal compound intake), 
based on dark-coloured livers and increased liver weight, decreased spleen and thymus weights, de-
layed balano-preputial separation, enlargement of eyeballs, synechia, haemorrhage, keratitis, iritis, 
cataract, hydropic degeneration of basal layer of the corneal epithelium and/or corneal epithelial 
vacuolation at 2000 ppm (equal to 131–149 mg/kg bw per day).

No effects on the eye were observed in special perinatal ocular toxicity studies in female mice 
in which the animals received fl ubendiamide at doses up to and including 1395 mg/kg bw per day. 

In a developmental toxicity study in rats, the NOAEL for maternal toxicity was 100 mg/kg bw 
per day, based on the small increases in absolute and relative liver weights at 1000 mg/kg bw per day. 
The NOAEL for developmental toxicity was 1000 mg/kg bw per day, the highest dose tested. 

In a developmental toxicity study in rabbits, the NOAEL for maternal toxicity was 100 mg/kg 
bw per day, based on increased incidences of loose stools, reduced feed consumption on GDs 27–28 
and a tendency to a reduced body weight gain during the latter part of gestation. The NOAEL for 
d evelopmental toxicity was 1000 mg/kg bw per day, the highest dose tested. 

No evidence for a teratogenic effect of fl ubendiamide was observed in rats or rabbits.

The Meeting concluded that it could not exclude the possibility that fl ubendiamide induces eye 
anomalies due to exposure during gestation or early postnatal life or the possibility that the effects on 
the developing eye are the result of a single exposure to fl ubendiamide.

In an oral (gavage) study of acute neurotoxicity in rats in which fl ubendiamide was given by 
gavage, the NOAEL was 2213 mg/kg bw, the highest dose tested.

In a dietary developmental neurotoxicity study in rats, no neurotoxic effects were observed at 
doses up to 12 000 ppm (equal to 980 mg/kg bw per day), the highest dose tested. The NOAEL for 
maternal toxicity was 120 ppm (equal to 9.9 mg/kg bw per day), based on increases in absolute and 
relative liver weights at 1200 ppm (equal to 100 mg/kg bw per day). The NOAEL for offspring toxic-
ity was 120 ppm (equal to 9.9 mg/kg bw per day), based on effects on the eye (increased incidences 
of enlarged eyeballs and general ocular opacities), decreased preweaning body weight and delayed 
balano-preputial separation at 1200 ppm (equal to 100 mg/kg bw per day).

It is noted that in the developmental neurotoxicity study and in the studies of reproductive tox-
icity, effects on the eye were observed, whereas in developmental toxicity studies in rats and rabbits, 
no effects on the eye were found. This suggests that the effects on the development of the eyes occur 
after birth, although it cannot be excluded that the initial lesion occurs during gestation.

In a 28-day dietary immunotoxicity study in rats, the NOAEL for immunotoxicity was 400 ppm 
(equal to 34 mg/kg bw per day), based on a decrease in CD45 lymphocytes in both sexes and a de-
crease in IgA antibody titres in females at 4000 ppm (equal to 336 mg/kg bw per day). These effects 
are considered secondary changes due to liver toxicity. The NOAEL was 40 ppm (equal to 4 mg/kg 
bw per day), based on decreases in feed intake, haemoglobin and haematocrit and increases in liver 
weights at 400 ppm (equal to 34 mg/kg bw per day). 

Occupational medical surveillance of workers exposed to fl ubendiamide has not revealed any 
adverse effects.
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In studies of acute oral toxicity, the fl ubendiamide metabolites fl ubendiamide-des-iodo and 
fl ubendiamide-3-OH had LD

50
s of greater than 2000 mg/kg bw. These metabolites gave negative 

results in a test for reverse mutation in bacteria.

The Meeting concluded that the existing database on fl ubendiamide is suffi cient to characterize 
the potential hazards to fetuses, infants and children.

The Meeting noted that new studies are being performed to better characterize the risk to hu-
mans of the effects of fl ubendiamide on the developing eye observed in rats.

Toxicological evaluation

The Meeting established an acceptable daily intake (ADI) for fl ubendiamide of 0–0.02 mg/kg 
bw on the basis of a NOAEL of 50 ppm (equal to 1.7 mg/kg bw per day), based on effects on the liver 
(both sexes), kidney, thyroid and hair loss (females) and decreased eosinophil count (males) observed 
in a 2-year feeding study in rats, and on the basis of a NOAEL of 100 ppm (equal to 2.2 mg/kg bw per 
day), based on increased alkaline phosphatase levels, shortened activated partial thromboplastin time 
and increased liver weights observed in a 1-year study in dogs. A safety factor of 100 was applied.

The Meeting established an acute reference dose (ARfD) of 0.2 mg/kg bw, based on an overall 
NOAEL of 15 mg/kg bw per day for effects on the developing eye observed in one- and two-genera-
tion reproductive toxicity studies and a developmental neurotoxicity study in rats. A safety factor of 
100 was applied.

Although the eye effects became apparent after birth, it is not clear whether the initial lesion 
occurs during gestation or postnatally. It cannot be excluded that the effects on eye development are 
the result of a single prenatal or postnatal exposure to fl ubendiamide.

Levels relevant for risk assessment

Species Study Effect NOAEL LOAEL

Mouse Eighteen-month 
study of toxicity and 
c arcinogenicitya

Toxicity 50 ppm, equal to
4.4 mg/kg bw per day

1000 ppm, equal to 
93 mg/kg bw per day

Carcinogenicity 10 000 ppm, equal to 
937 mg/kg bw per dayb

— 

Rat Two-year study 
of toxicity and 
c arcinogenicitya

Toxicity 50 ppm, equal to
1.7 mg/kg bw per day

1000 ppm, equal to 
34 mg/kg bw per day

Carcinogenicity 20 000 ppm, equal to 
705 mg/kg bw per dayb

— 

One- and two-
generation studies of 
r eproductive toxicitya

Parental toxicity 50 ppm, equal to
3.9 mg/kg bw per dayc

200 ppm, equal to
15 mg/kg bw per dayc

Offspring toxicity 200 ppm, equal to
15 mg/kg bw per dayc

2000 ppm, equal to 
131 mg/kg bw per dayc

Reproductive toxicity 2000 ppm, equal to 
162 mg/kg bw per day

20 000 ppm, equal to 
1636 mg/kg bw per day 

Developmental t oxicity 
studyd

Maternal toxicity 100 mg/kg bw per day 1000 mg/kg bw per day 

Embryo and fetal toxicity 1000 mg/kg bw per dayb — 

Acute neurotoxicity 
studyd

Neurotoxicity 2213 mg/kg bw per dayb — 

Developmental 
n eurotoxicity studya

Maternal toxicity 120 ppm, equal to 
9.9 mg/kg bw per day

1200 ppm, equal to 
100 mg/kg bw per day 

Offspring toxicity 120 ppm, equal to 
9.9 mg/kg bw per day

1200 ppm, equal to 
100 mg/kg bw per day 
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Species Study Effect NOAEL LOAEL

Rabbit Developmental t oxicity 
studyd

Maternal toxicity 100 mg/kg bw per day 1000 mg/kg bw per day

Embryo and fetal toxicity 1000 mg/kg bw per dayb — 

Dog One-year study of 
toxicitya

Toxicity 100 ppm, equal to 
2.2 mg/kg bw per day

1500 ppm, equal to 
35 mg/kg bw per day

a  Dietary administration.
b  Highest dose tested.
c  Two or more studies combined.
d  Gavage administration.

Estimate of acceptable daily intake for humans

0–0.02 mg/kg bw 

Estimate of acute reference dose

0.2 mg/kg bw

Information that would be useful for the continued evaluation of the compound

 Data from ongoing studies on the effect of fl ubendiamide on the developing eye, and results 
from epidemiological, occupational health and other such observational studies of human 
e xposure

Critical end-points for setting guidance values for exposure to fl ubendiamide

Absorption, distribution, excretion and metabolism in mammals 

Rate and extent of absorption Relatively slow, incomplete oral absorption (23–34% at 2 mg/kg bw)

Distribution Extensive (rats)

Potential for accumulation At 2 mg/kg bw, low in both sexes; at 200 mg/kg bw, low in males 
and moderate in females (rats)

Rate and extent of excretion Plasma half-lives: males, 12.6 h; females, 37.6 h 

At 2 mg/kg bw: 1.7% and 0.4% in urine of males and females, 
respectively (rats)

Metabolism in animals Extensive, by oxidation of the methyl groups linked to the aniline ring 
and at the alkyl bridge between amide and sulfonyl functions in mice, 
male rats, dogs and humans. As female rats have very limited capabil-
ity to oxidize these methyl groups, they m etabolize fl  ubendiamide by 
direct conjugation of fl ubendiamide with g lutathione.

Toxicologically signifi cant compounds Flubendiamide

Acute toxicity

Rat, LD
50

, oral > 2000 mg/kg bw 

Rat, LD
50

, dermal > 2000 mg/kg bw 

Rat, LC
50

, inhalation > 0.0685 mg/l (highest achievable concentration) 

Rabbit, dermal irritation Not an irritant

Rabbit, ocular irritation Not an irritant

Guinea-pig, dermal sensitization Not sensitizing (Magnusson & Kligman test)
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Short-term studies of toxicity

Target/critical effect Liver (rat, dog), thyroid (rat), red blood cell system (rat), adrenals (dog) 

Lowest relevant oral NOAEL 2 mg/kg bw per day (rat), 2.2 mg/kg bw per day (dog)

Lowest relevant dermal NOAEL 100 mg/kg bw per day (rat)

Lowest relevant inhalatory NOAEC No data 

Long-term studies of toxicity and carcinogenicity

Target/critical effect Liver, thyroid, kidney, skin (rat)

Lowest relevant NOAEL 1.7 mg/kg bw per day (rat)

Carcinogenicity Not carcinogenic (mouse, rat)

Genotoxicity

Not genotoxic

Reproductive toxicity

Reproduction target/critical effect None

Lowest relevant reproductive NOAEL 162 mg/kg bw per day, highest relevant dose tested (rat)

Developmental target Eye effects in reproductive toxicity studies and developmental 
n eurotoxicity studies (rat)

Lowest relevant developmental NOAEL 15 mg/kg bw per day (rat)

Neurotoxicity/delayed neurotoxicity

Neurotoxicity No neurotoxic effects

Developmental neurotoxicity No neurotoxic effects

Other toxicological studies

Immunotoxicity No immunotoxic effects

Medical data

Occupational medical surveillance of workers exposed to 
fl  ubendiamide has not revealed any adverse effects 

Summary 

Value Study Safety factor

ADI 0–0.02 mg/kg bw Two-year study in rat, one-year study in dog 100

ARfD 0.2 mg/kg bw One- and two-generation studies of reproductive 
toxicity, developmental neurotoxicity study in rat

100
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Explanation

Fluopyram is the International Organization for Standardization (ISO)–approved common 
name for N-(2-[3-chloro-5-(trifl uoromethyl)-2-pyridinyl]ethyl)-2-(trifl uoromethyl)benzamide (In-
ternational Union of Pure and Applied Chemistry [IUPAC]) (Chemical Abstracts Service [CAS] 
No. 658066-35-4), a novel broad-spectrum fungicide from the pyridinyl-ethyl-benzamide class. 
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Fluopyram acts by inhibiting the enzyme succinate dehydrogenase (SDH, so-called complex II in 
the mitochondrial respiratory chain), which is a functional part of the tricarboxylic acid cycle, linked 
to mitochondrial electron transport. SDH consists of four subunits (A, B, C and D), and fl uopyram, 
like a number of SDH inhibitors, acts by blocking the enzyme binding site for ubiquinone, which is 
formed by the subunits B, C and D. Fluopyram has not been evaluated previously by the Joint FAO/
WHO Meeting on Pesticide Residues (JMPR) and was reviewed at the present Meeting at the request 
of the Codex Committee on Pesticide Residues (CCPR).

All pivotal studies were certifi ed as complying with good laboratory practice (GLP) or an 
a pproved quality assurance programme.

Evaluation for acceptable daily intake

Unless otherwise stated, the studies evaluated in this monograph were performed by labora-
tories that were certifi ed for GLP and complied with the relevant Organisation for Economic Co-
operation and Development (OECD) test guidelines or similar guidelines of the European Union or 
United States Environmental Protection Agency. As these guidelines specify the clinical pathology 
tests normally performed and the tissues normally examined, only signifi cant exceptions to these 
guidelines are reported here, to avoid repetitive listing of study parameters.

1. Biochemical aspects

1.1 Absorption, distribution and excretion

The absorption, distribution, metabolism and elimination (ADME) of [phenyl-UL-14C]-
fl uopyram (chemical purity of non-radiolabelled substance 94.7%; chemical purity of radiola-
belled substance > 99%; radiochemical purity > 98%) were investigated in male and female Wistar 
HsdCpb:WU rats (Klempner, 2008a). The study design is summarized in Table 1.

The rats received [phenyl-UL-14C]fl uopyram by oral gavage as a suspension in 0.5% aqueous 
tragacanth; the dosing volume was 1 ml (group 1) or 2 ml (groups 2–6). The rats were sacrifi ced 7 
days after dosing (groups 2–6) or 2 days after dosing in the bile fi stulation experiment (group 1). The 
body weights of the rats of groups 2–6 were determined at administration and sacrifi ce and of group 
1 at sacrifi ce, because they were operated on for the bile fi stulation experiment. Two animals of group 
1 died during the second night after administration, and one other animal of group 1 had no bile fl ow 
and was sacrifi ced prior to the end of the test. These three animals were excluded from the test and 
from the evaluation. The total radioactivity, which included the test item and metabolites, was de-
termined in plasma samples, bile, urine and faeces, as well as in organs and tissues at sacrifi ce. The 
measurement of the radioactivity in liquid samples was carried out by liquid scintillation counting. 
Small organs or tissues (adrenal glands, thyroid, ovaries, perirenal fat and uterus) were solubilized 
by means of a tissue solubilizer, and radioactivity was measured by liquid scintillation counting. All 
other solid samples were combusted in an oxygen atmosphere and radioassayed by liquid scintilla-
tion counting. The distribution of the test substance from the central compartment to the different 
organs and tissues was followed by measuring the concentration of the total radioactivity in plasma. 
The toxicokinetic parameters were calculated with the software TOPFIT version 2.0 and by using a 
three-compartment disposition model. The metabolism was investigated by radio–high-performance 
liquid chromatography (HPLC) and spectroscopic methods in selected bile and urine samples and 
faecal extracts.

The absorption of [phenyl-UL-14C]fl uopyram from the gastrointestinal tract of male and fe-
male rats was rapid in all test groups. The absorption commenced immediately after oral dosing, as 
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shown by the plasma curves and the values calculated for the absorption half-lives (0.1–0.5 hour). 
The absorption rate of [phenyl-UL-14C]fl uopyram was calculated from bile, urine and body excluding 
gastrointestinal tract and accounted for approximately 93% of the total recovered radioactivity for 
male rats (group 1), leading to the conclusion that the administered dose was absorbed completely 
and systemically bioavailable (Table 2).

The maximum plasma concentration of radioactivity (C
max

) after a single oral low dose (5 mg/
kg body weight [bw]) was reached approximately 24 and 8 hours after dosing (T

max
) in male and fe-

male rats, respectively; after a single high dose (250 mg/kg bw), the maximum plasma concentration 
of radioactivity was reached at approximately 48 hours after dosing in males and females, respec-
tively. In male rats after the repeated low dose (5 mg/kg bw), the maximum plasma concentration of 
radioactivity was reached signifi cantly more rapidly, approximately 0.7 hour after dosing (Table 3).

The maximum equivalent concentrations (C
max

) were in a similar range for male and female 
rats of the low-dose groups as well as for pretreated low-dose male rats (1.5–2.2 µg/g). The maximum 
equivalent concentrations (C

max
) of the high-dose tests were considerably higher but also comparable 

for male and female rats (60–63 µg/g). 

The plasma curves showed fast absorption in all low-dose groups with a moderate decline to 
approximately 5–8% of the maximum concentration from T

max
 to 168 hours. The plasma curves of the 

high-dose groups showed slightly slower absorption followed by a long and broad maximum with a 
slower decline. The maximum concentration from T

max
 to 168 hours in the high-dose groups declined 

to 11% in males and to 32% in females. The plasma curves of the high-dose groups showed slightly 
slower absorption followed by a long and broad maximum with a slower decline. 

The areas under the curve (AUC
0−∞) indicated a slightly higher systemic exposure for females 

(148 µg·h/g) than for males (107 µg·h/g) of the low-dose groups. The difference in the AUC values 
was also observed in the high-dose groups, amounting to 7060 µg·h/g for females and 5680 µg·h/g 
for males. The AUCs were proportional to the dose. The mean residence time (MRT

tot
) of fl uopyram-

related radioactivity was moderate for both sexes, ranging from 52 to 84 hours.

At termination, 168 hours post-administration, males and females had excreted 90.6–99.3% of 
the administered dose via urine and faeces (Table 2). Excretion of the total radioactivity was slightly 
faster in the low-dose than in the high-dose groups, but still ongoing 168 hours post-administration. 
The radioactivity in the body ranged from 2% to 6% of the administered dose. The ratio of the renal 
and faecal excretion in females of the low-dose group was comparable (45% or 47% via urine or 
faeces, respectively), whereas in all other groups, slightly more radioactivity was excreted via faeces 
(53–64%) than via urine. 

Table 1. Study design for ADME study with [phenyl-UL-14C]fl uopyram in rats

Group No./sex Dose regimen Sample collection schedule

1 (BF) 5 males 5 mg/kg bw, single oral low dose, 
bile fi stulation

Bile, urine and faeces at various times after 
a dministration

Blood, gastrointestinal tract, skin and carcass: at sacrifi ce, 
48 h after administration

2 (LD) 4 males 5 mg/kg bw, single oral low dose Plasma, urine and faeces at various times after 
a dministration3 (LD) 4 females 5 mg/kg bw, single oral low dose

4 (HD) 4 males 250 mg/kg bw, single oral high dose Blood, organs and tissues, gastrointestinal tract, skin and 
carcass: at sacrifi ce, 168 h after administration5 (HD) 4 females 250 mg/kg bw, single oral high dose

6 (PT) 4 males 5 mg/kg bw, single oral low dose, 14-
day pretreatment

From Klempner (2008a)
BF, bile fi stulation; bw, body weight; HD, high dose; LD, low dose; PT, 14-day pretreatment
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Bile duct–cannulated male rats showed a total excretion of 89.5% of the administered dose. 
The main radioactivity, 78.5% of the administered dose, was eliminated via the bile, and a further 
7.3% was eliminated via urine. Sixty-one per cent of the administered dose was excreted via the bile 
within the fi rst 24 hours post-administration.

Table 2. Recovery of radioactivity in rats after administration of [phenyl-UL-14C]fl uopyram 

Recovery of radioactivity (% of administered dose)

1 (BF/M) 2 (LD/M) 3 (LD/F) 4 (HD/M) 5 (HD/F) 6 (PT/M)

Dose (mg/kg bw)

5 5 5 250 250 5

Urine 7.29 38.25 45.27 35.70 35.53 35.14

Bile 78.54 n.a. n.a. n.a. n.a. n.a.

Faeces 3.70 53.06 46.58 63.60 57.12 55.45

Total excreted 89.53 91.31 91.85 99.30 92.65 90.59

Skin 1.34 0.47 0.76 0.55 0.68 0.30

Sum organs/tissues 6.38 2.85 4.73 2.00 2.71 1.91

Body without gastrointestinal tract 7.72 3.32 5.50 2.54 3.39 2.20

Gastrointestinal tract 3.17 0.24 0.42 0.32 0.32 0.18

Total in body 10.88 3.56 5.91 2.86 3.72 2.38

Balance 100.4 94.9 97.8 102.2 96.4 93.0

From Klempner (2008a)
BF, bile fi stulation; bw, body weight; F, female; HD, high dose; LD, low dose; M, male; n.a., not analysed; PT, 14-day pretreatment

Table 3. Distribution and plasma kinetics in rats after administration of [phenyl-UL-14C]-
fl uopyram

2 (LD/M) 3 (LD/F) 4 (HD/M) 5 (HD/F) 6 (PT/M)

Dose (mg/kg bw)

5 5 250 250 5

T
max

 measured (h) 24.0 8.0 48.0 48.0 0.7

T
max

 calculated (h) 15.0 11.2 34.5 41.9 0.8

C
max

 measured (µg/g) 1.45 2.11 59.94 63.09 1.44

C
max

 calculated (µg/g) 1.54 2.16 60.9 62.2 1.54

t
½
 abs (h) 0.1 0.4 0.5 0.5 0.5

t
½
 elim 1 (h) 3.9 16.2 4.8 4.8 4.6

t
½
 elim 2 (h) 30.9 53.0 23.6 29.0 36.8

AUC
0−∞ (µg·h/g) 107 148 5680 7060 80

MRT
tot

 (h) 51.8 65.2 68.8 83.6 53.3

MRT
abs

 (h) 11.7 8.6 34.8 41.8 0.3

MRT
disp

 (h) 40.0 56.7 34.0 41.9 53.1

From Klempner (2008a)
AUC

0−∞, area under the plasma radioactivity concentration–time curve; F, female; HD, high dose; LD, low dose; M, male; MRT
abs

, mean 
residence time of the absorption; MRT

disp
, mean residence time of the disposition; MRT

tot
, mean residence time of the total radioactivity; 

PT, 14-day pretreatment; t
½
 abs, absorption half-life; t

½
 elim, elimination half-life
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The radioactive residues in the organs and tissues determined at sacrifi ce showed that the ra-
dioactivity in the gastrointestinal tract amounted to 0.2–0.4% of the administered dose. The radio-
activity in skin was slightly higher and amounted to 0.3–0.8% of the administered dose. The high-
est amounts were detected in the liver (0.4–1.0% of the administered dose). The highest residue 
concentrations (Table 4) were detected in liver (0.6–1.2 µg/g in low-dose groups and 16–21 µg/g in 
high-dose groups) and in kidney (0.5–1.1 µg/g in low-dose groups and about 16 µg/g in high-dose 
groups). Higher residues were also detected in carcass (0.2–0.3 µg/g in low-dose groups and 5.4–7.8 
µg/g in high-dose groups) and in erythrocytes (about 0.2 µg/g in low-dose groups and about 10 µg/g 
in high-dose groups), ovaries (0.7 µg/g in low-dose group and 11.2 µg/g in high-dose group) and the 
adrenal glands (0.1–0.9 µg/g in low-dose groups and 10–13 µg/g in high-dose groups). The concen-
trations in the other organs and tissues were lower (< 0.33 µg/g in low-dose groups and < 10 µg/g in 
high-dose groups).

The absorption, distribution, metabolism and elimination of [pyridyl-2,6-14C]fl uopyram (chem-
ical purity of non-radiolabelled substance > 99%; chemical purity of radiolabelled substance > 99%; 
radiochemical purity > 99%) were investigated in male and female Wistar HsdCpb:WU rats (Klemp-
ner, 2008b). The study design is summarized in Table 5. The methods employed were e ssentially 
comparable to the methods described for the study of Klempner (2008a).

The absorption of [pyridyl-2,6-14C]fl uopyram from the gastrointestinal tract of male and fe-
male rats was rapid in all test groups. The absorption commenced immediately after oral dosing as 
shown by the plasma curves and the values calculated for the absorption half-lives (0.3–0.4 hour). 
The absorption rate of [pyridyl-2,6-14C]fl uopyram was calculated from bile, urine and body excluding 
gastrointestinal tract and accounted for 97.7% of the total recovered radioactivity for male rats from 
test group 1, leading to the conclusion that the administered dose was absorbed virtually c ompletely 
and became systemically bioavailable (Table 6).

The maximum plasma concentration of radioactivity (C
max

) was reached 0.7 hour after dos-
ing (T

max
) in male rats and 3.0 hours after dosing in female rats (Table 7). The maximum equivalent 

concentrations (C
max

) amounted to 1.8 and 1.5 µg/g for males and females, respectively. The plasma 
concentration in both sexes declined to about 1% of the maximum concentration within 120 hours 
post-administration, indicating that no retention of the compound-related residues in the body of 
the animals took place. The plasma curves of both sexes showed a very fast elimination phase at the 
beginning of the test, followed by a slower terminal elimination phase. The level of the plasma curve 
was slightly higher for females than for males. The plasma curves in both sexes revealed oscillation 
in the declining part of the curve during the elimination phase, indicating enterohepatic circulation 
between small intestine and liver. The values for the initial elimination phase were about 11 hours 
for males and 10 hours for females, followed by a slower terminal elimination phase of about 56 and 
73 hours for males and females, respectively. The area under the curve (AUC

0−∞) indicated a slightly 
higher systemic exposure for females (37 µg·h/g) than for males (22 µg·h/g). The mean residence 
time (MRT

tot
) of fl uopyram-related radioactivity was short for both sexes, ranging from about 29 to 

33 hours.

Excretion was almost completed 72 hours after administration. At this time, both sexes had 
excreted more than 98% of the administered dose via urine and faeces. Sex differences were observed 
in the ratio of renal to faecal excretion. Excretion in males was slightly higher by the faecal than by 
the renal route (53% and 45%, respectively). In females, in contrast, renal excretion was higher than 
faecal excretion (60% and 39%, respectively). However, the total excretion via urine and faeces was 
comparable for the individual sampling intervals in both sexes (Table 6). Bile duct–cannulated male 
rats showed a total excretion of 99.5% of the administered dose. The main portion of radioactivity 
(i.e. 86.8% of the administered dose) was eliminated via bile, and a further 10.4% via urine. About 
86% of the administered dose was excreted via the bile within the fi rst 24 hours post-administration. 
The high biliary excretion and low renal excretion in the bile fi stulation experiment (test group 1) 
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Table 4. Equivalent concentrations in organs and tissues of rats after administration of [phenyl-
UL-14C]fl uopyram

Equivalent concentration (µg/g)

1 (BF/M) 2 (LD/M) 3 (LD/F) 4 (HD/M) 5 (HD/F) 6 (PT/M)

Dose (mg/kg bw)

5 5 5 250 250 5

Time after fi nal dosing (h)

48 168 168 168 168 168

Erythrocytes 0.406 0.169 0.242 10.190 10.130 0.155

Plasma n.a. 0.098 0.189 6.306 9.287 0.082

Spleen n.a. 0.163 0.277 7.202 9.424 0.140

Liver n.a. 0.725 1.221 15.810 20.620 0.580

Kidney n.a. 0.726 1.078 15.720 15.520 0.532

Perirenal fat n.a. 0.010 0.096 2.661 3.653 0.034

Adrenal gland n.a. 0.069 0.919 10.240 13.360 0.337

Testis n.a. 0.138 n.a. 6.309 n.a. 0.103

Ovary n.a. n.a. 0.667 n.a. 11.210 n.a.

Uterus n.a. n.a. 0.159 n.a. 7.389 n.a.

Skeletal muscle n.a. 0.130 0.253 5.439 7.780 0.068

Bone femur n.a. 0.054 0.101 3.690 3.865 0.037

Heart n.a. 0.188 0.328 6.725 9.025 0.098

Lung n.a. 0.135 0.238 6.966 9.110 0.104

Brain n.a. 0.110 0.217 6.132 8.308 0.083

Thyroid gland n.a. 0.047 0.297 7.336 9.859 0.124

Skin 0.308 0.092 0.171 5.087 6.997 0.058

Carcass 0.527 0.153 0.298 5.354 7.832 0.085

Gastrointestinal tract 1.699 0.096 0.200 5.615 7.800 0.095

From Klempner (2008a)
BF, bile fi stulation; F, female; HD, high dose; LD, low dose; M, male; PT, 14-day pretreatment; n.a., not analysed

Table 5. Study design for ADME study with [pyridyl-2,6-14C]fl uopyram in rats

Group No./sex Dose regimen Sample collection schedule

1 (BF) 6 males 5 mg/kg bw, single oral low 
dose, bile fi stulation

Bile, urine and faeces at various times after administration

Blood, gastrointestinal tract, skin and carcass: at sacrifi ce, 48 h 
after administration

2 (LD) 4 males 5 mg/kg bw, single oral low 
dose

Plasma, urine and faeces at various times after administration

Blood, organs and tissues, gastrointestinal tract, skin and carcass: 
at sacrifi ce, 168 h after administration

3 (LD) 4 females 5 mg/kg bw, single oral low 
dose

Plasma, urine and faeces at various times after administration

Blood, organs and tissues, gastrointestinal tract, skin and carcass: 
at sacrifi ce, 168 h after administration

From Klempner (2008b)
BF, bile fi stulation; LD, low dose
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compared with the high renal excretion in the experiment without bile fi stulation (test group 2) were 
an indication of signifi cant enterohepatic circulation.

The radiolabelled residues in the organs and tissues of the animals were determined at sacri-
fi ce, 168 hours after the oral administration. The residues in most of the organs and tissues of male 
and female rats were low (< 0.1% of the dose). Negligible amounts of radioactivity were found in 

Table 6. Recovery of radioactivity in rats after administration of [pyridyl-2,6-14C]fl uopyram 

Recovery of radioactivity (% of administered dose)

1 (BF/M) 2 (LD/M) 3 (LD/F)

Dose level (mg/kg bw)

5 5 5

Urine 10.40 45.44 60.44

Bile 86.81 n.a. n.a.

Faeces 2.30 53.04 39.49

Total excreted 99.51 98.48 99.93

Skin 0.061 0.049 0.043

Sum organs/tissues 0.393 0.293 0.263

Body without gastrointestinal tract 0.454 0.342 0.306

Gastrointestinal tract 0.047 0.020 0.026

Total in body 0.501 0.361 0.332

Balance 100.0 98.84 100.3

From Klempner (2008b)
BF, bile fi stulation; F, female; LD, low dose; M, male; n.a., not analysed

Table 7. Distribution and plasma kinetics in rats after administration of [pyridyl-2,6-14C]-
fl  uopyram

2 (LD/M) 3 (LD/F)

Dose (mg/kg bw)

5 5

T
max

 measured (h) 0.7 3.0

T
max

 calculated (h) 0.7 3.3

C
max

 measured (µg/g) 1.78 1.50

C
max

 calculated (µg/g) 1.79 1.43

t
½
 abs (h) 0.3 0.4

t
½
 elim 1 (h) 11.2 9.8

t
½
 elim 2 (h) 55.9 72.9

AUC
0−∞ (µg·h/g) 22 37

MRT
tot

 (h) 32.9 29.1

MRT
abs

 (h) 0.6 7.3

MRT
disp

 (h) 32.3 21.8

From Klempner (2008b)
AUC

0−∞, area under the plasma radioactivity concentration–time curve; F, female; HD, high dose; LD, low dose; M, male; MRT
abs

, mean 
residence time of the absorption; MRT

disp
, mean residence time of the disposition; MRT

tot
, mean residence time of the total radioactivity; 

PT, 14-day pretreatment; t
½
 abs, absorption half-life; t

½
 elim, elimination half-life
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the skin (0.04–0.06% of the dose). The radioactivity in the body (including gastrointestinal tract) 
amounted to 0.3–0.5% of the administered dose and thus was much lower than with the other label. 
The highest residue concentrations (Table 8) were detected in erythrocytes (0.1 µg/g), as well as in 
liver (0.12 µg/g) and in kidney (0.05 µg/g). The concentrations in the other organs and tissues were 
low and ranged from 0.004 to 0.02 µg/g. A slight sex difference was observed for the residues in 
perirenal fat, where females showed about 3 times higher residues than males (0.01 and 0.03 µg/g, 
respectively) (Klempner, 2008b). 

The distribution of [phenyl-UL-14C]fl uopyram (chemical purity of non-radiolabelled substance 
99.8%; chemical purity of radiolabelled substance > 99%; radiochemical purity > 98%) was inves-
tigated in eight male and eight female Wistar HsdCpb:WU rats by quantitative whole-body autora-
diography using the radioluminography technique. The data were obtained over a testing period of 
7 days following a single oral administration of [phenyl-UL-14C]fl uopyram at a dose level of 3 mg/
kg bw. One rat each was taken for sectioning at 1, 4, 8, 24, 48, 72, 120 and 168 hours after dosing. 
The excretion of radioactivity via urine, faeces and expired air was also investigated. In addition, one 
control animal of each sex that received non-radiolabelled fl uopyram was terminated at 4 hours after 
dosing for detection of possible chemographic effects.

Table 8. Equivalent concentrations in organs and tissues of rats after administration of [pyridyl-
2,6-14C]fl uopyram

Equivalent concentration (µg/g)

1 (BF/M) 2 (LD/M) 3 (LD/F)

Dose (mg/kg bw)

5 5 5

Time after dosing (h)

48 168 168 

Erythrocytes 0.029 0.100 0.077

Plasma 0.026 0.008 0.007

Spleen n.a. n.s. 0.021

Liver n.a. 0.115 0.113

Kidney n.a. 0.048 0.049

Perirenal fat n.a. 0.010 0.031

Adrenal gland n.a. 0.019 0.021

Testis n.a. 0.008 n.a.

Ovary n.a. n.a. 0.017

Uterus n.a. n.a. 0.013

Skeletal muscle n.a. 0.009 0.007

Bone femur n.a. 0.008 0.006

Heart n.a. 0.016 0.012

Lung n.a. 0.022 0.019

Brain n.a. 0.007 0.004

Thyroid gland n.a. 0.022 0.021

Skin 0.015 0.010 0.009

Carcass 0.037 0.011 0.010

Gastrointestinal tract n.a. 0.007 0.012

From Klempner (2008b)
BF, bile fi stulation; F, female; LD, low dose; M, male; n.a., not analysed; n.s., no sample
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Fluopyram was readily absorbed from the gastrointestinal tract, distributed among almost all 
organs and tissues investigated and excreted constantly over the whole experimental period. Excre-
tion via faeces (65% and 53% for males and females, respectively) was higher than excretion via 
urine (32% and 41% for males and females, respectively). Less than 0.1% of the administered dose 
was expired as 14CO

2
 or other volatiles during a sampling period of 48 hours.

In male rats, the maximum equivalent concentrations were reached for nearly all organs and 
tissues during the fi rst day after administration. Within this period, the respective values remained 
at a comparably high level. For most organs of the central compartment (e.g. liver, kidney) and 
the peripheral tissues fat, muscle, some glands (e.g. adrenal, thyroid, Harderian) and nasal mucosa, 
maximum equivalent concentrations were higher than in blood at the times of T

max
 and T

168 h
, suggest-

ing a rapid clearance from blood and distribution to organs and tissues of the animals. Owing to the 
relatively high values at the terminal time, a delayed depletion of test compound–related radioactivity 
from the organs and tissues is assumed.

In female rats, the maximum equivalent concentrations were reached for most organs and tis-
sues during the fi rst day post-dosing as well. The respective values remained at a comparably high 
level within this period. Only for the nasal mucosa and glandula preputialis did the maximum con-
centrations peak after 48 hours. For most organs of the central compartment (e.g. liver, kidney) and 
the peripheral tissues fat, muscle, some glands (e.g. adrenal, thyroid, preputialis, Harderian), ovary 
and nasal mucosa, maximum equivalent concentrations were higher than in blood at the times of 
T

max
 and for most of them also at T

168 h
. Similarly to the males, the absorbed radioactivity is rapidly 

cleared from blood and distributed to organs and tissues of the animals. The higher values for the 
organs at T

168 h
 indicate a still ongoing degradation (liver) and excretion (kidney) at a high level and 

a dditionally a delayed depletion of test compound–related radioactivity from the other organs.

From peak values, a continuous but slow decline of radioactivity concentrations was observed 
for all organs and tissues during the whole testing period. Seven days after administration, quantifi -
able radioactive residues were still measured in all of them except the pineal body, the only one that 
had reached the limit of quantifi cation. This indicated that distribution, metabolism and elimination 
of radioactivity from all these organs and tissues as well as excretion via urine and faeces were still 
ongoing processes. Therefore, retention of fl uopyram-related radioactivity in any of the organs and 
tissues investigated can be excluded (Koester, 2008a).

The distribution of [pyridyl-2,6-14C]fl uopyram (chemical purity of non-radiolabelled sub-
stance 99.8%; chemical purity of radiolabelled substance ≥ 99%; radiochemical purity > 98%) was 
i nvestigated in eight male and eight female Wistar HsdCpb:WU rats by quantitative whole-body au-
toradiography using the radioluminography technique. The data were obtained over a testing period 
of 7 days following a single oral administration of [pyridyl-2,6-14C]fl uopyram at a dose level of 3 mg/
kg bw in males and 4.5 mg/kg bw in females. One rat each was taken for sectioning at 1, 4, 8, 24, 
48, 72, 120 and 168 hours after dosing. The excretion of radioactivity via urine, faeces and expired 
air was also investigated. In addition, one control animal of each sex that received non-radiolabelled 
fl uopyram was terminated at 4 hours after dosing for detection of possible chemographic effects.

Fluopyram was readily absorbed from the gastrointestinal tract and distributed among almost 
all organs and tissues investigated. The excretion via urine and faeces was nearly completed after 
72 hours. The male rats showed slightly higher faecal (54%) and lower urinary (51%) excretion. For 
female rats, the urinary excretion was slightly higher (50%) than the faecal excretion (43%). Less 
than 1% of the administered radioactivity was expired as 14CO

2
 or other volatiles during a sampling 

period of 48 hours.

In male rats, the maximum equivalent concentrations (C
max

) were reached for all organs and 
tissues at 1 hour after administration. For most organs of the central compartment (e.g. liver, kidney) 
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and the peripheral tissues fat, some glands (e.g. adrenal, thyroid, Harderian) and nasal mucosa, maxi-
mum equivalent concentrations were higher than in blood at T

max
 and for liver also at T

168 h
, suggesting 

a rapid clearance from blood and distribution to organs and tissues of the animals. For the high value 
in liver at T

168 h
, a still ongoing degradation at a high level is assumed.

In female rats, the maximum equivalent concentrations (C
max

) were reached for most organs and 
tissues during the fi rst hour post-dosing as well, except for the kidney and perirenal fat, which peaked 
after 4 hours. For most organs of the central compartment (e.g. liver, kidney) and the peripheral tis-
sues fat, brain, some glands (e.g. adrenal, thyroid, preputialis, Harderian), ovary and nasal mucosa, 
maximum equivalent concentrations were higher than in blood at T

max
 and for liver, nasal mucosa, 

Harderian gland and glandula preputialis also at T
168 h

. Similarly to the males, the absorbed radioac-
tivity is rapidly cleared from blood and distributed to organs and tissues of the animals. The higher 
values for the organs and tissues at T

168 h
 indicate a still ongoing degradation at a high level in the liver 

and additionally a delayed depletion of test compound–related radioactivity from the other organs.

From peak values, a continuous but slow decline of radioactivity concentrations was observed 
for all organs and tissues during the whole testing period. Seven days after administration, quantifi -
able radioactive residues were still measured in most of them. This indicated that distribution, metab-
olism and elimination of radioactivity from all these organs and tissues as well as excretion via urine 
and faeces were still ongoing processes. Therefore, a retention of fl uopyram-related radioactivity in 
any of the organs and tissues investigated can be excluded (Koester, 2008b).

The depletion of radioactive residues of [pyridyl-2,6-14C]fl uopyram (chemical purity > 99%; 
radiochemical purity > 99%) from organs and tissues (plasma, liver, kidney and perirenal fat), ex-
cretion in urine and metabolism were investigated in Wistar HsdCpb:WU rats. Three groups of four 
male and four female rats each were administered by oral gavage a single dose of fl uopyram in 0.5% 
aqueous tragacanth at a nominal dose level of 5 mg/kg bw. The animals were sacrifi ced 1, 4 and 
24 hours after dosing. The total radioactivity, which included the unchanged test item and metabo-
lites, was determined in the excreted urine samples over the sampling times (0–1 hour, 0–4 hours 
and 0–24 hours) as well as in plasma, liver, kidney and perirenal fat at sacrifi ce. The metabolism was 
investigated in urine and plasma samples and in extracts from liver, kidney and fat using HPLC and 
thin-layer chromatography with radiodetection.

The overall recovery accounted for 97.2–98.8% of the administered dose in male rats (groups 
1–3) and for 97.8–99.7% in female rats (groups 4–6). The urinary excretion started immediately after 
administration and increased to 28.7% and 43.1% of the administered dose after 24 hours in male and 
female rats, respectively (Table 9).

The highest equivalent concentrations (i.e. total radioactive residues) were detected in the or-
gans and tissues as well as in the combined gastrointestinal tract plus faeces at 1 hour after adminis-
tration (Table 10). The distribution of radioactivity within the central compartments of the body (e.g. 
blood, liver and kidney) was fast and showed a distinct preference for the liver and, to a lesser extent, 
the kidney. All values decreased to signifi cantly lower values by the end of the test. It is expected 
that residual amounts in these samples are subject to further elimination from the body, and retention 
of test item–related radioactivity in any of the organs and tissues investigated can therefore be ex-
cluded. In contrast to the male rats, the residue concentrations of organs and tissues from female rats 
were higher at nearly all points in time, which was particularly noticeable for the perirenal fat values 
(f actor of 4.3 at 24 hours) (Koester & Klempner, 2008).

A comparison of the major toxicokinetic parameters from single oral dose studies with [pyridyl-
2,6-14C]fl uopyram and [phenyl-UL-14C]fl uopyram was discussed by Neumann (2009). The maximum 
plasma concentration (C

max
) was reached more rapidly after administration of the pyridyl-labelled 

fl uopyram (Table 11), and elimination from the plasma was completed within the test period (> 99% 
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eliminated in 168 hours). The radioactivity was distributed among all tissues with both labels. This 
was confi rmed by the results of the two whole-body autoradiography studies. Tissue concentrations 
were higher after application of the phenyl label. However, all residues decreased signifi cantly until 
the end of the study, albeit more slowly than following application of the pyridyl label. The different 
biokinetic behaviour of both radiolabels was obviously due to the metabolism of fl uopyram, particu-
larly cleavage of the molecule and the formation of label-specifi c metabolites. The active substance 

Table 9. Recovery of radioactivity in rats after administration of [pyridyl-2,6-14C]fl uopyram at a 
dose of 5 mg/kg bw

Recovery of radioactivity (% of administered dose)

1 (M) 2 (M) 3 (M) 4 (F) 5 (F) 6 (F)

Sacrifi ce time (h)

1 4 24 1 4 24

Urine 1.44 4.81 28.69 1.90 6.74 43.06

Plasma 0.32 0.21 0.09 0.40 0.26 0.11

Carcass 13.82 6.02 2.71 29.16 27.09 6.12

Kidneys 0.40 0.29 0.12 0.57 0.42 0.12

Liver 4.57 3.08 1.71 5.52 4.00 1.23

Skin 4.72 1.51 0.76 17.65 10.29 1.44

Perirenal fat 0.66 0.29 0.06 1.09 1.50 0.31

Body without gastrointestinal tract 24.50 11.40 5.46 54.40 43.56 9.32

Gastrointestinal tract + faeces 71.23 82.61 64.20 42.76 47.52 47.36

Total body residues 95.72 94.01 69.66 97.16 91.08 56.68

Total recovery 97.16 98.81 98.35 99.06 97.82 99.74

From Koester & Klempner (2008)
F, female; M, male

Table 10. Equivalent concentrations in organs and tissues of rats after administration of [pyridyl-
2,6-14C]fl uopyram at a dose of 5 mg/kg bw

Equivalent concentration (µg/g)

1 (M) 2 (M) 3 (M) 4 (F) 5 (F) 6 (F)

Sacrifi ce time (h)

1 4 24 1 4 24

Plasma 1.27 0.69 0.34 1.70 1.26 0.41

Carcass 1.18 0.50 0.22 2.98 2.66 0.53

Kidneys 2.97 1.86 0.81 5.06 3.98 0.96

Liver 7.22 4.98 1.83 8.67 6.01 1.54

Skin 1.0 0.29 0.15 4.60 2.56 0.33

Perirenal fat 7.26 2.74 0.57 11.49 13.15 2.51

Body without gastrointestinal tract 1.40 0.62 0.29 3.71 2.84 0.54

Gastrointestinal tract + faeces 47.53 58.81 20.82 34.26 37.13 18.29

Total body 5.03 4.74 3.19 6.10 5.48 2.85

From Koester & Klempner (2008)
F, female; M, male
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was extensively metabolized; unchanged parent compound was found only in low percentages of the 
applied dose. The nature and amounts of common metabolites were in good agreement in all rat stud-
ies and both labels and thus did not cause the differences. Additionally, molecular cleavage ranged 
from 35% to 48% of the administered dose (percentage from ADME studies, low dose), leading 
to complementary, label-specifi c metabolites. These metabolites resulted in the different biokinetic 
p arameters of the two labels.

The cumulative urinary excretion data of the low-dose ADME experiments (Table 12) clearly 
showed different behaviour between the two radiolabels. For the phenyl label, a slower onset and 
delayed urinary excretion were observed, compared with the pyridyl label. It can therefore be con-
cluded that the phenyl label–specifi c metabolites had a longer retention time in the rat’s body. This 
was consistent with the results of the quantitative whole-body autoradiography studies.

From these fi ndings, it can be concluded that the early phase of biokinetics was similar for both 
radiolabels and mainly refl ected the behaviour of the primary metabolites, which still contained the 
whole molecular moiety. Later on, the cleavage products were dominating the biokinetic behaviour 
of the radioactive residues. After the cleavage, absorption and distribution in the body of the rat, 
the pyridyl label–specifi c metabolites were obviously excreted more rapidly than the phenyl label–
specifi c metabolites (i.e. mainly fl uopyram-benzamide). This different behaviour can be explained 
by the more polar nature of the metabolites from the pyridyl part of the molecule. Consequently, the 
application of phenyl-labelled fl uopyram resulted in higher T

max
 and AUC values for the radioactive 

residues compared with the application of the pyridyl label (Neumann, 2009).

1.2 Biotransformation

For the investigation of the metabolism of [phenyl-UL-14C]fl uopyram in the toxicokinetics 
study of Klempner (2008a) described above, bile and urine samples as well as extracts of faeces were 
analysed and quantifi ed by radio-HPLC. Faecal samples were conventionally extracted with different 
mixtures of acetonitrile/water under neutral, acidic and alkaline conditions. The extraction effi ciency 
of the faecal samples (groups 2–6) was high and accounted for about 90–97% of the radioactivity 
present in the samples.

The identifi cation rates in all matrices were high and accounted for 72.7–86.5% of the admin-
istered dose. The parent compound was of minor importance in low-dose tests and represented only 

Table 11. Comparison of major toxicokinetic parameters from single-dose studies with [pyridyl-
2,6-14C]fl uopyram and [phenyl-UL-14C]fl uopyram

Males Females

Pyridyl Phenyl Phenyl Pyridyl Phenyl Phenyl

Dose (mg/kg bw)

5 5 250 5 5 250

T
max

 (h) 0.7 24.0 48.0 3.0 8.0 48.0

C
max

 (µg/ml) 1.78 1.45 59.94 1.5 2.11 63.09

AUC
0−∞ (mg·h/l) 22 107 5680 37 148 7060

t
½
 
abs

 (h) 0.3 0.1 0.5 0.4 0.4 0.5

t
½
 
elim initial

 (h) 11.2 3.9 4.8 9.8 16.2 4.8

t
½
 
elim terminal

 (h) 55.9 30.9 23.6 72.9 53.0 29.0

From Klempner (2008a,b)
AUC

0−∞, area under the plasma radioactivity concentration–time curve; t
½
 abs, absorption half-life; t

½
 elim, elimination half-life
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0.4–1.2% of the administered dose in the faeces of groups 2, 3 and 6. In high-dose groups, the parent 
compound amounted to 10.5% of the administered dose in male rats and 16.7% of the administered 
dose in female rats, respectively. Fluopyram was extensively metabolized in male and female rats; 29 
metabolites were identifi ed, and a further 34 metabolites were characterized by their chromatographic 
behaviour. The main and most prominent identifi ed metabolites are summarized in Table 13.

Molecular cleavage in the range of about 35–43% of the administered dose was observed with 
the phenyl label in both sexes of all low- and high-dose tests represented by numerous label-specifi c 
metabolites. The amount of such label-specifi c metabolites in the bile fi stulation test was distinctively 
lower and amounted to 5.2% of the administered dose. Three metabolite groups with the intact mo-
lecular core structure (two isomers of each of the glucuronic acid conjugates fl uopyram-7-OH-GA, 
fl uopyram-8-OH-GA and fl uopyram-enol-GA) were the major metabolites in bile, which were likely 
formed during the fi rst pass of the parent compound in the liver. Following enterohepatic circulation, 
the conjugates were cleaved in the small intestine and their aglycones partly excreted via faeces. The 
aglycones were also partly reabsorbed and further metabolized by cleavage of the molecule. These 
metabolites were mainly excreted via urine and mainly observed in the tests running for 168 hours. 
Only label-specifi c metabolites (fl uopyram-benzoic acid, fl uopyram-benzamide and its derivatives) 
were excreted in urine during the later sampling intervals. The common metabolites, such as the 
conjugates of the previously hydroxylated test item, had been excreted within the earlier sampling 
intervals.

For the investigation of the metabolism of [pyridyl-2,6-14C]fl uopyram in the toxicokinetics 
study of Klempner (2008b) described above, bile and urine samples as well as extracts of faeces were 
analysed and quantifi ed by radio-HPLC. Faecal samples were conventionally extracted with different 
mixtures of acetonitrile/water under neutral, acidic and alkaline conditions. The extraction effi ciency 
of the faecal samples (groups 2 and 3) was high and accounted for more than 90% of the radioactivity 
present in the samples.

The identifi cation rates in all matrices accounted for 80–83% of the administered dose. 
Fluopyram was extensively metabolized in male and female rats; 25 metabolites were identifi ed, and 

Table 12. Cumulative urinary excretion of radioactivity after administration of [pyridyl-2,6-14C]-
fl uopyram and [phenyl-UL-14C]fl uopyram to male rats at 5 mg/kg bw

Time after administration (h) Cumulative urinary excretion of radioactivity (% of administered dose)

Males Females

Pyridyl Phenyl Pyridyl Phenyl

4 5.46 1.02 6.25 1.43

8 12.16 2.69 16.68 3.00

12 17.96 5.15 — —

24 35.44 15.67 46.73 16.64

48 43.77 25.27 57.34 28.62

72 44.91 30.53 59.28 34.89

96 45.22 33.87 59.82 39.30

120 45.33 35.87 60.10 41.89

144 45.39 37.26 60.31 43.82

168 45.44 38.25 60.44 45.27

From Klempner (2008a,b)
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Table 13. Summary of urinary, biliary and faecal metabolites in rats after administration of 
[phenyl-UL-14C]fl uopyram

% of administered dose

1 (BF/M) 2 (LD/M) 3 (LD/F) 4 (HD/M) 5 (HD/F) 6 (PT/M)

Dose (mg/kg bw)

5 5 5 250 250 5

Fluopyram — 0.80 1.16 10.52 16.70 0.41

-benzamide-OH-GA, isomer 1 — 1.08 1.75 0.32 0.61 1.11

-benzoyl-serine 0.21 0.39 0.44 0.20 0.06 0.37

-benzamide-SA, isomer 1 — 1.50 1.49 1.01 0.71 1.51

-benzamide-N,O-GA 0.60 2.04 1.96 3.72 2.95 2.21

-benzoic acid 0.74 4.39 6.40 6.65 5.09 5.43

-benzamide-OH-GA, isomer 2 — 0.11 0.41 0.18 0.22 0.27

-benzamide-OH-GA, isomer 3 0.12 1.81 3.12 0.00 0.08 0.00

-hydroxy-benzamide — 0.22 0.00 0.00 0.00 0.00

-benzamide-SA, isomer 2 — 0.57 0.93 0.74 0.69 0.69

-benzamide-cysteine 0.07 1.65 1.99 1.28 1.03 1.52

-BA-methyl-sulfone — 4.17 2.94 1.69 1.47 3.31

-BA-methyl-sulfoxide — 0.54 0.45 0.00 0.13 0.51

-benzamide 3.50 16.18 21.52 23.89 24.49 24.08

-methoxy-di-OH-GA 0.39 0.29 0.18 0.15 0.00 0.00

-7-OH-phenol-GA 2.93 4.02 3.33 0.93 1.33 3.20

-7-OH-GA, isomer 1 20.20 1.88 1.53 2.16 2.34 2.00

-7-OH-GA, isomer 2 2.61 0.14 0.32 0.44 0.31 0.00

-7-OH-hydroxy-phenol-SA 0.06 0.25 0.24 0.05 0.20 0.00

-di-OH-GA 1.55 0.04 0.24 0.62 0.80 0.00

-enol-GA, isomer 1 0.59 0.00 0.00 0.00 0.00 0.00

-7-OH-phenol-SA 0.66 2.76 0.24 0.62 0.15 1.27

-phenol-GA 1.55 0.18 0.26 0.00 0.00 0.00

-8-OH-GA, isomer 1 3.79 0.04 0.57 0.24 0.84 0.24

-8-OH-GA, isomer 2 16.59 0.00 1.33 0.00 3.37 0.71

-enol-GA, isomer 2 19.95 0.89 0.25 1.91 0.59 1.23

-7-OH-phenol 0.90 11.36 3.55 1.82 0.90 7.84

-7-OH-methyl-sulfone — 0.40 0.89 1.18 0.78 0.72

-7-hydroxy 0.28 10.30 7.46 15.82 8.07 14.33

-8-hydroxy — 6.02 7.67 10.37 11.25 4.06

Total identifi ed 77.28 74.02 72.65 86.53 85.17 77.00

Total characterized 8.55 10.27 12.23 5.71 2.52 8.10

Number of characterized metabolites 13 22 22 13 9 11

Total excreted 89.53 91.31 91.85 99.30 92.65 90.59

Faeces (post-extraction solids) — 4.36 4.46 2.29 1.60 3.08

Faeces not analysed — 2.66 2.51 4.77 3.36 2.41

Total analysed 85.83 84.29 84.88 92.24 87.69 85.10

From Klempner (2008a)
BA, benzamide; BF, bile fi stulation; F, female; GA, glucuronic acid; HD, high dose; LD, low dose; M, male; OH, hydroxy; PT, 14-day 
pretreatment; SA, sulfate
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a further 25 metabolites were detected and characterized by their chromatographic behaviour. The 
parent compound was of minor importance at this low dose level and represented only 1.4–1.9% 
of the administered dose in faeces. Molecular cleavage in the range of 42–48% of the administered 
dose was observed in both sexes, as proven by the abundance of numerous label-specifi c metabolites. 
The amount of such label-specifi c metabolites in the bile fi stulation test was distinctly lower and 
amounted to 12% of the administered dose only. Three metabolite groups (two isomers of each of 
the glucuronic acid conjugates fl uopyram-7-OH-GA, fl uopyram-8-OH-GA and fl uopyram-enol-GA) 
were the major metabolites in bile. Following enterohepatic circulation, the conjugates were cleaved 
and their aglycones partly excreted via faeces or further metabolized by cleavage of the molecule. 
These latter metabolites (label-specifi c cleavage products) were mainly excreted via urine.

A sex difference in the ratio of label-specifi c metabolites was observed, as the amount of 
fl uopyram-pyridyl-acetic acid was about 3 times higher, and the amounts of fl uopyram-7-hydroxy 
and fl uopyram-7-OH-phenol 2 times lower, in female rats than in male rats. Fluopyram-ethyl-diol 
metabolites were about 4 times higher in male rats than in female rats. It is assumed that the propor-
tions of the three metabolite groups with the intact molecular core structure (the glucuronic acid 
conjugates fl uopyram-7-OH-GA, fl uopyram-8-OH-GA and fl uopyram-enol-GA) formed during the 
fi rst-pass effect of the parent compound in the liver were different in males and females. Following 
enterohepatic circulation, these metabolites were degraded, and different label-specifi c metabolites 
were obtained. The amount and the type of the label-specifi c metabolites were in line with the dif-
ferences in the excretion pattern in males and females. The identifi ed metabolites are summarized in 
Table 14.

For the investigation of the metabolism of [pyridyl-2,6-14C]fl uopyram in the study of Koester 
& Klempner (2008) described above, urine and plasma samples and extracts from liver, kidney and 
fat were analysed using HPLC and thin-layer chromatography with radiodetection. Fluopyram was 
extensively metabolized, and more than 20 metabolites were identifi ed. Molecular cleavage occurred 
at least in a range of 23–34% of the administered dose in both sexes, represented by numerous label-
specifi c metabolites. In the various samples, sex-specifi c differences in the ratio of pyridyl label–
specifi c and common metabolites that still contained the intact molecular structure were observed. 
The metabolic transformation of the parent compound was generally more pronounced in male rats 
than in female rats (Table 15).

The metabolism of [pyridyl-2,6-14C]fl uopyram in male and female rats was principally oxida-
tive and took place mainly at the ethylene bridge of the molecule. The metabolic transformations 
detected were hydroxylation of the ethyl linking group of the parent compound forming fl uopyram-7-
hydroxy and fl uopyram-8-hydroxy metabolites and one dihydroxylated metabolite. Hydroxylation of 
the phenyl ring of fl uopyram led to fl uopyram-phenol and fl uopyram-7-OH-phenol. Hydrolytic cleav-
age led to fl uopyram-pyridyl-hydroxyethyl and fl uopyram-pyridyl-carboxylic acid. Subsequent oxi-
dation of fl uopyram-pyridyl-hydroxyethyl led to mainly fl uopyram-pyridyl-acetic acid and, to a lesser 
extent, fl uopyram-ethyl-diol and fl uopyram-hydroxy-pyridyl-acetic acid. Elimination of water from 
compounds hydroxylated in the ethylene bridge afforded the fl uopyram-Z-olefi ne and fl uopyram-
E-olefi ne (E-olefi ne and Z-olefi ne can isomerize into each other). Several hydroxylated metabolites 
were conjugated with glucuronic acid and, to a lesser extent, with sulfate (Koester & Klempner, 
2008).

The major metabolic pathways of fl uopyram in rats derived from both radiolabels are shown 
in Figure 1.
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Table 14. Summary of urinary, biliary and faecal metabolites in rats after administration of 
[pyridyl-2,6-14C]fl uopyram at a dose of 5 mg/kg bw

% of administered dose

1 (BF/M) 2 (LD/M) 3 (LD/F)

Fluopyram (AE C656948) — 1.41 1.85

-pyridyl-carboxylic acid 0.67 4.99 0.81

-hydroxy-pyridyl-acetic acid 1.34 5.25 1.56

-ethyl-diol-GA, isomer 1 0.35 2.30 0.81

-ethyl-diol-GA, isomer 2 0.07 1.20 0.36

-ethyl-diol-GA, isomer 3 3.72 10.69 2.71

-pyridyl-acetic acid 4.99 12.28 37.82

-hydroxyethyl-GA 0.42 3.74 2.93

-ethyl-diol 0.76 1.59 0.59

-methoxy-di-OH-GA 0.60 0.16 0.41

-pyridyl-methyl-cysteine — 0.12 —

-7-OH-phenol-GA 5.17 2.30 3.85

-7-OH-GA, isomer 1 23.99 1.50 1.82

-7-OH-GA, isomer 2 3.33 0.10 0.32

-7-OH-hydroxy-phenol-SA 0.26 0.06 0.12

-di-OH-GA 1.15 0.48 0.78

-enol-GA, isomer 1 0.28 0.88 0.26

-7-OH-phenol-SA 0.07 0.43 0.16

-phenol-GA 1.09 0.10 0.97

-8-OH-GA, isomer 1 3.03 0.18 0.16

-8-OH-GA, isomer 2 13.79 — 1.34

-enol-GA, isomer 2 16.46 1.24 0.23

-7-OH-phenol 1.28 9.34 3.92

-7-OH-methyl-sulfone 0.05 0.79 0.88

-7-hydroxy 0.23 15.70 7.51

-8-hydroxy — 5.68 8.13

Total identifi ed 83.11 82.50 80.30

Total characterized 10.75 9.47 12.59

Number of characterized metabolites 21 21 25

Total excreted 99.51 98.48 99.93

Radioactivity in urine not analysed 0.11 0.53 1.16

Faeces (post-extraction solids) — 3.90 3.51

Faeces not analysed 2.30 2.08 2.37

Total analysed 97.10 91.97 92.89

From Klempner (2008b)
BF, bile fi stulation; F, female; GA, glucuronic acid; LD, low dose; M, male; OH, hydroxy; SA, sulfate
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2. Toxicological studies

2.1 Acute toxicity

(a) Lethal doses

In an acute oral toxicity study conducted according to OECD test guideline 423 (acute toxic 
class method), three female (HsdCpb:WU) rats received fl uopyram (purity 94.7%) in demineralized 
water with 2% Cremophor EL at a single dose of 2000 mg/kg bw by gavage at a volume of 10 ml/
kg bw. The rats were monitored daily for mortality and clinical signs for a 2-week period, and body 
weights were recorded on days 1, 8 and 15. On day 15, surviving animals were killed, necropsied 
and examined for gross pathological changes. Because no deaths and no clinical signs occurred in 
the fi rst group, the procedure was repeated with the same limit dose level. No mortalities occurred at 
2000 mg/kg bw, the only dose tested. No clinical signs were observed with the possible exception of 
an increased water intake observed in three of three animals (fi rst phase) from day 2 to day 6. How-
ever, this fi nding was not confi rmed in the second group (0/3) and thus is considered equivocal. No 

Table 15. Comparison of the metabolic profi les in urine, plasma and tissues of rats after adminis-
tration of [pyridyl-2,6-14C]fl uopyram at a dose of 5 mg/kg bw

% of administered dose

1 (M) 2 (M) 3 (M) 4 (F) 5 (F) 6 (F)

Sacrifi ce time (h)

1 4 24 1 4 24

Urine

Sum pyridyl label–specifi c metabolites 1.115 3.702 22.706 1.631 5.574 33.712

Sum common metabolites 0.211 0.687 4.161 0.202 0.572 6.361

Unchanged parent compound 0.024 — — 0.026 0.019 0.027

Plasma

Sum pyridyl label–specifi c metabolites 0.026 0.048 0.029 0.036 0.026 —

Sum common metabolites 0.233 0.127 0.026 0.080 0.070 0.055

Unchanged parent compound 0.058 0.008 — 0.281 0.148 0.012

Liver

Sum pyridyl label–specifi c metabolites 0.190 0.208 0.380 0.124 0.117 0.062

Sum common metabolites 2.604 1.618 0.443 1.541 1.421 0.415

Unchanged parent compound 0.815 0.075 — 3.385 1.885 0.075

Kidney

Sum pyridyl label–specifi c metabolites 0.147 0.169 0.075 0.159 0.156 0.047

Sum common metabolites 0.170 0.085 0.024 0.081 0.069 0.035

Unchanged parent compound 0.062 0.009 — 0.314 0.170 0.007

Perirenal fat

Sum pyridyl label–specifi c metabolites 0.006 0.006 0.021 — — —

Sum common metabolites 0.269 0.129 0.034 0.098 0.140 0.063

Unchanged parent compound 0.363 0.139 0.001 0.944 1.336 0.203

From Koester & Klempner (2008)
F, female; M, male
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Figure 1. Proposed metabolic pathway of fl uopyram in rats
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abnormalities were observed at gross necropsy. The oral LD
50

 was greater than 2000 mg/kg bw for 
male and female rats. According to the Globally Harmonised System for the classifi cation of chemi-
cals, the median lethal dose (LD

50
) cut-off of fl uopyram was greater than or equal to 5000 mg/kg bw 

(category 5/unclassifi ed) (Eiben, 2005a).

In an acute dermal toxicity study conducted according to OECD test guideline 402, groups of 
fi ve (HsdCpb:WU) rats of each sex were administered fl uopyram (purity 94.7%) at a single dose of 
2000 mg/kg bw. The pure solid test substance was transferred to a wet gauze layer (6.0 cm × 5.0 cm) 
coated with airtight Leukofl ex®. The gauze strip was placed on the rat’s back and secured in place 
using adhesive stretch tape and additionally covered with a rat jacket. After 24 hours, the dressing 
was removed and the area rinsed with tepid water using soap followed by gentle patting of the area 
to dry it. The rats were observed for clinical signs and mortality for at least 14 days, and weight was 
checked weekly. On day 15, surviving animals were terminated, necropsied and examined for gross 
pathological changes. No clinical signs were observed and no mortalities occurred at 2000 mg/kg bw, 
the only dose tested. No abnormalities were observed at gross necropsy. The dermal LD

50
 was greater 

than 2000 mg/kg bw for male and female rats (Eiben, 2005b).

In an acute inhalation toxicity study conducted according to OECD test guideline 403, groups 
of fi ve (HsdCpb:WU) rats of each sex were exposed (nose only) to a dust aerosol of fl uopyram (purity 
94.7%) at a limit concentration of 5.1 mg/l for 4 hours. The observation period lasted for 14 days. 
On day 15, all animals were terminated, necropsied and examined for gross pathological changes. 
Measurements of particle size distribution showed a mass median aerodynamic diameter (MMAD) 
of 5.6 µm (geometric standard deviation ± 2.0 µm), and 19% of the total particulate had an aerosol 
mass less than 3 µm. No mortality occurred at the tested concentration. All rats tolerated the exposure 
with some evidence of reversible signs. Clinical signs in both sexes exposed to fl uopyram included 
bradypnoea, laboured breathing patterns, reduced motility, piloerection, ungroomed hair-coat and 
limpness. A battery of refl ex measurements was made on the fi rst post-exposure day. Refl exes tested 
were normal in all males, whereas one female showed reduced tonus and vertical grip strength to-
gether with an impaired righting response. Rectal temperature was lowered in both sexes after treat-
ment. All clinical signs were fully reversible within 1 day in male rats and within 5 days in females. 
The mean body weights revealed no toxicologically signifi cant changes throughout the study period. 
No abnormalities were observed at gross necropsy. Under the conditions of the study, the median 
lethal concentration (LC

50
) for male and female rats after dust inhalation was greater than 5.1 mg/l 

(Folkerts, 2006).

The acute oral, dermal and inhalation toxicity of fl uopyram is summarized in Table 16.

(b) Dermal and ocular irritation and dermal sensitization

In a study of skin irritation potential conducted according to OECD test guideline 404, 0.5 g 
of fl uopyram (purity 94.7%) moistened with distilled water was applied to shorn dorsal skin of three 
female New Zealand White (HsdIf:NZW) rabbits under a semioccluded dressing for 4 hours. Skin 
reactions were scored at 1, 24, 48 and 72 hours post-treatment. No signs of systemic toxicity or mor-
tality were observed during the study period. No signs of erythema or oedema were observed during 
the conduct of the study. The individual mean scores of the 24-, 48- and 72-hour observations for 
erythema and oedema were 0 and 0, respectively, for each of three animals. It was concluded that 
fl uopyram is non-irritating to rabbit skin (Schuengel, 2005a).

In a study of eye irritation potential conducted according to OECD test guideline 405, 0.1 g of 
fl uopyram (purity 94.7%) was placed into the conjunctival sac of one eye of each of three female New 
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Zealand White (Crl:KBL(NZW)BR) rabbits. Ocular lesions were scored at 1, 24, 48 and 72 hours 
post-instillation. No signs of systemic toxicity were observed during the study period. No signs of 
corneal opacity or iris effects were observed in any of the test animals during the study. Slight con-
junctival irritation was present in all test animals after 1 hour and in two animals after 24 hours, but 
had disappeared after 48 hours. The individual average scores for the 24-, 48- and 72-hour observa-
tion periods for conjunctival redness were 0.3, 0.0 and 0.3, respectively, for all three test animals. On 
the basis of this study, fl uopyram is only minimally irritating and is not considered irritating to the 
eyes according to the classifi cation criteria (Schuengel, 2005b).

In a study of skin sensitization potential conducted according to OECD test guideline 429 
(local lymph node assay), fl uopyram (purity 94.7%) was topically applied to the dorsal surface of 
each ear of female (CBA/J) mice. Groups of fi ve mice per dose were dosed once daily for 3 consecu-
tive days with 25 µl of a formulation of fl uopyram at a concentration of 0.5%, 1.0%, 2.5% or 5% 
in dimethylformamide. These dose levels were chosen on the basis of preliminary results showing 
that concentrations of 10%, 25%, 50% and 100% caused excessive cellular toxicity. Two additional 
groups received the vehicle (dimethylformamide) or α-hexylcinnamaldehyde (25%) to serve as nega-
tive and positive controls, respectively. Animals were checked for mortality and clinical signs at least 
daily during the study. In particular, the site of application was examined for signs of local irritation. 
Individual body weights were measured at study start and at scheduled termination. No mortality or 
clinical signs were observed during the study. In particular, no cutaneous reactions were observed 
at the application site. Body weight changes were comparable between control and treated groups. 
Hence, there were no confounding effects of irritation or toxicity. Negative responses were observed 
at all dose levels of fl uopyram. The results of the positive control demonstrated the validity of the 
assay. On the basis of this study, fl uopyram did not show any sensitization potential and does not 
w arrant classifi cation and labelling as a skin sensitizer (Repetto-Larsay, 2006).

Studies on the irritation and skin sensitization potential of fl uopyram are summarized in 
T able 17.

2.2 Short-term studies of toxicity 

(a) Oral administration

Mice

In a range-fi nding study, groups of fi ve male and fi ve female C57BL/6J mice were given diets 
containing fl uopyram (purity 99.4%) at a concentration of 0, 150, 1000 or 5000 ppm, equal to 0, 24.7, 
162 and 747 mg/kg bw per day in males and 0, 31.1, 197 and 954 mg/kg bw per day in females, for 
28 days. Feed consumption and body weight data were recorded, as well as organ weights and p athology 
of selected organs. Blood samples for clinical chemistry analysis were taken at t ermination.

Table 16. Summary of acute oral, dermal and inhalation toxicity of fl uopyram

Species Strain Sex Route Purity (%) LD
50

 (mg/kg bw) or 
LC

50 
(mg/l)

Reference

Rat HsdCpb:WU F Oral 94.7 > 2000 Eiben (2005a)

Rat HsdCpb:WU M & F Dermal 94.7 > 2000 Eiben (2005b)

Rat HsdCpb:WU M & F Inhalation 94.7 > 5.1 Folkerts (2006)

F, female; M, male
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All males and three of fi ve females at 5000 ppm showed severe clinical signs, comprising re-
duced motor activity, hunched posture, piloerection, wasted appearance and/or coldness to touch in 
both sexes, together with laboured respiration in three of fi ve males and distended abdomen in two 
of three females. These animals were therefore humanely terminated between study days 17 and 27, 
on the same day or a few days after the signs were fi rst apparent. No mortalities occurred in the other 
dose groups. One of the surviving females had a distended abdomen between study days 8 and 10. A 
loss of body weight accompanied these signs, as did reduced feed intake. There were no clinical signs 
in either the 150 or 1000 ppm dose groups. The two surviving females at 5000 ppm had elevated total 
cholesterol (+218%) and total protein (+16%) concentrations and alanine aminotransferase (ALT) 
activities (+484%). At 1000 ppm, ALT activity was increased in males (+359%, not statistically 
s ignifi cant), and mean albumin concentration was lower in females (−12%, P < 0.05).

In the decedent animals at 5000 ppm, treatment-related effects were seen in the adrenal glands, 
liver, lungs, spleen, thymus and thyroid gland. Hypertrophy, vacuolation and degeneration/necrosis 
of the zona fasciculata were seen in the adrenal glands in all animals, together with perivascular 
and intra-alveolar haemorrhage and degeneration/infl ammation of pulmonary veins in the lungs and 
erythroid extramedullary haematopoiesis in the spleen. Focal haemorrhage was seen in the thyroid 
gland in three of fi ve males, and decreased cellularity of the cortex and focal haemorrhage were seen 
in the thymus in all animals where examination was possible. In the liver, hypertrophy of hepatocytes 
(mainly centrilobular), hepatocellular eosinophilia, bile duct/oval cell hyperplasia, focal necrosis and 
single-cell hepatocellular necrosis were seen in all animals, and centrilobular degeneration/necrosis 
was seen in one of fi ve males.

In animals surviving to termination, effects of treatment with fl uopyram were seen in the liver in 
both sexes and in the adrenal glands in females only. Hypertrophy of the zona fasciculata was seen in 
the adrenal glands in the two surviving females at 5000 ppm and in three of fi ve females at 1000 ppm. 
Hypertrophy of centrilobular hepatocytes was seen in the liver of both females at 5000 ppm, in all 
animals at 1000 ppm and in all males and two of fi ve females at 150 ppm, with evidence of a dose–
response relationship. Single-cell hepatocellular necrosis was seen in one of two females dosed at 
5000 ppm and in all males dosed at 1000 ppm. Focal necrosis was noted in two of two females dosed 
at 5000 ppm and in three of fi ve males and two of fi ve females dosed at 1000 ppm. Hepatocellular 
eosinophilia and bile duct/oval cell hyperplasia were noted in the two surviving females at 5000 ppm 
and in one of fi ve females at 1000 ppm (Table 18).

The NOAEL was 150 ppm, equal to 24.7 mg/kg bw per day, based on effects in liver (hepatocel-
lular necrosis) and adrenals (hypertrophy of the zona fasciculata) at 1000 ppm, equal to 162 mg/kg bw 
per day, and above (Kennel, 2004b).

In a study of toxicity conducted according to OECD test guideline 408, groups of 10 male and 
10 female C57BL/6J mice were given diets containing fl uopyram (purity 99.0%) at a concentration of 
0, 30, 150 or 1000 ppm, equal to 0, 5.4, 26.6 and 188 mg/kg bw per day in males and 0, 6.8, 32.0 and 
216 mg/kg bw per day in females, for 90 days. Study animals were checked daily for mortality and 
clinical signs. Clinical examinations were performed pretest and once weekly. Body weights and feed 

Table 17. Summary of irritation and skin sensitization potential of fl uopyram

Species Strain Sex End-point Purity (%) Result Reference

Rabbit HsdIf:NZW F Skin irritation 94.7 Not irritating Schuengel (2005a)

Rabbit Crl:KBL(NZW)BR F Eye irritation 94.7 Not irritating Schuengel (2005b)

Mouse CBA/J F Skin sensitization (LLNA) 94.7 Not sensitizing Repetto-Larsay (2006)

F, female; LLNA, local lymph node assay
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consumption measurements were obtained pretest and weekly during the treatment period. Blood 
samples were collected for clinical chemistry analysis at termination (10 of each sex per group). 
After at least 90 days of treatment, animals were terminated, selected organs were weighed and organ 
to body weight and organ to brain weight ratios were calculated. Complete macroscopic examina-
tions and histopathological evaluation of tissues were conducted on all animals. Analyses conducted 
during the treatment period confi rmed that the dietary levels of fl uopyram were appropriate for each 
concentration of the test substance administered. 

No treatment-related mortality or clinical signs of toxicity occurred at any dose level. The body 
weight gain of animals was unaffected by treatment in any dose group. Feed consumption was s lightly 
increased in males at 1000 ppm, but unaffected by treatment at 150 or 30 ppm or in females. 

Clinical chemistry assessment revealed at 1000 ppm a higher ALT activity and a slightly lower 
albumin concentration in both sexes, together with a lower total cholesterol concentration, a high-
er alkaline phosphatase activity and a tendency towards higher aspartate aminotransferase (AST) 
a ctivity in males. These changes were all statistically signifi cant.

At necropsy, absolute and relative liver weights were increased at 1000 ppm by 34–38% in 
males and by 38–45% in females. In addition, in males, mean absolute and relative adrenal gland 
weights were increased by 87–92%. At macroscopic examination, enlarged and dark livers were ob-
served in both sexes. Microscopic examination revealed treatment-related changes in the liver and 
adrenal glands in both sexes. In the liver at 1000 ppm, minimal to moderate hypertrophy of centri-
lobular hepatocytes was observed in all animals, together with a greater incidence of minimal focal 

Table 18. Summary of selected fi ndings in a 28-day oral toxicity range-fi nding study in mice

Males Females

Dietary concentration (ppm)

0 150 1000 5000 0 150 1000 5000

Number examined 5 5 5 0a 5 5 5 2a

Liver weight, absolute (g) 0.80 0.94 1.13** — 0.68 0.79 0.94** 1.66

Liver weight, relative (% of body weight) 4.05 4.90 5.91** — 4.50 5.28* 5.71** 10.44

Liver: hepatocellular hypertrophy, centrilobular

- Minimal 0 3 0 — 0 2 1 0

- Slight 0 2 0 — 0 0 4 0

- Moderate 0 0 5 — 0 0 0 2

- Total 0 5 5 — 0 2 5 2

Liver: hepatocellular necrosis, single cell

- Minimal 0 0 5 — 0 0 0 1

Liver: hepatocellular necrosis, focal

- Minimal 0 0 3 — 0 0 2 0

- Slight 0 0 0 — 0 0 0 2

- Total 0 0 3 — 0 0 2 2

Liver: hepatocellular eosinophilia

- Minimal 0 0 0 — 0 0 1 2

Liver: hyperplasia of bile ducts/oval cells

- Minimal 0 0 0 — 0 0 1 2

From Kennel (2004b)
* P < 0.05; ** P < 0.01 
a  0/2 survivals in males/females, respectively.
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necrosis in 3 of 10 males and minimal to slight focal necrosis in 6 of 10 females. In the adrenal glands 
at 1000 ppm, a lower incidence of ceroid pigment was noted in males, whereas a greater incidence of 
minimal to slight cortical vacuolation was observed in females, compared with controls. 

At 150 ppm, absolute and relative liver weights were increased by 9–16% in males and by 
25–28% in females, in association with minimal to slight hypertrophy of centrilobular hepatocytes 
noted in all males and in 5 of 10 females at microscopic examination (Table 19).

The NOAEL was 150 ppm, equal to 26.6 mg/kg bw per day, based on effects in liver (hepato-
cellular necrosis) and adrenals (cortical vacuolation) at 1000 ppm, equal to 188 mg/kg bw per day. 
The changes in the liver observed at 150 ppm were considered to be adaptive and not toxicologically 
relevant to humans (Kennel, 2005b).

Rats

In a range-fi nding study, groups of fi ve male and fi ve female Wistar Rj: WI (IOPS HAN) rats 
were given diets containing fl uopyram (purity 98.6%) at a concentration of 0, 50, 400 or 3200 ppm, 
equal to 0, 4.0, 31.0 and 254 mg/kg bw per day in males and 0, 4.6, 36.1 and 263 mg/kg bw per day in 
females, for 4 weeks. Animals were observed daily for mortality and clinical signs. A detailed physical 
examination was performed weekly. Body weight and feed consumption were recorded weekly. Blood 
samples were taken before fi nal necropsy for haematology and clinical chemistry determinations. At 
study termination, all animals were necropsied, selected organs were weighed and a range of tissues 

Table 19. Summary of selected fi ndings in a 90-day oral toxicity study in mice

Males Females

Dietary concentration (ppm)

0 30 150 1000 0 30 150 1000

Number of animals examined 9 9 10 10 10 10 10 10

Liver weight, absolute (g) 0.91 0.94 1.04 1.24** 0.75 0.84* 0.96** 1.09**

Liver weight, relative (% of body weight) 3.97 4.06 4.59** 5.50** 4.10 4.57* 5.12** 5.68**

Liver: hepatocellular hypertrophy, centrilobular

- Minimal 0 0 3 0 0 0 5 1

- Slight 0 0 7 0 0 0 0 8

- Moderate 0 0 0 10 0 0 0 1

- Total 0 0 10 10 0 0 5 10

Liver: hepatocellular necrosis, focal

- Minimal 0 0 0 3 1 1 0 3

- Slight 0 0 0 0 0 0 0 3

- Total 0 0 0 3 1 1 0 6

Adrenals: cortical ceroid pigment

- Minimal 5 3 4 0 0 0 0 0

- Slight 1 1 0 0 0 0 0 0

- Total 6 4 4 0 0 0 0 0

Adrenals: cortical vacuolation

- Minimal 0 0 0 0 3 1 2 9

- Slight 0 0 0 0 0 0 0 1

- Total 0 0 0 0 3 1 2 10

From Kennel (2005b)
* P < 0.05; ** P < 0.01
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was taken, fi xed and examined microscopically. The remaining portions of the liver were homogenized 
for microsomal preparations in order to determine the cytochrome P450 (CYP) e nzyme profi le.

No treatment-related mortality or clinical signs of toxicity occurred at any dose level. Body 
weight gain was reduced at 3200 ppm by between 12% and 29% during study weeks 1 and 3 in both 
sexes and also during study week 4 in females. The overall mean cumulative body weight gain was 
comparable to the control value in males, but reduced by 14% in females. Feed consumption was 
reduced at 3200 ppm throughout the study by between 4% and 10% in females. 

Clinical chemistry assessment at 3200 ppm revealed higher mean total cholesterol and trigly-
ceride concentrations together with slightly lower AST and alkaline phosphatase activities in both 
sexes, lower glucose concentrations in males and higher total protein and albumin concentrations in 
females. All changes, unless otherwise indicated, were statistically signifi cant.

Absolute and relative liver weights were increased in both sexes by 54–74% at 3200 ppm and 
by 7–21% at 400 ppm (Table 20). In males only, absolute and relative kidney weights were increased 
by 18–21% at 3200 ppm and by 15–20% at 400 ppm, whereas absolute and relative thyroid gland 
weights were increased by 43–46% at 3200 ppm. At macroscopic examination, enlarged and dark 
livers were observed in almost all males and females at 3200 ppm, together with pale kidneys in all 
males. At 400 ppm, pale kidneys were observed in three of fi ve males, a dark liver was observed in 
one of fi ve males and an enlarged liver was seen in one of fi ve females.

The microscopic examination at 3200 ppm revealed treatment-related changes in the liver, 
thyroid gland and kidney in both sexes and in the pituitary gland in males only. Minimal to moderate 
hypertrophy of centrilobular hepatocytes was present in all animals. Minimal to slight diffuse hyper-
trophy of follicular cells was seen in the thyroid gland in three of fi ve males and two of fi ve females, 
together with depletion of colloid in two of fi ve males. Minimal diffuse hypertrophy of basophils was 
noted in the pituitary gland in three of fi ve males. Hyaline droplet nephropathy related to the accumu-
lation of α

2u
-globulin in the proximal tubules was noted in all males and in one of fi ve females. How-

ever, this fi nding was considered not toxicologically relevant to humans, as α
2u

-globulin is present 
only in trace amounts in humans. At 400 ppm, minimal hypertrophy of centrilobular h epatocytes was 
noted in all males and in one of fi ve females.

Assessment of hepatic enzyme activities at 3200 ppm showed a slight increase in total CYP 
content and a marked induction (up to 30- and 15-fold, respectively) in 7-benzyloxyresorufi n O-
debenzylase (BROD; CYP3A) and 7-pentoxyresorufi n O-depentylase (PROD; CYP2B) activities in 
both sexes. At 400 ppm, there was a slight increase in total CYP content and a moderate increase (up 
to 8- and 4-fold, respectively) in BROD and PROD activities in both sexes (Table 20).

Table 20. Summary of selected fi ndings in a 28-day oral toxicity range-fi nding study in rats

Males Females

Dietary concentration (ppm)

0 50 400 3200 0 50 400 3200

Liver weight, absolute (g) 11.13 11.18 12.45 17.11** 5.84 6.24 6.76 9.64**

Liver weight, relative (% of body weight) 2.86 2.81 3.06 4.40** 2.67 2.77 3.07 4.60**

Total CYP (nmol/mg protein) 1.19 1.24 1.43 1.63 0.85 0.89 0.98 1.20 

BROD (pmol/mg protein per minute) 8.90 9.86 71 171.82 2.79 4.32 26.27 86.55

EROD (pmol/mg protein per minute) 59.24 46.80 66.78 79.23 52.16 54.4 68.57 87.90 

PROD (pmol/mg protein per minute) 6.56 4.68 29.54 68.31 2.81 3.49 12.92 45.68 

From Kennel (2004a)
BROD, 7-benzyloxyresorufi n O-debenzylase; EROD, 7-ethoxyresorufi n O-deethylase; PROD, 7-pentoxyresorufi n O-depentylase; ** P < 0.01
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The NOAEL was 400 ppm, equal to 31.0 mg/kg bw per day, based on effects in liver (increased 
weight, hepatocellular hypertrophy, enzyme induction) and thyroid (hypertrophy of follicular cells, 
colloid depletion) at 3200 ppm, equal to 254 mg/kg bw per day. The changes in the liver at 400 ppm 
were considered to be adaptive and not toxicologically relevant to humans (Kennel, 2004a).

In a study of toxicity conducted according to OECD test guideline 408, groups of 10 male and 
10 female Wistar Rj: WI (IOPS HAN) rats were given diets containing fl uopyram (purity 99.0%) at 
a concentration of 0, 50, 200, 1000 or 3200 ppm, equal to 0, 3.06, 12.5, 60.5 and 204 mg/kg bw per 
day in males and 0, 3.63, 14.6, 70.1 and 230 mg/kg bw per day in females, for at least 90 days. An 
additional 10 males and 10 females fed either 0 or 3200 ppm of test diet for 90 days were maintained 
for 1 month after withdrawing the test diets to examine the reversibility of any effects seen.

Clinical signs were recorded daily, and body weight and feed consumption were measured 
weekly. A detailed physical examination was performed once during the acclimatization phase and 
weekly throughout the study. All surviving animals (except for animals of the recovery groups) were 
subjected to a neurotoxicity assessment (motor activity, sensory reactivity and grip strength) during 
weeks 11–12 of the study. Ophthalmological examinations were performed on all animals during 
the acclimatization phase and on all surviving animals of the control and high-dose groups dur-
ing week 13. Urine samples were collected overnight on the week before scheduled necropsy on 
selected animals. Before scheduled necropsy, a blood sample was collected on selected animals for 
haematology and clinical chemistry determinations. In addition, a blood sample was collected from 
selected animals for triiodothyronine (T

3
), thyroxine (T

4
) and thyroid stimulating hormone (TSH) 

analysis during weeks 3 and 13 of the study and on days 29–30 of the recovery phase. All animals 
were necropsied, selected organs were weighed and a range of tissues was taken, fi xed and examined 
microscopically.

No treatment-related mortality or clinical signs of toxicity occurred at any dose level. One 
male at 1000 ppm and one male at 50 ppm were prematurely terminated for humane reasons, because 
of severe clinical signs, with no established relationship to treatment. There was evidence that the 
latter animal had experienced accidental trauma.

Body weight was decreased by 4–6% in males and by 4–8% in females throughout the course 
of the study at 3200 ppm, and overall body weight gain was reduced by 9% in males and by 17% in 
females in this dose group. At 1000 ppm, a slight decrease of 15% in body weight gain per day was 
noted in females during the fi rst week of treatment. Feed consumption in females was slightly de-
creased, by 5–12%, on days 29–90 at 3200 ppm and was slightly decreased, by between 4% and 9%, 
on most occasions at 1000 ppm. After 1 month of recovery in the high-dose group, body weight was 
still reduced by 7% and 6% in males and females, respectively. Feed consumption was similar to the 
control values in both sexes.

The neurotoxicity assessment and the ophthalmological examination revealed no treatment-
related effects in either sex. 

At the haematology evaluation at 3200 ppm, prothrombin time was increased in males, where-
as platelet and reticulocyte (absolute and percentage) counts were increased in females. In addition, 
slightly lower haemoglobin concentrations were noted in both sexes, in association with lower haema-
tocrit in males and lower mean corpuscular volume and mean corpuscular haemoglobin in females. 
After 1 month of recovery, only a partial reversibility was observed, as haemoglobin concentration 
was still reduced by 4% and 3% in males and females, respectively.

Clinical chemistry assessment at 3200 ppm revealed an increase in concentrations of total 
cholesterol, γ-glutamyl transferase (GGT), total protein, globulin, inorganic phosphorus and cal-
cium in both sexes, creatinine and urea in males, and triglycerides in females, whereas a decrease 
was noted in levels of total bilirubin and chloride in both sexes, glucose levels in males and alkaline 
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phosphatase activity and albumin to globulin ratio in females. After 1 month of recovery, only partial 
reversibility was observed in total cholesterol and globulin concentrations and albumin to globulin 
ratio changes in females. At 1000 ppm, there was an increase in total cholesterol levels in both sexes, 
an increase in creatinine, inorganic phosphorus and calcium concentrations in males and a decrease 
in total bilirubin levels in both sexes and chloride levels in males.

Urinalysis at 3200 ppm revealed an increased incidence and severity of cellular casts in males, 
compared with controls. After 1 month of recovery, cellular casts were still observed in males, but 
with a lower incidence and severity than at the end of the dosing phase. A treatment-related increase 
in the incidence and severity of cellular casts in urine of males was also seen at 1000, 200 and 
50 ppm.

At week 3, hormonal assessment at 3200 ppm revealed an increase in TSH level in both sexes 
(+63% and +71% in males and females, respectively), together with an increase in T

3
 and T

4
 levels 

in females (+24% and +54%, respectively); at week 13, only increases in TSH and T
3
 levels were 

noted in males (+88% and +40%, respectively). At 1000 ppm, TSH level was increased by 54% (not 
statistically signifi cant) and T

4
 level was signifi cantly increased by 43% in males at week 13. Dose-

dependent increases in T
3
, T

4
 and TSH levels were observed in both sexes at most time points and 

for most parameters, but in general, the changes were statistically signifi cant only at the highest dose 
and were only marginal at the lower two dose levels of 200 and 50 ppm (Table 21). After 1 month of 
recovery, all changes detected during the study phase were reversed. 

At necropsy at 3200 ppm, absolute and relative liver weights were increased by 53–74% and 
absolute and relative thyroid gland weights were slightly increased by 10–22% in both sexes. In ad-
dition, absolute and relative kidney weights were increased by 28–36% in males. The macroscopic 
examination showed enlarged and dark liver and/or prominent lobulation of the liver in both sexes, 
together with enlarged and/or pale kidneys in males. After 1 month of recovery, absolute and relative 
kidney weights were still increased in males, and enlarged kidneys were noted in 2 of 10 males. At 
1000 ppm, absolute and relative liver weights were increased by 20–27% in both sexes. In addition, in 
males, absolute and relative kidney weights were increased by 25–32%. Enlarged liver and prominent 
lobulation of the liver were noted in both sexes, together with dark liver and enlarged and/or pale 
kidneys in males.

Treatment-related microscopic changes were seen in the liver and thyroid gland in both sexes 
and in the kidney in males. In the liver, minimal to moderate centrilobular hepatocellular hypertrophy 
was observed at 200 ppm and above in males and at 1000 ppm and above in females, together with 
minimal to moderate periportal to midzonal hepatocellular macrovacuolation in females at 200 ppm 
and above. The hepatocellular hypertrophy in two males at 200 ppm was of minimal severity and thus 
considered to be an adaptive change. 

In the thyroid gland, minimal to slight diffuse hypertrophy of follicular cells was seen at 
3200 ppm in 8 of 10 males and in 1 of 10 females, at 1000 ppm in 4 of 10 males and in 2 of 10 
f emales, and at 200 ppm in 1 of 10 males. 

After the recovery period, liver and thyroid were comparable between the high-dose and control 
groups, indicating that the changes noted after 90 days of treatment were reversible in these organs.

In the kidney of males, the incidence and severity of hyaline droplet nephropathy were in-
creased at 50 ppm and above, whereas the incidence of hyaline casts was increased at 1000 ppm 
and above. After 1 month of recovery at 3200 ppm, hyaline droplet nephropathy and hyaline casts 
persisted in some animals.

The NOAEL was 200 ppm, equal to 12.5 mg/kg bw per day, based on effects in the liver (hepa-
tocellular hypertrophy and vacuolation) at 1000 ppm, equal to 60.5 mg/kg bw per day, and above. The 
hyaline droplet nephropathy (and associated effects) observed in male rats from all treated groups 
is considered to be non-relevant to humans, as this specifi c nephropathy is due to an accumulation 
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Table 21. Summary of selected fi ndings in a 90-day oral toxicity study in rats

Males Females

Dietary concentration (ppm)

0 50 200 1000 3200 0 50 200 1000 3200

Total cholesterol (mmol/l)

- Week 13 1.87 1.73 2.23 2.72* 2.95** 1.88 2.13 2.11 2.79** 3.78**

T
3
 (nmol/l)

- Week 3 1.33 1.37 1.31 1.50 1.51 1.22 1.41 1.21 1.37 1.51*

- Week 13 1.14 1.27 1.33 1.39 1.60** 1.46 1.45 1.44 1.60 1.73

T
4
 (nmol/l)

- Week 3 61.9 57.8 59.1 65.8 55.4 34.0 45.2* 36.7 44.5 52.3**

- Week 13 48.4 53.5 51.7 69.4** 58.2 34.1 38.3 44.8 47.1 38.6

TSH (ng/ml)

- Week 3 6.32 6.58 5.71 7.35 10.3** 3.51 3.70 4.13 4.14 5.99**

- Week 13 4.44 6.00 5.76 6.82 8.35** 4.16 3.62 3.73 3.94 5.42

Liver weight

- Absolute (g) 10.9 10.8 12.0 13.6** 16.8** 5.74 5.94 6.40 7.09** 9.09**

- Relative (% of body weight) 2.28 2.28 2.40 2.74** 3.67** 2.12 2.24 2.37 2.70** 3.70**

Kidney weight

- Absolute (g) 2.81 2.89 3.10 3.65** 3.60** 1.65 1.74 1.73 1.73 1.70

- Relative (% of body weight) 0.59 0.61 0.62 0.73** 0.79** 0.61 0.66 0.64 0.66 0.69**

Thyroid weight

- Absolute (mg) 27.2 22.4 26.9 28.2 29.9 18.5 20.3 16.4 18.4 20.6

- Relative (% of body weight, ×1000) 5.68 4.71 4.96 5.65 6.57 6.89 7.67 6.10 6.96 8.41*

No. examined microscopically 10 9 10 9 10 10 10 10 10 10

Liver: centrilobular hepatocellular hypertrophy, diffuse

- Minimal 0 0 2 5 0 0 0 0 5 3

- Slight 0 0 0 4 2 0 0 0 2 5

- Moderate 0 0 0 0 8 0 0 0 0 2

- Total 0 0 2 9 10 0 0 0 7 10

Liver: periportal to midzonal hepatocellular macrovacuolation, focal/multifocal

- Minimal 0 0 0 0 0 0 0 3 6 3

- Slight 0 0 0 0 0 0 0 0 0 1

- Moderate 0 0 0 0 0 0 0 0 0 1

- Total 0 0 0 0 0 0 0 3 6 5

Kidney: hyaline droplets, proximal tubules

- Minimal 1 3 7 0 0 0 0 0 0 0

- Slight 0 0 3 0 0 0 0 0 0 0

- Moderate 0 0 0 9 1 0 0 0 0 0

- Marked 0 0 0 0 9 0 0 0 0 0

- Total 1 3 10 9 10 0 0 0 0 0

Kidney: basophilic tubules, focal/multifocal

- Minimal 2 1 3 3 1 0 0 0 0 0

- Slight 0 1 0 6 8 0 0 0 0 0
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of α
2u

-globulin in the proximal tubules, a protein that is found only in trace amounts in humans. The 
changes in the thyroid (follicular cell hypertrophy) were attributable to the apparent susceptibility of 
rats to thyroid hormone imbalance and were therefore not considered relevant to humans (Kennel, 
2005a).

Dogs

In a range-fi nding study, groups of two male and two female Beagle dogs were administered 
fl uopyram (purity 99.0%) by oral gavage at dose levels of 0, 30, 150 and 750 mg/kg bw per day for 
28 days. Mortality, general behavioural changes and feed consumption were recorded daily through-
out the study, whereas body weight was measured weekly and prior to necropsy. Additionally, a de-
tailed clinical examination was performed weekly prior to treatment and during the treatment period. 
During the acclimatization phase and at the end of treatment, ophthalmology, haematology, clinical 
chemistry analysis and urinalysis were performed. All animals were subjected to a detailed necropsy. 
Selected organs were weighed, and a range of tissues was taken and processed for histopathological 
examination.

There were no mortalities throughout the study. At 750 mg/kg bw per day, the only treatment-
related clinical sign consisted of liquid faeces noted on a few occasions throughout the study in 
one of two males and on two occasions in one of two females. Body weight parameters and feed 
consumption were comparable to those of the controls. Ophthalmological examination revealed no 
treatment-related abnormalities. Haematology assessment revealed low erythrocyte count, low hae-
moglobin and low haematocrit in the two males, relative to their individual pretreatment values. 
Clinical chemistry evaluation revealed low albumin concentration, low albumin to globulin ratio and 
high alkaline phosphatase activity in one of two males and one of two females, relative to their pre-
treatment values. In addition, high GGT activity and high triglyceride concentration were observed in 
one of two females. Urinalysis showed no relevant changes. At termination, mean body weights were 

Males Females

Dietary concentration (ppm)

0 50 200 1000 3200 0 50 200 1000 3200

- Moderate 0 1 0 0 1 0 0 0 0 0

- Total 2 3 3 9 10 0 0 0 0 0

Kidney: granular casts, medulla

- Minimal 0 0 1 2 6 0 0 0 0 0

- Slight 0 0 0 6 2 0 0 0 0 0

- Moderate 0 0 0 0 1 0 0 0 0 0

- Total 0 0 1 8 9 0 0 0 0 0

Kidney: hyaline casts, focal/multifocal

- Minimal 1 0 0 4 6 0 1 1 0 2

- Slight 1 0 0 0 0 0 0 0 0 0

- Total 2 0 0 4 6 0 1 1 0 2

Thyroid: follicular cell hypertrophy, diffuse

- Minimal 0 0 1 3 5 0 0 0 2 1

- Slight 0 0 0 1 3 0 0 0 0 0

- Total 0 0 1 4 8 0 0 0 2 1

From Kennel (2005a)
* P < 0.05; ** P < 0.01

Table 21 (continued)
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comparable to control values in both sexes. Absolute and relative liver weights were higher in both 
sexes, when compared with the control values. In association with this, enlarged livers were noted 
at gross observation in one of two males and one of two females. Histological examination revealed 
treatment-related changes in the liver only. Minimal to slight centrilobular to panlobular hepatocel-
lular hypertrophy was observed for all animals, together with minimal to slight eosinophilic inclusion 
bodies for one of two males and for both females. 

At 150 and 30 mg/kg bw per day, the only fi nding was liquid faeces noted on one or two 
o ccasions compared with none in the controls.

The NOAEL was 150 mg/kg bw per day, based on treatment-related clinical signs (liquid 
f aeces) and evidence of liver toxicity at 750 mg/kg bw per day (Kennel, 2004c).

In a study of toxicity conducted according to OECD test guideline 409, groups of four male 
and four female Beagle dogs were given diets containing fl uopyram (purity 94.6%) at a concentration 
of 0, 800, 5000 or 20 000 ppm (10 000 ppm from day 15 onwards), equal to 0, 28.5, 171 and 332 mg/
kg bw per day in males and 0, 32.9, 184 and 337 mg/kg bw per day in females, for 90 days. Each 
animal was checked for clinical signs and mortality twice daily or once daily on weekends and public 
holidays during the acclimatization phase and throughout the study. Feed consumption was recorded 
daily throughout the study, and body weight was measured weekly and prior to necropsy. Addition-
ally, a detailed physical examination was performed approximately weekly prior to treatment and 
during the treatment period. Ophthalmological examination was performed during the acclimatiza-
tion phase and at the end of the study. Haematology and clinical chemistry analyses and urinalysis 
were performed once during the acclimatization phase, on week 7 or 8 and at the end of the study. All 
animals were subjected to a detailed necropsy. Selected organs were weighed, and a range of tissues 
was taken and processed for histopathological examination.

There were no mortalities throughout the study. Clinical signs were noted at the top dose and 
were limited to wasted appearance in one male between days 14 and 19 and in two females between 
days 56 and 90 and between days 14 and 90, respectively.

A body weight loss of 0.9 kg was noted in both sexes during the fi rst 2 weeks of treatment at 
20 000 ppm. This was accompanied by a reduced feed consumption in animals of these groups, which 
was attributed to a lack of palatability of the test substance in the diet. The dietary level of the high-
dose group was therefore reduced to 10 000 ppm from day 15 onwards, after which the difference 
in mean body weight gain was maintained in comparison with controls on most occasions. Overall, 
body weight losses of 0.8 kg and 1.1 kg were noted in males and females, respectively, compared with 
a body weight gain of 1.0 kg in controls, which resulted in an 18% and 29% reduction in fi nal body 
weight for males and females, respectively, compared with controls. At 5000 ppm, mean absolute 
weight gains were slightly reduced in both sexes compared with controls. Overall, body weight gains 
of 0.6 kg and 0.2 kg were noted for males and females, respectively, compared with 1.0 kg in both 
male and female control groups. This corresponded to 7% and 11% reductions in fi nal body weight 
in males and females, respectively, compared with controls. At 800 ppm, body weight parameters 
were comparable to those of controls in males, whereas there was a slight reduction in body weight 
gain in females. At the end of the study, mean female body weight was 8% lower than in controls. 
In all cases, effects on body weight parameters were concomitant with a lower feed consumption of 
comparable magnitude (Table 22).

Feed consumption was markedly reduced at 20 000 ppm in both sexes (by 25–53% and 53–
58% in males and females, respectively) during the fi rst 2 weeks of treatment compared with con-
trols. Thereafter, at 10 000 ppm, feed consumption was still reduced by 9–38% in males and 28–53% 
in females. To a lesser extent, feed consumption was also reduced at 5000 ppm in both sexes (overall, 
7% and 22% reduction in males and females, respectively, compared with controls). In addition, feed 
consumption was still slightly reduced in females at 800 ppm (9% in comparison with controls). The 
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Table 22. Summary of selected fi ndings in a 90-day oral toxicity study in dogs

Males Females

Dietary concentration (ppm)

0 800 5000 10 000/20 000a 0 800 5000 10 000/20 000a

Body weight (kg)
- Day 1 7.4 7.4 7.2 7.7 5.5 5.6 5.6 5.7
- Day 8 7.5 7.6 7.3 7.4 5.7 5.7 5.6 5.3
- Day 15 7.6 7.8 7.4 6.8 5.7 5.7 5.5 4.8
- Day 90 8.4 8.4 7.8 6.9 6.5 6.0 5.8 4.6
Feed consumption (g/day)
- Week 1 641 672 548 478* 638 525 490 299**
- Week 2 629 698 659 296** 626 507 467 260**
- Week 3 667 715 654 581 662 553 536 323**
- Weeks 1–13 701 722 653 528 676 612 527 368
AP (IU/l)
- Week 8 97 129 325* 461** 111 190 299 375**
- Week 13 93 139 372* 555** 111 190 355 383*
GGT (IU/l)
- Week 8 1 2 3 10** 2 2 4 10*
- Week 13 2 3 3 13** 2 3 5 14**
ALT (IU/l)
- Week 8 32 27 34 115 33 28 33 25
- Week 13 31 28 38 215 30 28 46 45
Liver weight
- Absolute (g) 280.9 351.9 448.0** 410.3** 228.7 295.8 308.2* 307.8*
- Relative (% of body weight) 3.32 4.18 5.61** 5.91** 3.55 4.95 5.30* 6.57**
Liver: hepatocellular hypertrophy, diffuse
- Minimal 0 0 3 1 0 0 3 4
- Slight 0 0 1 3 0 0 1 0
- Total 0/4 0/4 4/4 4/4 0/4 0/4 4/4 4/4
Liver: hepatocellular intracytoplasmic eosinophilic droplets, multifocal
- Minimal 0 1 1 3 0 1 1 2
- Slight 0 0 2 1 0 0 2 0
- Moderate 0 0 0 0 0 0 1 0
- Total 0/4 1/4 3/4 4/4 0/4 1/4 4/4 2/4
Liver: hepatocellular single-cell necrosis, focal/multifocal
- Minimal 0 0 2 3 0 0 0 0
- Moderate 0 0 0 0 0 0 1 0
- Total 0/4 0/4 2/4 3/4 0/4 0/4 1/4 0/4
Thymus: decreased size of cortex, involution
- Minimal 4 1 1 0 4 3 2 0
- Slight 0 2 3 2 0 0 2 1
- Moderate 0 0 0 1 0 0 0 2
- Marked 0 1 0 1 0 0 0 0
- Total 4 4 4 4 4/4 3/4 4/4 3/4

From Kennel (2006a)
AP, alkaline phosphatase; IU, international units; * P < 0.05; ** P < 0.01
a  Dose levels were lowered at the beginning of week 3. 
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decrease in feed consumption was attributed to a lack of palatability of the test substance when in-
corporated into the diet. Hence, lower dietary concentrations were associated with better feed intake, 
and the use of commercial dog food moistened with the diet to improve the palatability of the diet 
and to stimulate the appetite of the dogs resulted in an improved feed intake. No information on feed 
conversion effi ciency was provided for this study.

Ophthalmological examination revealed no treatment-related abnormalities. Haematology as-
sessment revealed higher mean platelet counts at 20 000/10 000 ppm throughout the study, although 
the effect was less pronounced at the end of the study (week 13) than at week 8. In addition, lower 
erythrocyte counts, haemoglobin concentrations and haematocrit values were observed in females. 

Clinical chemistry fi ndings at 20 000/10 000 ppm included higher alkaline phosphatase and 
GGT activities in both sexes, whereas AST and ALT activities were higher only in males compared 
with controls. In addition, lower total bilirubin, mean albumin (and, as a consequence, albumin to 
globulin ratio) and mean total protein levels were observed in both sexes. To a lesser extent, the same 
parameters were also affected at 5000 ppm, whereas no adverse effects were noted at 800 ppm in 
either sex (Table 22). Urinalysis showed no treatment-related changes.

Absolute and relative liver weights were higher in both sexes at 20 000/10 000 ppm and 
5000 ppm compared with controls. In addition, in females, absolute and relative thymus weights 
were lower in comparison with controls. These changes were associated with gross and histopatho-
logical changes. At macroscopic examination, enlarged liver was noted in both sexes in two of four 
and one of four animals at the high and intermediate doses, respectively, and generalized atrophy of 
the thymus was noted in all females at the high dose.

At microscopic examination, minimal to slight hepatocellular hypertrophy and intracytoplas-
mic eosinophilic droplets were observed in all animals of both sexes at both 20 000/10 000 and 
5000 ppm (Table 22). In addition, at these dose levels, hepatocellular single-cell necrosis was ob-
served in males. In the thymus, a slightly higher severity of thymic involution was observed in both 
sexes compared with controls. In addition, in females at the high dose, disturbance of the estrous cy-
cle was observed, as only an anestrous phase was seen. However, these two latter effects (thymus and 
estrous cycle) were likely a secondary effect of the decrease in feed consumption and body weight or 
may even have been incidental.

The NOAEL was 800 ppm, equal to 28.5 mg/kg bw per day, based on evidence of liver t oxicity 
(increased liver weight, histopathological fi ndings including necrosis, related clinical chemistry 
changes) at 5000 ppm, equal to 171 mg/kg bw per day, and above (Kennel, 2006a).

In a study of toxicity conducted according to OECD test guideline 452, groups of four male 
and four female Beagle dogs were given diets containing fl uopyram (purity 94.6%) at a concentra-
tion of 0, 100, 400 or 2000 ppm, equal to 0, 3.0, 13.2 and 67.7 mg/kg bw per day in males and 0, 
3.8, 14.4 and 66.1 mg/kg bw per day in females, for 1 year. Each animal was checked for clinical 
signs and mortality twice daily or once daily on weekends and public holidays during the acclimati-
zation phase and throughout the study. Feed consumption was recorded daily throughout the study, 
and body weight was measured weekly and prior to necropsy. Additionally, a detailed physical ex-
amination was performed approximately weekly prior to treatment and during the treatment period. 
Ophthalmological examination was performed during the acclimatization phase and at the end of the 
study. Haematology and clinical chemistry analyses were performed once during the acclimatization 
phase, at months 3 and 6 and at the end of the study. Urinalysis was performed once during the ac-
climatization phase, at months 4 and 6 and at the end of the study. All animals were subjected to a 
detailed necropsy. Selected organs were weighed, and a range of tissues was taken and processed for 
histopathological examination.

The treatment with fl uopyram induced no mortalities, treatment-related clinical signs or 
c hanges at the physical and ophthalmological examinations. 
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There was a body weight loss of 0.2 and 0.1 kg in males and females, respectively, at 2000 ppm 
during the fi rst week of treatment. Thereafter, body weight gains were comparable with those of con-
trols in both sexes. The initial decrease in body weight gain was associated with lower feed consump-
tion in both sexes over this period. At 400 and 100 ppm, body weight and body weight gain were not 
affected by the treatment in either sex.

Feed consumption was reduced by 30% and 24% in males and females, respectively, at 
2000 ppm during the fi rst week of treatment. This initial effect was most likely due to lack of palat-
ability of the test compound, as already observed in a previous study in dogs. Overall feed consump-
tion was comparable to that of controls in males, whereas this parameter remained slightly lower in 
females throughout the study, resulting in an overall 10% reduction. 

Haematology evaluation and urinalysis showed no treatment-related changes. Clinical chemis-
try evaluation at 2000 ppm showed a higher mean alkaline phosphatase activity in males and females 
throughout the study. In addition, one treated male had a higher GGT activity at month 12, in com-
parison with the controls and with its own pretest value. The slightly elevated alkaline phosphatase 
activity seen in males at 400 ppm was judged not to be toxicologically relevant, as there was no other 
fi nding at this dose. No effect was seen at 100 ppm.

The only statistically signifi cant change in organ weight was a higher mean absolute thyroid 
gland weight and mean thyroid gland to brain weight ratio in females at 2000 ppm. However, this 
change was considered not to be adverse, as there was no associated histopathological effect. No 
treatment-related changes were observed at the macroscopic examination. At the microscopic exami-
nation, the liver was characterized by a minimal diffuse centrilobular hepatocellular hypertrophy in 
three of four males at 2000 ppm. This was the only treatment-related fi nding (Table 23). A minimal 
diffuse hypertrophy of the follicular cells was observed in the thyroid gland of two of four and one 
of four males at 2000 and 100 ppm, respectively. In the absence of a dose–response relationship, this 
minor change was judged to be incidental.

The NOAEL was 400 ppm, equal to 13.2 mg/kg bw per day, based on evidence of liver tox-
icity (hepatocellular hypertrophy, increase in alkaline phosphatase activity) at 2000 ppm, equal to 
66.1 mg/kg bw per day (Kennel, 2007).

(b) Dermal application

Rats

In a study of dermal toxicity conducted in compliance with OECD test guideline 410, groups 
of 10 male and 10 female Wistar Hanover CRL: WI [GLX/BRL/HAN] IGS BR rats were adminis-
tered fl uopyram (purity 99.0%) dermally for 28 days (6 hours per day, 5 days per week, semiocclusive 
dressing) at a dose level of 0, 100, 300 or 1000 mg/kg bw per day. The test substance was applied to a 
commercially available adhesive bandage that had been moistened with 1 ml of deionized water. Dur-
ing the study, the animals were evaluated for the effects of the test compound on body weight, feed 
consumption, clinical signs, eyes, clinical chemistry and haematology. Gross necropsy evaluations 
were performed on all animals. Histopathological evaluation of selected tissues was conducted on the 
control and high-dose groups and for tissues from the low- and mid-dose groups, when fi ndings were 
observed in tissues from the high-dose group.

There were no mortalities, no treatment-related clinical observations and no ophthalmic 
fi  ndings at any dose level. No effects on body weights or on feed consumption were observed. 

Haematology and clinical chemistry analyses at 1000 mg/kg bw per day revealed a statistically 
signifi cant increase in prothrombin time for males (19.1 seconds versus 16.3 seconds in controls) 
and a statistically signifi cant increase in total cholesterol level for females (59 mg/dl versus 40 mg/
dl in controls).
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Liver weights at 1000 mg/kg bw per day were statistically signifi cantly increased in males 
(relative weight) and females (absolute and relative weights). These fi ndings were further substanti-
ated by the presence of a minimal to mild degree of hepatocellular hypertrophy (centrilobular and 
midzonal) in all males and females at 1000 mg/kg bw per day. All other microscopic observations 
were considered to be incidental and/or background and not related to treatment.

The NOAEL for general systemic toxicity was 300 mg/kg bw per day, based on clinical chem-
istry changes (increased prothrombin time, increased cholesterol level) and liver effects (hepatocel-
lular hypertrophy) at 1000 mg/kg bw per day. There were no substance-related signs of local irritation 
up to 1000 mg/kg bw per day, the highest dose tested (Eigenberg, 2007).

2.3 Long-term studies of toxicity and carcinogenicity

Mice

In a study of carcinogenicity conducted according to OECD test guideline 451, groups of 60 
male and 60 female C57BL/6J mice were given diets containing fl uopyram (purity 94.5%) at a con-
centration of 0, 30, 150 or 750 ppm, equal to 0, 4.2, 20.9 and 105 mg/kg bw per day in males and 0, 
5.3, 26.8 and 129 mg/kg bw per day in females, for up to 18 months. An interim kill was performed 
after 52 weeks of treatment on 10 males and 10 females from each group. Mortality and clinical signs 
were checked daily. Additionally, detailed physical examinations including palpation for masses were 
performed weekly throughout treatment. Body weight and feed consumption were measured weekly 
for the fi rst 13 weeks of the study, then monthly thereafter. Haematology determinations were per-
formed at approximately 12 and 18 months from designated animals. Where possible, blood smears 
were prepared from moribund animals just before termination. All animals were subjected to necrop-
sy, with selected organs weighed at scheduled interim and fi nal termination. Designated tissues were 
fi xed and examined microscopically.

Table 23. Summary of selected fi ndings in a 1-year oral toxicity study in dogs

Males Females

Dietary concentration (ppm)

0 100 400 2000 0 100 400 2000

AP (IU/l)

- Pretest 111 142 119 119 121 134 135 145 

- Month 3 120 107 162 256* 119 123 129 229**

- Month 6 154 108 215 341 147 134 134 334 

- Month 12 117 81 176 299 140 135 161 285 

Liver weight

- Absolute (g) 329.1 312.7 345.2 368.2 297.0 288.6 294.3 316.4

- Relative (% of body weight) 3.80 3.06 3.68 4.38 3.72 3.70 3.75 4.21

Liver: centrilobular hepatocellular hypertrophy, diffuse

- Minimal 0/4 0/4 0/4 3/4 0/4 0/4 0/4 0/4

Thyroid: follicular epithelium hypertrophy, diffuse

- Minimal 0/4 1/4 0/4 2/4 0/4 0/4 0/4 0/4

From Kennel (2007)
AP, alkaline phosphatase; IU, international units; * P < 0.05; ** P < 0.01
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There was no treatment-related effect on mortality, clinical signs or feed consumption at any 
dose level tested. Body weight at 750 ppm in males was comparable to that of controls from week 
1 to week 26. Between weeks 30 and 58 of the study, body weight was reduced by up to 5% and cu-
mulative body weight gain by up to 13% over this period from the start of treatment. The effect was 
statistically signifi cant at most time points during this period. Thereafter, body weight and cumula-
tive body weight gain were comparable to those of controls until the end of the study. Body weight 
parameters were not affected in females at 750 ppm or in either sex at 150 or 30 ppm.

Haematological evaluation showed slightly, but statistically signifi cantly, higher platelet counts 
at 750 ppm in males at month 13 (+25%) and month 19 (+22%).

At the interim kill after 12 months, absolute and relative liver weights at 750 and 150 ppm were 
statistically signifi cantly increased by 11–25% in males and by 17–30% in females, whereas no effect 
was seen at 30 ppm. Absolute and relative kidney weights at 750 ppm were statistically signifi cantly 
lower in both sexes, whereas no effect was seen at 150 or 30 ppm. At the microscopic examination of 
the thyroid gland, follicular cell hyperplasia was seen in 2 of 10 and 2 of 9 males at 750 and 150 ppm, 
respectively.

At the termination of the study, absolute and relative liver weights at 750 and 150 ppm were 
statistically signifi cantly increased by 14–31% in males and by 13–36% in females. In addition, ab-
solute and/or relative kidney weights at 750 ppm were statistically signifi cantly lower, by 7–9% in 
males and by 5–6% in females. The macroscopic examination revealed enlarged liver at 750 ppm in 
3 of 42 males and 30 of 38 females, and dark liver was noted in 14 of 42 males and 4 of 38 females. 
These fi ndings were associated with relevant histopathological fi ndings (Table 24). 

At microscopic examination, treatment-related changes were seen in the liver, kidney and thy-
roid gland. The only neoplastic change was a statistically signifi cantly greater incidence of follicular 
cell adenoma of the thyroid gland in males (7/50), compared with the concurrent control group (1/50) 
and the historical controls. Historical control incidences for thyroid follicular cell adenoma from 10 
studies conducted at the same laboratory were 2/492 (0.4%, range 0–2%) for male mice and 12/492 
(2.4%, range 0–6%) for female mice (van Goethem, Wason & Mileson, 2009).

Non-neoplastic changes were seen in the liver, kidney and thyroid gland. In the liver, a higher 
incidence of eosinophilic foci of altered hepatocytes was observed in females at 750 ppm. Centri-
lobular to panlobular hypertrophy was observed in both sexes, with a dose-related effect at 750 and 
150 ppm. Hepatocellular cholestasis was noted in males at 750 ppm. Higher incidences of hepatocel-
lular single-cell degeneration/necrosis were noted in males at 750 and 150 ppm, together with inter-
stitial mixed-cell infi ltrate, eosinophilic inclusion bodies and multinucleated hepatocytes in males at 
750 ppm only. At 750 ppm, there was a markedly lower incidence of mainly centrilobular hepatocel-
lular vacuolation with concomitant minimal to moderate hepatocellular hypertrophy in males. At 
30 ppm, there was a higher incidence of mainly centrilobular hepatocellular vacuolation in males. 
However, in the absence of an effect at the higher dose level of 150 ppm, this fi nding was considered 
to have occurred by chance at 30 ppm. In the kidney, a higher incidence and/or severity of bilateral 
cortical basophilic tubules, hyaline casts and interstitial mononuclear cell infi ltrate, together with a 
higher incidence of glomerular congestion/haemorrhages, associated with higher severity of amyloid 
deposition (mainly observed within glomerular interstitium), were noted in females at 750 ppm. In 
the thyroid gland, a markedly higher incidence of follicular cell hyperplasia was noted in both sexes 
at 750 ppm and in males at 150 ppm (Table 24).

The NOAEL for oncogenicity in the mouse was 150 ppm, equal to 20.9 mg/kg bw per day, 
based on an increased incidence of follicular cell adenoma in the thyroid gland in males at 750 
ppm, equal to 105 mg/kg bw per day. The NOAEL for non-neoplastic changes was 30 ppm, equal to 
4.2 mg/kg bw per day, based on liver toxicity (hepatocellular single-cell degeneration/necrosis) and 
thyroid gland changes (follicular cell hyperplasia) in males at 150 ppm and above (Wason, 2007).
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Rats

In a combined study of chronic toxicity and carcinogenicity conducted according to OECD 
test guideline 453, groups of 70 male and 70 female Wistar Rj: WI (IOPS HAN) rats were given 
diets containing fl uopyram (purity 94.5%) at a concentration of 0, 30, 150 or 750 ppm (reduced to 

Table 24. Summary of selected fi ndings in an 18-month carcinogenicity study in mice: terminal 
sacrifi ce

Males Females

Dietary concentration (ppm)

0 30 150 750 0 30 150 750

Liver weight

- Absolute (g) 1.17 1.26* 1.34** 1.49** 1.26 1.31 1.45** 1.70**

- Relative (% of body weight) 4.23 4.50** 4.83** 5.53** 5.24 5.36 5.92** 7.14**

Kidney weight

- Absolute (g) 0.542 0.557 0.556 0.491** 0.432 0.447 0.435 0.408

- Relative (% of body weight) 1.95 1.99 2.01 1.82** 1.80 1.83 1.78 1.71**

Liver

No. examined 49 49 49 50 48 50 50 50

Eosinophilic foci 1 0 0 2 0 1 2 5*

Hepatocellular hypertrophy 0 0 38** 50** 0 0 18** 26**

Hepatocellular cholestasis 0 0 2 31** 0 0 0 0

Hepatocellular degeneration/necrosis 1 2 7* 40** 1 1 0 2

Interstitial mixed-cell infi ltrate 18 16 19 40** 10 11 12 8

Eosinophilic inclusion bodies 2 3 5 19** 0 0 0 0

Multinucleated hepatocytes 3 1 4 27** 1 0 0 0

Hepatocellular vacuolation 27 38* 27 3** 5 10 1 1

Kidney

No. examined 50 50 50 50 48 50 50 50

Cortical basophilic tubules 36 35 33 22** 19 14 21 34**

Glomerular congestion 0 0 0 1 2 2 3 27**

Amyloid deposition 32 20 23 29 43 40 40 41

Hyaline casts 3 1 3 1 0 2 1 11**

Interstitial mononuclear cell infi ltrate 32 29 29 27 42 38 39 42

Thyroid

No. examined 50 50 50 50 48 50 50 50

Follicular cell hyperplasia

- Total 4 6 21** 32** 17 8* 19 33**

- Minimal 0 2 10 18 11 4 10 10

- Slight 3 2 5 6 5 2 5 12

- Moderate 1 2 2 5 1 2 3 6

- Marked 0 0 3 3 0 0 1 4

- Severe 0 0 1 0 0 0 0 1

 Follicular cell adenoma 1 1 3 7* 3 1 3 1

From Wason (2007)
* P < 0.05; ** P < 0.01
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375 ppm from week 85 onwards due to the high mortality rate in this dose group over the fi rst year) 
for males, equal to 0, 1.2, 6.0 and 29 mg/kg bw per day, and at a concentration of 0, 30, 150 and 
1500 ppm for females, equal to 0, 1.68, 8.6 and 89 mg/kg bw per day, for up to 24 months. An in-
terim kill of 10 males and 10 females from each group was performed after 52 weeks of treatment. 
Mortality and clinical signs were checked daily. Detailed physical examinations including palpation 
for masses were performed at least weekly throughout the study. Body weight was recorded weekly 
for the fi rst 13 weeks, then approximately every 4 weeks thereafter. Feed consumption was recorded 
twice weekly for the fi rst 6 weeks of the study, then weekly up to week 13 and approximately every 
4 weeks thereafter. Ophthalmological examinations were performed on all animals during acclima-
tization and after 12 and 24 months. Haematology, clinical chemistry determinations and urinalysis 
were performed during months 3, 6, 12, 18 and 24 on selected animals. All surviving animals al-
located to the chronic and carcinogenicity phases were subjected to necropsy after a minimum of 
52 weeks or 104 weeks of treatment, respectively. Selected organs were weighed, and designated 
tissues were sampled and examined microscopically. Decedent animals were subjected to necropsy, 
and designated tissues were sampled and examined microscopically.

During the fi rst year of treatment, there were no treatment-related clinical signs. During the 
second year of treatment, a higher incidence of hair loss and wasted appearance was noted in high-
dose females (1500 ppm), whereas in high-dose males (750/375 ppm), a slightly higher incidence of 
the usual signs associated with morbidity (prostration, general pallor and soiled anogenital region) 
was noted, refl ecting the higher mortality observed in this group. No treatment-related clinical signs 
were noted in the mid- and low-dose groups.

Within the fi rst year in high-dose males, 11 of 70 animals were found dead or were terminated 
prematurely for humane reasons, compared with 6 of 70 in the control group (Table 25). The main 
clinical signs in these early decedent males consisted of soiled fur or anogenital region (3/11) and 
focal swelling (2/11), together with usual signs associated with morbidity (limited use of hindlimbs, 
reduced motor activity, general pallor, wasted appearance). No effect on mortality was noted in fe-
males. After 2 years of treatment, analysis of the survival rates showed that the mortality incidence 
was statistically signifi cantly increased in high-dose males and in low-dose females. The higher mor-
tality in males was considered to be treatment related, as the trend test was statistically signifi cant; in 
low-dose females, in contrast, it was considered to be incidental and not related to treatment, as the 
trend test was not statistically signifi cant. No clear factor contributing to the death of these animals 
could be established.

Body weights or body weight gains in high-dose females were essentially comparable to those 
of controls throughout the fi rst 3 months of treatment. Thereafter, cumulative body weight gain was 
lower than in the control group between weeks 14 and 26 (−29%), weeks 26 and 54 (−15%) and 
weeks 54 and 79 (−59%), whereas body weight was lower by 3%, 5%, 14% and 12% at weeks 26, 54, 
79 and 102 when compared with the controls. In high-dose males, body weights or body weight gains 
were essentially comparable to those of the controls throughout the study. At the mid- and low-dose 
levels (150 and 30 ppm), body weight or body weight gain was unaffected by the treatment in both 
sexes. Feed consumption was similar to that of the controls throughout the study in both sexes and 
at all dose levels, with the only exception being a slight reduction by up to 7% in high-dose males 
between study days 18 and 39. 

At the ophthalmological assessment, an abnormal colour (pale) of the retinal fundus was ob-
served in 4 of 67 high-dose females, compared with 0 of 69 controls. No treatment-related ophthal-
mological fi ndings were noted in males or in mid- and low-dose females at the end of the fi rst year 
of treatment. At the end of the second year of treatment, higher incidences of small retinal vessels, 
abnormal colour (pale) of the retinal fundus and hyperrefl ectivity in the retina were noted in high-
dose females. In mid- and/or high-dose males, higher incidences of corneal opacity, oedema of the 
cornea, nuclear opacity of lens, small retinal vessels and abnormal colour (pale) of the retinal fundus 
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were noted. No treatment-related ophthalmological fi ndings were observed in mid-dose females or at 
the low dose in either sex at the end of the second year of treatment.

Haematological analysis showed a signifi cant tendency towards lower erythrocyte parameters 
in high-dose females throughout the study and in high-dose males at most time points, whereas 
p latelet count was signifi cantly higher in high-dose males and females at month 6. 

Clinical chemistry evaluation in high-dose females showed slightly higher total cholesterol 
concentrations throughout the study, whereas higher triglyceride concentrations were observed at 
months 3 and 6 (+36%), and slightly lower mean glucose concentrations were noted at months 6, 12 
and 18 (−9%, −13% and −16%, respectively). 

Abnormal colour of urine was noted in high-dose females at month 6 (red colour in 9/18 ani-
mals), month 12 (orange to dark orange colour in 14/20 animals) and month 18 (orange colour in 6/8 
animals). In high- and mid-dose males, a dose-related increase in the incidence and severity of cellular 
casts was observed at months 3 and 6, whereas this fi nding was noted in only 1 of 20 high-dose males 
at month 12 and not observed any longer at months 18 and 24. No treatment-related fi ndings were 
noted at the urinalysis at the intermediate dose level in females or at the low dose level in either sex.

At the interim termination after 12 months, body weight in high-dose females was 10% lower 
than that of the controls but was unaffected at all dose levels tested in males and at the intermediate 
and low dose levels in females (Table 26). Also in the high-dose groups, the following increases in 
organ weights were noted: absolute and relative liver weights in males (17–18%) and females (39–
54%), absolute and relative kidney weights in males (28%), relative kidney weight in females (22%) 
and absolute and relative thyroid gland weights in females (23–38%). This last effect was associated 
with follicular cell hypertrophy at microscopic examination.

Table 25. Summary of selected fi ndings in a 24-month combined toxicity/carcinogenicity study 
in rats

Males Females

Dietary concentration (ppm)

0 30 150 750/375a 0 30 150 1500

Mortality, week 52

- Nb

- (%)

6/70

(8.6)

3/70

(4.3)

2/70

(2.9)

11/70

(15.7)

1/70

(1.4)

2/70

(2.9)

5/70

(7.1)

3/70

(4.3)

Mortality, week 104

- Nc

- (%)

37/60

(61.7)

44/60

(73.3)

34/60

(56.7)

49/60

(81.7*)

19/60

(31.7)

32/60

(53.3*)

25/60

(41.7)

30/60

(50.0)

Body weight (g), day 708 672 639 686 627 425 452 425 374*

Body weight gain (g), days 1–708 453 421 470 410 269 296 269 216**

Retinal fundus: pale

- Week 52 0/65 0/68 1/68 0/59 0/69 1/68 0/66 4/67

- Week 104 2/25 1/21 2/31 6/14 3/43 3/31 2/37 15/32

Urine: cellular casts

- Month 3 1/19 2/19 10/20 17/19 0/18 0/20 0/20 0/19

- Month 6 0/20 0/19 7/20 19/20 0/20 0/20 0/18 0/18

From Kennel (2008)
* P < 0.05; ** P < 0.01
a  Dietary concentration was lowered to 375 ppm from week 85 onwards.
b  Animals allocated to the chronic toxicity and carcinogenicity study phases.
c  Animals allocated to the carcinogenicity study phase.
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Gross pathological fi ndings in high-dose females were enlarged liver in 9 of 10 animals, dark 
liver in 8 of 10 animals and prominent lobulation of the liver in 4 of 10 animals, compared with 
zero incidence in the controls. In high-dose males, enlarged liver was found in 1 of 10 animals and 
prominent lobulation of the liver in 3 of 10 animals, compared with zero incidence in the controls. 
Dark kidneys were found in 8 of 10 high-dose females, compared with zero incidence in the controls, 
whereas pale kidneys, enlarged kidneys or irregular surface of the kidneys was found in some high-
dose males, compared with zero incidence in the controls.

Table 26. Summary of selected morphological fi ndings in a 24-month combined toxicity/
c arcinogenicity study in rats: interim sacrifi ce (after 52 weeks)

Males Females

Dietary concentration (ppm)

0 30 150 750a 0 30 150 1500

Body weight (g) 655 659 662 653 346 338 339 313

Liver weight

- Absolute (g) 12.21 12.70 12.43 14.31* 7.51 7.37 7.67 10.44**

- Relative (% of body weight) 1.86 1.93 1.88 2.19** 2.17 2.19 2.26 3.35**

Kidney weight

- Absolute (g) 3.51 3.64 3.78 4.48** 2.39 2.40 2.48 2.64

- Relative (% of body weight) 0.54 0.55 0.58 0.69** 0.70 0.71 0.73 0.85**

Thyroid weight

- Absolute (mg) 27.2 28.0 24.4 29.5 20.1 19.6 21.3 24.8

- Relative (% of body weight, ×1000) 4.2 4.3 3.8 4.5 5.8 5.7 6.3 8.0**

Liver

No. examined 10 10 10 10 10 10 10 10

Eosinophilic foci 2 1 2 5 0 0 0 3

Hepatocellular hypertrophy 0 0 3 10 0 0 0 10

Hepatocellular macrovacuolation 0 5 6 9 0 0 0 7

Hepatocellular vacuolation 0 5 0 2 2 2 2 4

Hepatocellular single-cell necrosis 0 0 0 0 0 0 0 2

Increased no. of mitoses 0 0 0 0 2 0 1 6

Kidney

No. examined 10 10 10 10 10 10 10 10

Chronic progressive nephropathy 0 0 3 2 0 0 0 0

Intratubular brown pigment 0 3 1 0 1 2 1 5

Hyaline droplets, proximal tubules 0 1 8 10 0 0 0 0

Basophilic tubules, bilateral 3 4 0 6 2 0 0 2

Hyaline casts 2 1 0 1 1 0 1 4

Thyroid

No. examined 10 10 10 10 10 10 10 10

Follicular cell hyperplasia, total 0 0 2 4 0 0 0 5

Colloid alteration 4 5 4 7 1 0 0 4

From Kennel (2008)
* P < 0.05; ** P < 0.01
a  Dietary concentration was lowered to 375 ppm from week 85 onwards.
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In the liver of high-dose females, a higher incidence of altered hepatocytes (eosinophilic foci), 
focal/multifocal hepatocellular vacuolation, increased number of mitoses, hepatocellular single-cell 
necrosis, hepatocellular brown pigments, centrilobular to panlobular hypertrophy and centrilobular 
to midzonal hepatocellular macrovacuolation were observed. In high-dose males, higher incidences 
of altered hepatocytes (eosinophilic foci), centrilobular to panlobular hypertrophy and centrilobular 
to midzonal hepatocellular macrovacuolation were observed. Hepatocellular vacuolation or macro-
vacuolation noted in mid- and low-dose males was considered not to be adverse, as it was not associ-
ated with any degenerative change in the liver. No treatment-related changes were noted in the liver 
at the intermediate and low doses in females. 

In the kidney of high-dose females, higher incidences of tubular golden/brown pigments and 
hyaline casts were noted. In high- and mid-dose males, chronic progressive nephropathy was ob-
served, together with a higher incidence of hyaline droplets. No treatment-related changes were noted 
in mid-dose females or in either sex at the low dose.

In the thyroid gland of high-dose females and males, follicular cell hypertrophy was noted, 
together with a higher incidence and severity of colloid alteration. In the male mid-dose group, only 
follicular cell hypertrophy was observed. No treatment-related changes were noted in the thyroid 
gland in mid-dose females or in either sex at the low dose.

At the termination of the study after 24 months, body weight in the high-dose groups was 11% 
lower in females and 7% lower in males, compared with the controls, and was unaffected at the in-
termediate and low doses in both sexes (Table 27). In high-dose females, absolute and relative liver 
weights were 39–56% higher than those of the controls and were associated with a higher incidence 
of enlarged liver, dark liver, prominent lobulation, and red and white foci on the liver at macroscopic 
observation, compared with the controls. Also, liver nodules/masses (5/60 females, compared with 
zero incidence in the controls) were noted and associated with liver cell carcinoma or adenoma noted 
at microscopic examination, the increase in carcinomas not reaching statistical signifi cance. In high-
dose males, absolute and relative liver weights were 5–12% higher than those of the controls. At 
macroscopic observation, higher incidences of enlarged liver and white foci on the liver were found, 
together with higher incidences of enlarged kidney and irregular surface of the kidney, compared 
with the controls.

At microscopic examination, a higher incidence of tumours (adenoma and carcinoma) in the 
liver was noted in high-dose females (11/59), in comparison with the concurrent controls (2/60) and 
the historical controls (11/585, mean 1.9%, range 0–5%) from 10 studies conducted at the same labo-
ratory (van Goethem, Wason & Mileson, 2009). These fi ndings were associated with non-neoplastic/
preneoplastic changes and were seen at a dose causing marked hepatocellular toxicity. There was no 
evidence of a treatment-related increased incidence of tumours of any type in any other organ.

Non-neoplastic histological fi ndings in the liver of high-dose females included proliferative 
changes such as altered hepatocytes (eosinophilic foci), clear cell foci, multinucleated hepatocytes 
with anisocaryosis or an increased number of mitoses and were associated with metabolic morpho-
logical changes: centrilobular to panlobular hypertrophy, focal/multifocal hepatocellular vacuolation, 
centrilobular to midzonal hepatocellular macrovacuolation, brown pigments in Kupffer cells or hepa-
tocellular brown pigments. Also, degenerative changes (hepatocellular single-cell necrosis) and min-
imal to slight extramedullary haematopoiesis were observed. In high-dose males, a higher incidence 
of altered hepatocytes (eosinophilic foci), centrilobular to panlobular hypertrophy and centrilobular 
to midzonal hepatocellular macrovacuolation were noted. In mid-dose males, only eosinophilic foci 
and centrilobular to panlobular hypertrophy were observed, whereas no treatment-related changes in 
the liver were noted in mid-dose females or in either sex at the low dose.

In the kidney, marked degenerative changes were noted at the high dose in both sexes and in 
mid-dose males. Specifi c fi ndings (tubular hyperplasia, tubular dilatation or renal cysts) were judged 
to be associated with chronic nephropathy. In addition, increased incidences of tubular golden/brown 
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Table 27. Summary of selected morphological fi ndings in a 24-month combined toxicity/
c arcinogenicity study in rats: terminal sacrifi ce (after 104 weeks)

Males Females

Dietary concentration (ppm)

0 30 150 750a 0 30 150 1500

Body weight (g) 617 577 637 576 400 422 393 358

Liver weight

- Absolute (g) 12.56 11.09* 14.02* 13.24 9.46 9.69 9.89 13.16**

- Relative (% of body weight) 2.06 1.94 2.22 2.32 2.37 2.31 2.52 3.70**

Kidney weight

- Absolute (g) 4.52 4.17 4.86 5.08 2.95 3.15 3.12 3.12

- Relative (% of body weight) 0.75 0.73 0.77 0.90 0.58 0.77 0.81 0.89*

Thyroid weight

- Absolute (mg) 29.5 29.7 30.4 30.3 23.8 24.5 25.1 23.4

- Relative (% of body weight, ×1000) 4.92 5.20 4.79 5.28 6.06 5.96 6.45 6.65*

Liver

No. examined 60 60 60 58 60 60 60 59

Hepatocellular hypertrophy 1 1 14** 30** 0 0 0 48**

Clear cell foci 10 8 7 16 1 4 4 11**

Eosinophilic foci 16 24 31* 28** 29 26 30 48**

Hepatocellular vacuolation 10 7 16 7 6 14** 9 22**

Increased no. of mitoses 0 0 0 0 6 1 5 33**

Multinucleated hepatocytes 1 0 1 0 4 2 6 38**

Hepatocellular single-cell necrosis 2 0 2 1 0 4 1 37**

Hepatocellular brown pigment 0 0 0 0 1 1 2 24**

Kupffer cells with brown pigment 7 2 10 7 12 10 11 32**

Hepatocellular macrovacuolation 0 0 2 10** 0 0 0 11**

Extramedullary haematopoiesis 18 10 11 16 19 25 24 33**

Hepatocellular adenoma 2 1 2 1 2 2 0 9*

Hepatocellular carcinoma 0 0 0 0 0 0 2 3

Hepatocellular adenoma/carcinoma 2 1 2 1 2 2 2 11**b

Kidney

No. examined 60 60 60 60 60 60 59 60

Chronic progressive nephropathy 31 37 42 52** 20 24 23 42**

Tubular hypertrophy 9 11 24** 19** 9 16 13 12

Tubular hyperplasia 5 2 8 11* 2 5 4 5

Collecting duct hyperplasia 5 2 5 9 2 2 0 8

Intratubular golden/brown pigment 4 3 4 8 32 19 24 57**

Hyaline droplets, proximal tubules 3 2 1 10 2 2 1 2

Cortical tubular dilatation 10 5 15 28** 4 5 7 16**

Medullary tubular dilatation 10 15 22* 40** 13 8 12 22*

Renal cysts 7 3 6 13* 2 2 3 3

Thyroid

No. examined 58 59 57 54 60 60 60 58
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pigments and collecting duct hyperplasia were noted in high-dose females, higher incidences of tu-
bular hypertrophy, collecting duct hyperplasia and hyaline droplets were noted in high-dose males 
and a higher incidence of tubular hypertrophy was noted in mid-dose males. There were no treatment-
related changes in the kidney in mid-dose females or in either sex at the low dose.

In the thyroid gland, in the high-dose groups, follicular cell hypertrophy together with a higher 
incidence of colloid alteration and a slightly higher incidence of follicular cell hyperplasia were 
noted. At the intermediate dose, follicular cell hypertrophy was observed in males and a higher in-
cidence of colloid alteration was noted in females. There were no treatment-related changes in the 
thyroid at the low dose in either sex.

In the eye of high-dose females, bilateral retinal atrophy was observed, together with higher 
incidences of lens degeneration and peripheral bilateral retinal atrophy. Retinal atrophy was charac-
terized by degeneration of the outer plexiform layer, outer nuclear layer and rods/cones lamina. No 
treatment-related changes in the eye were noted in males or in mid- and low-dose females.

In the testis, a higher incidence of arteritis/periarteritis was noted in high- and mid-dose males 
(15/59 and 18/60, respectively, versus 8/60 in controls, P ≤ 0.05). This vascular change was isolated 
(not found in sensitive tissues such as aorta, mesenteric arteries) and is most likely explained by 
secondary hypertensive changes due to increased severity and incidence of chronic nephropathy. 
Therefore, this change was considered not to be a direct effect of the treatment. 

In the stomach of high-dose males, higher incidences of regenerative non-glandular hyperpla-
sia: focal/multifocal (10/58 versus 6/58 in controls), non-glandular erosion: focal/multifocal (7/58 
versus 3/58 in controls) and submucosal oedema (10/58 versus 4/58 in controls, P ≤ 0.05) were 
noted. These minor changes were mainly observed in animals found prematurely dead and were at-
tributed to secondary stress due to morbidity. Therefore, their increased incidence was explained by 
the i ncreased mortality rate in the male high-dose group.

The NOAEL for oncogenicity in the rat was 150 ppm, equal to 8.6 mg/kg bw per day, based on 
an increased incidence of liver cell tumours (adenoma and carcinoma) in females at 1500 ppm, equal 
to 89 mg/kg bw per day. The NOAEL for non-neoplastic changes was 30 ppm, equal to 1.2 mg/kg bw 
per day, based on increased incidences of fi ndings in the liver (hepatocellular hypertrophy and eosi-
nophilic foci in males) at 150 ppm and above. The hyaline droplet nephropathy observed in male rats 
was considered not to be relevant to humans, as this effect is due to an accumulation of α

2u
-globulin 

Males Females

Dietary concentration (ppm)

0 30 150 750a 0 30 150 1500

Follicular cell hypertrophy 1 0 4 7** 0 0 1 12**

Follicular cell hyperplasia 1 0 1 3 2 2 1 4

Colloid alteration 28 15 32 39** 7 7 16* 36**

Eye

No. examined 60 60 60 59 60 60 60 60

Retinal atrophy, bilateral 0 0 1 0 0 0 1 27**

Peripheral retinal atrophy, bilateral 1 0 0 1 3 1 1 7

Lenticular degeneration, focal 2 1 1 2 3 3 4 9*

From Kennel (2008)
* P < 0.05; ** P < 0.01
a  Dietary concentration was lowered to 375 ppm from week 85 onwards.
b  One animal had both adenoma and carcinoma.

Table 27 (continued)
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in the proximal tubules, a protein that is found only in trace amounts in humans. The changes in the 
thyroid (follicular cell hypertrophy, colloid alteration) at 150 ppm and above were attributable to 
the apparent susceptibility of rats to thyroid hormone imbalance and were therefore not considered 
r elevant to humans (Kennel, 2008).

2.4 Genotoxicity

In a reverse gene mutation assay in bacteria conducted according to OECD test guideline 
471, Salmonella typhimurium strains TA98, TA100, TA102, TA1535 and TA1537 were exposed to 
fl uopyram (purity 94.7%), using dimethyl sulfoxide (DMSO) as solvent, in the presence and absence 
of S9 metabolic activation in two independent sets of experiments. For the initial plate incorporation 
test using doses up to and including 5000 µg/plate, three plates were used for each strain, condition 
and dose. Vehicle and positive controls were included in each experiment. The independent repeat 
was performed with preincubation for 20 minutes at 37 °C. Other conditions remained unchanged. 
Doses up to and including 5000 µg/plate did not cause any bacteriotoxic effects. Total bacteria counts 
remained unchanged, and no inhibition of growth was observed. Substance precipitation occurred at 
the dose 1581 µg/plate and above. Nevertheless, evaluation was possible up to and including 5000 µg/
plate. 

No evidence for mutagenic activity of fl uopyram was seen. No biologically relevant increase 
in the mutant count, in comparison with the negative controls, was observed. The positive controls 
induced the appropriate responses in the corresponding strains. Therefore, fl uopyram was considered 
to be not mutagenic in the bacterial strains tested, in either the presence or absence of metabolic 
a ctivation (Wirnitzer, 2006; Herbold, 2009a,b).

A second reverse gene mutation assay was conducted in S. typhimurium strains TA98, TA100, 
TA102, TA1535 and TA1537, because the impurity profi le of the technical material was slightly dif-
ferent from that of the test material used in the initial test. This assay was also performed according 
to OECD test guideline 471. Bacteria were exposed to fl uopyram (purity 95.7%), using DMSO as 
solvent, in the presence and absence of S9 metabolic activation in two independent sets of experi-
ments. For the initial plate incorporation test using doses up to and including 5000 µg/plate, three 
plates were used for each strain, condition and dose. Vehicle and positive controls were included in 
each experiment. The independent repeat was performed with preincubation for 20 minutes at 37 °C 
using doses up to and including 1581 µg/tube. Other conditions remained unchanged. Doses up to 
and including 158 µg/plate did not cause any bacteriotoxic effects. Total bacteria counts remained 
unchanged, and no inhibition of growth was observed. At higher doses (≥ 500 µg/plate), the substance 
had a strain-specifi c bacteriotoxic effect. Therefore, only the doses up to and including 1581 µg/plate 
were used for assessment.

No evidence of mutagenic activity of fl uopyram was seen. No biologically relevant increase 
in the mutant count, in comparison with the negative controls, was observed. The positive controls 
induced the appropriate responses in the corresponding strains. Therefore, fl uopyram was considered 
to be not mutagenic in the bacterial strains tested, in either the presence or absence of metabolic 
a ctivation (Herbold, 2008, 2009c).

In an in vitro mammalian cell gene mutation test conducted according to OECD test guide-
line 476, fl uopyram (purity 94.7%) dissolved in DMSO was tested for its ability to induce forward 
mutations at the HPRT locus in Chinese hamster V79 cells. Two independent sets of experiments 
were conducted in the presence and absence of S9 metabolic activation. Based on the results of a 
preliminary cytotoxicity assay, concentrations of 4–256 µg/ml were used in the main study both 
with and without metabolic activation, and the same concentrations were used for the independent 
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repeats. Only without S9 mix, cytotoxic effects were observed at 256 µg/ml. However, precipitation 
was observed under both activation conditions, starting at 128 µg/ml. Ethyl methanesulfonate and 
dimethylbenzanthracene served as positive controls in the experiments without and with metabolic 
activation, respectively. The cells were treated for 5 hours in both experiments, without and with 
metabolic activation. After this, the incubation media were replaced by culture medium, and the cells 
were incubated for about 1 week for expression of mutant cells. This was followed by incubation of 
cells for 1 week in selection medium containing 6-thioguanine. 

Neither in the initial nor in the confi rmatory studies was any increase in the mutant frequency 
observed. In contrast to this, the positive control substances ethyl methanesulfonate and dimethyl-
benzanthracene resulted in a marked increase in mutant frequency. Based on the results of the study, 
fl uopyram was considered to be not mutagenic in the V79/HPRT forward mutation assay, in either the 
presence or absence of metabolic activation (Herbold, 2006).

In an in vitro mammalian chromosomal aberration test conducted according to OECD test 
guideline 473, the clastogenic potential of fl uopyram (purity 94.7%) dissolved in DMSO was tested 
in Chinese hamster V79 cells. Based on the results of preliminary assays (cytotoxicity at ≥ 120 µg/
ml without S9 mix and at ≥ 180 µg/ml with S9 mix, precipitation at ≥ 120 µg/ml), concentrations 
of 60, 120 and 180 µg/ml were used with and without metabolic activation in an experiment with 
4 hours of treatment and harvest at 18 hours (60–180 µg/ml) or 30 hours (180 µg/ml). In addition, 
with 18 hours of treatment without S9 mix, concentrations of 60, 120 and 180 µg/ml were chosen. 
Vehicle (DMSO) and positive controls (cyclophosphamide and mitomycin C for the test with and 
without metabolic activation, respectively) were included to demonstrate the sensitivity of the test 
system. Prior to cell harvest, Colcemid was added to arrest cells in metaphase. After slide prepara-
tion and staining of the cells, 200 metaphases per dose and treatment condition were analysed for 
c hromosomal a berrations.

None of the cultures treated with fl uopyram in the absence or in the presence of S9 mix showed 
any biologically relevant or statistically signifi cant increase in the numbers of aberrant metaphases. 
The positive controls mitomycin C and cyclophosphamide induced clastogenic effects and demon-
strated the sensitivity of the test system and the activity of the S9 mix used. Based on the results of 
this test, fl uopyram was considered not to be clastogenic for mammalian cells in vitro, in either the 
presence or absence of metabolic activation (Nern, 2005).

In a mammalian erythrocyte micronucleus test conducted according to OECD test guideline 
474, groups of fi ve male Hsd/Win: NMRI mice received two intraperitoneal doses (24 hours apart) of 
fl uopyram (purity 94.7%) at 0 (0.5% aqueous Cremophor emulsion), 250, 500 or 1000 mg/kg bw in 
a volume of 10 ml/kg bw. The vehicle served as negative control, and cyclophosphamide (1× 20 mg/
kg bw) as positive control. The animals were terminated 24 hours after the last administration, the 
bone marrow of the two femora was prepared, and 2000 polychromatic erythrocytes were evaluated 
per animal and investigated for micronuclei. The number of normochromatic erythrocytes with and 
without micronuclei occurring per 2000 polychromatic erythrocytes was also recorded. 

A dose-related increase in clinical signs was observed in fl uopyram-treated mice, starting at 
250 mg/kg bw: apathy, semi-anaesthetized state, roughened fur, loss of weight, sternal recumbency, 
spasm, periodic stretching of the body and diffi culty breathing. There was no substance-induced 
m ortality. No signs were recorded for the control groups, and no animals died in these groups. 

Two intraperitoneal doses of fl uopyram up to and including 1000 mg/kg bw did not lead to any 
increase in the number of polychromatic erythrocytes with micronuclei. A slight inhibition of eryth-
ropoiesis, determined from the ratio of polychromatic to normochromatic erythrocytes, indicated 
that the test substance did reach the bone marrow. The positive control caused a clear increase in the 
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number of polychromatic erythrocytes with micronuclei, thus demonstrating the sensitivity of the 
test system. Based on the results of this test, fl uopyram was considered not to be clastogenic in vivo 
in mice (Herbold, 2005). 

The genotoxicity studies conducted with fl uopyram are summarized in Table 28.

2.5 Reproductive toxicity

(a) Multigeneration studies

Rats

In a two-generation reproductive toxicity study conducted according to OECD test guideline 
416, groups of 30 male and 30 female Wistar Han Crl: WI(HAN) rats were given diets contain-
ing fl uopyram (purity 94.7%) at a concentration of 0, 40, 220 or 1200 ppm during the premating 
(10 weeks), mating (14 days) and gestation periods (approximately 22 days); during the lactation pe-
riod (21 days), the concentration of the test substance in the diet was adjusted down by 50%. The dos-
es were selected based upon the results from a previous range-fi nding study (Milius, 2008). F

1
 pups 

were maintained after weaning for approximately 6 weeks prior to initiation of the second generation. 
The mean test substance intakes during the premating period were equal to 0, 2.6–2.7, 13.9–15.1 and 
82.4–83.1 mg/kg bw per day in males (F

1
 and P generations, respectively) and 0, 3.1–3.2, 16.8–17.6 

and 95.6–96.3 mg/kg bw per day in females (F
1
 and P generations, respectively). During the lactation 

period, intakes were equal to 0, 3.1–3.3, 15.9–18.1 and 92.5–103.2 mg/kg bw per day (F
1
 and P gen-

erations, respectively). Parental animals were observed for clinical signs and mortality, body weight, 
feed consumption, estrous cyclicity, and haematology and clinical chemistry parameters. The size of 
each litter was adjusted on lactation day 4 to yield, as closely as possible, four males and four females 
per litter. If the number of male or female pups was less than four, a partial adjustment was made 
(e.g. three females and fi ve males). No adjustments were made for litters of fewer than eight pups. 
On lactation day 21, a suffi cient number of F

1
 pups of each sex per litter was maintained to produce 

the next generation. F
1
 pups not selected to become parents of the next generation and all F

2
 pups 

were terminated and examined macroscopically, and their organs were weighed. One pup of each 

Table 28. Summary of genotoxicity studies with fl uopyram

End-point Test object Concentration or dose Purity (%) Result Reference

In vitro

Reverse mutation S. typhimurium (TA98, TA100, 
TA102, TA1535, TA1537)

±S9 mix: 0, 16, 50, 158, 500, 
1581, 5000 µg/plate

94.7 Negative Wirnitzer 
(2006)

Reverse mutation S. typhimurium (TA98, TA100, 
TA102, TA1535, TA1537)

±S9 mix: 0, 5, 16, 50, 158, 500, 
1581, 5000 µg/plate

95.7 Negative Herbold 
(2008)

Gene mutation, 
HPRT locus

Chinese hamster V79 cells ±S9 mix: 0, 4, 8, 16, 32, 64, 
128, 256 µg/ml 

94.7 Negative Herbold 
(2006)

Chromosomal 
aberration

Chinese hamster V79 cells ±S9 mix: 0, 60, 120, 180 µg/ml 94.7 Negative Nern 
(2005)

In vivo

Micronucleus 
induction

Male Hsd/Win: NMRI mice 
bone marrow erythroblasts

0, 250, 500 and 1000 mg/
kg bw; twice (24 h apart); 
i ntraperitoneal administration

94.7 Negative Herbold 
(2005)

S9, 9000 × g rat liver supernatant
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sex per litter for each generation had tissues collected and evaluated for histopathological changes, 
particularly as they related to the organs of the reproductive system. Terminal studies on parental ani-
mals included gross fi ndings at necropsy and histopathological examinations of selected tissues. For 
males, sperm was collected from one testes and one epididymis for enumeration of homogenization-
resistant spermatids and cauda epididymal sperm reserves, respectively. In addition, the morphology, 
number and motility of sperm from the distal portion of the vas deferens were evaluated. 

There were no substance-related mortalities or clinical observations at any dietary level tested 
in either generation. There were no substance-related fi ndings on body weight or feed consumption 
in P and F

1
 generation males. In females at 1200 ppm, a decline in body weight and/or body weight 

gain was noted during the premating period and during gestation in the P generation, whereas body 
weight and feed consumption were increased during gestation in the F

1
 generation (Table 29).

Assessment of reproductive function including sperm parameters and estrous cycle number 
or length revealed no treatment-related effects. Also, reproductive performance was not affected for 
any parameter (e.g. mating, fertility or gestation indices, days to insemination, gestation length or the 
median number of implants) in either generation at any dietary level tested.

Haematological changes were noted at 1200 ppm in P and/or F
1
 generation females (decreased 

haemoglobin and/or haematocrit) and in F
1
 generation females (increased white blood cell and 

m onocyte absolute cell counts). 

Clinical chemistry fi ndings were observed at 1200 ppm in P generation males (increased cre-
atinine, total protein and albumin levels), in F

1
 generation males (increased urea nitrogen and total 

protein levels) and F
1
 generation females (increased cholesterol levels).

Terminal studies on parental animals showed that test substance–related organ weight changes 
were limited to the kidneys, liver and spleen. Kidney weights (absolute and relative) were increased 
at 1200 ppm in P and F

1
 generation males. Liver weights (absolute and relative) were increased at 

1200 ppm in P and F
1
 generation males and females. Spleen weights were decreased at 1200 ppm in 

P generation females (absolute) and F
1
 generation females (absolute and relative) and at 220 ppm in 

F
1
 generation females (relative). The decrease in spleen weights in females at 1200 and 220 ppm was 

not associated with any corresponding histopathological fi ndings. However, as spleen weights were 
also affected in F

1
 and F

2
 pups, this fi nding may be treatment related.

Treatment-related histopathological fi ndings on parental animals were noted at 1200 ppm and 
included effects on the kidneys (increased incidence of protein droplet nephropathy and lymphocytic 
infi ltration) in males and on the liver (increased incidence of centrilobular hypertrophy) in males 
and females. There was no evidence of test substance–related changes in the kidneys or liver at 
220 ppm.

There were no substance-related effects on viability or clinical signs of the pups in either gen-
eration at any dietary level tested. Pup body weights at birth were comparable between the treated 
groups and the control group. For F

1
 pups at 1200 ppm, body weight gain was reduced for both males 

(statistically signifi cant decline of 7.8%) and females (non-statistically signifi cant decline of 6.2%) 
from days 7 to 14 of lactation. For F

2
 pups at 1200 ppm, non-statistically signifi cant declines in body 

weight (6.1% less than control) by day 4 were observed, with statistically signifi cant declines (by 
8.1%) in body weight observed by day 21. Overall, for F

2
 pups, body weight gain throughout lacta-

tion declined by 8.6%, compared with controls. No effects on body weight or body weight gain were 
observed in either generation at 220 or 40 ppm (Table 30). 

A slight delay in preputial separation in the F
1
 males at 1200 ppm (42.5 days versus 41.0 days 

in controls) was observed. Although statistically signifi cant, this fi nding was well within the labora-
tory’s historical control range (40.7–44.0 days) and was considered to be secondary to the decline in 
body weight gain observed during lactation. There were no fi ndings on preputial separation at any 
other dietary level tested. There was no effect observed on vaginal patency at any dietary level tested. 
Anogenital distance was measured on lactation day 0 for the F

2
 pups, with no effects noted.
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Table 29. Summary of selected fi ndings for P and F
1
 generation rats

Males Females

Dietary concentration (ppm)

0 40 220 1200 0 40 220 1200

P generation

Body weight gain, premating perioda (g) 196.3 210.9 207.1 195.8 72.9 64.1 66.8 58.3

Body weight, gestation day 0 (g) — — — — 247.4 239.3 243.1 232.7**

Body weight gain, gestation period (g) — — — — 102.3 94.4 100.6 103.4

Body weight, terminal (g) 452.1 461.3 463.4 454.5 278.9 268.9 278.5 266.0

Liver weight, absolute (g) 15.31 15.65 15.63 18.70* 12.29 11.15* 12.31 13.49*

Liver weight, relative (% of body weight) 3.38 3.39 3.37 4.12* 4.39 4.14 4.42 5.08*

Spleen weight, absolute (g) 0.71 0.71 0.71 0.76 0.59 0.58 0.57 0.52*

Spleen weight, relative (% of body weight) 0.16 0.15 0.15 0.17 0.21 0.22 0.21 0.20

Liver: hepatocellular hypertrophy 0/30 0/0 0/30 29*/30 0/30 0/0 0/30 13*/30

Kidney: protein droplet nephropathy 0/30 0/0 0/30 30*/30 0/30 0/0 0/1 0/30

Sperm motility

- % motile 89.8 89.5 89.8 89.9 — — — —

- % progressive 64.0 62.7 64.6 63.3 — — — —

Sperm counts (sperm/g)

- Testis 38.2 N/A N/A 34.92 — — — —

- Epididymis 240.5 N/A N/A 219.7 — — — —

Sperm morphology (no.)

- Normal 198.7 N/A N/A 197.3 — — — —

- Abnormal 0.9 N/A N/A 2.0 — — — —

- Detached head 0.3 N/A N/A 0.8 — — — —

F
1
 generation

Body weight gain, premating perioda (g) 193.7 186.5 191.5 189.2 62.4 66.7 61.3 56.3

Body weight, gestation day 0 (g) — — — — 240.2 247.5 241.5 231.2

Body weight gain, gestation period (g) — — — — 89.1 90.8 85.3 100.9*

Body weight, terminal (g) 469.2 458.8 473.3 464.8 272.2 274.1 280.0 271.7

Liver weight, absolute (g) 15.19 14.96 15.71 19.24* 12.38 13.22 13.28 14.50*

Liver weight, relative (% of body weight) 3.23 3.26 3.32 4.14* 4.53 4.82 4.72 5.32*

Spleen weight, absolute (g) 0.71 0.70 0.73 0.74 0.61 0.57 0.56 0.52*

Spleen weight, relative (% of body weight) 0.15 0.15 0.15 0.16 0.22 0.21 0.20* 0.19*

Liver: hepatocellular hypertrophy 0/30 0/0 0/30 30*/30 0/30 0/0 0/30 7*/30

Kidney: protein droplet nephropathy 0/30 0/0 0/30 29*/30 0/30 0/0 0/2 0/30

Sperm motility

- % motile 87.8 86.4 87.0 87.2 — — — —

- % progressive 60.4 61.1 61.8 61.9 — — — —

Sperm counts

- Testis (sperm/g) 28.3 N/A N/A 29.1 — — — —

- Epididymis (sperm/g) 189.4 N/A N/A 161.9 — — — —

Sperm morphology (no.)

- Normal 197.0 N/A N/A 195.3 — — — —
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Males Females

Dietary concentration (ppm)

0 40 220 1200 0 40 220 1200

- Abnormal 2.0 N/A N/A 4.2 — — — —

- Detached head 1.0 N/A N/A 0.5 — — — —

From Milius & Bommegowda (2008)
N/A, not assessed; * P < 0.05; ** P < 0.01
a  Weeks 1–15 or 1–14 for males (P or F

1
, respectively), weeks 1–10 for females.

Table 29 (continued)

Table 30. Summary of selected fi ndings for reproductive performance and litter parameters

Dietary concentration (ppm)

0 40 220 1200

P generation – F
1
 litter

Number mated 30 29 30 28

Number of animals delivered 30 25 28 26

Number of animals with implantations 30 25 29 26

Mating index 100.0 96.7 100.0 93.3

Fertility index 100.0 86.2 96.7 92.9

Gestation index 100.0 100.0 96.6 100.0

Days to insemination 3.0 2.4 2.7 2.3 

Gestation length (days) 21.9 21.8 21.8 21.8 

Total number of implantation sites (mean) 377 (12.6) 274 (11.0) 323 (11.1) 304 (11.7)

Total number born 354 257 303 295

Number stillborn 1 1 0 1

Sex ratio day 0 (% male) 53.2 54.0 46.0 44.6

Mean litter size 11.8 10.3 10.8 11.3

Birth index 93.9 91.8 89.6 96.8

Live birth index 99.7 99.7 100.0 99.7

Viability index 99.7 96.0 99.3 97.8

Lactation index 98.8 99.5 99.6 99.5

Body weight, lactation days 21, males/females (g) 50.2/48.0 49.0/46.0 49.7/48.2 47.6/45.9

Preputial separation/vaginal opening (days) 41.0/34.8 41.8/36.1 41.5/34.4 42.5**/34.7

F
1
 generation – F

2
 litter

Number mated 29 30 30 30

Number of animals delivered 27 27 27 28

Number of animals with implantations 27 27 27 29

Mating index 96.7 100.0 100.0 100.0

Fertility index 93.1 90.0 90.0 96.7

Gestation index 100.0 100.0 100.0 96.6

Days to insemination 2.9 3.0 2.3 2.8

Gestation length (days) 21.8 21.7 21.6 21.5

Total number of implantation sites (mean) 301 (11.1) 311 (11.5) 297 (11.0) 323 (11.1)

Total number born 287 299 289 303



430

FLUOPYRAM 383–468 JMPR 2010

Dietary concentration (ppm)

0 40 220 1200

Number stillborn 4 0 1 3

Sex ratio day 0 (% male) 47.4 49.7 49.1 44.1

Mean litter size 10.6 11.1 10.7 10.8

Birth index 95.0 96.3 97.1 91.0

Live birth index 98.7 100.0 99.7 99.2

Viability index 99.6 98.2 98.1 98.3

Lactation index 98.6 94.9 98.8 99.6

Body weight, lactation days 21, males/females (g) 50.3/48.2 49.6/47.8 47.8/45.6 46.1**/44.6*

Spleen weight, absolute, males/females (mg) 233/233 238/235 225/219 205*/196**

Spleen weight, relative, males/females (% of body 
weight)

0.46/0.48 0.48/0.49 0.47/0.48 0.44/0.44*

Thymus weight, absolute, males/females (mg) 226/233 215/216 213/215 194**/194**

Thymus weight, relative, males/females (% of body 
weight)

0.45/0.49 0.44/0.45* 0.44/0.47 0.42/0.44**

From Milius & Bommegowda (2008)
* P < 0.05; ** P < 0.01

Table 30 (continued)

There were no treatment-related changes in organ weights in F
1
 pups, whereas in F

2
 pups at 

1200 ppm, decreased spleen and thymus weights (absolute and relative) were noted in both males 
and females.

The NOAEL for effects on fertility was 1200 ppm, equal to 82.4 mg/kg bw per day in males 
and 95.6 mg/kg bw per day in females, the highest dose tested.

The NOAEL for parental toxicity was 220 ppm, equal to 13.9 mg/kg bw per day in males 
and 16.8 mg/kg bw per day in females, based on decreased body weight and/or body weight gain in 
f emales and liver toxicity in males and females at 1200 ppm. 

The NOAEL for offspring toxicity was 220 ppm, equal to 13.9 mg/kg bw per day in males and 
16.8 mg/kg bw per day in females, based on decreased body weight gain and decreased spleen and 
thymus weights at 1200 ppm (Milius & Bommegowda, 2008).

(b) Developmental toxicity

Rats

In a prenatal developmental toxicity study conducted according to OECD test guideline 414, 
groups of 23 time-mated female Sprague-Dawley Crl:CD(SD) rats received fl uopyram (purity 94.6%) 
by oral gavage at a dose level of 0, 30, 150 or 450 mg/kg bw per day from gestation day (GD) 6 to GD 
20. The test substance was administered as a suspension in an aqueous solution of 0.5% methylcellu-
lose 400 at a dose volume of 10 ml/kg bw. Clinical observations were recorded daily. Maternal body 
weights were recorded for all females on GDs 0, 6, 8, 10, 12, 14, 16, 18 and 21. Feed consumption 
was also measured for all females during the intervals GDs 1–6, 6–8, 8–10, 10–12, 12–14, 14–16, 
16–18 and 18–21. At scheduled termination, on GD 21, the dams were subjected to a macroscopic 
examination of the visceral organs, the gravid uterine weight was recorded and the dams were evalu-
ated for number of corpora lutea and number and status of implantations (resorptions, dead and live 
fetuses). In addition, the liver was weighed at scheduled termination of all pregnant females. The 
liver from all females on study was retained in 10% neutral buffered formalin, and a subsequent his-
topathological examination was performed. Fetuses were removed from the uteri, counted, weighed 
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and sexed. Live fetuses were examined externally. Approximately half of the live fetuses from each 
litter were fi xed in Bouin’s solution and subsequently dissected for internal examination. The remain-
ing half were eviscerated, fi xed in absolute ethanol and stained for skeletal examination of bone and 
cartilage. 

Up to and including the highest dose level tested (450 mg/kg bw per day), there were no mor-
talities and no treatment-related clinical signs during the course of the study. Signifi cant reductions 
in body weight gain and feed consumption were observed at 450 and 150 mg/kg bw per day during 
the treatment period or on GDs 6–14, respectively, whereas a slight and transient effect (GDs 6–8) on 
body weight gain and feed consumption was noted at 30 mg/kg bw per day. Corrected body weight 
gains at 450, 150 and 30 mg/kg bw per day were reduced by 37%, 23% and 14%, respectively.

At necropsy, maternal liver weights at 450 and 150 mg/kg bw per day were increased by 40% 
and 15%, respectively, and 4 of 23 females at 450 mg/kg bw per day had enlarged livers. At the his-
topathological examination of the liver, diffuse centrilobular hepatocellular hypertrophy was observed 
in all females at 450 mg/kg bw per day and in 20 of 23 females at 150 mg/kg bw per day (Table 31).

There were no substance-related effects on gestational parameters up to and including the high-
est dose level. Conception rate, mean number of corpora lutea, total implantations, resorptions and 
live fetuses, fetal sex ratio and the values calculated for the preimplantation and the postimplantation 
losses were unaffected by treatment. 

Fetal body weight was 5% lower at 450 mg/kg bw per day and was unaffected at 150 and 30 mg/
kg bw per day. At the external fetal examination, no treatment-related malformations or v ariations 
were observed, and the incidence of runt fetuses was similar to that of the controls.

At the visceral fetal examination, there were no treatment-related malformations. The inci-
dence of the variations “thymic remnant present” and “ureter convoluted and/or dilated” at 450 mg/
kg bw per day was higher than in the concurrent controls at both the fetal and litter levels, whereas 
no treatment-related effects were noted at 150 or 30 mg/kg bw per day. The incidences at 450 mg/kg 
bw per day were also outside the in-house historical control range at both the fetal and litter levels for 
the former fi nding and at the fetal level only for the latter fi nding (Table 31).

At the skeletal examination, there were no treatment-related malformations. The incidences of 
the variations “at least one thoracic centrum split/split cartilage” and “at least one thoracic centrum 
dumbbell and/or bipartite/normal cartilage” at 450 mg/kg bw per day were higher than in the concur-
rent controls at both the fetal and litter levels, whereas no treatment-related effects were noted at 150 
or 30 mg/kg bw per day. The incidences of both fi ndings at 450 mg/kg bw per day were also outside 
the in-house historical control range at both the fetal and litter levels.

The NOAEL for maternal toxicity was 30 mg/kg bw per day, based on decreased body weight 
gain and feed consumption, increased liver weights and hepatocellular hypertrophy at 150 mg/kg bw 
per day and above. 

The NOAEL for prenatal developmental toxicity was 150 mg/kg bw per day, based on lower 
fetal body weights and an increased incidence of visceral and skeletal variations at 450 mg/kg bw per 
day (Wason, 2008).

Rabbits

In a prenatal developmental toxicity study conducted according to OECD test guideline 414, 
groups of 23 time-mated female New Zealand White Crl:KBL (NZW) rabbits received fl uopyram 
(purity 94.6%) by oral gavage at a dose level of 0, 10, 25 or 75 mg/kg bw per day from GD 6 to GD 
28. The test substance was administered as a suspension in an aqueous solution of 0.5% methylcel-
lulose 400 at a dose volume of 4 ml/kg bw. The doses were selected based upon the results from a pre-
vious range-fi nding study (Kennel, 2004d). Maternal body weights were recorded for all s urviving 
females on GDs 3, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26 and 29. Feed consumption was measured 
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Table 31. Summary of selected fi ndings in a prenatal developmental toxicity study in rats

Dose (mg/kg bw per day) Historical 
controls

0 30 150 450

No. of mated/pregnant females 23/22 23/22 23/22 23/22

Body weight (g)

- GD 6 307.0 304.7 302.6 302.8

- GD 21 435.0 427.7 423.5 410.7

Body weight change (g)

- GDs 6–8 6.8 4.7 −0.4** 0**

- GDs 6–14 36.0 32.0 22.9** 16.9**

- GDs 6–18 79.3 74.7 70.6 58.4**

- Corrected for uterine weight 59.4 51.2 45.8 37.6**

Feed consumption (g/day)

- GDs 6–8 25.5 22.9** 20.9** 21.6**

- GDs 8–10 25.7 23.8 21.9** 22.3**

- GDs 10–12 26.5 25.1 22.7** 22.8**

- GDs 12–14 27.3 26.4 24.7* 23.1**

Liver weight (g) 13.95 14.06 16.05** 19.47**

Hepatocellular hypertrophy

- Total

- Minimal + slight

- Moderate + marked

0

0

0

1

0

0

20

18

2

23

1

22

No. of live fetuses/litters 303/22 307/22 322/22 308/22

Fetal weight (g)

- Males 5.67 5.59 5.54 5.37*

- Females 5.40 5.38 5.25 5.13*

Thymus remnant present

- Fetal incidence

- (mean % of fetuses affected)

6/146

(3.9)

7/147

(4.6)

14/155

(9.2)

21/149

(14.5)

2/153–11/175

(1.3–6.0)

- Litter incidence

- (% of litters affected)

5/22

(22.7)

5/22

(22.7)

8/22

(36.4)

10/22

(45.5)

1/19–8/24

(5.3–33.3)

Ureter convoluted or dilated

- Fetal incidence

- (mean % of fetuses affected)

46/146

(33.2)

57/147

(36.9)

72/155

(46.2)

88/149

(58.6)

22/153–78/175

(20.5–45.1)

- Litter incidence

- (% of litters affected)

17/22

(77.3)

17/22

(77.3)

20/22

(90.9)

20/22

(90.9)

17/25–23/24

(68.0–95.8)

Thoracic centrum split

- Fetal incidencea  

- (mean % of fetuses affected)

0/157

(0.0)

1/160

(0.6)

0/167

(0.0)

4/159

(2.6)

0/189–1/155

(0.0–0.6)

- Litter incidencea 

- (% of litters affected)

0/22

(0.0)

1/22

(4.5)

0/22

(0.0)

4/22

(18.2)

0/25–1/21

(0.0–4.8)

Thoracic centrum dumbbell

- Fetal incidenceb

- (mean % of fetuses affected)

3/157

(1.8)

9/160

(5.3)

12/167

(7.1)

29/159

(20.8)

1/144–12/176

(0.7–7.2)
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for all surviving females during regular intervals between GD 3 and GD 29. Clinical observations 
were recorded daily. At scheduled termination, on GD 29, the gravid uterine weight and the number 
of ribs were recorded, and the dams were evaluated for number of corpora lutea and number and 
status of implantations (resorptions, dead and live fetuses). The liver was retained from all females 
and was weighed only from pregnant females surviving to scheduled termination. Live fetuses were 
removed from the uteri, counted, weighed and examined externally. The heads of approximately half 
of the fetuses from each litter were immersed in Bouin’s fl uid and the internal structures examined 
after fi xation. The bodies of all fetuses were dissected for soft tissue anomalies and sexed. Fetuses 
were e viscerated, skinned, fi xed in absolute ethanol and stained for skeletal examination of bone and 
cartilage.

One female in the control group was terminated due to accidental trauma on GD 15, and one 
female at 75 mg/kg bw per day died on GD 21. Both deaths were attributable to a gavage error. In ad-
dition, one female at 25 mg/kg bw per day that showed a severe fracture of the right hindlimb due to 
accidental trauma, in association with massive subcutaneous haemorrhaging and a distal epiphyseal 
femoral disjunction, was killed for humane reasons on GD 23.

There were no treatment-related clinical signs in any group, and there were no abortions 
throughout the study.

Body weight gain at 75 mg/kg bw per day was reduced on GDs 14–18 and between GD 18 and 
GD 22. Thereafter, body weight gain was similar to that of the controls, resulting in an overall body 
weight gain between GD 6 and GD 29 of 0.20 kg compared with 0.31 kg for the controls, although 
the difference was not statistically signifi cant. Body weight change at 25 and 10 mg/kg bw per day 
was comparable with that of the controls. Maternal corrected body weight change (i.e. maternal body 
weight change independent of the uterine weight) was more pronounced at 75 mg/kg bw per day 
(−0.25 kg) compared with the controls (−0.17 kg), whereas no effect was noted at 25 and 10 mg/kg 
bw per day. Feed consumption at 75 mg/kg bw per day was reduced by between 22% and 34% (P ≤ 
0.01) for all intervals over GDs 14–26, in comparison with controls, whereas no effect was seen at 25 
and 10 mg/kg bw per day (Table 32). 

At necropsy of dams, there were no treatment-related macroscopic fi ndings or liver weight 
effects.

There were no substance-related effects on gestational parameters up to and including the high-
est dose level. Conception rate, mean number of corpora lutea, total implantations, resorptions and 
live fetuses, fetal sex ratio and the values calculated for the preimplantation and the postimplantation 
losses were unaffected by treatment.

Fetal body weights for the combined sexes and for the individual sexes were 11% lower than 
those of the controls. There was no effect on fetal body weight at 25 and 10 mg/kg bw per day. 

The external examination revealed that the number of “runts” or small fetuses (body weight 
< 28.0 g), classed as a variation, was increased at 75 mg/kg bw per day; the percentage of fetuses 
classifi ed as small was 12.5%, and the percentage of litters affected was 47.6%, compared with 3.0% 

Dose (mg/kg bw per day) Historical 
controls

0 30 150 450

- Litter incidenceb

- (% of litters affected)

2/22

(9.1)

7/22

(31.8)

9/22

(40.9)

14/22

(63.6)

1/19–9/23

(5.3–39.1)

From Wason (2008)
* P < 0.05; ** P < 0.01
a  “At least one thoracic centrum split/split cartilage”.
b  “At least one thoracic centrum dumbbell and/or bipartite/normal cartilage”.

Table 31 (continued)



434

FLUOPYRAM 383–468 JMPR 2010

and 23.8%, respectively, in the control group. At 25 and 10 mg/kg bw per day, the percentage of small 
fetuses and percentage of litters affected were very similar to the control values (Table 32). 

At the visceral examination, there were two fetuses from separate litters with “gall bladder ab-
sent” at 75 mg/kg bw per day, compared with no instance of this malformation in the current control 
group. However, considering the low incidence of this fi nding and the fact that it had already been 
observed at similar incidences in previous studies conducted in the same strain (Wason, 2009), it was 
considered not to be treatment related. All other malformations and variations occurred as isolated 
fi ndings or at a similar frequency across the dose groups, including the controls, and were considered 
to have occurred by chance. 

No treatment-related effects on malformations or variations at the skeletal examination were 
evident. 

The NOAEL for maternal toxicity was 25 mg/kg bw per day, based on reduced body weight 
gains and feed consumption at 75 mg/kg bw per day.

The NOAEL for prenatal developmental toxicity was 25 mg/kg bw per day, based on reduced 
fetal body weights and an increased number of small fetuses (“runts”) at 75 mg/kg bw per day 
(K ennel, 2006b).

Table 32. Summary of selected fi ndings from a prenatal developmental toxicity study in rabbits

Dose level (mg/kg bw per day)

0 10 25 75

No. of females mated 23 23 23 23

Body weight, GD 6 (kg) 3.51 3.53 3.48 3.46

Body weight change (kg)

- GDs 6–18 0.21 0.24 0.18 0.12**

- GDs 6–22 0.28 0.30 0.23 0.15**

- GDs 6–26 0.31 0.32 0.28 0.17**

- Corrected for uterine weight −0.17 −0.16 −0.17 −0.25

Feed consumption (g/day)

- GDs 14–18 157.6 171.4 154.8 123.6**

- GDs 18–22 176.4 177.1 159.9 115.9**

- GDs 22–26 131.7 118.2 125.7 93.3**

No. of litters with live fetuses 21 22 21 21

No. of live fetuses 173 197 171 187

No. of live fetuses per litter 8.2 9.0 8.1 8.9

Fetal body weights (g)

- Males + females 39.0 38.1 39.1 34.7**

- Males 39.6 39.1 39.4 35.2**

- Females 38.4 37.1 38.9 34.3*

“Runts”a

- No. of fetuses (%) 6 (3.0) 10 (4.1) 5 (2.1) 25 (12.5)

- No. of litters (%) 5 (23.8) 5 (22.7) 4 (19.0) 10 (47.6)

From Kennel (2006b)
* P < 0.05; ** P < 0.01
a  Runts defi ned as fetuses with a body weight of < 28.0 g.
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2.6 Special studies

(a) Neurotoxicity

In an acute neurotoxicity study conducted in accordance with OECD test guideline 424, groups 
of 12 male and 12 female Wistar HAN CRL:WI (HAN) rats received fl uopyram (purity 94.7%) by 
oral gavage at a dose level of 0, 125, 500 or 2000 mg/kg bw. The test substance was administered 
in 2% (volume per volume) Cremophor EL in deionized water at a dose volume of 10 ml/kg bw. As 
there were compound-related effects on measures of motor and locomotor activities at 125 mg/kg bw 
in females, a follow-up study was conducted under the same conditions at nominal doses of 0, 25, 
50 and 100 mg/kg bw to establish a NOAEL in females. Based on analytical results, the actual doses 
for the initial study were 0, 126, 498 and 1840 mg/kg bw for males and females, and for the follow-
up study, the actual doses were 0, 25, 51 and 100 mg/kg bw for females. All animals (12 of each sex 
per dose) were used for neurobehavioural evaluation, with 6 of each sex per dose from the initial 
study used for histopathology. For the initial study, observations for moribundity and mortality were 
performed at least once daily (unless otherwise noted), detailed clinical observations for each animal 
were performed daily throughout the study and body weight measurements (measured weekly as a 
component of the functional observational battery [FOB]) were performed. Also, an FOB and auto-
mated measurements of activity (fi gure-eight maze) were conducted during the week prior to treat-
ment and on days 0 (day of treatment, at the time of peak effect), 7 and 14. Lastly, all animals from 
the initial study were subjected to a gross necropsy. Selected animals (six of each sex per dose) were 
perfused, the brain was weighed and skeletal muscle, peripheral nerves, eyes (with optic nerves) and 
tissues from the central nervous system were examined microscopically for lesions. Observations 
and measurements included in the follow-up study consisted of observations for moribundity and 
mortality performed at least once daily (unless otherwise noted), detailed clinical observations for 
each animal performed daily throughout the study and body weight measurements (measured weekly 
as a component of the FOB). Also, an FOB and automated measurements of activity (fi gure-eight 
maze) were conducted during the week prior to treatment and on day 0 (day of treatment, at the time 
of peak effect). Animals from the follow-up study were terminated once all signs of toxicity were 
no longer evident. It should be noted that animals from the follow-up study were treated in the same 
way as animals from the initial study for consistency. The NOAEL for clinical observations, FOB and 
body weight changes had already been established in the initial study.

There were no treatment-related deaths at any dose level in either sex. One control female 
from the follow-up study was found dead on day 1 of the study. Treatment-related clinical signs were 
limited to urine stain in four males at 2000 mg/kg bw (initial study). This fi nding was fi rst evident 
on day 0 and generally resolved 2–5 days after treatment. There were no compound-related clinical 
signs e vident in males at lower dose levels or in females at any dose level (initial study and follow-up 
study).

Body weight was not affected by treatment at any dose level in either sex (initial study and 
follow-up study).

There were no FOB fi ndings in males at any dose level. In females, treatment-related FOB 
fi ndings were limited to a statistically signifi cant decrease in body temperature at 2000 and 500 mg/
kg bw (i.e. 36.9 °C and 37.4 °C, respectively, versus 37.9 °C for controls). Also, there were statisti-
cally signifi cant differences from control involving ease of removal from the home cage in high-dose 
females, with a similar (non-statistically signifi cant) trend in mid-dose females (i.e. a lower incidence 
of animals that vocalized compared with those that did not: three mid-dose animals and one high-
dose animal versus six controls). There were no treatment-related FOB fi ndings in females from the 
follow-up study.

Motor and locomotor activities in males were statistically signifi cantly reduced on day 0 at 
2000 mg/kg bw (71% and 73%, respectively) and at 500 mg/kg bw (51% and 49%, respectively); all 
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effects resolved by day 7. In females, motor and locomotor activities were statistically signifi cantly 
reduced on day 0 at 2000 mg/kg bw (72% and 77%, respectively), at 500 mg/kg bw (53% and 58%, 
respectively) and at 125 mg/kg bw (26% and 31%, respectively); all effects resolved by day 7. In 
females at 100 mg/kg bw (follow-up study), motor and locomotor activities were non-statistically 
signifi cantly reduced (38% each) on day 0 (Table 33).

There were no gross lesions at termination in males or females in the initial study at any dose 
level that might have been treatment related. In addition, there were no effects on terminal body weight 
in any group or on absolute or relative brain weight in perfused animals at any level of e xposure. 

Microscopic evaluation did not reveal compound-related histological lesions in the nervous 
system in high-dose males or females in the initial study. Therefore, it was not necessary to perform 
necropsy or histopathology on animals in the follow-up study.

Under the conditions of this study, the NOAEL for acute neurotoxicity in male and female rats 
was 125 and 50 mg/kg bw, respectively, based on decreased motor and locomotor activities at 500 or 
100 mg/kg bw and above (Gilmore & Hoss, 2007).

In a subchronic neurotoxicity study conducted in accordance with OECD test guideline 424, 
groups of 12 male and 12 female Wistar HAN CRL:WI (HAN) rats were given diets containing 
fl uopyram (purity 94.7%) at a concentration of 0, 100, 500 or 2500 ppm, equal to 0, 6.69, 33.2 and 
164.2 mg/kg bw per day in males and 0, 8.05, 41.2 and 197.1 mg/kg bw per day in females, for 
13 weeks. For neurobehavioural evaluation, 10–12 rats of each sex per dietary level were used, with 
histopathology performed on selected tissues from 6 rats of each sex from the control and high-dose 
groups. Body weight and feed consumption determinations, as well as detailed clinical observations, 
were conducted weekly throughout the study. Observations for moribundity and mortality were per-
formed at least once daily. Automated measurements of activity (fi gure-eight maze) and an FOB were 
conducted the week prior to treatment and during weeks 2, 4, 8 and 13. Ophthalmological examina-
tions were conducted on all animals prior to dosing and then again on all study animals during week 
12. All animals placed on study were subjected to a gross necropsy. For selected animals, the brain 
was weighed in order to calculate the brain to body weight ratio, and skeletal muscle, peripheral 
nerves, eyes (with optic nerves) and tissues from the central nervous system were also examined mi-
croscopically for lesions. On the day of termination, known target organs (liver, kidney and thyroid) 
were collected and weighed, and haematological and serum chemistry evaluations were performed 
on surviving non-perfused animals (4–6 of each sex per dietary level) for reference to verify that a 
suffi ciently high dose had been tested and for comparison with other studies at these dietary levels.

Table 33. Summary of selected fi ndings in an acute neurotoxicity study in rats

Females (follow-up study) Females (initial study) Males (initial study)

Dose (mg/kg bw)

0 25 50 100 0 125 500 2000 0 125 500 2000

Motor activity (total activity counts for session)

Pretreatment 504 451 457 429 435 490 405 530 493 579 432 464

Day 0 539 423 430 335 521 385* 247* 148* 480 454 237* 139*

Day 7 nd nd nd nd 480 484 426 573 496 518 429 398

Locomotor activity (total activity counts for session)

Pretreatment 322 286 300 256 284 330 251 347 325 415 299 292

Day 0 353 302 289 218 362 251* 151* 82* 335 322 171* 92*

Day 7 nd nd nd nd 311 333 261 348 323 363 295 251

From Gilmore & Hoss (2007)
nd, not determined; * P < 0.05
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There were no treatment-related deaths or clinical signs at any dose in either sex.

Body weight at 2500 ppm was slightly (non-statistically signifi cantly) decreased (6–7%) in 
males on days 35 through 56. In addition, there was a trend for a slight decrease (maximum 5%) 
in body weight on days 21–28 and again on day 63, continuing until study termination. In females 
at 2500 ppm, body weight was statistically signifi cantly reduced (7–12%) on day 21 and on days 
42 through study termination. Lastly, body weight was non-statistically signifi cantly reduced (5–6%) 
on days 28–35 in high-dose females. Body weight was not affected by treatment at the lower dietary 
levels in either sex. Total body weight gain at 2500 ppm was statistically signifi cantly decreased 
(26%) in females and slightly (non-statistically signifi cantly) reduced (10%) in males. Total body 
weight gain was not different from controls in low- and mid-dose males and females (Table 34).

Feed consumption at 2500 ppm was statistically signifi cantly decreased (15%) in males on day 
21 and non-statistically signifi cantly decreased (6–8%) on days 35–49. In females at 2500 ppm, feed 
consumption was statistically signifi cantly decreased (13–24%) beginning on day 21 and continu-
ing for all remaining weeks measured. In addition, feed consumption was statistically signifi cantly 
decreased (7–12%) in females at 500 ppm on days 21–42, days 63–70 and again on day 91. Feed 
consumption was not affected by treatment in mid-dose males or in low-dose males or females.

Haemoglobin and haematocrit levels in females at 2500 ppm were signifi cantly reduced 
(−10% and −9%, respectively), whereas no relevant changes were noted at lower dose levels or in 
males. Clinical chemistry analysis at 2500 ppm showed signifi cantly decreased glucose levels and 
signifi cantly increased total protein and cholesterol levels in both sexes and signifi cantly increased 
t riglyceride levels in females.

There were no compound-related effects evident by clinical observations or FOB evaluation at 
any dietary level in either sex.

For motor activity, the pretreatment values for the dose groups averaged from 12% to 18% 
higher than for animals assigned to the control group for males and from 13% lower to 8% higher 
than controls for females. For locomotor activity, the pretreatment values for the dose groups averaged 
from 5% to 14% higher than controls for males and from 12% lower to 10% higher than controls for 
females. These results show that differences of approximately ±20% are within the range of normal 
variability in this laboratory for groups of 10–12 rats of each sex per dietary level and therefore are 
not biologically signifi cant. This large variation must be taken into account in interpreting the data. 
Thus, it is concluded that, for the overall 60-minute test session, motor and locomotor activities were 
not affected by treatment at any dietary level in either sex. There were intergroup differences, but 
these were small (i.e. in the pretreatment range), not dose related or not consistently seen t hroughout 
the study. Furthermore, these differences did not achieve statistical signifi cance (Table 34).

At necropsy, statistically signifi cant increases were noted at 2500 ppm for liver weights (ab-
solute and relative) in both sexes and for kidney weights (absolute and relative) in males. Thyroid 
weights (absolute and relative) were increased in males at 500 ppm by 17–24% and at 2500 ppm by 
32–38%, but the differences were not statistically signifi cant.

There were no treatment-related fi ndings in neural and/or non-neural tissues from perfusion-
fi xed high-dose males or females related to administration of the test substance. Tissues from ani-
mals at lower dose levels were therefore not examined. Liver, kidney and thyroid tissues were not 
examined microscopically, because the microscopic fi ndings that were associated with the measured 
changes in tissue weight had been established in other studies.

Under the conditions of this study, the NOAEL for neurotoxicity was 2500 ppm, equal to 
164.2 mg/kg bw per day in males and 197.1 mg/kg bw per day in females (the highest doses tested, 
respectively). 

The NOAEL for general toxicity was 500 ppm, equal to 33.2 mg/kg bw per day in males and 
41.2 mg/kg bw per day in females, based on decreases in body weight, body weight gain and feed 
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Table 34. Summary of selected fi ndings in a subchronic neurotoxicity study in rats

Males Females

Dietary concentration (ppm)

0 100 500 2500 0 100 500 2500

Body weight (g)

- Day 0 244.3 244.4 245.6 247.2 156.0 158.3 152.4 155.8

- Day 28 347.8 344.5 347.3 331.1 205.6 206.7 199.9 194.7*

- Day 56 398.5 391.4 400.0 373.5 226.4 224.9 219.9 208.9*

- Day 91 432.9 428.7 437.8 416.2 245.8 243.2 239.1 223.2*

Body weight gain, days 0–91 (g) 188.6 184.3 192.3 169.0 89.3 85.1 86.8 66.5*

Food consumption (g/day)

- Day 21 23.7 24.2 23.2 20.1* 18.2 16.1 16.1 14.6*

- Day 42 24.0 23.7 23.6 22.5 18.5 17.1 16.5* 14.7*

- Day 91 21.4 22.1 21.9 21.8 17.9 16.6 16.0* 14.8*

Haemoglobin (g/dl) 17.5 17.2 16.8 16.6 17.0 16.8 16.6 15.3*

Haematocrit (%) 49.0 48.5 45.9* 46.2 46.2 46.8 45.3 42.0*

MCV (µm3) 52.7 50.4* 50.7* 49.5* 56.3 54.2* 52.8* 49.0*

Total protein (g/dl) 6.7 6.8 6.9 7.2* 6.6 7.0 7.0 7.2*

Glucose (mg/dl) 110 117 109 94* 103 104 99 88*

Cholesterol (mg/dl) 57 58 110 82* 51 50 65 86*

Triglyceride (mg/dl) 97 56 172 62 30 32 31 57*

Motor activitya

- Pretreatment 542 +12% +18% +15% 824 +1% −13% +8%

- Week 2 547 +23% +19% +28% 882 −19% −8% +4%

- Week 4 558 +20% +5% −1% 759 −7% −9% +3%

- Week 8 507 +16% −1% +3% 798 0% −14% −13%

- Week 13 414 +8% +9% +19% 641 +0.5% +5% +3%

Locomotor activitya 

- Pretreatment 332 +5% +14% +14% 388 +10% −12% +10%

- Week 2 290 +28% +21% +25% 419 −12% −8% −4%

- Week 4 276 +25% +13% −1% 361 −9% −17% −7%

- Week 8 220 +35% +11% +13% 360 +4% −16% −24%

- Week 13 177 +11% +20% +29% 286 +3% +5% −9%

Liver weight

- Absolute (g) 14.94 15.97 18.18 21.36* 7.61 7.60 8.50 10.73*

- Relative (% of body weight) 3.75 4.08 4.35* 5.70* 3.37 3.46 4.05* 5.57*

Kidney weight

- Absolute (g) 2.82 2.84 3.57 3.36* 1.74 1.78 1.69 1.66

- Relative (% of body weight) 0.71 0.73 0.85 0.90* 0.77 0.81 0.80 0.86

Thyroid weight

- Absolute (mg) 25 26 31 33 20 20 19 23

- Relative (% of body weight, ×1000) 6.3 6.7 7.4 8.7 9.1 9.1 9.0 12.0

From Gilmore (2008)
* P < 0.05
a  Control group: total activity counts; dose groups: % difference from control.
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consumption (both sexes), increased liver weights (both sexes) and increased kidney weights (males) 
at 2500 ppm (Gilmore, 2008).

(b) Mechanistic studies

 (i) Rat liver tumours

A mechanistic study was conducted to examine the effects of fl uopyram on the rat liver and 
to clarify its mode of action (MOA), especially in view of the liver tumours observed in female rats. 
Fluopyram (purity 94.7%) was administered to a group of 15 female Wistar Rj:WI (IOPS HAN) rats 
in the diet at a concentration of 3000 ppm (equal to 193 mg/kg bw per day) for 7 days. A similarly 
constituted group received untreated diet and acted as a control group. Animals were observed daily 
for mortality and clinical signs. Physical examinations were performed at least weekly. Body weight 
and feed consumption were recorded at the end of the 7-day treatment period. Hepatic cell prolifera-
tion was assessed by administration of 5-bromo-2′-deoxyuridine (BrdU, an analogue of thymidine) 
to all animals in the drinking-water for 7 days before sacrifi ce. Water consumption was measured 
during the BrdU administration period. All animals were subjected to necropsy. Brain and liver were 
weighed. Selected portions of the liver were fi xed for conventional histopathological examination 
and cell proliferation measurement. The remaining portions of the livers of 10 females from each 
group were homogenized for microsomal preparations in order to determine the total CYP con-
tent and specifi c CYP isoenzyme profi les, including activities of 7-ethoxyresorufi n O-deethylase 
(EROD; CYP1A2), 7-pentoxyresorufi n O-depentylase (PROD; CYP2B) and 7-benzyloxyresorufi n 
O-debenzylase (BROD; CYP3A), whereas phase II activities were determined by measuring uridine 
diphosphate-glucuronosyltransferase (UDPGT) with 4-nitrophenol as substrate.

Fluopyram at 3000 ppm in the diet had no effect on body weight parameters. There was no 
evidence of a treatment-related effect on clinical signs, feed consumption or water consumption. 
Mean absolute and relative liver weights were increased by between 40% and 43% when compared 
with the controls (P < 0.01). This increase was associated with macroscopic fi ndings (enlarged and 
dark livers) in 13 of 15 females compared with 0 of 15 and 1 of 15 in the controls, respectively. At the 
histological examination, minimal to slight centrilobular to panlobular hepatocellular hypertrophy 
was found in all treated animals. A markedly decreased incidence of periportal vacuolation was also 
noted (Table 35).

Assessment of cell proliferation in the liver revealed a 4 times higher mean BrdU labelling in-
dex in both the perilobular and centrilobular areas of the hepatic lobule in treated animals, compared 
with the controls.

Assessment of total CYP content and microsomal proteins revealed a slight increase in total 
CYP content and in mean EROD activity, a moderate increase in mean PROD and UDPGT activi-
ties and a marked increase in BROD activity (all statistically signifi cantly different from the control 
group; P < 0.01). 

These data showed that fl uopyram, when administered for 7 days at a dose level of 193 mg/
kg bw per day, had the ability to induce xenobiotic metabolizing enzymes in the rat liver. For the 
individual enzymes, the extent of induction was very different, ranging from minimal (total CYP) to 
marked (BROD). Pathological examination confi rmed hypertrophy and cell proliferation in the liver 
(Blanck, 2008a).

In a parallel mechanistic study conducted to evaluate the liver changes caused by phenobarbital, 
a known liver enzyme inducer, a group of 15 female Wistar Rj:WI (IOPS HAN) rats received phenobar-
bital sodium salt (purity 99.6%) orally by gavage at a dose level of 80 mg/kg bw per day for 7 days. The 
test substance was administered in 0.5% aqueous solution of methylcellulose 400 at a dosing volume 
of 10 ml/kg bw. A similarly constituted group received the vehicle only and acted as a control group. 
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Animals were observed daily for mortality and clinical signs. Physical examinations were performed 
at least weekly. Body weight and feed consumption were recorded at the end of the 7-day treatment 
period. Hepatic cell proliferation was assessed following administration of BrdU to all animals in the 
drinking-water for 7 days before sacrifi ce by determining the BrdU labelling index. Water consump-
tion was measured during the BrdU administration period. All animals, except animals found dead 
during the study, were subjected to necropsy. Brain and liver were weighed. Selected portions of the 
liver were fi xed for conventional histopathological examination and cell proliferation measurement. 
The remaining portions of the liver of 10 females from each group were homogenized for microsomal 
preparations in order to determine total CYP content and CYP i soenzyme and U DPGT activities.

Administration of phenobarbital at 80 mg/kg bw per day for 7 days caused a reduced motor 
activity in all animals tested. One animal was found dead on study day 5. There was a slight effect 
on body weight, with an overall mean absolute body weight gain of 0 g, compared with 7 g in the 
control group.

At necropsy, there was no relevant change in mean terminal body weights when compared 
with controls. Mean absolute and relative liver weights were increased by between 19% and 22%, 
compared with the controls (P < 0.01). At macroscopic examination, dark liver was found in 5 of 14 
females and enlarged liver in 3 of 14 females, compared with no cases in the controls. At histological 
examination, minimal to slight centrilobular to panlobular hepatocellular hypertrophy was found in 
all treated animals. A decreased incidence of periportal hepatocellular vacuolation was also noted 
(Table 36).

Assessment of cell proliferation in the liver revealed a 2–3 times higher mean BrdU labelling 
index in the perilobular area and in the centrilobular area in the treated animals compared with the 
controls.

Assessment of total CYP content and hepatic enzyme activities revealed a slight increase in 
total CYP content and in UDPGT activities, a moderate increase in PROD activity and a marked 
increase in BROD activity (all statistically signifi cantly different from the control group; P < 0.01), 
whereas EROD activity was increased only minimally (Table 36).

Table 35. Summary of selected fi ndings from the rat liver tumour mechanistic studya

Dietary concentration (ppm)

0 3000

Liver weight, absolute (g) 5.61 7.86** (+40%)

Liver weight, relative (% of body weight) 2.53 3.63** (+43%)

Hepatocellular hypertrophy, diffuse 0/15 15/15

Hepatocellular vacuolation, diffuse 11/15 1/15

BrdU-positive cells in the centrilobular zone 44.54 179.68** (+303%)

BrdU-positive cells in the periportal zone 28.55 112.94** (+296%)

Overall BrdU-positive cells 36.54 146.31** (+300%)

Total CYP (nmol/mg protein) 0.91 1.23** (+35%)

EROD (pmol/mg protein per minute) 47.99 103.18** (+115%)

PROD (pmol/mg protein per minute) 6.65 28.55** (+329%)

BROD (pmol/mg protein per minute) 6.39 74.51** (+1066%)

UDPGT (nmol/mg protein per minute) 6.42 30.69** (+378%)

From Blanck (2008a)
** P < 0.01
a  % change from control shown in parentheses.
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These data confi rmed the well-known ability of phenobarbital to induce the activities of hepat-
ic enzymes such as PROD, BROD and UDPGT and to cause liver cell hypertrophy and proliferation. 
However, the magnitude of effects was different from that seen with fl uopyram (Blanck, 2008a), es-
pecially when EROD activity was concerned. Furthermore, the effect of phenobarbital on hepatic cell 
proliferation was much more prominent in the centrilobular region where proliferation by fl uopyram 
equally affected the centrilobular and the periportal parts of the liver (Blanck, 2008b).

 (ii) Mouse thyroid tumours

A mechanistic study was conducted to examine the effects of fl uopyram on the mouse liver and 
on pituitary and thyroid hormone levels and to clarify its MOA, especially in view of the thyroid tu-
mours observed in male mice. Fluopyram (purity 94.7%) was administered to two groups of 15 male 
C57BL/6J mice in the diet for 3 or 14 days at a concentration of 2000 ppm, equal to 308 and 314 mg/
kg bw per day, respectively. Two similarly constituted groups of 15 males received untreated diet and 
acted as control groups. Clinical signs were recorded daily, and body weight and feed consumption 
were measured weekly. A detailed physical examination was performed weekly. On study day 4 and 
study day 15, before necropsy, blood samples were taken for measurement of hormone levels (T

3
, T

4
 

and TSH). The liver and the brain were weighed, and the liver and the thyroid gland were sampled for 
microscopic examination. In addition, hepatic CYP isoenzyme activities and UDPGT activity (using 
4-nitrophenol as substrate) were also measured. 

There were no mortalities and no treatment-related fi ndings in terms of clinical signs or body 
weight parameters during the course of the study.

After 3 days of exposure at 2000 ppm, mean T
3
 level was not changed, whereas mean T

4
 level 

was decreased (−30%) and mean TSH level was increased (+18%), compared with untreated controls 
(Table 37). Mean absolute and relative liver weights were increased by approximately 60% when 
compared with control animals. At macroscopic observation, enlarged liver was found in all treated 
animals. At microscopic examination, diffuse centrilobular to panlobular hepatocellular hypertrophy 

Table 36. Summary of selected fi ndings in a parallel mechanistic study in rats using 
p henobarbitala

Dose (mg/kg bw per day)

0 80 

Liver weight, absolute (g) 5.55 6.63 (+19%)

Liver weight, relative (% of body weight) 2.47 3.02 (+22%)

Hepatocellular hypertrophy, diffuse 0/15 14/14

Hepatocellular vacuolation, diffuse 7/15 3/14

Hepatocellular necrotic foci 0/15 4/14

BrdU-positive cells in the centrilobular zone 21.73 55.21** (+154%)

BrdU-positive cells in the periportal zone 16.70 33.19** (+99%)

Overall BrdU-positive cells 19.22 44.20** (+130%)

Total CYP (nmol/mg protein) 0.95 ± 0.20 1.49** (+57%) 

EROD (pmol/mg protein per minute) 38.25 ± 6.42 47.56* (+24%) 

PROD (pmol/mg protein per minute) 4.89 ± 0.61 26.36** (+439%) 

BROD (pmol/mg protein per minute) 4.91 ± 0.70 94.43** (+1823%) 

UDPGT (nmol/mg protein per minute) 6.99 ± 0.52 13.47** (+93%) 

From Blanck (2008b)
* P < 0.05; ** P < 0.01
a  % change from control shown in parentheses.
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and an increased number of mitoses were seen in all examined livers from treated animals. More-
over, hepatocellular single-cell necrosis was observed in one out of fi ve livers examined from treated 
a nimals. No signifi cant microscopic change was observed in the thyroid gland.

Total CYP content was highly increased (+116%) by the treatment. EROD activities were mar-
ginally increased (+235%), whereas PROD and BROD activities were markedly increased (+2809% 
and +8717%, respectively) when compared with controls. No signifi cant changes were observed in 
UDPGT activity.

After 14 days of exposure at 2000 ppm, mean T
3
 level was not changed, whereas mean T

4
 level 

was decreased (−27%) and mean TSH level was increased (+7%) when compared with controls (Ta-
ble 37). Mean absolute and relative liver weights were increased by approximately 60% when com-
pared with control animals. At macroscopic observation, enlarged liver was found in 13 of 15 treated 
animals compared with no instances in the controls; moreover, dark liver was observed in 14 of 15 
treated animals compared with 1 of 15 control animals. At microscopic examination, diffuse centri-
lobular to panlobular hepatocellular hypertrophy was seen in all examined livers from treated ani-
mals. Moreover, hepatocellular single-cell necrosis was observed in four out of fi ve livers e xamined 
from treated animals. No signifi cant microscopic change was observed in the thyroid gland.

Total CYP content was moderately increased (+71%) by the treatment. EROD activities 
were marginally increased (+165%), whereas PROD and BROD activities were markedly increased 
(+2163% and +9061%, respectively) when compared with controls. No relevant changes were 
o bserved in UDPGT activity.

In conclusion, fl uopyram induced total CYP, PROD, BROD and EROD activities in the mouse 
liver after 3 and/or 14 days of dietary administration at a concentration of 2000 ppm (equal to 308–
314 mg/kg bw per day), whereas no increase in UDPGT activity was observed. Hepatotoxicity b ecame 
apparent by organ weight increase and concomitant histological lesions. Fluopyram administration 
also resulted in a disturbance of thyroid hormone balance by causing a decrease in T

4
 levels and a 

Table 37. Summary of selected fi ndings from mouse thyroid tumour mechanistic studya

3-day exposure 14-day exposure

Dietary concentration (ppm)

0 2000 0 2000

T
3
 (nmol/l) 1.62 1.64 (+1%) 1.45 1.52 (+5%)

T
4
 (nmol/l) 43.7 30.7** (−30%) 38.1 27.7** (−27%)

TSH (ng/ml) 3.81 4.48** (+18%) 3.81 4.09* (+7%)

Liver weight, absolute (g) 1.24 1.97** (+59%) 1.25 1.99** (+59%)

Liver weight, relative (% of body weight) 5.40 8.71** (+61%) 5.23 8.42** (+61%)

Hepatocellular hypertrophy 0/5 5/5 0/5 5/5

Increased number of mitoses 0/5 5/5 0/5 0/5

Hepatocellular single-cell necrosis 0/5 1/5 0/5 4/5

CYP (nmol/mg protein) 1.08 2.33** (+116%) 1.26 2.15* (+71%)

EROD (pmol/mg protein per minute) 90.25 302.52** (+235%) 99.05 262.24** (+165%)

PROD (pmol/mg protein per minute) 4.93 143.42** (+2890%) 4.19 94.80** (+2163%) 

BROD (pmol/mg protein per minute) 12.99 1145.28** (+8717%) 12.83 1175.30** (+9061%)

UDPGT (nmol/mg protein per minute) 16.04 15.36 17.09 14.32** (−16%)

From Rouquie (2008a)
* P < 0.05; ** P < 0.01
a  % change from control shown in parentheses.
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concomitant increase in TSH levels. However, there was no histological evidence of toxic effects on 
the thyroid, probably due to the relatively short exposure period (Rouquie, 2008a).

In a parallel mechanistic study conducted to evaluate the liver effects and pituitary and thyroid 
hormone changes caused by phenobarbital, two groups of 15 male C57BL/6J mice received pheno-
barbital sodium salt (purity 99.6%) orally by gavage at a dose level of 80 mg/kg bw per day for 3 or 
14 days. Phenobarbital acted as a reference compound known to induce an increase in T

4
 clearance 

in the mouse through induction of T
4
 glucuronidation. The test substance was administered in 0.5% 

aqueous solution of methylcellulose at a dose volume of 10 ml/kg bw. A similarly constituted group 
received the vehicle only and acted as a control group. Clinical signs were recorded daily, and body 
weight and feed consumption were measured weekly. A detailed physical examination was performed 
weekly. Before necropsy, blood samples were taken for thyroid and pituitary gland hormone analyses 
(T

3
, T

4
 and TSH). At fi nal sacrifi ce times, liver and brain were weighed and liver and thyroid gland 

sampled for the assessment of morphological changes. In addition, hepatic CYP isoenzyme activities 
and UDPGT activity (using 4-nitrophenol as substrate) were assessed.

There were no mortalities and no treatment-related fi ndings in terms of clinical signs during 
the course of the study.

After 3 days of exposure, at terminal sacrifi ce, mean T
3
 and T

4
 levels were decreased (−10% and 

−27%, respectively) and mean TSH level was not affected when compared with controls (Table 38). 
At necropsy, mean absolute and relative liver weights were increased by 4–11% when compared with 
controls. At macroscopic observation, enlarged liver was found in 1 of 15 treated animals; moreover, 
dark liver was observed in 6 of 15 treated animals, compared with no instances in the controls. At 
microscopic examination, diffuse centrilobular to panlobular hepatocellular hypertrophy was seen in 
four of fi ve examined livers from treated animals and an increased number of mitoses in three of fi ve 
livers from treated animals.

Total CYP content was highly increased (+146%) by the treatment. EROD activity was mar-
ginally increased (+297%), whereas PROD and BROD activities were markedly increased (+1381% 
and +4930%, respectively) when compared with controls. No signifi cant change was observed in 
UDPGT activity.

After 14 days of exposure at terminal sacrifi ce, mean T
3
 level was not changed, whereas mean 

T
4
 level was decreased (−19%) and mean TSH level was increased (+9%) when compared with con-

trols (Table 38). At necropsy, mean absolute and relative liver weights were increased by 21–23% 
when compared with controls. At macroscopic observation, enlarged liver was found in 12 of 15 
treated animals compared with 1 of 15 controls; moreover, dark liver was observed in 4 of 15 treated 
animals compared with no instances in controls. At microscopic examination, diffuse centrilobular to 
panlobular hepatocellular hypertrophy was seen in all examined livers from treated animals.

Total CYP content was slightly increased (+36%) by the treatment. EROD activity was slightly 
increased (+375%), whereas PROD and BROD activities were markedly increased (+1345% and 
2844%, respectively) when compared with controls. No signifi cant change was observed in UDPGT 
activities.

In conclusion, this study demonstrated that phenobarbital administration at a dose level of 
80 mg/kg bw per day in the C57BL/6J mouse for 3 and 14 days induced hepatic total CYP, PROD and 
BROD activities and a modifi cation of the pituitary and thyroid hormone levels (Rouquie, 2008b).

In a mechanistic study (non-GLP compliant) conducted to determine the potential effects of 
fl uopyram on the expression of a selection of genes involved in the metabolism of xenobiotics in 
the mouse liver, fl uopyram (purity 94.7%) and phenobarbital sodium salt (purity 99.6%; suspended 
in a 0.5% aqueous solution of methylcellulose) were administered daily to two groups of 10 male 
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C57BL/6J mice for 3 days at a dietary concentration of 2000 ppm (equivalent to about 286 mg/kg 
bw per day) or at a dose level of 80 mg/kg bw per day, respectively. A similarly constituted group of 
10 males received control diet for 3 days and acted as a control group. Clinical signs were recorded 
daily, and body weight was measured on study days 1 and 4. At fi nal sacrifi ce, liver was weighed and 
sampled for gene expression analyses by quantitative polymerase chain reaction (PCR). 

There were no mortalities or body weight effects during the course of the study. Animals treat-
ed with phenobarbital showed reduced motor activity throughout the treatment period. At necropsy, 
mean absolute and relative liver weights were increased by 60–61% for fl uopyram-treated animals 
and by 17–19% for phenobarbital-treated animals, compared with the control animals (Table 39).

Quantitative PCR analyses of transcripts of genes known to be implicated in the hepatic inacti-
vation of thyroid hormones revealed in fl uopyram-treated animals an upregulation of sulfotransferase 
transcripts (+92% to +463%) and UDPGT transcripts (+173% to +273%). Similarly, an upregulation 
of sulfotransferase transcripts Sult1a1 and Sultn (+62% and +96%, respectively), but not Sult2a2, 
and of UDPGT transcripts (+82% to +119%) was observed in phenobarbital-treated animals. In 
contrast, an equivalent effect of both substances could not be shown for Cyp1a1, which was induced 
by fl uopyram but repressed by phenobarbital. For most genes, effects were more pronounced with 
fl uopyram than with phenobarbital (Table 39).

In conclusion, this study demonstrates that both fl uopyram at 2000 ppm and phenobarbital at 
80 mg/kg bw per day administered to the C57BL/6J mouse for 3 days induced an upregulation of the 
sulfotransferase and UDPGT gene transcripts in the liver. These transcripts are known to encode en-
zymes that inactivate T

3
 and T

4
 via glucuronide and sulfate derivatives. However, several differences 

between fl uopyram and phenobarbital in terms of gene expression were detected (Rouquie, 2008c).

In a mechanistic study (non-GLP compliant) conducted to determine the potential effects of 
fl uopyram on the clearance of T

4
 in the blood, fl uopyram (purity 94.7%) was administered via the 

Table 38. Summary of selected fi ndings in a parallel mechanistic study in mice using 
p henobarbitala

3-day exposure 14-day exposure

Dose (mg/kg bw per day)

0 80 0 80 

T
3
 (nmol/l) 1.72 1.54* (−10%) 1.61 1.57 (−2%)

T
4
 (nmol/l) 36.7 26.8** (−27%) 32.4 26.1* (−19%)

TSH (ng/ml) 4.44 4.41 (−1%) 4.47 4.89* (+9%)

Liver weight, absolute (g) 1.30 1.36 (+5%) 1.31 1.60** (+22%)

Liver weight, relative (% of body weight) 5.70 6.32 (+11%) 5.38 6.65** (+23%)

Hepatocellular hypertrophy 0/5 4/5 0/5 5/5

Increased number of mitoses 0/5 3/5 0/5 0/5

CYP (nmol/mg protein) 0.94 2.31** (+146%) 0.98 1.33* (+36%)

EROD (pmol/mg protein per minute) 48.08 190.65** (+297%) 35.34 167.88** (+375%)

PROD (pmol/mg protein per minute) 6.01 88.99** (+1381%) 4.98 71.97** (+1345%)

BROD (pmol/mg protein per minute) 17.33 871.66** (+4930%) 18.82 554.00** (+2844%)

UDPGT (nmol/mg protein per minute) 16.24 17.23 15.18 12.96

From Rouquie (2008b)
* P < 0.05; ** P < 0.01
a  % change from control shown in parentheses.
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diet at a concentration of 2000 ppm (equivalent to about 286 mg/kg bw per day) to a group of fi ve 
male C57BL/6J mice for 3 days; a similarly constituted group of fi ve males received untreated diet 
and acted as a control group. A further group of fi ve males received phenobarbital sodium salt (purity 
99.6%; suspended in a 0.5% aqueous solution of methylcellulose) at a dose level of 80 mg/kg bw 
per day by oral gavage for 3 days. Phenobarbital acted as a reference compound known to induce 
an increase in T

4
 clearance in the mouse through induction of T

4
 glucuronidation. On study day 4, 

each animal received by intravenous injection via the tail 250 µl of diluted 125I-labelled T
4
 solution 

corresponding to a dose of 37 kBq of 125I-labelled T
4 
per animal. Approximately 3 hours post-admin-

istration with 125I-labelled T
4
, each animal received 0.1 mg of sodium iodide in 250 µl of 0.9% sterile 

saline by intraperitoneal injection. A blood sample was collected from the retro-orbital venous plexus 
of each animal 1.3, 2, 4, 6 and 24 hours after administration of 125I-labelled T

4
. The level of 125I radio-

activity in each sample was measured using a gamma scintillation counter. The decrease in the level 
of 125I radioactivity was indicative of the rate of T

4
 clearance from the blood. Animals were checked 

daily for mortality and clinical signs. Body weights were recorded on study days 1 and 4. Owing to 
technical diffi culties encountered with the intravenous injection of 125I-labelled T

4
, T

4
 clearance data 

for nine animals only (fi ve control animals, one fl uopyram-treated animal and three phenobarbital-
treated animals) were obtained from this fi rst group of animals (subgroup I). Consequently, fi ve ad-
ditional animals were incorporated into the study (subgroup 2). One animal acted as a control and 
received untreated diet, whereas the remaining four animals were treated with 2000 ppm fl uopyram. 
The results obtained in the fi rst and the supplementary experiments were combined.

There were no mortalities or clinical signs during the course of the study. There was no statisti-
cally signifi cant effect on body weight. The results show that following an intravenous injection of 
125I-labelled T

4
, the radioactivity level in the blood of fl uopyram-treated animals was lower than that 

in the blood of the corresponding control animals. This decrease in the level of radioactivity in the 
blood of fl uopyram-treated animals was observed at all time points examined and refl ects a more rap-
id clearance of T

4
 in these animals over a 24-hour period, compared with the controls. A partly similar 

response was seen in animals treated with the reference compound phenobarbital (Table 40).

In conclusion, the results suggest a more rapid T
4
 clearance after treatment with fl uopyram or 

phenobarbital than in untreated mice. Phenobarbital is known to induce an increase in T
4
 clearance 

Table 39. Summary of selected fi ndings from a mechanistic study on gene expression in mice 

Control group Fluopyram: 2000 ppm Phenobarbital: 80 mg/kg 
bw per day

Liver weight, absolute (g) 1.20 1.93** (+61%) 1.40** (+17%)

Liver weight, relative (% of body weight) 5.34 8.55** (+60%) 6.34** (+19%)

CYP (Cyp1a1) 1.29 4.81** (+272%) 1.20 (−7%)

CYP (Cyp2b9) 14.71 48.61* (+230%) 21. 11 (+43%)

CYP (Cyp3a11) 1.51 43.59** (+2783%) 7.76** (+413%)

Sulfotransferase (Sult1a1) 1.19 2.29** (+92%) 1.92* (+62%)

Sulfotransferase (Sult2a2) 0.51 2.90** (+463%) 0.63 (+22%)

Sulfotransferase (Sultn) 1.41 5.93** (+321%) 2.76** (+96%)

UDPGT (Ugt1a1) 1.08 4.03** (+273%) 2.36** (+119%)

UDPGT (Ugt2b1) 1.04 2.84** (+173%) 1.97** (+90%)

UDPGT (Ugt2b5) 1.30 4.30** (+231%) 2.36** (+82%)

From Rouquie (2008c)
* P < 0.05; ** P < 0.01
a  % change from control shown in parentheses.
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in the mouse through induction of glucuronidation of this hormone. A similar mechanism may be 
assumed for fl uopyram (Rouquie, 2008d).

In a second mechanistic study conducted to determine the potential effects of fl uopyram on the 
clearance of T

4
 in the blood, fl uopyram (purity 94.7%) was administered via the diet at a concentra-

tion of 2000 ppm (equivalent to about 286 mg/kg bw per day) to a group of eight male C57BL/6J 
mice for 4 days; a similarly constituted group of eight males received untreated diet and acted as 
a control group. A further group of eight males received phenobarbital sodium salt (purity 99.6%; 
suspended in a 0.5% aqueous solution of methylcellulose) at a dose level of 80 mg/kg bw per day 
by oral gavage for 4 days. On study day 5, each animal received by intravenous injection via the tail 
250 µl of diluted 125I-labelled T

4
 solution corresponding to a dose of 37 kBq of 125I-labelled T

4
 per 

animal. Approximately 3 hours post-administration with 125I-labelled T
4
, each animal received 0.1 

mg of sodium iodide in 250 µl of 0.9% sterile saline by intraperitoneal injection. A blood sample was 
collected from the retro-orbital venous plexus of each animal 40 minutes and 1.5, 4 and 24 hours 
post-administration of 125I-labelled T

4
. The level of 125I radioactivity in each sample was measured 

using a gamma scintillation counter. The decrease in the level of 125I radioactivity was indicative of 
the rate of T

4
 clearance from the blood. Animals were checked daily for mortality and clinical signs. 

Body weights were recorded on study days 1 and 5. 

There were no clinical signs during the course of the study. One animal from the phenobarbital-
treated group was sacrifi ced after intravenous injection of the radiolabelled T

4
 due to a technical 

problem during the injection. There was no statistically signifi cant effect on body weight. 

The results show that following an intravenous injection of 125I-labelled T
4
, the radioactivity level 

in the blood of fl uopyram-treated animals was lower than that in the blood of the corresponding con-
trol animals. This decrease in the level of radioactivity in the blood of fl uopyram-treated animals was 
observed at all time points examined and refl ects a more rapid clearance of T

4
 in these animals over a 

24-hour period, compared with the controls. A partly similar response was seen in animals treated with 
the reference compound, phenobarbital (Table 41).

In conclusion, the results indicate that the clearance of T
4
 from the blood after treatment with 

fl uopyram or phenobarbital was increased when compared with untreated mice over a 24-hour period 
(Rouquie, 2009).

In a mechanistic study conducted to determine the potential effects of fl uopyram on thyroid 
hormone synthesis at the level of thyroid peroxidase (TPO), interactions with TPO-catalysed r eactions 

Table 40. Whole blood radioactivity after a single administration of 125I-labelled T
4
 to mice in a 

mechanistic study

Time point Whole blood radioactivity (cpm)

Control group Fluopyram: 2000 ppm Phenobarbital: 80 mg/kg bw per day

Number of animals 6 5 3

1 h 20 min 11 434 ± 1 624 4 767 ± 1 953 5 775 ± 2 615

2 h 11 025 ± 1 415 4 686 ± 1 999 5 905 ± 2 095

4 h 9 811 ± 1 756 4 984 ± 1 491 5 651 ± 995

6 h 8 692 ± 1 397 4 566 ± 1 342 6 021 ± 1 046

24 h 2 686 ± 454 1 955 ± 199 2 309 ± 446

From Rouquie (2008d)
cpm, counts per minute
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were studied in vitro using solubilized hog thyroid microsomes as an enzyme source. Amitrole and 
ethylenethiourea served as positive control substances.

Amitrole, a potent inhibitor of TPO, strongly inhibited TPO-catalysed oxidation of guaiacol 
and formation of iodine. About 50% inhibition was observed in the presence of amitrole at a con-
centration of 1 µmol/l for guaiacol oxidation and 0.1 µmol/l for iodine formation. Ethylenethiourea, 
which is not a TPO inhibitor, but a trap of the iodinating intermediate generated by TPO from iodide, 
temporarily suppressed iodine formation (Table 42).

In contrast, fl uopyram did not affect TPO-catalysed guaiacol oxidation up to 300 µmol/l, 
the highest concentration tested. Similarly, TPO-catalysed iodine formation was not affected by 
fl uopyram at 300 µmol/l. These fi ndings strongly suggest that fl uopyram does not affect thyroid 
h ormone s ynthesis at the level of TPO (Freyberger, 2008).

(c) Toxicology of metabolites

For two plant metabolites of fl uopyram, studies of acute toxicity, genotoxicity and short-
term toxicity were conducted: fl uopyram-pyridyl-carboxylic acid (AE C657188) or 3-chloro-5-
(trifl uoromethyl)pyridine-2-carboxylic acid; and fl uopyram-methyl-sulfoxide (AE 1344122) or 
3-(methylsulfi nyl)-5-(trifl uoromethyl)pyridine-2-carboxylic acid. The metabolite fl uopyram-p yridyl-
carboxylic acid (AE C657188) is also found in the metabolism of rats.

 (i) Fluopyram-pyridyl-carboxylic acid (AE C657188)

In an acute oral toxicity study, AE C657188 (purity 99.7%) in 1% aqueous methylcellulose was 
administered by gavage to groups of fasted male and female Hsd:Sprague-Dawley (CD) rats at vol-
umes of 10–20 ml/kg bw. In a preliminary test, one male and one female rat were dosed at 4000 mg/
kg bw, whereas in the main test, groups of three male and three female rats were dosed at 500 and 
2000 mg/kg bw. The observation period lasted for at least 14 days. Both rats dosed at 4000 mg/kg bw 
were found dead on day 3. Clinical signs comprised piloerection, hunched posture, lethargy, abnormal 
gait, shallow respiration, reduced body temperature, dull, partially closed eyes, body tremors, pallor 
of the extremities and lacrimation. At 500 and 2000 mg/kg bw, no mortalities occurred, and clinical 
signs were confi ned to piloerection on day 1 in males at both dose levels and in females at 500 mg/kg 
bw. All animals had recovered by day 2. Under the conditions of this study, the LD

50
 was greater than 

2000 mg/kg bw and less than 4000 mg/kg bw for both male and female rats (Coleman, 2000).

In a reverse gene mutation assay in bacteria conducted according to OECD test guideline 471, 
S. typhimurium (strains TA98, TA100, TA1535, TA1537) and Escherichia coli (strain WP2uvrA/

Table 41. Whole blood radioactivity after a single administration of 125I-labelled T
4
 to mice in a 

second mechanistic study

Time point Whole blood radioactivity (cpm)

Control group Fluopyram: 2000 ppm Phenobarbital: 80 mg/kg bw per day

Number of animals 8 8 7

40 min 19 726 ± 1 468 6 163** ± 2 025 10 691** ± 1 197

1.5 h 16 930 ± 1 001 6 388** ± 1 982 10 592** ± 1 245

4 h 13 781 ± 1 099 6 111** ± 1 304 9 312** ± 1 330

24 h 3 889 ± 561 2 562** ± 482 2 653** ± 547

From Rouquie (2009)
** P < 0.01
cpm, counts per minute
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pKM101) were exposed to AE C657188 (purity 99.7%), using DMSO as solvent, in the presence 
and absence of S9 metabolic activation in two independent sets of experiments. For the initial plate 
incorporation test using doses up to and including 5000 µg/plate, three plates were used for each 
strain, condition and dose. Vehicle and positive controls were included in each experiment. The inde-
pendent repeat was performed with preincubation for 30 minutes at 37 °C. Other conditions remained 
unchanged. Doses up to and including 5000 µg/plate did not cause any bacteriotoxic effects. No sub-
stance precipitation was observed. No evidence for mutagenic activity was seen at any dose level of 
AE C657188. The concurrent positive controls induced the appropriate responses in the correspond-
ing strains. Therefore, AE C657188 was considered to be not mutagenic in the bacterial strains tested, 
in either the presence or absence of metabolic activation (Kitching, 2000).

In an in vitro mammalian cell gene mutation test conducted according to OECD test guide-
line 476, AE C657188 (purity 99.7–99.9%) dissolved in DMSO was tested for its ability to induce 
forward mutations at the HPRT locus in Chinese hamster V79 cells. Two independent sets of experi-
ments were conducted at concentrations of 16–5000 µg/ml in the presence and absence of S9 meta-
bolic activation. As precipitation was observed at 4000 µg/ml and above, no evaluation was possible 
at 5000 µg/ml. Ethyl methanesulfonate and dimethylbenzanthracene served as positive controls in 
the experiments without and with metabolic activation, respectively. The cells were treated for 5 
hours in both experiments, without and with metabolic activation. After this, the incubation media 
were replaced by culture medium and the cells were incubated for about 1 week for expression of 
mutant cells. This was followed by incubation of cells for 1 week in selection medium containing 
6-thioguanine. Neither in the initial nor in the confi rmatory studies was any increase in the mutant 
frequency observed. In contrast to this, the positive control substances ethyl methanesulfonate and 
dimethylbenzanthracene resulted in a marked increase in mutant frequency. Based on the results 
of the study, AE C657188 was considered to be not mutagenic in the V79/HPRT forward mutation 
a ssay, in either the presence or absence of metabolic activation (Herbold, 2003a).

In an in vitro mammalian chromosomal aberration test conducted according to OECD test 
guideline 473, the clastogenic potential of AE C657188 (purity 99.1%) dissolved in DMSO was test-
ed in duplicate human lymphocyte cultures prepared from the pooled blood of three female donors 
in two independent experiments. In experiment 1, treatment was for 3 hours and harvest at 20 hours, 
in the absence of S9 at 739–2256 µg/ml and in the presence of S9 at 379–2256 µg/ml. In experiment 
2, treatment in the absence of S9 was continuous for 20 hours at 739–2256 µg/ml, whereas treatment 
in the presence of S9 was for 3 hours at 379–2256 µg/ml and harvest at 20 hours. Vehicle (DMSO) 
and positive controls (cyclophosphamide and 4-nitroquinoline 1-oxide for the tests with and without 

Table 42. Effect of fl uopyram and amitrole on TPO-catalysed reactions

Control Fluopyram Amitrole

Concentration (µmol/l)

0 3 30 300 1 or 0.1

Guaiacol oxidation (ΔE/min) 0.121 0.122 0.123 0.124 0.054

(% of control) (—) (101) (101) (102) (44.5)

Iodine formation (ΔE/min) 0.259 0.269 0.246 0.260 0.131

(% of control) (—) (104) (95) (100) (50.5)

From Freyberger (2008)
E, extinction (absorption) of light
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metabolic activation, respectively) were included to demonstrate the sensitivity of the test system. 
About 2 hours prior to cell harvest, colchicine was added to arrest cells in metaphase. After slide 
preparation and staining of the cells, 200 metaphases per dose and treatment condition were analysed 
for chromosomal aberrations. None of the cultures treated with AE C657188 in the absence or in the 
presence of S9 mix showed any biologically relevant or statistically signifi cant increase in the num-
bers of aberrant metaphases. The positive controls cyclophosphamide and 4-nitroquinoline 1-oxide 
induced clastogenic effects and demonstrated the sensitivity of the test system and the activity of the 
S9 mix used. Based on the results of this test, AE C657188 was considered not to be clastogenic for 
mammalian cells in vitro, in either the presence or absence of metabolic activation (Lloyd, 2003a).

In a study of toxicity conducted according to OECD test guideline 407, groups of fi ve male 
and fi ve female Sprague-Dawley Crl: CD(SD)IGS Br rats were given diets containing AE C657188 
(purity 99.1%) at a concentration of 0, 20, 200, 2000 or 20 000 ppm, equal to 0, 1.50, 15.0, 149 and 
1574 mg/kg bw per day in males and 0, 1.63, 15.9, 162 and 1581 mg/kg bw per day in females, for 
28 days. Animals were observed daily for mortality and clinical signs. Body weight and feed con-
sumption were recorded once weekly. During the acclimatization phase, all animals were subjected 
to an ophthalmic examination. All animals at 0 and 20 000 ppm were re-examined at the end of week 
3. Haematology, plasma chemistry and urine parameters were determined at the end of the study. All 
animals were necropsied, selected organs were weighed and a range of tissues was taken, fi xed and 
examined microscopically. The only treatment-related fi ndings occurred at the high dose of 20 000 
ppm and consisted of a slight decrease in feed consumption in females of 9% on weeks 2 and 4 and 
15% (P ≤ 0.05) on week 3 and a slight decrease in inorganic phosphorus concentration of 12% (P ≤ 
0.01) in males, compared with the controls. No other treatment-related changes were observed.

The NOAEL was 20 000 ppm, equal to 1574 mg/kg per day, the highest dose tested (Kennel, 
2001).

 (ii) Fluopyram-methyl-sulfoxide (AE 1344122)

In an acute oral toxicity study conducted according to OECD test guideline 423 (acute toxic 
class method), AE 1344122 (purity 98.8%) in demineralized water and 2% Cremophor EL was ad-
ministered by gavage to three female HsdCpb:WU rats at a single dose of 2000 mg/kg bw and a 
volume of 10 ml/kg bw. Because there was no mortality, a second group of three female rats was 
additionally dosed at 2000 mg/kg bw. The observation period lasted for at least 14 days. No mortal-
ity occurred, and no clinical signs were observed. The oral LD

50
 was greater than 2000 mg/kg bw 

for male and female rats. According to the Globally Harmonised System for the classifi cation of 
chemicals, the LD

50
 cut-off of AE 1344122 was greater than or equal to 5000 mg/kg bw (Schuengel, 

2003).

In a reverse gene mutation assay in bacteria conducted according to OECD test guideline 
471, S. typhimurium (strains TA98, TA100, TA102, TA1535, TA1537) were exposed to AE 1344122 
(purity 98.8%), using DMSO as solvent, in the presence and absence of S9 metabolic activation in 
two independent sets of experiments. For the initial plate incorporation test using doses up to and 
including 5000 µg/plate, three plates were used for each strain, condition and dose. Vehicle and 
positive controls were included in each experiment. The independent repeat was performed with 
preincubation for 20 minutes at 37 °C. Other conditions remained unchanged. Bacteriotoxic effects 
were observed at 500 µg/plate and above as well as at 500 µg/tube and above. Owing to the weak-
ness of this effect in the plate incorporation test, up to 5000 µg/plate could be used for assessment, 
whereas 5000 µg/tube could not be used for assessment. No substance precipitation was observed. 
No evidence for mutagenic activity was seen at any dose level of AE 1344122. The concurrent posi-
tive controls induced the appropriate responses in the corresponding strains. Therefore, AE 1344122 
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was considered to be not mutagenic in the bacterial strains tested, in either the presence or absence of 
metabolic activation (Herbold, 2003b).

In an in vitro mammalian cell gene mutation test conducted according to OECD test guideline 
476, AE 1344122 (purity 98.8%) dissolved in DMSO was tested for its ability to induce forward 
mutations at the HPRT locus in Chinese hamster V79 cells. Two independent sets of experiments 
were conducted at concentrations of 75–2400 µg/ml in the presence and absence of S9 metabolic 
activation. Testing was performed up to the limit of solubility of AE 1344122, with no cytotoxic 
effects observed. Ethyl methanesulfonate and dimethylbenzanthracene served as positive controls 
in the experiments without and with metabolic activation, respectively. The cells were treated for 5 
hours in both experiments, without and with metabolic activation. After this, the incubation media 
were replaced by culture medium and the cells were incubated for about 1 week for expression of 
mutant cells. This was followed by incubation of cells for 1 week in selection medium containing 
6-thioguanine. Neither in the initial nor in the confi rmatory studies was any increase in the mutant 
frequency observed. In contrast to this, the positive control substances ethyl methanesulfonate and 
dimethylbenzanthracene resulted in a marked increase in mutant frequency. Based on the results of 
the study, AE 1344122 was considered to be not mutagenic in the V79/HPRT forward mutation assay, 
in either the presence or absence of metabolic activation (Herbold, 2003c).

In an in vitro mammalian chromosomal aberration test conducted according to OECD test 
guideline 473, the clastogenic potential of AE 1344122 (purity 98.8%) dissolved in DMSO was test-
ed in duplicate human lymphocyte cultures prepared from the pooled blood of three female donors 
in two independent experiments. In experiment 1, treatment was for 3 hours and harvest at 20 hours, 
in the absence of S9 at 1296–2532 µg/ml and in the presence of S9 at 1620–2532 µg/ml. In experi-
ment 2, treatment in the absence of S9 was continuous for 20 hours at 306–1123 µg/ml, whereas 
treatment in the presence of S9 was for 3 hours at 1829–2532 µg/ml and harvest at 20 hours. Vehicle 
(DMSO) and positive controls (cyclophosphamide and 4-nitroquinoline 1-oxide for the test with and 
without metabolic activation, respectively) were included to demonstrate the sensitivity of the test 
system. About 2 hours prior to cell harvest, colchicine was added to arrest cells in metaphase. After 
slide preparation and staining of the cells, 200 metaphases per dose and treatment condition were 
analysed for chromosomal aberrations. None of the cultures treated with AE 1344122 in the absence 
or in the presence of S9 mix showed any biologically relevant or statistically signifi cant increase in 
the numbers of aberrant metaphases, with one exception. In experiment 2, following 20 hours of 
treatment in the absence of S9, a single culture at the highest concentration (1123 µg/ml) exhibited 
an aberrant cell frequency that marginally exceeded the historical negative control range. However, 
the aberrant cell frequency of the replicate culture, and all other treated cultures in both experiments, 
fell within the normal range; therefore, this observation was not considered biologically signifi cant. 
The positive controls cyclophosphamide and 4-nitroquinoline 1-oxide induced clastogenic effects 
and demonstrated the sensitivity of the test system and the activity of the S9 mix used. Based on the 
results of this test, AE 1344122 was considered not to be clastogenic for mammalian cells in vitro, in 
either the presence or absence of metabolic activation (Lloyd, 2003b).

In a study of toxicity conducted according to OECD test guideline 407, groups of 10 male and 
10 female Wistar Rj: WI (IOPS HAN) rats were given diets containing AE 1344122 (purity 98.8%) 
at concentrations of 0, 20, 200, 2000 and 20 000 ppm, equal to 0, 1.5, 14.9, 152 and 1495 mg/kg bw 
per day in males and 0, 1.7, 16.8, 167 and 1616 mg/kg bw per day in females, for 28 days. Animals 
were observed daily for mortality and clinical signs. Physical examinations were performed weekly. 
In addition, grasping, righting, corneal, pupillary, auditory startle and head shaking refl exes were 
examined once during the acclimatization phase and during week 4 of the study. Body weight and 



451

FLUOPYRAM 383–468 JMPR 2010

feed consumption were recorded once weekly. During the acclimatization phase, all animals were 
subjected to an ophthalmic examination; all animals in the control and 20 000 ppm groups were re-
examined during week 4. Haematology, clinical chemistry and urine parameters were determined 
at the end of the study. All animals were necropsied, selected organs were weighed and a range of 
t issues was taken, fi xed and examined microscopically.

Toxicological fi ndings were confi ned to the highest dose level of 20 000 ppm and consisted of 
scabs around the nose/head region (three males, together with soiling around the eye in one male), 
chromodacryorrhoea (two other males) and anogenital soiling (one female). Body weight in males 
was reduced by 7%, with overall body weight gain reduced by 18% by day 28, compared with the 
controls. In females, body weight was reduced by 4% on day 28, whereas overall body weight gain 
was 18% lower than in controls. Feed consumption was reduced by 13% during week 1 in males and 
by 9% over the course of the study in females. Organic phosphorus concentration was reduced by 
10% by day 28 in males. Urinalysis revealed coarsely granular casts in the urine of 1 of 10 males and 
9 of 10 females, slightly lower pH values and ketone levels in males, and higher urinary volume in 
both sexes. Microscopically, minimal to moderate tubular degeneration/regeneration and single-cell 
necrosis of tubular epithelial cells of minimal to moderate severity were observed in the kidneys of 
8 of 10 females. These kidney changes were correlated with the coarsely granular casts observed in 
the urine.

At 2000 ppm, treatment-related clinical fi ndings were limited to scabs around the nose/head 
region in 2 of 10 males and nasal soiling noted in one male. In the absence of any other treatment-
related effects in either sex at this dose level, these fi ndings were considered to have no toxicological 
relevance.

The NOAEL was 2000 ppm, equal to 152 mg/kg bw per day, based on reduced body weight 
gain and feed consumption in both sexes and urinalysis fi ndings and related histological changes in the 
kidney (tubular degeneration and single-cell necrosis) in females at 20 000 ppm (McElligott, 2003).

3.  Observations in humans

There were no reports of adverse health effects in manufacturing plant personnel. Also, there 
were no reports of poisonings with fl uopyram.

Comments

Biochemical aspects

In rats given [14C]phenyl ring–labelled or [14C]pyridyl ring–labelled fl uopyram orally by gav-
age, absorption was rapid and accounted for ≥ 93% of the total recovered radioactivity after a single 
dose of 5 mg/kg bw (both labels) or 250 mg/kg bw (phenyl ring label). The maximum plasma con-
centrations of radiolabelled material were reached after 0.7–3 hours with the pyridyl ring label and 
after 8–48 hours with the phenyl ring label. Radiolabel was widely distributed throughout the body. 
Residues in tissues 168 hours after a single dose of 5 mg/kg bw accounted for less than 0.5% (pyridyl 
ring label) or 3–5% (phenyl ring label) of the administered dose, with liver and kidney containing the 
highest concentrations of residues. Elimination of the radiolabel was via the faeces (39–64%) and 
the urine (35–60%), with evidence of signifi cant enterohepatic circulation. In bile duct–cannulated 
rats, extensive biliary excretion (79–87%) was demonstrated. The terminal elimination half-lives of 
radiolabelled material ranged from 24 to 53 hours for the phenyl ring–labelled fl uopyram and from 
56 to 73 hours for the pyridyl ring–labelled fl uopyram.

Fluopyram was extensively metabolized, and more than 20 metabolites were identifi ed. The 
metabolism was principally oxidative and took place mainly at the ethylene bridge of the molecule. 
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Hydrolytic cleavage of the molecule and subsequent oxidation were also observed, as was c onjugation 
of several hydroxylated metabolites with glucuronic acid and, to a lesser extent, sulfate. 

Toxicological data

Fluopyram was of low toxicity after oral and dermal exposure in rats (LD
50

 > 2000 mg/kg bw), 
and neither mortality nor systemic toxicity occurred at this limit dose. After inhalation exposure in 
rats, fl uopyram was also of low toxicity (LC

50
 > 5.1 mg/l), and the clinical signs observed were nonspe-

cifi c and reversible within 1–5 days. Fluopyram was not a skin irritant in rabbits, was only minimally 
irritating to the eye of rabbits and was not a skin sensitizer in the local lymph node assay in mice.

Following repeated administration of fl uopyram to mice, rats and dogs, the liver was the major 
target organ in all species tested. The effects noted at lower doses (increased liver weights, hepatocel-
lular hypertrophy) were consistent with the induction of hepatic CYP, whereas effects observed at 
higher doses included hepatocellular degeneration or necrosis and related clinical chemistry fi ndings 
(e.g. increased serum levels of liver enzymes, cholesterol and triglycerides). In mice, the adrenals 
were an additional target. The thyroid effects seen in mice and rats were considered to be secondary 
to the enhanced hepatic clearance of thyroid hormones. The hyaline droplet nephropathy observed 
in male rats was considered not to be relevant to humans, as this effect is due to an accumulation of 
α

2u
-globulin, a protein that is found only in trace amounts in humans, in the proximal tubules.

In a 28-day range-fi nding study in mice, the NOAEL was 150 ppm (equal to 24.7 mg/kg bw 
per day), based on effects in the liver (hepatocellular necrosis) and the adrenals (hypertrophy of the 
zona fasciculata) at 1000 ppm and above. In a 90-day study in mice, the NOAEL was 150 ppm (equal 
to 26.6 mg/kg bw per day), based on effects in the liver (hepatocellular necrosis) and the adrenals 
(cortical vacuolation) at 1000 ppm.

In a 28-day range-fi nding study in rats, the NOAEL was 400 ppm (equal to 31.0 mg/kg bw 
per day), based on effects in the liver (increased liver weight, hepatocellular hypertrophy, enzyme 
induction) and the thyroid (hypertrophy of follicular cells, colloid depletion) at 3200 ppm. In a 90-
day study in rats, the NOAEL was 200 ppm (equal to 12.5 mg/kg bw per day), based on effects in the 
liver (hepatocellular hypertrophy and vacuolation) and the thyroid (hypertrophy of follicular cells) at 
1000 ppm and above. Effects at higher doses (3200 ppm, equal to 204 mg/kg bw per day) included 
decreased body weight gain and feed consumption, decreased haemoglobin and haematocrit, clini-
cal chemistry changes and increased levels of T

3
, T

4
 and TSH. It was noted that levels of these hor-

mones more often change in opposite directions, with decreases in T
3
 and/or T

4
 being associated with 

i ncreases in TSH. This pattern was subsequently observed in mechanistic studies described below. 

In a 28-day range-fi nding study in dogs, the NOAEL was 150 mg/kg bw per day, based on 
treatment-related clinical signs (liquid faeces) and liver toxicity (increased liver weight, clinical 
chemistry changes, histopathological fi ndings) at 750 mg/kg bw per day. In a 90-day study in dogs, 
the NOAEL was 800 ppm (equal to 28.5 mg/kg bw per day), based on liver toxicity (increased 
liver weight, histopathological fi ndings, including necrosis, related clinical chemistry changes) at 
5000 ppm and above. In a 1-year study in dogs, the NOAEL was 400 ppm (equal to 13.2 mg/kg 
bw per day), based on liver toxicity (hepatocellular hypertrophy, increased serum levels of alkaline 
phosphatase) at 2000 ppm. The overall NOAEL for the 90-day and 1-year dog studies was 28.5 mg/
kg bw per day.

Long-term studies of toxicity and carcinogenicity were conducted in mice and rats. In an 
18-month study of carcinogenicity in mice, the NOAEL for oncogenicity was 150 ppm (equal to 
20.9 mg/kg bw per day), based on an increased incidence of follicular cell adenoma in the thyroid in 
males at 750 ppm. The NOAEL for non-neoplastic changes was 30 ppm (equal to 4.2 mg/kg bw per 
day), based on liver toxicity (hepatocellular single-cell degeneration/necrosis) and thyroid changes 
(f ollicular cell hyperplasia) in males at 150 ppm and above.
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In a mechanistic study on thyroid tumorigenesis in male mice, increased liver weights, hepa-
tocellular hypertrophy, increased hepatic CYP content and marked increases in hepatic activities of 
PROD (CYP2B) and BROD (CYP3A) were observed after 3 and 14 days of exposure to fl uopyram 
at 2000 ppm (equal to 308–314 mg/kg bw per day), whereas EROD (CYP1A2) activity was only 
slightly increased and UDPGT activity (using 4-nitrophenol as a substrate) was unaffected. How-
ever, decreased T

4
 and increased TSH levels were noted after 3 and 14 days. The pattern of changes 

in the liver and thyroid end-points was similar to the profi le observed in male mice treated with 
p henobarbital at 80 mg/kg bw per day in a parallel study.

In a 3-day study of effects on gene expression in the liver of male mice, quantitative PCR 
analyses demonstrated that both fl uopyram (2000 ppm, equivalent to approximately 286 mg/kg bw 
per day) and phenobarbital (80 mg/kg bw per day) induced an upregulation of the sulfotransferase 
and UDPGT gene transcripts. For most genes, at the doses used, effects were more pronounced 
with fl uopyram than with phenobarbital. Further mechanistic studies in male mice demonstrated that 
both fl uopyram (2000 ppm, equivalent to approximately 286 mg/kg bw per day) and phenobarbital 
(80 mg/kg bw per day) signifi cantly increased the clearance of intravenously administered T

4
. In vitro 

studies showed that fl uopyram did not affect the TPO-catalysed oxidation of guaiacol.

The Meeting concluded that for the thyroid tumours in male mice, there was evidence that the 
MOA was likely to be secondary to enhanced hepatic clearance of T

4
, leading to hormone imbalance. 

The marked quantitative species differences in the inherent susceptibility for neoplasia in response to 
thyroid hormone imbalance allowed for the conclusion that the fl uopyram-induced thyroid tumours 
in mice are not relevant to humans.

In a 24-month study of toxicity and carcinogenicity in rats, the NOAEL for oncogenicity was 
150 ppm (equal to 8.6 mg/kg bw per day), based on an increased incidence of liver cell tumours 
(adenoma and carcinoma) in females at 1500 ppm (equal to 89 mg/kg bw per day). The NOAEL for 
non-neoplastic changes was 30 ppm (equal to 1.2 mg/kg bw per day), based on increased incidences 
of fi ndings in the liver (hepatocellular hypertrophy and eosinophilic foci in males) at 150 ppm and 
above. The changes in the thyroid (follicular cell hypertrophy, colloid alteration) at 150 ppm and 
above were attributable to the apparent susceptibility of rats to thyroid hormone imbalance and were 
therefore not considered relevant to humans.

In a mechanistic study on liver tumorigenesis in female rats, increased liver weights, hepatocel-
lular hypertrophy, increased cell proliferation in the centrilobular and periportal zones of the hepatic 
lobules, increased hepatic CYP content and moderate to marked increases in hepatic activities of 
EROD, PROD, BROD and UDPGT were observed after 7 days of exposure to fl uopyram (3000 ppm, 
equal to 193 mg/kg bw per day). The pattern of changes was similar to the profi le observed in female 
rats treated with phenobarbital at 80 mg/kg bw per day in a parallel study.

The Meeting concluded that the relevance of the liver tumours in female rats to humans could 
not be discounted, as the results of the mechanistic studies were only partly suffi cient to support the 
proposed phenobarbital-like MOA. In particular, activation of the constitutive androstane receptor 
(CAR) by fl uopyram has not been clearly demonstrated, and there is a lack of dose–response con-
cordance with key precursor events and tumour incidence (see Appendix 1). However, the Meet-
ing noted that the MOA for the observed liver tumours is a high-dose phenomenon that would be 
a nticipated to exhibit a threshold. 

Fluopyram was tested for genotoxicity in vitro and in vivo in an adequate range of assays. It 
was not found to be genotoxic in mammalian and microbial test systems.

The Meeting concluded that fl uopyram was unlikely to be genotoxic.

On the basis of the absence of genotoxicity, the human non-relevance of the thyroid tumours 
in mice and the fact that the dose–response relationship for the liver tumours in rats would be antici-
pated to exhibit a threshold, the Meeting concluded that fl uopyram is unlikely to pose a carcinogenic 
risk to humans at dietary exposure levels.
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In a two-generation reproductive toxicity study in rats, the NOAEL for effects on fertility 
was 1200 ppm (equal to 82.4 mg/kg bw per day), the highest dose tested. The NOAEL for parental 
toxicity was 220 ppm (equal to 13.9 mg/kg bw per day), based on decreased body weight and/or 
body weight gain in females and liver toxicity in both sexes at 1200 ppm. The NOAEL for offspring 
toxicity was 220 ppm (equal to 13.9 mg/kg bw per day), based on decreased body weight gain and 
decreased spleen and thymus weights at 1200 ppm.

In a prenatal developmental toxicity study in rats, the NOAEL for maternal toxicity was 30 mg/
kg bw per day, based on decreased body weight gain and feed consumption and increased liver 
weights and hepatocellular hypertrophy at 150 mg/kg bw per day and above. The NOAEL for pre-
natal developmental toxicity was 150 mg/kg bw per day, based on lower fetal body weights and an 
increased incidence of visceral and skeletal variations at 450 mg/kg bw per day.

In a prenatal developmental toxicity study in rabbits, the NOAEL for maternal toxicity was 
25 mg/kg bw per day, based on reduced body weight gain and feed consumption at 75 mg/kg bw per 
day. The NOAEL for prenatal developmental toxicity was 25 mg/kg bw per day, based on reduced 
fetal body weights and an increased number of small fetuses (“runts”) at 75 mg/kg bw per day.

The Meeting concluded that fl uopyram caused developmental toxicity only at doses that were 
maternally toxic and that it was not teratogenic.

In an acute neurotoxicity study in rats, the NOAEL for neurotoxicity was 50 mg/kg bw, based 
on decreased motor and locomotor activities at 100 mg/kg bw and above. In a subchronic study of 
neurotoxicity in rats, the NOAEL for neurotoxicity was 2500 ppm (equal to 164.2 mg/kg bw per day), 
the highest dose tested. The NOAEL for general toxicity was 500 ppm (equal to 33.2 mg/kg bw per 
day), based on decreased body weight, body weight gain and feed consumption and increased liver 
weight at 2500 ppm.

Fluopyram-pyridyl-carboxylic acid (AE C657188), a plant metabolite of fl uopyram, was of 
low acute oral toxicity in rats (LD

50
 > 2000 mg/kg bw) and showed no genotoxic potential in vitro in 

mammalian or microbial test systems. In a 28-day oral toxicity study in rats, there was no evidence 
of toxicity up to dietary concentrations of 20 000 ppm (equal to 1574 mg/kg bw per day), the highest 
dose tested.

Fluopyram-methyl-sulfoxide (AE 1344122), a plant metabolite of fl uopyram, was of low acute 
oral toxicity in rats (LD

50
 > 2000 mg/kg bw) and showed no genotoxic potential in vitro in mammali-

an or microbial test systems. In a 28-day oral toxicity study in rats, the NOAEL was 2000 ppm (equal 
to 152 mg/kg bw per day), based on reduced body weight gain and feed consumption in both sexes 
and kidney toxicity (tubular degeneration and single-cell necrosis, urinalysis fi ndings) in f emales at 
20 000 ppm.

There were no reports of adverse health effects in manufacturing plant personnel. Also, there 
were no reports of poisonings with fl uopyram.

The Meeting concluded that the existing database on fl uopyram was adequate to characterize 
the potential hazards to fetuses, infants and children.

Toxicological evaluation

The Meeting established an acceptable daily intake (ADI) for fl uopyram of 0–0.01 mg/kg bw, 
based on a NOAEL of 1.2 mg/kg bw per day for changes in the liver (hepatocellular hypertrophy, 
eosinophilic foci) at 6.0 mg/kg bw per day in a 2-year rat study. A safety factor of 100 was applied. 
The ADI provides a margin of at least 860-fold relative to the NOAEL for liver tumours in rats.

The Meeting established an acute reference dose (ARfD) for fl uopyram of 0.5 mg/kg bw, 
based on the NOAEL of 50 mg/kg bw for decreases in measures of motor and locomotor activities at 
100 mg/kg bw in an acute neurotoxicity study in rats. A 100-fold safety factor was applied.
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Levels relevant to risk assessment

Species Study Effect NOAEL LOAEL 

Mouse Thirteen-week study of 
toxicity

Toxicity 150 ppm, equal to 
26.6 mg/kg bw per day

1000 ppm, equal to 
188 mg/kg bw per day

Eighteen-month study of 
t oxicity and carcinogenicity

Toxicity 30 ppm, equal to
4.2 mg/kg bw per day

150 ppm, equal to 
20.9 mg/kg bw per day

Carcinogenicity 150 ppm, equal to 
20.9 mg/kg bw per day

750 ppm, equal to 
105 mg/kg bw per day

Rat Thirteen-week study of 
toxicity

Toxicity 200 ppm, equal to 
12.5 mg/kg bw per day

1000 ppm, equal to 
60.5 mg/kg bw per day

Two-year study of toxicity 
and carcinogenicity

Toxicity 30 ppm, equal to
1.2 mg/kg bw per day

150 ppm, equal to 
6.0 mg/kg bw per day

Carcinogenicity 150 ppm, equal to 
8.6 mg/kg bw per day

1500 ppm, equal to 
89 mg/kg bw per day

Multigeneration study of 
reproductive toxicity

Fertility 1200 ppm, equal to 
82.4 mg/kg bw per daya

—

Parental toxicity 220 ppm, equal to 
13.9 mg/kg bw per day

1200 ppm, equal to 
82.4 mg/kg bw per day

Offspring toxicity 220 ppm, equal to 
13.9 mg/kg bw per day

1200 ppm, equal to 
82.4 mg/kg bw per day

Developmental toxicity studyb Maternal toxicity 30 mg/kg bw per day 150 mg/kg bw per day

Embryo and fetal 
toxicity

150 mg/kg bw per day 450 mg/kg bw per day

Acute neurotoxicity studyb Neurotoxicity 50 mg/kg bw 100 mg/kg bw

Subchronic neurotoxicity 
study

Neurotoxicity 2500 ppm, equal to 
164.2 mg/kg bw per daya

—

Rabbit Developmental toxicity studyb Maternal toxicity 25 mg/kg bw per day 75 mg/kg bw per day

Embryo and fetal 
toxicity

25 mg/kg bw per day 75 mg/kg bw per day

Dog Thirteen-week and 1-year 
studies of toxicityc

Toxicity 800 ppm, equal to 
28.5 mg/kg bw per day

2000 ppm, equal to 
66.1 mg/kg bw per day

a  Highest dose tested.
b  Gavage administration.
c  Two or more studies combined. 

Estimate of acceptable daily intake for humans

0–0.01 mg/kg bw

Estimate of acute reference dose

0.5 mg/kg bw

Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
h uman exposure
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Critical end-points for setting guidance values for exposure to fl uopyram

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Rapid; approximately 93%

Distribution Wide; highest concentrations in liver and kidney

Rate and extent of excretion > 95% within 168 h (35–60% in urine; 39–64% in faeces; up to 
79–87% in bile)

Potential for accumulation None

Metabolism in animals Extensive; hydroxylation, oxidation and hydrolytic cleavage of the 
molecule, followed by conjugation (glucuronic acid, sulfate)

Toxicologically signifi cant compounds (animals, 
plants and the environment)

Fluopyram

Acute toxicity

Rat, LD
50

, oral > 2000 mg/kg bw

Rat, LD
50

, dermal > 2000 mg/kg bw

Rat, LC
50

, inhalation > 5.1 mg/l (4 h, nose-only exposure)

Rabbit, dermal irritation Not irritating

Rabbit, eye irritation Minimally irritating

Mouse, dermal sensitization Not sensitizing (local lymph node assay)

Short-term studies of toxicity

Target/critical effect Liver (enzyme induction, hypertrophy, single-cell necrosis) in mice, 
rats and dogs, adrenals (cortical hypertrophy and vacuolation) in mice

Lowest relevant oral NOAEL 12.5 mg/kg bw per day (90-day study in rats)

Lowest relevant dermal NOAEL 300 mg/kg bw per day (28-day study in rats)

Lowest relevant inhalation NOAEC No data

Long-term toxicity and carcinogenicity

Target/critical effect Liver (hypertrophy, single-cell degeneration/necrosis) in mice and rats

Lowest relevant NOAEL 1.2 mg/kg bw per day (2-year study in rats)

Carcinogenicity Unlikely to pose a carcinogenic risk to humans at levels of dietary 
exposure

Genotoxicity

No genotoxic potential

Reproductive toxicity

Reproductive target/critical effect No effects on fertility at highest dose tested; decreased body weight 
gain in pups at parentally toxic dose

Lowest relevant reproductive NOAEL 13.9 mg/kg bw per day for offspring toxicity (two-generation study 
in rats)

Developmental target/critical effect Decreased fetal weight and increased number of small fetuses at 
maternally toxic dose

Lowest relevant developmental NOAEL 25 mg/kg bw per day (rabbit)
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Neurotoxicity

Acute neurotoxicity Decrease in motor and locomotor activity; NOAEL: 50 mg/kg bw

Subchronic neurotoxicity No evidence of neurotoxicity at highest dose tested

Other toxicological studies

Mechanistic studies Studies on liver enzyme induction (rats, mice) and thyroid hormone 
levels (mice) suggest a non-genotoxic threshold mechanism for 
carcinogenicity

Studies on plant metabolites Fluopyram-pyridyl-carboxylic acid (AE C657188): lower toxicity 
than parent compound, not genotoxic in vitro

Fluopyram-methyl-sulfoxide (AE 1344122): lower toxicity than 
p arent compound, not genotoxic in vitro

Medical data

Limited data; no adverse health effects reported in manufacturing 
plant personnel

Summary

Value Study Safety factor

ADI 0–0.01 mg/kg bw Two-year study of toxicity in rat 100

ARfD 0.5 mg/kg bw Acute neurotoxicity study in rat 100
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Appendix 1: Application of the IPCS conceptual framework for cancer risk assessment

(IPCS framework for analysing the relevance of a cancer mode of action for humans)

This framework, developed by an International Programme on Chemical Safety (IPCS) work-
ing group, provides a generic approach to the principles commonly used in evaluating a postulated 
MOA for tumour induction by a chemical (Sonich-Mullin et al., 2001; Boobis et al., 2006). Thus, 
the framework was used by the 2010 JMPR to provide a structured approach to the assessment of the 
overall weight of evidence for the postulated MOA for the increased incidences of thyroid follicular 
cell adenomas in male mice and of hepatocellular adenomas and carcinomas in female rats observed 
after long-term administration of fl uopyram.

Thyroid follicular cell adenomas in mice

1.  Introduction

In the 18-month study of carcinogenicity in mice, increased incidences of thyroid follicular cell 
adenomas were observed in male mice after administration of fl uopyram at a dietary concentration of 
750 ppm, equal to 105 mg/kg bw per day (see section 2.3).
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2.  Postulated mode of action (theory of the case)

The postulated MOA for fl uopyram-induced thyroid follicular cell tumours involves the per-
turbation of homeostasis of the pituitary–thyroid axis by an extra-thyroidal mechanism. Specifi cally, 
fl uopyram induces hepatic microsomal enzymes, including sulfotransferases and UDPGT, which 
increases the metabolism of T

4
 by conjugation and increased excretion of the conjugated hormone. 

The pituitary gland responds to a decrease in circulating serum T
4
 levels by enhancing the release of 

TSH. Prolonged elevation of circulating TSH levels stimulates the thyroid gland to increase thyroid 
hormone synthesis and release, thus leading to thyroid follicular cell hypertrophy and hyperplasia. 
With chronic exposure, thyroid follicular cell hyperplasia eventually progresses to neoplasia.

3.  Key events

The key events in the fl uopyram MOA for thyroid tumour formation in mice include:

• induction of hepatic microsomal enzyme activity,

• increase in hepatic metabolism and excretion of T
4
,

• decrease in serum T
4
 half-life and concentration,

• increase in serum TSH concentration,

• thyroid follicular cell hypertrophy and follicular cell hyperplasia.

The key events as described above include changes in liver metabolism, alterations in hormone 
levels, increase in thyroid growth and lesion progression in the thyroid. These effects have been in-
vestigated and observed in male mice in short-term mechanistic studies and at interim and terminal 
sacrifi ces in a long-term study. The dose–response relationships and the temporal analyses of the key 
events and tumour response are presented below.

4.  Concordance of dose–response relationships

The lowest-observed-adverse-effect levels (LOAELs) for the key effects in the MOA of 
fl uopyram in the thyroid are provided in Table A1.

In all studies evaluated, increased liver weight and hepatocellular hypertrophy appeared to 
be the most sensitive indicators of changes in liver metabolism, occurring at dose levels of 4.2 and 
20.9 mg/kg bw per day and above, respectively, in the 18-month study. A signifi cant induction of 
hepatic microsomal enzymes was demonstrated in 3-day and 14-day mechanistic studies at dose 
levels of 308 and 314 mg/kg bw per day, respectively, whereas an upregulation of sulfotransferase 
and UDPGT gene transcripts was observed in a 3-day mechanistic study at a dose level of 286 mg/kg 
bw per day. Consistent with the enhanced clearance of T

4
 in 3-day and 4-day mechanistic studies at 

a dose level of 286 mg/kg bw per day, decreases in serum T
4
 levels and subsequent increases in TSH 

were confi rmed in 3-day and 14-day mechanistic studies at dose levels of 308 and 314 mg/kg bw 
per day, respectively. Prolonged TSH stimulation leads to follicular cell hyperplasia of the thyroid. 
In the 18-month mouse study, thyroid hyperplasia was seen at dose levels of 20.9 mg/kg bw per day 
and above, whereas an increased thyroid tumour incidence was found at 105 mg/kg bw per day, the 
highest dose level tested.

Generally, there was a good correlation between the doses causing induction of liver enzymes 
and subsequent T

4
 and TSH effects with those causing an increased incidence of thyroid hyperplasia 

and thyroid tumours.
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5.  Temporal association

The key events, such as induction of hepatic microsomal enzymes, upregulation of sulfotrans-
ferase and UDPGT gene transcripts, increased clearance of thyroid hormones (decreased T

4 
levels) 

and increased TSH levels, were observed after only a 3- to 14-day exposure to fl uopyram. In the 
18-month mouse study, thyroid follicular cell hyperplasia was fi rst observed at the 12-month interim 
sacrifi ce, whereas an increased incidence of thyroid follicular cell adenoma was seen at the terminal 
sacrifi ce after 18 months. Thus, there is a logical temporal response, with all key events preceding 
tumour formation.

6.  Strength, consistency and specifi city of association of tumour response with key events

Based on information from the studies in mice described in the main part of this monograph, 
there is suffi cient weight of evidence that the key events (e.g. induction of hepatic microsomal en-
zymes, upregulation of sulfotransferase and UDPGT gene transcripts, decrease in T

4
, increase in 

TSH) are linked to the precursor lesions in the thyroid (as follicular cell hyperplasia) and the ultimate 
tumour response. The key events were observed consistently in a number of studies with differing 
experimental designs. 

Data from a 90-day study in rats also support the observation that the key events (e.g. in-
crease in TSH level, thyroid follicular cell hypertrophy) were reversible after cessation of exposure 
to fl uopyram. These data presume that a similar recovery of TSH and non-neoplastic pathological 
changes in the thyroid would also occur in mice.

7.  Biological plausibility and coherence

The relationship between sustained perturbation of the hypothalamic–pituitary–thyroid axis, 
prolonged stimulation of the thyroid gland by TSH and the progression of thyroid follicular cells 

Table A1. LOAELs for key effects in the MOA of fl uopyram in mice

Effect LOAEL (mg/kg bw per day)

Liver

Induction of microsomal enzymes (total CYP, EROD, PROD, 
BROD)

308/314 (3-day/14-day mechanistic study)

Upregulation of sulfotransferase and UDPGT gene transcripts 286 (3-day mechanistic study)

Increase in liver weight 308/314 (3-day/14-day mechanistic study)

26.6 (90-day study)

4.2 (18-month study)

Hepatocellular hypertrophy 308/314 (3-day/14-day mechanistic study)

26.6 (90-day study)

20.9 (18-month study)

Hormones

Increase in serum T
4
 clearance 286 (3-day/4-day mechanistic study)

Decrease in serum T
4
 level 308/314 (3-day/14-day mechanistic study)

Increase in serum TSH level 308/314 (3-day/14-day mechanistic study)

Thyroid

Increase in thyroid hyperplasia 20.9 (12-month interim and terminal sacrifi ce, 18-month 
study)

Increase in thyroid tumours 105 (18-month study)
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to hypertrophy, hyperplasia and eventually neoplasia is considered to be biologically plausible and 
has been shown in several studies in rodents and particularly in rats. Increased secretion of TSH 
may result via different mechanisms including increased hepatic clearance of T

4
, as is the case with 

fl uopyram.

Data described by Dellarco et al. (2006) support the perspective that increased TSH concentra-
tions alone may cause rodent thyroid follicular cells to begin proliferation, and continued stimulation 
by TSH leads to hypertrophy and hyperplasia. These data are consistent with the data from fl uopyram-
exposed mice that developed thyroid follicular cell tumours following induction of hepatic enzymes 
that metabolize thyroid hormone, decreased circulating T

4
 and sustained increased TSH.

8.  Other modes of action

Genotoxicity is always one possible MOA to consider, but no genotoxic potential was 
d emonstrated for fl uopyram in the following tests:

• mutation in fi ve strains of Salmonella typhimurium, 

• mutation at the HPRT locus of Chinese hamster V79 cells,

• chromosomal aberration in Chinese hamster V79 cells,

• micronucleus induction in bone marrow cells of mice treated in vivo.

Therefore, the available evidence indicates that genotoxicity is not an alternative MOA for 
fl  uopyram. 

In addition, a possible direct effect of fl uopyram on TPO was investigated. However, a special 
study confi rmed that fl uopyram had no direct effect on TPO in vitro.

9.  Uncertainties, inconsistencies and data gaps

No major data gaps were identifi ed in the database for fl uopyram with regard to the postulated 
MOA for thyroid follicular cell tumours. 

Although no increase in UDPGT activity could be demonstrated in the 3-day and 14-day mech-
anistic studies with both fl uopyram and phenobarbital, there was clear evidence for an upregula-
tion of sulfotransferase and UDPGT gene transcripts, which are known to encode for enzymes that 
i nactivate thyroid hormones via sulfate and glucuronide derivatives.

Also, the 3-day and 14-day mechanistic studies were conducted at a dose level (about 300 mg/
kg bw per day) that was higher than the dose level with a tumour response in the 18-month study (105 
mg/kg bw per day). However, this is not considered a critical data gap, because suffi cient biological 
indicators representing the key events in the MOA are available and the associations between the key 
events and the tumour development are strong and consistent. The exposure to a higher dose for a 
shorter time achieves a target systemic concentration more rapidly than the lower dose, which allows 
a measurable response to occur following a short exposure.

10.  Assessment of postulated mode of action

The data presented are considered, with a high degree of confi dence, to be adequate to explain 
that the development of thyroid follicular cell adenoma in male mice following chronic exposure 
to fl uopyram is secondary to enhanced hepatic clearance of thyroid hormones leading to increased 
secretion of TSH and enhanced thyroid growth. 
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11.  Conclusion

There is suffi cient experimental evidence that fl uopyram induces thyroid follicular cell ad-
enoma in male mice by a process including increased hepatic clearance of thyroid hormones and 
disruption of the hypothalamic–pituitary–thyroid axis. Although the postulated MOA could theoreti-
cally operate in humans, the particular sensitivity of rodents for neoplasia due to alterations in thyroid 
homeostasis allows for the conclusion that fl uopyram does not pose a carcinogenic risk to humans at 
exposure levels relevant to residues in food.

Liver cell tumours in rats

1.  Introduction

In the 24-month study of chronic toxicity and carcinogenicity in rats, increased incidences of 
liver cell tumours (adenoma and carcinoma) were observed in female rats after administration of 
fl uopyram at a dietary concentration of 1500 ppm, equal to 89 mg/kg bw per day (see section 2.3).

2.  Postulated mode of action (theory of the case)

The development of liver tumours in rats after long-term administration of fl uopyram is initi-
ated by activation of nuclear receptors, in particular CAR in hepatocytes, which is followed by al-
tered expression of CAR-regulated genes and subsequent induction of liver enzymes (including CYP 
isoenzymes), hepatocellular hypertrophy, increase of cell proliferation and suppression of apoptosis 
and perturbation of liver function. The resulting single-cell necrosis is associated with increased cell 
replication, and suppression of normal apoptotic processes is associated with clonal expansion of po-
tentially mutated cells that leads to foci of altered hepatocytes. Such altered foci ultimately progress 
to neoplasia (Bannasch, Haertel & Su, 2003). 

The postulated MOA for fl uopyram is considered to be similar to the MOA for phenobarbital, 
which induces liver cell tumours in rodents by a non-genotoxic mechanism. A key effect of phe-
nobarbital is the induction of liver CYP enzymes, which is mediated through activation of nuclear 
receptors, in particular CAR. 

3.  Key events

The key events in the fl uopyram MOA for liver tumour formation in rats include the f ollowing:

• Activation of nuclear receptors, in particular CAR: Activation of nuclear receptors, in particular 
CAR, is most probably an early step, although activation of CAR by fl uopyram has not been 
demonstrated conclusively. Nevertheless, it is likely that this does occur, given that induction of 
liver enzymes resulted from short-term administration of the compound to rats and mice.

• Induction of hepatic CYP enzymes: Induction of activities of hepatic CYP enzymes, particularly 
BROD and PROD, was observed after administration of fl uopyram for 7 days (193 mg/kg bw per 
day) in a pattern that was similar to that produced by phenobarbital (80 mg/kg bw per day) and 
may be considered to be indicative of a CAR-mediated response.

• Increase of liver cell proliferation: Increased liver cell proliferation was demonstrated by an 
increased BrdU labelling index in the liver after administration of fl uopyram for 7 days at 193 
mg/kg bw per day and by an increased number of mitoses in liver cells after administration of 
fl uopyram for 12 and 24 months at 89 mg/kg bw per day.

• Hepatocellular hypertrophy and hyperplasia: Hepatocellular hypertrophy was observed after 
administration of fl uopyram for 7 days at 193 mg/kg bw per day, after 90 days of administration 
at 70 mg/kg bw per day and after 12 and 24 months of administration at 89 mg/kg bw per day.
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• Increase in liver weight: Increased liver weight was observed after administration of fl uopyram 
for 7 days at 193 mg/kg bw per day, after 90 days of administration at 70 mg/kg bw per day and 
after 12 and 24 months of administration at 89 mg/kg bw per day.

• Development of altered hepatic foci: Foci of altered hepatocytes were increased after administration 
of fl uopyram for 12 and 24 months at 89 mg/kg bw per day.

The key events as described have been observed in rats in short-term toxicity and mechanistic 
studies as well as at the interim and terminal sacrifi ces in a long-term study. The dose–response rela-
tionships and the temporal analyses of the key events and tumour response are presented below.

4.  Concordance of dose–response relationships

The NOAELs and LOAELs for the identifi ed key events in the MOA of fl uopyram in the liver 
are provided in Table A2.

A dose-related increase in liver enzyme induction was observed in the 28-day study in rats, 
with no enzyme induction at 4.6 mg/kg bw per day, a moderate enzyme induction at 36.1 mg/kg bw 
per day and a marked enzyme induction at 263 mg/kg bw per day. Similarly in this study, liver weight 
was not changed at 4.6 mg/kg bw per day, was slightly increased at 36.1 mg/kg bw per day and was 
signifi cantly greater than control at 263 mg/kg bw per day.

An increase in liver cell proliferation, using BrdU as a marker of deoxyribonucleic acid (DNA) 
synthesis, was observed after a 7-day exposure to fl uopyram at 193 mg/kg bw per day, whereas an in-
creased number of mitoses was observed after 1 year and 2 years of exposure to fl uopyram at 89 mg/
kg bw per day. Exposure to fl uopyram at the same dose level resulted in an increase in the incidence 
of altered hepatic foci and of liver cell tumours.

5.  Temporal association

The identifi ed key events, such as induction of CYP enzymes, increased liver cell proliferation 
(as identifi ed by increased DNA synthesis), liver cell hypertrophy and increased liver weights, were 
observed after only a 7-day or 28-day exposure to fl uopyram. Altered hepatic foci were observed at 
fi rst after 12 months of exposure (interim sacrifi ce in the long-term study), whereas liver cell ad-
enoma and carcinoma occurred only at the terminal sacrifi ce in the 24-month study. Thus, there is a 
logical temporal response, with the key events preceding tumour formation.

6.  Strength, consistency and specifi city of association of tumour response with key events

The identifi ed key events that are fundamental to the proposed MOA for liver tumour induction 
by fl uopyram were reported consistently at several time points before tumours were identifi ed. Early 
key events in the proposed MOA include induction of CYP enzymes, increased hepatocellular prolif-
eration, hepatocellular hypertrophy, increased liver weight and, somewhat later, the development of 
altered hepatic foci. The early key events (see above) were fi rst reported after 7 days and 28 days of 
exposure, and similar effects were reported after 90 days of exposure to fl uopyram.

The key events identifi ed for fl uopyram are similar to those of phenobarbital. The proposed 
MOA for the induction of liver tumours in rodents (rats and mice) by phenobarbital involves activa-
tion of nuclear receptors, particularly CAR, and subsequent induction of CYP enzymes (particularly 
the CYP2B family), whereas additional phenobarbital responses that are key in its tumorigenic effect 
include increased cell proliferation, inhibition of apoptosis, hypertrophy and development of altered 
hepatic foci (Whysner, Ross & Williams, 1996; Holsapple et al., 2006).
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7.  Biological plausibility and coherence

The proposed MOA for the induction of liver tumours in female rats by fl uopyram is plausible 
and cohesive, as the data show a substantial similarity to the MOA that has been proposed (and which 
appears to be widely accepted) for phenobarbital. 

8.  Other modes of action

Genotoxicity is always one possible MOA to consider, but no genotoxic potential was demon-
strated for fl uopyram in the following tests:

• mutation in fi ve strains of Salmonella typhimurium, 

• mutation at the HPRT locus of Chinese hamster V79 cells,

• chromosomal aberration in Chinese hamster V79 cells,

• micronucleus induction in bone marrow cells of mice treated in vivo.

Therefore, the available evidence indicates that genotoxicity is not an alternative MOA for 
fl  uopyram. 

There was no indication of hepatotoxic effects such as peroxisome proliferation or chronic 
degeneration in the general toxicity studies performed on fl uopyram that might suggest cycles of 
degeneration and regenerative hyperplasia. Also, none of the studies of general toxicity or toxicity to 
reproduction have suggested that there might be perturbation of estrogenic hormone homeostasis that 
could result in a mitogenic stimulus to the liver.

9.  Uncertainties, inconsistencies and data gaps

No data were presented to demonstrate that fl uopyram activates CAR to induce CYP enzymes, 
although this data gap might be considered to be of low relevance given the close similarities in 
e nzyme induction between fl uopyram and phenobarbital. 

In the short-term mechanistic studies, fl uopyram induced some CYP enzymes (BROD, PROD) 
with a pattern of changes that was similar to the profi le observed in rats treated with phenobarbital. 

Table A2. NOAELs/LOAELs for key events in the MOA of fl uopyram in liver of rats

Effect NOAEL/LOAEL (mg/kg bw per day)

Induction of CYP enzymes (total P450, EROD, 
PROD, BROD)

—/193 (7-day mechanistic study)

4.6–36/36–263 (28-day study)

Increase in liver cell proliferation —/193 (7-day mechanistic study)

8.6/89 (12-month interim and terminal sacrifi ces, 24-month study)

Hepatocellular hypertrophy —/193 (7-day mechanistic study)

14.6/70 (90-day study)

8.6/89 (12-month interim and terminal sacrifi ces, 24-month study)

Increase in liver weight —/193 (7-day mechanistic study)

36/263 (28-day study)

14.6/70 (90-day study)

8.6/89 (12-month interim and terminal sacrifi ces, 24-month study)

Increase in hepatic foci 8.6/89 (12-month interim and terminal sacrifi ces, 24-month study)

Increase in liver cell tumours 8.6/89 (terminal sacrifi ce, 24-month study)
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Especially the induction of PROD, which is a marker for CYP2B, is considered a diagnostic effect of 
a phenobarbital-like MOA. However, the magnitude of changes was different between fl uopyram and 
phenobarbital when EROD activity was concerned. 

Also, there was a lack of dose–response concordance with the key precursor events and the de-
velopment of liver tumours, as the dose levels used in the short-term mechanistic studies were more 
than 2-fold higher than the dose that produced an increased tumour incidence.

10.  Assessment of postulated mode of action

The data presented are considered to be adequate to explain the development of liver cell 
tumours in female rats following chronic exposure to fl uopyram. The key events for the MOA of 
fl uopyram have been identifi ed and documented, and they illustrate a strong dose–response relation-
ship and temporal relationship to tumour formation. Induction of CYP is a well-known MOA for liver 
tumour development in rodents, and the major end-points accepted for documenting this MOA have 
been presented for fl uopyram.

11.  Conclusion

There are a number of elements in the toxicology of fl uopyram that are consistent with an 
MOA based on nuclear receptor–mediated gene activation, and it might be concluded that the weight 
of evidence supports a phenobarbital-like MOA for hepato-tumorigenesis.

The nuclear receptor involved in phenobarbital-induced liver enzyme induction is mainly CAR. 
Although CAR is expressed in human hepatocytes, CYP induction in human liver may act more 
through pregnane X receptor (PXR) than through CAR (Moore et al., 2003). In addition, there are 
convincing data showing that patients receiving phenobarbital for many years do not show evidence 
of tumorigenic effects (IARC, 2001). For these reasons, the MOA for phenobarbital-like CYP induc-
tion is not considered to be relevant to humans regarding the induction of liver tumours (Holsapple 
et al., 2006).

However, the relevance of the liver tumours in female rats to humans cannot be discounted, as 
the results of the mechanistic studies were only partly suffi cient to support the proposed phenobarbi-
tal-like MOA for fl uopyram. In particular, activation of CAR by fl uopyram has not been clearly dem-
onstrated, and there is a lack of dose–response concordance with key precursor events and t umour 
incidence.
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Meptyldinocap was reviewed for the fi rst time by the Joint FAO/WHO Meeting on Pesticide Residues 
(JMPR) at the request of the Codex Committee on Pesticide Residues (CCPR).

Meptyldinocap is one of the six structural analogues present in the existing active substance 
dinocap. Dinocap was evaluated previously by the JMPR in 1969, 1974, 1989, 1998 and 2000. In 
1998, the acceptable daily intake (ADI) and the acute reference dose (ARfD) for dinocap were estab-
lished at 0–0.008 mg/kg body weight (bw) and 0.008 mg/kg bw, respectively. In 2000, two ARfDs 
were established for dinocap, one for women of childbearing age, at 0.008 mg/kg bw, and another for 
the general population, at 0.03 mg/kg bw. Dinocap contains approximately 22% meptyldinocap.

The database supporting meptyldinocap consists of some new studies performed with meptyldi-
nocap together with earlier studies performed with dinocap. A number of the kinetic and metabolism 
studies that used dinocap had the radiolabel in the methylheptyl isomer that was subsequently devel-
oped as meptyldinocap (see Table 1). Studies with meptyldinocap have been summarized in detail in 
this monograph, whereas previously evaluated studies with dinocap are summarized in Appendix 1, 
with only the conclusions presented in the main part of the monograph. Most of the pivotal studies 
met the basic requirements of the relevant Organisation for Economic Co-operation and Develop-
ment (OECD) or national test guidelines, although the level of detail in some of the older reports of 
studies performed with dinocap did not always meet current requirements. A number of studies using 
dinocap did not contain certifi cates of compliance with good laboratory practice (GLP). 

Meptyldinocap has been known under the development codes DE 126, Dinocap II and RH-23-
163. Dinocap was known as Karathane. 

Table 1. Composition of dinocap

Isomer Abbreviation Nominal % in dinocap

2,4-dinitro-6-(1-methylheptyl)phenyl crotonate 2,4-DNHPC (meptyldinocap) 22

2,6-dinitro-4-(1-methylheptyl)phenyl crotonate 2,6-DNHPC 11

2,4-dinitro-6-(1-ethylhexyl)phenyl crotonate 2,4-DNEHPC 22

2,6-dinitro-4-(1-ethylhexyl)phenyl crotonate 2,6-DNEHPC 11

2,4-dinitro-6-(1-propylpentyl)phenyl crotonate 2,4-DNPPC 22

2,6-dinitro-4-(1-propylpentyl)phenyl crotonate 2,6-DNPPC 11

Evaluation for acceptable daily intake

The structure of meptyldinocap is shown in Figure 1. 

Figure 1. Structure of meptyldinocap with position of radiolabel (*)
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1. Biochemical aspects

No new absorption, distribution, metabolism and excretion (ADME) studies on meptyldinocap 
in mammals have been conducted. However, in a number of the ADME studies with dinocap, the 
radiolabel was present on the methylheptyl analogue, which is the primary component of meptyldi-
nocap. 
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1.1 Absorption, distribution and excretion

(a) Oral route

Mice

Groups of male CD-1 mice received gavage doses of [phenyl-14C]dinocap (with the radiolabel 
present as either [14C]2,4-dinitro-6-(1-methylheptyl)phenyl crotonate [2,4-DNHPC; meptyldinocap] 
or [14C]2,6-dinitro-4-(1-methylheptyl)phenyl crotonate [2,6-DNHPC]). The vehicle was gum traga-
canth, and the dose levels of dinocap were 0.5, 3 and 25 mg/kg bw. Blood samples were taken 6 times 
in the fi rst 24 hours and then every 24 hours until 96 hours. Urine and faecal samples were taken at 6, 
24, 48, 72 and 96 hours. At sacrifi ce (96 hours all doses; 6, 24, 48 and 72 hours at 25 mg/kg bw), tis-
sue samples were taken and analysed for 14C. Excretion was approximately equally divided between 
urine and faeces, but interpretation is confounded by the high residue in the urine funnel (Table 2), 
with no marked differences between analogues or among administered doses. The absorption half-
life was calculated to be less than 1 hour. Elimination half-lives were longest for brain and eyes with 
2,4-DNHPC and for liver and eyes with 2,6-DNHPC (DiDonato et al., 1986).

The rapid absorption and excretion of dinocap (containing [14C]DNHPC) by male CD-1 mice 
were reported by Potter (1996), with 93% of the total urinary excretion occurring within 24 hours of 
gavage dosing at 25 mg/kg bw in corn oil. Urinary excretion (+ funnel wash) at 96 hours accounted 
for approximately 58% of the administered dose.

Rats

In an initial study, albino rats (one per sex) received 62 mg/kg bw per day of [14C]dinocap 
(phenyl ring labelled) by oral gavage for 7 days. The [14C]dinocap was a mixture of 2,4-dinitro-
6-(2,3,4-octyl)phenyl crotonate (2,4-DNOPC) and 2,6-dinitro-4-(2,3,4-octyl)phenyl crotonate (2,6-
DNOPC) (specifi c activity 20 MBq/g). Urine, faeces, exhaled carbon dioxide and cage wash were 
collected daily over the course of the study. After a 4-day withdrawal period, animals were sacrifi ced, 
and tissues were analysed for radioactivity. Quantifi cation of the radioactive material was performed 
by liquid scintillation counting. In males, excretion was evenly split between urine and faeces; in 
females, faecal excretion predominated (about 65% versus 35% in urine). At sacrifi ce, tissue levels 
were low (< 0.5% of the administered dose), highest levels of 14C being found in kidney, liver and 
skin (Graham, 1970).

Groups of male Sprague-Dawley rats received gavage doses of dinocap containing [14C]2,4-
DNHPC (meptyldinocap). The vehicle was gum tragacanth, and dose levels were 3, 25 or 100 mg/kg 
bw. Blood samples were taken 6 times in the fi rst 24 hours and then every 24 hours until 96 hours. 

Table 2. Recovery of 14C label from male mice (n = 4) following a single oral dose of [14C]dinocap 
(mean ± standard deviation) 

14C compound 14C dose
(mg/kg bw)

Recovery (% of administered dose)

Urine Urine funnel 
wash

Faeces Cage wash Tissues Total

2,4-DNHPC 0.5 32 ± 19 13 ± 10 40 ± 16 7.2 ± 3 3.9 ± 0.6 96 ± 20

2,4-DNHPC 3 20 ± 9 39 ± 6 37 ± 9 3.5 ± 1 0.9 ± 0.2 100 ± 9

2,4-DNHPC 25 23 ± 8 16 ± 14 32 ± 5 12 ± 11 0.2 ± 0.02 83 ± 0.9

2,6-DNHPC 25 23 ± 17 17 ± 9 43 ± 16 6 ± 3 0.16 ± 0.1 90 ± 13

From DiDonato et al. (1986)
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Urine and faecal samples were taken at 6, 24, 48, 72 and 96 hours. At sacrifi ce (96 hours all doses; 
6, 24, 48 and 72 hours at 25 mg/kg bw), tissue samples were taken and analysed for 14C. Excretion 
was primarily via faeces (about 60% versus 30–40% in urine) (Table 3), with no marked differences 
among administered doses. The absorption half-life was calculated to be less than 1 hour. Elimination 
half-lives were longest for brain and eyes (DiDonato et al., 1986).

The rapid absorption and excretion of dinocap (containing [14C]DNHPC) by male Sprague-
Dawley rats were reported by Potter (1996), with 95% of the total urinary excretion occurring within 
24 hours of gavage dosing at 100 mg/kg bw in corn oil. Urinary excretion (+ funnel wash) at 96 hours 
accounted for approximately 31% of the administered dose.

Rabbits

Female New Zealand White rabbits (four per group) received [14C]2,4-DNHPC (meptyldi-
nocap), uniformly radiolabelled in the phenyl ring, by gavage at 0.5, 3 or 25 mg/kg bw (Table 4). 
Peak plasma levels increased with dose, whereas the proportion of 14C in faeces and urine remained 
unchanged. In the region of 60–70% of the oral dose was calculated to be absorbed when related to 
the urinary excretion of an intravenous dose of 3 mg/kg bw (52%) and corrected for recovery (DiDo-
nato & Longacre, 1985).

(b) Dermal route

Rabbits

In a study to complement a dermal developmental study with dinocap, female New Zealand 
White rabbits (four per group) were exposed to [14C]2,4-DNHPC (meptyldinocap) uniformly radi-
olabelled in the phenyl ring. A number of doses and vehicles were used (Table 5). The proportion of 
the applied dose that was absorbed varied between 3.7% and 13%. Peak plasma concentrations deter-
mined at 6 hours increased with applied dose, indicating little, if any, saturation, and were 50–100 
times lower than those from an equivalent oral dose (Table 4) (DiDonato & Longacre, 1985).

Table 3. Recovery of 14C label from male rats (n = 4) following a single oral dose of [14C]dinocap 
(mean ± standard deviation)

14C dose 
(mg/kg bw)

Recovery (% of administered dose)

Urine Urine funnel wash Faeces Cage wash Tissues Total

3 38 ± 4.5 12 ± 9 61 ± 17 1.1 ± 1 0.3 ± 0.1 113 ± 12

25 29 ± 11 4.0 ± 2 57 ± 17 0.4 ± 0.2 0.13 ± 0.03 90 ± 29

100 35 ± 9 5.4 ± 2 64 ± 4 0.9 ± 0.3 0.15 ± 0.04 105 ± 12

From DiDonato et al. (1986)

Table 4. Findings in female rabbits (n = 4) treated orally with [14C]2,4-DNHPC (means)

[14C]2,4-
DNHPC dose 
(mg/kg bw)

Number of 
animals

Specifi c 
activity
(MBq/g)a

Peak plasma 
concentration at 6 h 
(ppm)

% of administered 
dose in urine + 
funnel wash

% of administered 
dose in faeces

% of dose 
absorbeda 

0.5 4 205 0.29 45 72 69

3 4 146 1.3 31 67 60

25 4 18 15 44 57 64

From DiDonato & Longacre (1985)

ppm, parts per million
a % of administered dose in urine versus % of intravenous dose in urine.
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Monkeys

Groups of four female Rhesus monkeys were exposed to [14C]dinocap at dose levels of 0.2 mg/
kg bw (6-hour exposures of abdominal skin). Plasma and urine samples were taken pretest and then 
repeatedly up to 96 hours. No 14C was detected in plasma above the limit of quantifi cation. Based on 
urinary excretion, corrected for approximately 49% urinary excretion of an intramuscular dose, the 
dermal absorption was estimated to be approximately 16% at an application rate of 40 µg/cm2 and 
5% at an application rate of 2500 µg/cm2 (Wester & Maibach, 1985). 

(c) Intravenous/intramuscular route

Rabbits

Female New Zealand White rabbits (four per group) received a single intravenous dose of 
[14C]2,4-DNHPC (meptyldinocap) uniformly radiolabelled in the phenyl ring; the vehicle was dim-
ethyl sulfoxide (DMSO). Total recovery was low (mean 76% ± 25%), with approximately 52% of 
the dose excreted in the urine, 11% in the urine funnel wash and 14% in the faeces (DiDonato & 
Longacre, 1985).

Monkeys

Four female Rhesus monkeys received a single dose of 670 µl (368 kBq) of 14C-labelled dino-
cap by intramuscular injection. Urinary excretion from 0 to 4 hours accounted for 27% of the admin-
istered dose, with 52% excreted in urine by 24 hours (Maibach, 1985). Similar results were reported 
by Wester & Maibach (1985), with 49% of an intravenous dose of 200 µg/kg bw being excreted in 
urine in 96 hours.

1.2 Biotransformation

Mice

The hydrolysis of [14C]2,4-DNHPC (meptyldinocap) to the free phenol (2,4-dinitro-6-(1-meth-
ylheptyl)phenol) [2,4-DNHP]) was investigated using CD-1 mouse plasma and liver microsomes. 
Incubations were performed at 37 °C. For plasma, a 2.5-minute reaction time and substrate concen-
tration range of 10–100 µmol/l were used; for liver microsomes, the incubation period was 2.5 min-
utes, with a substrate concentration range of 5–100 µmol/l. The results, presented in Table 6, show 

Table 5. Findings in female rabbits treated dermally with [14C]2,4-DNHPC 

[14C]2,4-DNHPC 
dose (mg/kg bw)

Application 
rate (mg/cm2)

Vehicle Number of 
animals

Specifi c activity 
(MBq/g)

Peak plasma 
concentration 
at 6 h (ppm)

% of dose 
absorbeda 

25 2.2 Neat 4 33.5 0.15 3.7 ± 1.8

100 8.3 Neat 4 8.2 0.47 5.1 ± 2.5

220 18 Neat 4 3.8 1.5 4.8 ± 3.8

25 (7 days) 2.1 Neat 4 32.7 0.24 13.1 ± 6.1

25 2.4 Powder 4 32.7 0.19 9.2 ± 3.2

25 2.5 Liquid concentrate 4 32.7 0.24 4.0 ± 1.3

25 2.2 Acetone 4 32.7 0.28 7.3 ± 2.2

25 (× 13) — Neat 4 32.7 — 6.2 ± 0.9

From DiDonato & Longacre (1985) 

ppm, parts per million
a % of administered dose in urine versus % of intravenous dose in urine. 
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that while there are differences between rats (see next section) and mice, these do not appear to be 
signifi cant in terms of the potential capacity to hydrolyse the crotonate bond (Anderson & Longacre, 
1986).

An investigation of the metabolism of dinocap was performed by Udinsky, Tran & Frederick 
(1986). Groups of male CD-1 mice received a single dose of dinocap (containing [14C]2,4-DNHPC 
[meptyldinocap]) at 0.5, 3 or 25 mg/kg bw by gavage in gum tragacanth. Excreta  samples were taken 
over 24 hours and analysed for metabolites using liquid scintillation counting, high-performance liq-
uid chromatography (HPLC) and ultraviolet (UV) absorption. There was a dose-related decrease in 
the proportion of the administered dose excreted in the urine (60% at 0.5 mg/kg bw, 24% at 25 mg/
kg bw). Conjugation was found to be of limited signifi cance following incubations with glucuroni-
dases or arylsulfatases. In urine, there were three major metabolites accounting for over 60% of the 
urinary radioactivity. These were tentatively identifi ed as being formed after hydrolytic cleavage of 
the crotonate moiety. In faeces, the main component was parent compound (approximately 30% of 
faecal radioactivity), with the hydrolysis product 2,4-DNHP representing about 20% (Udinsky, Tran 
& Frederick, 1986).

Fifteen male CD-1 mice received single doses of 25 mg/kg bw of an isotope mixture of 
[14C]2,4-DNHPC (lot No. 742.0211; specifi c activity 500 MBq/g) and [13C]2,4-DNHPC (lot No. 
4133-0) dispersed in corn oil (total 2,4-DNHPC dose 2.5 mg/ml) by oral gavage. The isotope ratio of 
[14C]2,4-DNHPC and [13C]2,4-DNHPC administered to mice was 1:1 (no [12C]2,4-DNHPC isotope 
was present). The isotopes were uniformly incorporated in the phenyl ring. Urine was collected over 
dry ice at 24-, 48-, 72- and 96-hour intervals after dosing. Aliquots (1 ml) of urine from 24-hour col-
lection samples were pooled and used for identifi cation of metabolites by HPLC and mass spectrom-
etry and for quantifi cation of metabolites by HPLC. Quantifi cation of the radioactive material was 
performed by liquid scintillation counting. Identifi cation was aided by comparison with synthetic 
standards. 

Over 80% of the urinary radioactivity was eluted as 13 discrete HPLC peaks. The results are 
summarized in Table 7. None of the urinary metabolites contained the crotonate moiety, indicating 
that the initial reaction is probably hydrolysis of this component. Subsequent reactions include oxi-
dation of the octyl chain, with β-oxidation the predominant metabolic pathway (approximately 47% 
of the urinary metabolites), whereas α-oxidation metabolites represent approximately 33%. Approxi-
mately 7% of the urinary metabolites were conjugated, but these were only partially characterized 
(Potter, 1996).

Rats

The hydrolysis of [14C]2,4-DNHPC (meptyldinocap) to the free phenol (2,4-DNHP) was inves-
tigated using Sprague-Dawley rat plasma and liver microsomes. Incubations were performed at 37 
°C. For plasma, a 2.5-minute reaction time and substrate concentration range of 10–100 µmol/l were 
used; for liver microsomes, the incubation time was 5 minutes, with concentrations of 10–100 µmol/l. 
The results are presented in Table 6 above and show that whereas there are differences between rats 

Table 6. Kinetic parameters for the hydrolysis of 2,4-DNHPC by rat and mouse plasma and liver 
microsomes

Mouse plasma Rat plasma Mouse liver Rat liver

V
max

 (nmol/min per milligram protein) 5.6 12.5 1.7 3.3

K
m
 (µmol/l) 14 20 5.9 33

From Anderson & Longacre (1986)

K
m
, Michaelis-Menten constant; V

max
, maximum rate
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and mice, these do not appear to be signifi cant in terms of the potential capacity to hydrolyse the 
crotonate bond (Anderson & Longacre, 1986).

Male and female Wistar rats were treated with daily doses of 11.7 mg/kg bw per day of 
[14C]2,4-DNOPC (isomeric mixture of 95% trans-[14C]2,4-DNOPC and 5% cis-[14C]2,4-DNOPC; 
specifi c activity 65 MBq/g; 95% radiochemical purity) by oral gavage (vehicle: methylcellulose–
water solution) for 7 days. Samples of excreta were analysed for metabolites using liquid scintillation 
counting, gas chromatography, mass spectrometry and nuclear magnetic resonance. Excretion was 
predominantly in faeces (52–58%), with 15–20% in urine. Over 20 metabolites were detected, but 
only 3 of these were identifi ed. There were clear differences between the metabolite patterns in males 
and females. The main metabolites in male rat excreta were identifi ed as 2,4-dinitro-6-(1-methyl-5-
hydroxy-heptyl)phenol (37% of urinary excretion; 4% of faecal excretion), 2,4-dinitro-6-(1-methyl-
7-carboxy-heptyl)phenol (27% of urinary excretion) and 2,4-dinitro-6-(2-octyl)phenol (5% of faecal 
excretion) (Honeycutt & Garska, 1976a,b).

Groups of male Sprague-Dawley rats received a single dose of [14C]2,4-DNHPC (meptyldi-
nocap) at 3, 25 or 100 mg/kg bw by gavage in gum tragacanth. Excreta samples were taken over 24 
hours and analysed for metabolites using liquid scintillation counting, HPLC and UV absorption. 
There was no evidence of any decrease in the proportion of the administered dose excreted in the 
urine with increasing dose level. Conjugation was found to be of limited signifi cance following incu-
bations with glucuronidases or arylsulfatases. In urine, there were two major metabolites accounting 
for over 80% of the urinary radioactivity. These were tentatively identifi ed as having been formed 
after hydrolytic cleavage of the crotonate moiety. UV spectra indicated that the rat metabolites were 
not substituted on the phenolic oxygen, whereas mouse metabolites were. In faeces, the main com-
ponent was parent compound (approximately 30–40% of faecal radioactivity), with the hydrolysis 
product 2,4-DNHP representing about 13–30% (Udinsky, Tran & Frederick, 1986).

Five male Sprague-Dawley rats received single doses of 25 mg/kg bw of an isotope mixture 
of [14C]2,4-DNHPC (lot No. 742.0211; specifi c activity 500 MBq/g) and [13C]2,4-DNHPC (lot No. 
4133-0) dispersed in corn oil (total 2,4-DNHPC dose 2.5 mg/ml; meptyldinocap) by oral gavage. The 
isotope ratio of [14C]2,4-DNHPC and [13C]2,4-DNHPC administered was 1:1 (no [12C]2,4-DNHPC 
isotope was present). The isotopes were uniformly labelled in the phenyl ring position. Urine was 
collected over dry ice at 24-, 48-, 72- and 96-hour intervals after dosing. Aliquots (1 ml) of urine 
from 24-hour collection samples were pooled and used for identifi cation of metabolites by HPLC and 
mass spectrometry and for quantifi cation of metabolites by HPLC. Quantifi cation of the radioactive 

Table 7. Main metabolites found in urine of mice and rats administered meptyldinocap

Chemical name % urinary radioactivity 
in mice

% urinary radioactivity 
in rats

2-Acetamino-4-nitro-6-(1-methyl-α,β-pentenoate)phenol < 1% 2

2,4-Diacetamino-6-(1-methylpentanoate)phenol < 1% 2

2,4-Dinitro-6-(1-methyl-β-hydroxypentanoate)phenol 8 4

2,4-Dinitro-6-(1-methylpropanoate)phenol 6 2

2,4-Dinitro-6-(1-methylbutanoate)phenol 24 18

2,4-Dinitro-6-(1-methyl-α,β-pentenoate)phenol 9 3

2,4-Dinitro-6-(1-methylpentanoate)phenol 22 58

2,4-Dinitro-6-(1-methyl-α,β-buten-4-ol)phenol 3 < 1%

From Potter (1996)
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material was performed by liquid scintillation counting. Identifi cation was aided by comparison with 
synthetic standards. 

Over 90% of the urinary radioactivity was eluted as 12 discrete HPLC peaks. The results 
are summarized in Table 7 above. None of the urinary metabolites contained the crotonate moiety, 
indicating that the initial reaction is probably hydrolysis of this component. Subsequent reactions 
include oxidation of the octyl chain, with β-oxidation the predominant metabolic pathway (approxi-
mately 72% of the urinary metabolites), whereas α-oxidation metabolites represent approximately 
18%  (Potter, 1996).

The proposed metabolic pathway for rats, based primarily on the data of Potter (1996), is 
shown in Figure 2. 

2. Toxicological studies

2.1 Acute toxicity

(a) Lethal doses

Meptyldinocap was of low acute toxicity via the oral and dermal routes and of moderate acute 
toxicity via the inhalation route (Table 8). 

(b) Dermal and ocular irritation and dermal sensitization 

Meptyldinocap was slightly irritating to rabbit skin (Merkel, 2005c), was a moderate eye irri-
tant (Merkel, 2005d) and gave positive results in a local lymph node assay for skin sensitization 
(Woolhiser & Wiescinski, 2005).

2.2 Short-term studies of toxicity

(a) Oral administration

Mice

In a GLP-compliant study, groups of CD-1 mice (fi ve of each sex per dose) received meptyldi-
nocap (purity 92.9%; lot No. SL1088R301) in the diet at 0, 100, 200 or 750 parts per million (ppm) 
for 28 days. Parameters evaluated included daily cage-side observations, weekly detailed clinical 
observations, ophthalmic examinations, fundic photographs, body weights, feed consumption, clini-
cal chemistry, haematology (including prothrombin time), urinalysis and selected organ weights, 

Table 8. Acute toxicity studies with meptyldinocap

Test substance Species Strain Sex Route LD
50 

(mg/kg bw) 
LC

50
 

(mg/l)
Purity (%); 
batch

Vehicle Reference

Meptyldinocap Rat F344 F Oral > 2000 92.9;
SL1088R301

None Merkel 
(2005a)

Meptyldinocap Rat F344 F Dermal > 5000 92.9;
SL1088R301

None Merkel 
(2005b)

Meptyldinocap Rat F344 M & F Inhalation 
(nose only)a

1.2 (M)

1.6 (F)

91.5;
SL1088R301

None Krieger & 
Garlinghouse 
(2009)

F, female; LC
50

, median lethal concentration; LD
50

, median lethal dose; M, male
a Mass median aerodynamic diameter 2.0–3.6 µm.
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Figure 2. Proposed metabolic pathway of meptyldinocap in rats 
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with gross examinations of all animals and histopathological examinations (about 40 tissues) of 
control and top-dose animals plus any gross fi ndings. 

Achieved dietary concentrations and homogeneity were confi rmed analytically; achieved mean 
intakes are given in Table 9. In the meptyldinocap groups, there were no deaths or clinical signs of 
note other than yellow urine staining in all treatment groups. Body weight gain was unaffected by 
treatment. Feed consumption was reduced in all treated male groups at the start of the study, but this 
is possibly related to unusually high consumption in control males; in females, feed consumption was 
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increased in top-dose animals at the start of the study. There were no notable fi ndings in ophthalmos-
copy, clinical chemistry or haematology (although total white blood cell counts showed great varia-
tion across all groups). Urinary pH fl uctuated between test groups; however, with no other indications 
of renal impairment, this fi nding is considered to be related to the production of acidic metabolites 
and not adverse. One top-dose male had a unilateral preputial abscess, and a top-dose female had a 
cloudy cornea, both of which are considered to be spontaneous; there were no other notable gross 
pathological fi ndings. Liver weights were increased at 750 ppm, together with indications of very 
slight focal necrosis accompanied by infl ammation (Table 9). No information is available on the 
mode of action behind the liver effects. 

The no-observed-adverse-effect level (NOAEL) is 200 ppm (equal to 33 mg/kg bw per day), 
based on increased liver weights at 750 ppm (equal to 126 mg/kg bw per day) (Thomas, Yano & 
Dryzga, 2005).

Rats

In a GLP-compliant study, groups of Sprague-Dawley rats (10 of each sex per group) were 
given meptyldinocap (purity 92.9%; lot No. SL1088R301) in the diet at 0, 200, 650 or 2000 ppm for 
90 days. Parameters evaluated were daily observations, detailed clinical observations, ophthalmo-
logical examinations, body weight, feed consumption, haematology (including prothrombin time), 
clinical chemistry, urinalysis and selected organ weights, with gross examinations of all animals 
plus histopathological examinations in controls and top-dose animals (about 40 tissues, including 
 additional nervous system samples) plus all gross abnormalities. In addition to the above routine 

Table 9. Findings in mice (n = 5) receiving meptyldinocap in the diet for 28 days

Males Females

Dietary concentration (ppm)

0 100 200 750 0 100 200 750

Achieved intakes (mg/kg 
bw per day)

0 17 33 126 0 21 44 173

Body weight, week 4 (g) 39 37 38 38 29 27 28 27

Body weight gain, days 
0–4 (g) (mean ± SD)

3.0 ± 2.1 1.2 ± 0.4 2.0 ± 0.5 2.0 ± 0.5 1.1 ± 0.8 0.9 ± 0.1 1.1 ± 0.6 1.2 ± 0.9

Feed consumption, days 
0–4 (g/day) (mean ± SD)

7.0 ± 0.4 6.2 ± 0.1 5.9 ± 0.4 6.1 ± 0.7 5.3 ± 0.2 5.4 ± 0.7 5.4 ± 0.6 7.0 ± 1.1

Urine pH 7.5 7.0 7.0 6.5 6.0 6.5 7.0 6.0

Liver weight, absolute (g) 2.22 2.09 2.29 2.56 1.58 1.49 1.57 1.59

Liver weight, relative to 
body weight (%)

5.9 5.8 6.0 6.9* 5.5 5.5 5.6 6.0*

Aggregates of 
mononuclear cells, focal

0 0 0 1 0 0 0 0

Aggregates of 
mononuclear cells, 
multifocal

1 0 0 0 3 0 0 1

Necrosis, focal 0 0 0 0 0 0 1 0

Necrosis, with 
accompanying 
infl ammation, focal

0 0 0 1 0 0 0 1

From Thomas, Yano & Dryzga (2005)

SD, standard deviation; * P < 0.05, both sexes combined due to small group size
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parameters, potential neurotoxicity was assessed by an automated test of motor activity and a func-
tional observational battery (FOB), including assessment of grip performance, landing foot splay and 
rectal temperature conducted pre-exposure and at the end of the study. 

Achieved dietary concentrations and homogeneity were confi rmed analytically; achieved mean 
intakes are given in Table 10. One animal from the 650 ppm group died the night before scheduled 
necropsy; the cause of death could not be ascertained. There were no clinical signs of note other 
than yellow urine staining. Body weight gain was consistently reduced at 2000 ppm; although the 
magnitude was relatively small, the study authors considered it to be treatment related. Feed con-
sumption was reduced in top-dose females at most time points. There were no notable fi ndings in the 
FOB, haematology, ophthalmoscopy or urinalysis investigations other than yellow coloration of the 
urine. Top-dose females had increased levels of total protein, albumin and cholesterol. Absolute liver, 
kidney and thyroid weights were increased (approximately 10%) in top-dose females, with marked 
increases in relative organ weights consequent to the low body weights. Histopathological fi ndings 
were limited to very slight hepatocyte hypertrophy and mononuclear cell infi ltrate of the lacrimal 
glands in top-dose animals (Table 10). 

The NOAEL is 650 ppm (equal to 40 mg/kg bw per day), based on reduced feed consumption, 
altered clinical chemistry parameters and histopathological fi ndings in the lacrimal glands at 2000 
ppm (equal to 122 mg/kg bw per day) (Johnson & Andrus, 2005).

Dogs

Studies in dogs with dinocap had found marked ocular lesions at dose levels of 60 ppm and 
above (see Annex 1, references 58 and 85, and Appendix 1).

Table 10. Findings in rats (n = 10) receiving meptyldinocap in the diet for 90 days

Males Females

Dietary concentration (ppm)

0 200 650 2000 0 200 650 2000

Achieved intakes (mg/kg bw 
per day)

0 12 40 122 0 14 44 137

Body weight, day 8 (g) 307 315 302 297 216 213 213 207

Body weight, day 92 (g) 527 563 503 485 298 298 293 279

Body weight gain, days 1–8 (g) 
(mean ± SD)

55 ± 4.6 58 ± 8.8 52 ± 6.4 45 ± 5.3 22 ± 8.3 22 ± 4.7 20 ± 9.0 15 ± 7.3

Feed consumption, days 1–8 
(g/day) (mean ± SD)

24 ± 2.1 26 ± 2.2 25 ± 1.5 23 ± 1.1 17 ± 1.6 17 ± 0.9 17 ± 1.2 15* ± 0.9

Total protein (g/dl) 6.9 6.8 6.8 6.9 7.3 7.5 7.6 7.9*

Albumin (g/dl) 3.7 3.6 3.7 3.8 4.1 4.2 4.3 4.5*

Cholesterol (mg/dl) 52 54 46 64 61 72 71 82*

Liver weight, absolute (g) 12.9 14.7 12.9 13.6 7.0 7.2 7.2 7.8

Kidney weight, absolute (g) 3.5 3.6 3.3 3.4 1.9 1.9 1.9 2.0

Thyroid weight, absolute (g) 0.022 0.025 0.024 0.024 0.014 0.014 0.014 0.016

Hepatocyte hypertrophy, 
centrilobular/midzonal (very 
slight)

1/10 0/0 1/10 7/10* 0/10 0/0 0/10 3/10

Lacrimal glands, mononuclear 
cell infi ltrate (very slight)

2/10 0/10 1/1 2/10 3/10 0/0 0/0 7/10*

From Johnson & Andrus (2005)

SD, standard deviation; * P < 0.05
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In a GLP-compliant study, groups of Beagle dogs (four of each sex per group or eight of each 
sex at 120 ppm) received meptyldinocap (purity 92.9%; lot No. SL1088R301) in the diet at 0, 15, 
60 or 120 ppm for 90 days; another group received dinocap (purity 93.4%; lot No. SB03088R301) 
at 60 ppm. The dogs were introduced to test material gradually to try to overcome palatability prob-
lems (Table 11). Parameters evaluated included daily cage-side observations, weekly detailed clini-
cal observations, ophthalmic examinations, fundic photographs, body weights, feed consumption, 
clinical chemistry, haematology, prothrombin time, urinalysis, selected organ weights and gross and 
histopathological examinations (about 40 tissues) of all animals.

Achieved dietary concentrations and homogeneity were confi rmed analytically. The achieved 
mean intakes are given in Table 12. In the meptyldinocap groups, there were no deaths or clinical 
signs of note other than yellow urine staining at 60 and 120 ppm. Reduced body weight gain was seen 
in males but not in females after the fi rst week of dosing with 120 ppm (equal to 3.9 mg/kg bw per 
day), following the gradual introduction to the treated diets. The company proposed that the reduced 
body weight gain was due to reduced feed consumption, but this was not supported by data from 
individual animals or overall patterns of feed consumption (Table 13). Terminal body weights were 
not affected in the meptyldinocap groups, but interpretation is confounded by the large difference 
in initial body weights in males (8.9 kg in controls, 10.6 kg at 120 ppm). The overall body weight 
gain in top-dose males was reduced by 41% over the duration of the study. There were no notable 
fi ndings in ophthalmoscopy, clinical chemistry or haematology. Fluctuations were seen in a number 
of clinical chemistry parameters, but there were no consistent patterns across or within test groups, 
and concurrent control values were often outside typical ranges. Uterine weights were increased 
in 15 ppm females, but this was attributed to estrous cycle stages. There were no treatment-related 
gross pathological fi ndings. Very slight kidney tubule degeneration was present in a small number of 
animals (Table 12) receiving meptyldinocap, but it is not considered to be toxicologically adverse, 
given the low severity and absence of effects on renal function. One top-dose female had very slight 
degeneration of individual tibial nerve fi bres.

In the animals receiving diet containing dinocap at 60 ppm, a range of fi ndings was seen, 
including body weight loss, markedly reduced feed consumption, eye lesions and tibial nerve fi bre 
degeneration (Table 12).

The NOAEL for meptyldinocap is 60 ppm (equal to 1.6 mg/kg bw per day), based on reduced body 
weight gain at 120 ppm (equal to 3.9 mg/kg bw per day) in males (Stebbins, Brooks & Lacher, 2005).

In an extension of Stebbins, Brooks & Lacher (2005), groups of Beagle dogs (four of each 
sex) received meptyldinocap (purity 92.9%; lot No. SL1088R301) in the diet at 120 ppm for 1 year. 
The dogs were introduced to meptyldinocap gradually (see Table 11 above) to overcome palatability 
issues. Parameters evaluated, which were relatively limited, included daily cage-side observations, 
weekly detailed clinical observations, monthly ophthalmic examinations, fundic photography, body 
weights, feed consumption and complete gross and selected histopathological examinations (eyes, 
tibial nerve and heart). 

Table 11. Acclimatization protocol for dietary incorporation of meptyldinocap 

Day −7 Day −6 Day −5 Day −4 Day −3 Day −2 Day −1 Day +1 

— — — — — — — 0 ppm

— — — — — — — 15 ppm

— — — 15 ppm 15 ppm 30 ppm 30 ppm 60 ppma

15 ppm 15 ppm 30 ppm 30 ppm 60 ppm 60 ppm 60 ppm 120 ppm

From Stebbins, Brooks & Lacher (2005)
a For dinocap and meptyldinocap.
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Table 12. Findings in dogs exposed to meptyldinocap and dinocap for 90 days.

Control Meptyldinocap Dinocap

Dietary concentration (ppm)

15 60 120 60

Males

Compound intake (mg/kg bw per day) 0 0.5 1.6 3.9 1.9

Terminal body weight (kg) 10.6 11.1 11.4 11.6 10.4

Body weight gain, days 0–90 (kg) 1.7 1.7 1.3 1.0 0.5

Body weight gain, days 0–8 (g) 395 373 332 156* −6

Eye, hyper-refl ective fundus 0/4 0/4 0/4 0/4 4/4

Eye, blood vessel attenuation 0/4 0/4 0/4 0/4 3/4

Eye, hyperpigmentation associated with retinopathy 0 0 0 0 0

Kidney, tubule degeneration, focal (very slight) 0/4 0/4 0/4 0/4 1/4

Kidney, tubule degeneration, multifocal (very slight) 0/4 0/4 0/4 1/4 0/4

Tibial nerve fi bre degeneration, focal (very slight) 0/4 0/4 0/4 0/4 3/4

Females

Compound intake (mg/kg bw per day) 0 0.5 2.3 4.2 2.1

Body weight gain, days 0–90 (kg) 0.87 0.87 1.1 1.3 0.3

Body weight gain, days 0–8 (g) 144 254 334 193 −124

Eye, hyper-refl ective fundus 0/4 0/4 0/4 0/4 3/4

Eye, blood vessel attenuation 0/4 0/4 0/4 0/4 2/4

Eye, hyperpigmentation associated with retinopathy 0 0 0 0 2/4

Kidney, tubule degeneration, focal (very slight) 0/4 0/4 0/4 1/4 0/4

Kidney, tubule degeneration, multifocal (very slight) 0/4 0/4 1/4 0/4 0/4

Tibial nerve fi bre degeneration, focal (very slight) 0/4 0/4 0/4 1/4 3/4

From Stebbins, Brooks & Lacher (2005)

* P < 0.05

Achieved dietary concentrations and homogeneity were confi rmed analytically. The achieved 
mean intake over the 12-month study was 3.5 mg/kg bw per day. There were no deaths or clinical 
signs other than yellow urine staining. Body weight gains in males were reduced for the fi rst 90 days, 
but after that, the dogs maintained body weights consistent with controls in other 1-year studies. The 
only gross pathological or histopathological fi ndings of note were very slight, unilateral degeneration 
of the tibial nerve fi bres in one male and one female and slight infl ammation of the skin/subcutis in 
two females and one male. The authors noted that spontaneous degeneration of peripheral nerves in 
young dogs has been reported at an incidence of less than 3%, and affected dogs were without clinical 
evidence of neuromuscular disease. A number of incidental ophthalmoscopic changes were reported: 
clear periocular soiling, well-defi ned lenticular nucleus, retinal folds and unilateral prolapse of the 
nictitans gland. Prolapse of the nictitans gland was considered to be genetic in origin. The original 
supplier of the Beagle dogs used in this study has indicated that the Beagle colony has a 5% inci-
dence rate of spontaneous prolapse of the nictitans gland. Hypopigmented areas of the fundus were 
also noted in some dogs. This fi nding, when not associated with other retinal changes such as hyper-
refl ectivity, was considered by the examining ophthalmologist to be incidental pigment variation. 

This study shows that the ocular effects seen in dogs administered 60 ppm dinocap for 90 days 
are not produced with higher doses of meptyldinocap (120 ppm for 1 year) (Stebbins, Brooks & 
Lacher, 2006a,b).
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(b) Dermal application

No data were submitted.

(c) Exposure by inhalation

No data were submitted.

2.3 Long-term studies of toxicity and carcinogenicity

All studies were performed with dinocap. Dinocap contains approximately 22% of the ana-
logue present in meptyldinocap. The weight of evidence from short-term and developmental studies 
is that meptyldinocap is of lower toxicity than dinocap. It is considered that the carcinogenic potential 
of meptyldinocap, in terms of exposures from pesticidal use, can be based on the existing studies 
performed with dinocap.

Mice

Groups of CD-1 rats (60 of each sex per group) received dinocap (purity 96%; lot No. 2893) 
incorporated into the diet at levels of 0, 15, 100 or 200 ppm for 78 weeks. The NOAEL for general 
toxicity is 15 ppm (equal to 2.8 mg/kg bw per day for females), based on body weight defi cits at 100 
ppm (equal to 18 mg/kg bw per day). The NOAEL for carcinogenicity is 150 ppm (equal to 23 mg/kg 
bw per day), the highest dose tested (Moore, 1991) (see Appendix 1 for further details).

Table 13. Body weight and feed consumption data for individual dogs fed meptyldinocap for 
90 days 

Group Animal number Body weight (kg) Body weight gain 
over days 1–8 (kg) 

Feed 
consumption, days 
1–8 (kg/day) 

Pretest feed consumption, 
days −7 to −1 (kg/day) 

Test day 1 Test day 8

0 ppm 264 7.542 7.841 0.299 0.307 —

265 9.696 10.090 0.394 0.385 —

266 9.359 9.879 0.520 0.361 —

267 8.938 9.304 0.366 0.372 —

Mean 8.884 9.279 0.395 0.356 —

SD 0.947 1.014 0.093 0.034 —

120 ppm 280 9.524 9.766 0.242 0.354 0.319

281 9.995 10.301 0.306 0.405 0.393

282 10.899 11.161 0.262 0.351 0.320

283 10.091 10.251 0.160 0.344 0.351

284 10.727 10.683 −0.044 0.367 0.411

285 10.297 10.099 −0.198 0.329 0.404

286 11.840 12.045 0.205 0.427 0.465

287 11.643 11.951 0.318 0.437 0.413

Mean 10.626 10.782 0.156 0.377 —

SD 0.809 0.856 0.183 0.041 —

From Stebbins, Brooks & Lacher (2005)

SD, standard deviation
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Rats

Groups of Crl:CD®BR rats (20 of each sex per group) received dinocap (purity 97%; batch 
No. 632 6C21) in the diet at 0, 20, 200 or 2000 ppm for 52 weeks. The NOAEL is 200 ppm (equal to 
11.4 mg/kg bw per day), based on reduced body weight gain and feed consumption, liver and thyroid 
changes and increased blood urea nitrogen at 2000 ppm (equal to 121 mg/kg bw per day) (Ferguson, 
Morrison & Bernacki, 1999) (see Appendix 1 for further details).

Groups of Wistar rats (80 of each sex per group) received dinocap technical (purity 77.5%; 
batch not specifi ed) incorporated into the diet at a level of 0, 20, 200 or 2000 ppm for 30 months (130 
weeks). Interim kills were performed after 13, 26 and 52 weeks. The NOAEL for general toxicity is 
200 ppm (equal to 6.4 mg/kg bw per day for males and 8.05 mg/kg bw per day for females) based on 
body weight defi cits at 2000 ppm (equal to 71 mg/kg bw per day). The NOAEL for carcinogenicity is 
2000 ppm (equal to 71 mg/kg bw per day), the highest dose tested (Maita et al., 1981) (see Appendix 
1 for further details).

Dogs

In a pre-GLP study, groups of Beagle dogs (four of each sex per dose) received dinocap techni-
cal; purity 78%; lot No. 2-0375) in the diet at 0, 15, 60 or 240 ppm for up to 2 years. The NOAEL is 
15 ppm (equivalent to 0.4 mg/kg bw per day), based on retinal atrophy seen at 60 ppm (equivalent to 
1.5 mg/kg bw per day) (Weatherholtz et al., 1979) (see Appendix 1 for further details). These ocular 
lesions were not evident in the 1-year dog study with meptyldinocap described above (Stebbins, 
Brooks & Lacher, 2006a,b).

2.4 Genotoxicity 

Testing of the genotoxicity of meptyldinocap has been performed in a range of assays. The 
overall database is considered adequate to conclude that meptyldinocap is not genotoxic. 

Data on the genotoxicity of meptyldinocap are summarized in Table 14.

2.5 Reproductive toxicity

(a) Multigeneration studies

Rats

Groups of CD:Crl®BR rats (26 of each sex per group) received dinocap (purity 96%; batch No. 
2893) in the diet at 0, 40, 200 or 1000/400 ppm for 70 days before mating and during the mating and 
gestation periods of two generations. Dinocap produced no adverse effects on reproduction at the 
highest dose tested (1000 ppm, equal to 65 mg/kg bw per day in the fi rst mating; 400 ppm, equal to 
27 mg/kg bw per day in the second mating). The NOAEL for pup development is 200 ppm (equal to 
13 mg/kg bw per day), based on reduced body weight and survival in the F

1
 generation at 1000 ppm). 

The NOAEL for parental toxicity is 200 ppm (equal to 13 mg/kg bw per day), based on reduced body 
weight gains (Morseth, 1990) (see Appendix 1 for further details).

(b) Developmental toxicity

Developmental toxicity was a particular concern with dinocap, with a variety of fi ndings 
reported in mice, rats, hamsters and rabbits (see Annex 1, references 58 and 85). 
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Mice 

In a GLP-compliant study, groups of CD-1 mice (15 mated females per group) received 
meptyldinocap (purity 98.5%; lot No. 2003-03220-64) by gavage in 0.5% methylcellulose on days 
6–17 of gestation. Dose levels were 0, 100, 250 or 500 mg/kg bw per day. The study focused on 
investigations on the inner ear and cleft palate, which had been identifi ed as targets for dinocap, and 
included a positive control group that received dinocap at 25 mg/kg bw per day. Dams were subjected 
to routine in-life observations. On gestation day (GD) 18, they were sacrifi ced and examined grossly, 
and the uterine contents were examined. All fetuses were examined for external alterations. Full vis-
ceral and skeletal examinations were not performed.

The pregnancy rate was low in the 100 and 500 mg/kg bw per day groups (Table 15), but 
this is not related to treatment, as pregnancy is determined before the dosing with meptyldinocap 
started. The only clinical sign of note in the meptyldinocap groups was the presence of bright yel-
low urine staining from the fi rst day of dosing. One dam in the dinocap positive control group died 
on GD 18. One dam from the top-dose group delivered on GD 18. Body weights were reduced in 
the dinocap group but not in animals exposed to meptyldinocap. There were no signifi cant fi ndings 
in the meptyldinocap-treated groups; marked fetotoxicity was seen in the dinocap-treated group 
(Table 15). The single cleft palate seen in the low-dose meptyldinocap group is within the historical 
background range and, as it is not reproduced at higher dose levels, is not considered to be treatment 
related. 

Table 14. Results of studies of genotoxicity with meptyldinocap

Test substance 
(vehicle)

End-point Test object Concentration Purity (%); 
batch

Result Reference

In vitro

Meptyldinocap

(DMSO)

Reverse 
mutation

Salmonella 
typhimurium strains 
TA98, TA100, 
TA1535, TA1537; 
Escherichia coli 
(WP2uvrA) 

1, 3, 10, 33, 100,a 333, 
(1000,b,c 5000b) µg/plate, 
with S9 mix 

3, 10, 33, 100, 333, 
1000,a,c 5000 µg/plate, 
without S9 mix

92.9; 
SL1088R301

Negative Mecchi 
(2005)

Meptyldinocap

(DMSO)

Gene mutation

(HPRT)

Chinese hamster 
ovary cells 
(K

1
-BH

4
)

0.5, 1, 2, 3, 4, 5, 6, 7, 
8,a 9, 10, 15, 20 µg/ml 
without S9 mix

2, 4, 10, 20, 30, 40, 50, 
52a µg/ml with S9 mix

92.9; 
SL1088R301

Negative Seidel, 
Schisler & 
Kleinert 
(2005)

Meptyldinocap

(DMSO)

Chromosomal 
aberration 

Sprague-Dawley rat 
lymphocytes

1, 3, 10 µg/ml −S9 (4 h)

0.3, 1, 3 µg/ml −S9 (24 h)

20, 30, 40 µg/ml +S9 
(4 h)

92.9; 
SL1088R301

Negative Charles, 
Schisler & 
Kleinert 
(2005)

In vivo

Meptyldinocap

(0.5% aqueous 
methylcellulose) 

Micronucleus 
assay

CD-1 mouse bone 
marrow (gavage) 

0, 500, 1000, 2000 mg/
kg bw (24 h)

0, 2000 mg/kg bw 
(48 h)

92.9; 
SL1088R301

Negative Charles, 
Grundy & 
Schisler 
(2005)

DMSO, dimethyl sulfoxide; S9, 9000 × g supernatant from livers of rats
a Cytotoxicity became evident. 
b E. coli only.
c Precipitation became evident.
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The data show that meptyldinocap does not have the same teratogenic potential in mice as 
dinocap. The NOAEL for maternal and fetotoxicity is 500 mg/kg bw per day, the highest meptyldi-
nocap dose tested (Carney & Tornesi, 2005a).

In a non-GLP study, the developmental effects of dinocap and some of its component ana-
logues were investigated in small groups of CD-1 mice. In the fi rst phase, groups of 6–9 pregnant 
mice received dinocap (purity 84%; lot No. 3-83122) or the analogues 2,4-DNHPC (meptyldinocap) 
and 2,6-DNHPC (purity 95%) singly or in combination at 25 mg/kg bw per day. Dosing was by gav-
age in corn oil vehicle on days 7–16 of gestation. On GD 18, dams were killed and fetuses examined 
for cleft palate and external lesions. The only treatment that produced adverse effects was dinocap, 
which reduced fetal body weight by about 20% and produced cleft palate in 84% of the fetuses. 

In the second phase, groups of 7–12 pregnant mice received dinocap (purity 84%; lot No. 
3-83122) or the analogues 2,4-DNHPC (meptyldinocap) or 2,6-DNHPC (purity 95%) singly at 25 
mg/kg bw per day. Dosing was by gavage in corn oil vehicle on days 7–16 of gestation; dams were 
allowed to litter normally. On day 45 postpartum, 20 pups per group were investigated for their swim-
ming ability, head tilt (tortocollis) and otolith score. Results for corn oil and individual analogue 
groups were similar, with no adverse fi ndings. The dinocap group showed reduced pup weights, 
reduced pup survival, increased incidences of tortocollis and inability to swim and a marked reduc-
tion in otolith score.

This study indicates that the developmental effects of dinocap in mice are not due to the two 
methylheptyl analogues tested and therefore not relevant to meptyldinocap, which is more than 90% 
(w/w) 2,6-DNHPC (Rogers et al., 1987). 

In a further investigation of dinocap analogues, groups of 10 mated CD-1 mice received one 
of four different dinocap technical analogues on GD 6–17. The compounds were suspended in 0.5% 
methylcellulose and administered by gavage at dose levels of 0 or 10 mg/kg bw per day for the 

Table 15. Findings in mice exposed to meptyldinocap or dinocap during gestation

Dose (mg/kg bw per day)

0 25
(dinocap)

100
(meptyldinocap)

250
(meptyldinocap)

500
(meptyldinocap)

No. bred 15 15 15 15 15

Pregnant (%) 12/15 (80.0) 13/15 (86.7) 9/15 (60.0) 12/15 (80.0) 8/15 (53.3)

No. of deaths 0 1 0 0 0

No. of litters with viable 
fetuses

12 10 9 12 7

No. of implantations/dam 13.5 ± 1.4 12.6 ± 1.4 13.2 ± 3.8 13.5 ± 1.8 13.4 ± 2.5

No. of resorptions/litter 0.5 ± 0.8 0.9 ± 1.5 2.4 ± 3.6 1.0 ± 1.1 0.7 ± 0.8

Resorptions/litters with 
resorptions

1.5 (6/4) 2.2 (11/5) 3.7 (22/6) 1.7 (12/7) 1.3 (5/4)

Mean % postimplantation 
loss

3.98 ± 6.4 24.20 ± 37.0* 18.3 ± 23.0 8.27 ± 9.20 5.23 ± 5.8

Viable fetuses/litter 13.0 ± 1.9 9.3 ± 4.5* 10.8 ± 4.4 12.4 ± 2.3 12.7 ± 2.4

Fetuses with cleft palate 0 109* 1 0 0

Mean otoconia score 11.8 ± 0.4 0.8* ± 1.0 11.7 ± 0.5 11.7 ± 0.6 11.8 ± 0.4

From Carney & Tornesi (2005a)

* P < 0.05
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2,4-dinitro-6-(1-ethylhexyl)phenyl crotonate (6-EH) and 2,4-dinitro-6-(1-propylpentyl)phenyl croto-
nate (6-PP) analogues and 5 mg/kg bw per day for the 2,6-dinitro-4-(1-ethylhexyl)phenyl crotonate 
(4-EH) and 2,6-dinitro-4-(1-propylpentyl)phenyl crotonate (4-PP) analogues. Maternal investigations 
included clinical observations, body weight and body weight gain. On GD 18, all surviving mice 
were killed and examined for gross pathological alterations. Gravid uterine weights and numbers 
of uterine implantations, resorptions and live/dead fetuses were recorded. All fetuses were weighed 
and examined for external alterations, including cleft palate, and otoconia. Adverse effects were seen 
only with the 4-PP analogue; severe maternal toxicity, requiring euthanasia in four dams, was evident 
from GD 12, with a range of fetal effects typical of dinocap (Table 16).

This study indicates that the developmental effects produced in mice by dinocap are associated 
with the 4-PP analogue (Carney & Tornesi, 2005b).

Rats

In a GLP-compliant study, groups of CD rats (26 mated females per group) received meptyldi-
nocap (purity 97.4%; lot No. 2004-03140-64) by gavage in 0.5% methylcellulose on GDs 6–20. 
Dose levels were 0, 50, 150 or 500 mg/kg bw per day. The study complied with OECD guideline 414. 
Dams were subjected to routine in-life observations. On GD 21, they were sacrifi ced and examined 
grossly, and their uterine contents were examined. All fetuses were examined for external altera-
tions; approximately half the fetuses were examined for visceral and craniofacial alterations, with the 
remainder examined for skeletal and otoconial alterations. 

Bright yellow urine staining was evident from the beginning of dosing. Marked maternal toxic-
ity (e.g. mortality, poor condition and body weight loss) was evident at 500 mg/kg bw per day, and 
this group was terminated on or before GD 11. At the next highest dose level of 150 mg/kg bw per 
day, there were reductions from GD 6 to GD 9 in feed consumption (approximately 18 g per rat) and 
maternal body weight gain (approximately 14 g per rat) at the start of the dosing period, with a body 
weight defi cit persisting until termination. There was no evidence of maternal toxicity at 50 mg/kg 
bw per day; minor effects (< 10%) on feed consumption on GDs 6–9 and liver weights were consid-
ered not to be adverse. There was no fetotoxicity at 150 mg/kg bw per day (Table 17).

The NOAEL for maternal toxicity is 50 mg/kg bw per day, based on increased (> 20%) abso-
lute liver weights and decreased body weight gain at 150 mg/kg bw per day. The NOAEL for devel-

Table 16. Findings (mean ± standard deviation) in mice exposed to dinocap analogues during 
gestation

Control 4-EH 4-PP 6-EH 6-PP

Dose (mg/kg bw per day)

0 5 5 10 10

Litters with viable fetuses 8 8 6 10 9

No. of implantations/dam 13.0 ± 3.9 13.6 ± 3.2 14.8 ± 1.8 13.7 ± 3.5 14.9 ± 1.7

Mean % postimplantation loss 7.05 ± 5.64 0.96* ± 2.72 38.77* ± 47.64 7.61 ± 17.09 7.23 ± 4.98

Viable fetuses/litter 12.0 ± 3.5 13.5 ± 3.3 9.0* ± 7.1 12.8 ± 4.3 13.8 ± 1.4

Mean fetal weight (g) 1.42 ± 0.11 1.37 ± 0.07 0.76* ± 0.22 1.38 ± 0.16 1.34 ± 0.08

Fetuses with cleft palate 0 0 83* 0 0

Fetuses with ablepharia 1 0 4 0 0

Fetuses with hindlimb club foot 0 0 5* 0 0

Mean otolith score 11.8 ± 0.2 11.6 ± 0.3 1.8* ± 2.3 11.8 ± 0.3 11.7 ± 0.3

From Carney & Tornesi (2005b)

* P < 0.05 
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opmental toxicity is 150 mg/kg bw per day, the highest dose tested for the full duration of the study 
(Carney & Tornesi, 2005c).

Rabbits

In a GLP-compliant study, groups of New Zealand White rabbits (26 mated females per group) 
received meptyldinocap (purity 97.4%; lot No. 2004-03140-64) by gavage in 0.5% methylcellulose 
on GDs 7–27. Dose levels were 0, 3, 12 or 48 mg/kg bw per day. The study complied with OECD 
guideline 414. Dams were subjected to routine in-life observations. On GD 28, they were sacrifi ced 
and examined grossly, and their uterine contents were examined. All fetuses were examined for exter-
nal, visceral and skeletal alterations; approximately half the fetuses were examined for craniofacial 
alterations or for otoconia.

Yellow urine staining was evident in most top-dose animals, four mid-dose animals and two 
low-dose animals. Two top-dose animals died on day 20 after a period of inanition; one of the dams 
had a low feed consumption even before dosing commenced. Maternal body weight loss was seen in 
several dams before dosing commenced and in half the dams exposed at 48 mg/kg bw per day early 
in the dosing period. From GD 7 to GD 10, dams in the top-dose group had a mean defi cit of 44 g in 
body weight gain relative to controls; although this was similar in magnitude to the decrease in feed 
consumption over the same period, there was no apparent consistency in individual body weight gains 
or feed consumption. Over the remainder of the study, the body weight gain in the top-dose group 
was similar to that in controls, and from GD 20 to GD 28 (during which dosing continued), the body 

Table 17. Findings in rats exposed to meptyldinocap during gestationa 

Dose (mg/kg bw per day)

0 50 150

Body weight gain, GDs 6–9 (g) 20 ± 4.5 16 ± 5.1 5.7* ± 6.6

Body weight, GD 18 (g) 361 ± 21 357 ± 17 346* ± 21

Feed consumption, GDs 6–9 (g/day) 23 ± 1.8 21* ± 1.8 17* ± 2.4

Absolute liver weight (g) 14.4 ± 1.9 15.7* ± 1.4 17.7* ± 1.5

Number bred 26 26 26

Pregnant (%) 25/26 (96.2) 25/26 (96.2) 26/26 (100)

Number of litters totally resorbed 0 0 0

Number of litters with viable fetuses 25 25 26

Number of corpora lutea/dam 13.8 ± 1.9 13.8 ± 0.9 14.0 ± 2.3

Number of implantations/dam 13.1 ± 2.1 13.5 ± 1.0 13.2 ± 2.0

Number of resorptions/litter 0.1 ± 0.3 0.2 ± 0.5 0.2 ± 0.6

Viable fetuses/litter 13.0 ± 2.2 13.2 ± 1.1 13.0 ± 2.0

Fetal weight, sexes combined (g) 5.8 ± 0.30 5.9 ± 0.24 5.8 ± 0.25

Gravid uterine weight (g) 102 ± 14.8 108 ± 8.5 105 ± 13.7

Fetuses with external malformations 0/325 0/331 0/338

Fetuses with craniofacial malformations 0/168 0/172 0/176

Fetuses with visceral malformations 0/168 4/172 0/176

Fetuses with skeletal malformations 2/157 1/159 0/162

Mean otoconia scores 12.0 ± 0.1 11.8 ± 0.4 11.9 ± 0.32

From Carney & Tornesi (2005c) 

* P < 0.05
a Findings are ± standard deviation.
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weight gain was greater than that in controls. An increase in kidney weight of approximately 8% was 
seen in the top-dose group, but this is not considered to be adverse. There were no adverse effects 
on pregnancy outcome or on the pattern of fetal fi ndings, and ossifi cation was similar in control and 
treated groups (Table 18). 

The NOAEL for maternal toxicity is 12 mg/kg bw per day, based on body weight loss at the 
beginning of dosing. The NOAEL for developmental effects is 48 mg/kg bw per day, the highest dose 
tested (Carney & Tornesi, 2005d).

2.6 Special studies

There are no special studies.

3. Observations in humans

Meptyldinocap is a relatively new molecule, and no workplace monitoring data are available.

Comments

Biochemical aspects

No new ADME studies on meptyldinocap in mammals have been conducted. However, in a 
number of the ADME studies with dinocap, the radiolabel was present on the methylheptyl analogue, 
which is the primary component of meptyldinocap. The Meeting considered that these ADME stud-
ies were applicable to meptyldinocap.

Table 18. Findings in rabbits exposed to meptyldinocap during gestation

Dose (mg/kg bw per day)

0 3 12 48

Body weight gain, GDs 7–10 (g) 42 ± 32 16 ± 42 33 ± 31 −4* ± 56

Body weight gain, GDs 10–13 (g) 50 ± 36 63 ± 41 65 ± 44 43 ± 57

Body weight gain, GDs 20–28 (g) 117 132 114 151

Body weight, GD 28 (g) 3582 3493 3532 3549

Feed consumption, GDs 7–10 (g/day) 545 522 551 513

Pregnant (%) 25/26 (96.2) 25/26 (96.2) 23/26 (88.5) 24/26 (92.3)

Number of litters with viable fetuses 25 25 23 22

Number of corpora lutea/dam 9.4 ± 1.6 9.4 ± 2.7 9.6 ± 1.6 8.9 ± 1.6

Number of implantations/dam 8.7 ± 1.6 8.7 ± 2.5 8.6 ± 1.8 8.1 ± 1.4

Number of resorptions/litter 0.5 ± 0.7 0.4 ± 1.1 0.5 ± 0.8 0.1 ± 0.4

Viable fetuses/litter 8.2 ± 1.3 8.3 ± 2.0 8.1 ± 1.7 8.0 ± 1.4

Fetal weight, sexes combined (g) 37 ± 2.7 36 ± 4.0 37 ± 3.3 35 ± 4.0

Gravid uterine weight (g) 460 ± 70 444 ± 100 445 ± 77 418 ± 52

Fetuses with external malformations 0/206 3/207 0/187 0/175

Fetuses with craniofacial malformations 0/109 2/109 0/99 0/92

Fetuses with visceral malformations 7/206 2/207 1/187 4/175

Fetuses with skeletal malformations 2/192 0/207 1/186 0/175

Mean otoconia scores 11.9 ± 0.2 11.9 ± 0.2 11.7 ± 0.8 11.9 ± 0.2

From Carney & Tornesi (2005d) 

* P < 0.05
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Meptyldinocap is relatively well absorbed, with approximately 60–70% of the radiolabel 
absorbed in rabbits. Absorption is rapid, with peak plasma radioactivity seen 1–6 hours after oral 
administration. Radiolabel was widely distributed, with tissue levels generally low and below those in 
blood. The compound did not tend to concentrate in any particular organ or tissue; highest levels were 
found in the liver, kidneys and skin. Metabolism was extensive, consisting of hydrolytic cleavage to 
release the crotonate moiety and subsequent oxidation of the methylheptyl chain. The basic meta-
bolic pathways are similar in rats and mice. Excretion of radiolabel was extensive via urine (39–58% 
in mice; 31–50% in rats) and faeces and mainly occurred within 48 hours. 

Toxicological data

Meptyldinocap is of low acute toxicity when administered orally or dermally (LD
50

 > 2000 mg/
kg bw) but is of moderate toxicity by inhalation (LC

50
 1.2 mg/l). Meptyldinocap is a slight irritant 

to skin and a moderate irritant to the eye; it has been found to produce skin sensitization in a local 
lymph node assay in mice.

Short-term studies of toxicity with meptyldinocap were performed in mice, rats and dogs. Yel-
low urine staining was a consistent fi nding, but this is considered not to be adverse, as it is associated 
with the excretion of coloured metabolites of meptyldinocap. In a 28-day dietary study of meptyldi-
nocap in mice, there were increases in liver weight (approximately 10–15%) at 750 ppm (equal to 126 
mg/kg bw per day), with a NOAEL of 200 ppm (equal to 33 mg/kg bw per day). In a 90-day dietary 
study of meptyldinocap in rats, altered clinical chemistry parameters and mononuclear cell infi ltra-
tion of the lacrimal glands were seen at 2000 ppm (equal to 122 mg/kg bw per day), with a NOAEL 
of 650 ppm (equal to 40 mg/kg bw per day).

In a 90-day dietary study, groups of dogs were exposed to meptyldinocap at 0, 15, 60 or 120 
ppm, with a positive control group receiving 60 ppm dinocap. Reduced body weight gain was seen 
in males after the fi rst week of dosing with 120 ppm (equal to 3.9 mg/kg bw per day), following a 
gradual introduction to the treated diets. These initial body weight effects showed no consistency 
between animals or with feed consumption patterns. The body weight gain over 90 days was 41% 
lower in males receiving 120 ppm than in controls. Ocular changes seen in the dinocap-exposed 
group were not evident in the meptyldinocap-treated groups. The NOAEL for meptyldinocap was 60 
ppm (equal to 1.6 mg/kg bw per day), based on the effects on body weight gain over the duration of 
the study. In an extension to this 90-day study, a satellite group was exposed to meptyldinocap for 1 
year at 120 ppm (equal to 3.5 mg/kg bw per day). The examinations were limited to tibial nerves, eyes 
and heart. This segment of the study showed that there were no signifi cant eye, heart or nerve lesions 
evident after exposure to meptyldinocap for 1 year. The reduced body weight gain seen in the 90-day 
phase was not evident over the extended dosing period. The 1-year study was not designed to permit 
the identifi cation of a NOAEL.

No evidence of carcinogenicity was seen in long-term studies of toxicity and carcinogenicity 
with dinocap at the highest doses tested, 150 ppm (equal to 23 mg/kg bw per day) in mice and 2000 
ppm (equal to 71 mg/kg bw per day) in rats. The NOAEL for general toxicity in the chronic study in 
mice with dinocap was 15 ppm (equivalent to 2.8 mg/kg bw per day), based on body weight defi cits 
in females. In the 30-month study of dinocap in rats, there was a signifi cant increase in survival in 
both sexes at the top dose of 2000 ppm (equal to 71 mg/kg bw per day), which had an impact on the 
incidences of a number of age-related changes. The NOAEL for general toxicity of dinocap was 200 
ppm (equal to 6.4 mg/kg bw per day).

The potential genotoxicity of meptyldinocap has been investigated in an adequate range of 
tests in vitro and in vivo. No evidence of mutagenicity or clastogenicity was noted.

The Meeting concluded that meptyldinocap is unlikely to be genotoxic.
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The Meeting concluded that dinocap is not carcinogenic and that this conclusion could be 
extrapolated to meptyldinocap.

No effects on fertility, reproductive parameters, sperm or reproductive tissues were seen in a 
two-generation dietary study with dinocap at doses up to 400 ppm (equal to 27 mg/kg bw per day), 
the highest dose tested in the second generation. In the fi rst generation, at 1000 ppm (equal to 65 mg/
kg bw per day), reduced pup survival led to a reduction in the dose level to 400 ppm for the second 
generation, which was without effect on pups. The NOAEL for pup development and parental toxic-
ity was 200 ppm (equal to 13 mg/kg bw per day).

In a developmental toxicity study in mice investigating effects on the palate and inner ear, 
meptyldinocap did not produce any such effects on fetuses at the highest dose of 500 mg/kg bw 
per day, whereas a dinocap dose of 25 mg/kg bw per day produced cleft palate in nearly all fetuses 
and had marked effects on otoconia formation. Additional studies showed that the teratogenicity of 
dinocap in mice was associated with the 4-propylpentyl analogue and not the methylheptyl analogue 
present in meptyldinocap. In a developmental toxicity study in rats, marked maternal toxicity and 
marked reductions (approximately 50%) in feed consumption were seen with a meptyldinocap dose 
of 500 mg/kg bw per day, such that this dose level had to be terminated by GD 11. At the next highest 
dose level of 150 mg/kg bw per day, there were reductions from GD 6 to GD 9 in feed consumption 
(approximately 18 g per rat) and maternal body weight gain (approximately 14 g per rat) at the start 
of the dosing period. The body weight defi cit and increased absolute liver weights (23%) were evi-
dent at the end of the study, but there were no indications of fetotoxicity. The NOAEL for maternal 
toxicity was 50 mg/kg bw per day, with the NOAEL for fetotoxicity being 150 mg/kg bw per day. In 
a rabbit developmental toxicity study with meptyldinocap, maternal body weight loss was seen in 
several dams before dosing commenced and in half the dams exposed at 48 mg/kg bw per day early 
in the dosing period. From GD 7 to GD 10, dams in the top-dose group had a mean defi cit of 44 g in 
body weight gain relative to controls; although this was similar in magnitude to the decrease in feed 
consumption over the same period, there was no apparent consistency in individual body weight gains 
or feed consumption. Over the remainder of the study, the body weight gain in the top-dose group 
was similar to that in controls, and from GD 20 to GD 28 (during which dosing continued), the body 
weight gain was greater than that in controls. There were no effects on the fetuses at any dose level. 
The maternal NOAEL was 12 mg/kg bw per day, and the NOAEL for fetotoxicity was 48 mg/kg bw 
per day.

The Meeting concluded that meptyldinocap did not induce developmental toxicity and that it 
was not teratogenic.

There are no specifi c neurotoxicity studies on meptyldinocap, but there were no indications of 
neurotoxicity in routine studies, including a 90-day study in rats that included an FOB.

No information on medical surveillance or poisoning incidents was available.

The Meeting concluded that the existing database on dinocap and meptyldinocap was adequate 
to characterize the potential hazards of meptyldinocap to fetuses, infants and children.

Toxicological evaluation

The Meeting established an ADI of 0–0.02 mg/kg bw on the basis of the NOAEL of 1.6 mg/
kg bw per day in the 90-day dietary study in dogs, based on reduced body weight gain in males at 3.9 
mg/kg bw per day. A safety factor of 100 was applied.

The Meeting concluded that an ARfD was unnecessary, as there were no effects that could be 
attributed to a single exposure. Meptyldinocap did not produce neurotoxicity, fetotoxicity or repro-
ductive effects and has an oral LD

50
 of greater than 2000 mg/kg bw. The Meeting reviewed in depth 

the reduced body weight gains and feed consumption seen in the early stages of the 90-day study 
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in dogs and the developmental toxicity studies in rats and rabbits. In the rat developmental toxic-
ity study, the body weight defi cits were considered secondary to reduced feed consumption, which 
was probably associated with palatability issues. The Meeting concluded that the body weight and 
feed consumption patterns seen in the early stages of the dog and rabbit studies were not consistent 
between individual animals. The fi ndings in these three studies did not provide an appropriate basis 
for establishing an ARfD for meptyldinocap.

Levels relevant to risk assessment

Species Study Effect NOAEL LOAEL

Mouse Twenty-eight-day study of 
toxicity with meptyldinocapa

Toxicity 200 ppm, equal to 33 mg/
kg bw per day

750 ppm, equal to 126 
mg/kg bw per day

Seventy-eight-week study of 
toxicity and carcinogenicity 
with dinocapa

Toxicity 15 ppm, equal to 2.8 mg/
kg bw per day

100 ppm, equal to 18 mg/
kg bw per day

Carcinogenicity 150 ppm, equal to 23 mg/
kg bw per dayb

—

Rat Ninety-day study of toxicity 
with meptyldinocapa

Toxicity 650 ppm, equal to 40 mg/
kg bw per day

2000 ppm, equal to 122 
mg/kg bw per day

Thirty-month study of toxicity 
and carcinogenicity with 
dinocapa

Toxicity 200 ppm, equal to 6.4 mg/
kg bw per day

2000 ppm, equal to 71 
mg/kg bw per day

Carcinogenicity 2000 ppm, equal to 71 
mg/kg bw per dayb

—

Multigeneration study of 
reproductive toxicity with 
dinocapa

Reproductive 
toxicity

400 ppm, equal to 27 mg/
kg bw per dayb

—

Parental toxicity 200 ppm, equal to 13 mg/
kg bw per day

400 ppm, equal to 27 mg/
kg bw per day

Offspring toxicity 200 ppm, equal to 13 mg/
kg bw per day

400 ppm, equal to 27 mg/
kg bw per day

Developmental toxicity study 
with meptyldinocapc

Maternal toxicity 50 mg/kg bw per day 150 mg/kg bw per day

Embryo and fetal 
toxicity

150 mg/kg bw per dayb —

Rabbit Developmental toxicity study 
with meptyldinocapc

Maternal toxicity 12 mg/kg bw per day 48 mg/kg bw per day

Embryo and fetal 
toxicity

48 mg/kg bw per dayb —

Dog Ninety-day study of toxicity 
with meptyldinocapa

Toxicity 60 ppm, equal to 1.6 mg/
kg bw per day

120 ppm, equal to 3.9 mg/
kg bw per day

a Dietary administration.
b Highest dose tested. 

c Gavage administration.

Estimate of acceptable daily intake for humans

0–0.02 mg/kg bw

Estimate of acute reference dose

Unnecessary

Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
human exposure
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Critical end-points for setting guidance values for exposure to meptyldinocap

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Rapid; moderately well absorbed (60–70%) 

Distribution Widely distributed

Potential for accumulation None

Rate and extent of excretion Relatively rapid

Metabolism in animals Extensively metabolized, initially hydrolysis to remove the crotonate 
side-chain and then via oxidation of the methylheptyl chain

Toxicologically signifi cant compounds (animals, 
plants and the environment)

Meptyldinocap

Acute toxicity 

Rat, LD
50

, oral > 2000 mg/kg bw

Rat, LD
50

, dermal > 5000 mg/kg bw

Rat, LC
50

, inhalation 1.2 mg/l (4 h, nose only)

Rabbit, dermal irritation Slight

Rabbit, ocular irritation Moderate

Mouse, dermal sensitization Sensitizer (local lymph node assay)

Short-term studies of toxicity

Target/critical effect Body weight gain (males)

Lowest relevant oral NOAEL Dog: 1.6 mg/kg bw per day (meptyldinocap)

Lowest relevant dermal NOAEL No data 

Lowest relevant inhalation NOAEC No data 

Long-term studies of toxicity and carcinogenicity

Target/critical effect Body weight 

Lowest relevant NOAEL Mouse: 2.8 mg/kg bw per day (dinocap)

Carcinogenicity Not carcinogenic in rats or mice

Genotoxicity

Not genotoxic in vitro or in vivo

Reproductive toxicity

Reproduction target/critical effect Pup survival 

Lowest relevant reproductive NOAEL Rat: 13 mg/kg bw per day (dinocap)

Developmental target/critical effect None

Lowest relevant developmental NOAEL Rabbit: 48 mg/kg bw per day (meptyldinocap)

Neurotoxicity/delayed neurotoxicity

No indications in routine studies

Other toxicological studies

No data

Medical data

No data
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Summary

Value Study Safety factor

ADI 0–0.02 mg/kg bw Ninety-day study of toxicity in dogs 100

ARfD Unnecessary
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Appendix 1: Summaries of studies performed with dinocap and relevant to the 
evaluation of meptyldinocap

Long-term studies of toxicity and carcinogenicity

Mice

In a non-GLP chronic toxicity/carcinogenicity study, groups of CD-1 rats (60 of each sex per 
group) received dinocap technical (purity 96%; lot No. 2893) incorporated into the diet at levels of 
0, 15, 100 or 200/150 ppm for 78 weeks. Mortality, clinical signs, body weight, behaviour, and feed 
and water consumption were recorded routinely. Ophthalmoscopy examinations were performed on 
all animals at weeks 52 and 78. Haematology samples were obtained from all animals at weeks 52 
and 78. Gross examinations were conducted for all animals sacrifi ced or dying during the course of 
the study, main organs were weighed and an extensive range of organs from all control and top-dose 
animals was examined histopathologically. Lung, liver, kidneys, gross lesions and suspected tumours 
from all groups were examined histopathologically. 

Homogeneity and stability of the test diets were confi rmed analytically; although there was a 
degree of variability in the level of exposure over the duration of the study, this is considered insig-
nifi cant. Mean intakes were 0, 2.3, 15 and 23 mg/kg bw per day in males and 0, 2.8, 18 and 27 mg/
kg bw per day in females. As a result of deaths in females at the 200 ppm dose level during week 1, 
the top dose level was reduced to 150 ppm; subsequently, survival was similar in all groups (> 55% 
in all groups at termination). There were no clinical signs associated with treatment other than urine 
stains in top-dose males. Body weights and feed consumption were reduced throughout the study 
in top-dose animals of both sexes, with mean body weight gain also reduced signifi cantly in mid-
dose females (Table 19). Slight defi cits in feed consumption and body weight in 15 ppm males were 
not considered to be adverse due to the small magnitude (< 10%) and absence of an effect on body 
weight in 100 ppm males. There were no treatment-related ophthalmoscopy or haematological fi nd-
ings. Testicular atrophy (bilateral) was increased at 150 ppm; absolute seminal vesicle weights were 
also decreased at 150 ppm, but this appeared to be secondary to the body weight defi cits. A slight 
reduction in absolute testes weight at 100 ppm is not considered to be adverse, as there are no related 
pathological changes and the value is within normal variation (Table 19). There were no increases in 
tumour incidences in treated animals.

The NOAEL for general toxicity is 15 ppm (equal to 2.8 mg/kg bw per day for females), based 
on body weight defi cits at 100 ppm (equal to 18 mg/kg bw per day). The NOAEL for carcinogenicity 
is 150 ppm (equal to 23 mg/kg bw per day), the highest dose tested (Moore, 1991). 

Rats

In a GLP-compliant 1-year toxicity study, groups of Crl:CD®BR rats (20 of each sex per group) 
received dinocap (purity 97%; batch No. 632 6C21) in the diet at 0, 20, 200 or 2000 ppm for 52 
weeks. Rats were observed routinely for mortality, clinical signs, body weight, feed consumption 
and water consumption. After 13, 26 and 52 weeks of treatment, samples from 10 rats of each sex 
per group were collected for haematology, clinical chemistry and urinalysis examinations. Ophthal-
mological examinations were performed on all animals prior to initiation and prior to termination 
of treatment. The weights of seven organs were recorded after autopsy from 10 animals of each sex 
per group. An extensive range of organs from all animals was preserved in buffered 10% formalin 
for histopathological examination. Histopathological examinations were performed on tissues of all 
animals in the control and 2000 ppm groups and for all animals found dead or killed as moribund 
during the course of the study. Homogeneity and stability of the test diets were confi rmed analyti-
cally. Achieved intakes were 0, 1.1, 11 and 121 mg/kg bw per day in males and 0, 1.4, 14 and 144 
mg/kg bw per day in females. 
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Table 19. Findings in mice (n = 60) receiving dinocap in the diet for 78 weeks

Males Females

Dietary concentration (ppm)

0 15 100 150 0 15 100 150

Body weight, 
week 1 (g)

30.9 30.3 29.7* 28.8* 23.8 23.5 23.7 20.5*

Body weight, 
week 78 (g)

39.2 37.4* 37.9 37.0* 32 31.5 30.3 28.9*

Body weight 
gain, weeks 0–78 
(g) (mean ± SD)

9.5 ± 2.9 8.5 ± 2.5 8.6 ± 2.5 7.7* ± 3.4 9.3 ± 3.9 9.2 ± 3.4 7.2* ± 2.4 6.2* ± 2.1

Mean feed 
consumption, 
week 1 (g/week)

38.3 37.2 35.0* 31.4* 36.0 35.1 31.3* 26.2*

Mean total feed 
consumption, 
weeks 0–78 (g)

1224 1165* 1158* 1121* 1143 1132 1111 1059*

Testicular atrophy 
(bilateral)

11 4 11 25* — — — —

Testes (small) 3 1 6 12* — — — —

Testes weight, 
absolute (g)

0.21 ± 0.05 0.23 ± 0.04 0.19* ± 0.04 0.16* ± 0.06 — — — —

Seminal vesicle 
weight, absolute 
(g)

0.56 ± 0.19 0.55 ± 0.20 0.54 ± 0.29 0.45* ± 0.12 — — — —

Testes weight, 
relative to body 
weight (%)

0.61 ± 0.14 0.68* ± 0.12 0.56 ± 0.13 0.48* ± 0.18 — — — —

Seminal vesicle 
weight, relative to 
body weight (%)

0.40 ± 0.05 0.42 ± 0.06 0.39 ± 0.05 0.40 ± 0.06 — — — —

From Moore (1991)

* P < 0.05

Five animals died or were sacrifi ced during the study, but, as none of these were in the top-dose 
groups, they are considered to be unrelated to treatment. The only clinical sign was bright yellow–
stained urine in both sexes at 200 and 2000 ppm and yellow-stained anogenital area in both sexes at 
2000 ppm. Body weight defi cits consistent with reduced feed consumption were evident throughout 
the study at 2000 ppm. There were no notable changes in haematological values. Statistically sig-
nifi cant reductions in levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
cholesterol and triglycerides were seen at 2000 ppm at some sampling times, but values were within 
normal variation at week 52. Blood urea nitrogen was increased in top-dose females at all sampling 
times. Statistically signifi cant increases in relative organ weights (liver, brain and kidney of both 
sexes; testis of males; adrenals, lungs, spleen and ovaries of females) were observed in animals in 
the 2000 ppm group; absolute weights were similar to control values. Histopathological fi ndings 
were limited to hypertrophy of the liver and thyroid and altered colloid in the thyroid at 2000 ppm 
(Table 20).
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The NOAEL is 200 ppm (equal to 11 mg/kg bw per day), based on reduced body weight gain 
and feed consumption, liver and thyroid changes and increased blood urea nitrogen at 2000 ppm 
(equal to 121 mg/kg bw per day) (Ferguson, Morrison & Bernacki, 1999).

In a non-GLP lifetime toxicity/carcinogenicity study, groups of Wistar rats (80 of each sex per 
group) received dinocap (purity 77.5%; batch not specifi ed) incorporated into the diet at a level of 
0, 20, 200 or 2000 ppm for 30 months (130 weeks). Eight animals of each sex per dose level were 
sacrifi ced after 13, 26 and 52 weeks. Mortality, clinical signs, body weight, behaviour, feed consump-
tion and water consumption were recorded routinely. Urinalysis, clinical chemistry and haematology 
were examined in samples obtained prior to the sacrifi ce of the satellite groups. Gross examina-
tions were conducted for all animals sacrifi ced or dying during the course of the study, and weights 
of 11 major organs were recorded. In addition to the major organs, a range of other organs/tissues 
 (approximately 15) and grossly observable lesions were examined histopathologically. Statistical 
analyses were not performed on a number of parameters.

Table 20. Findings in rats receiving dinocap in the diet for 1 year

Males Females

Dietary concentration (ppm)

0 20 200 2000 0 20 200 2000

Body weight, week 
1 (g)

243 243 240 213* 178 175 177 160*

Body weight, week 
49 (g)

672 665 666 540* 380 375 373 279*

Mean feed 
consumption, week 1 
(g/week)

160 163 157 120* 199 193 193 182

Mean feed 
consumption, week 49 
(g/week)

124 122 121 86* 146 149 144 127*

AST activity, week 52 
(U/l) (mean ± SD)

168 ± 41 163 ± 52 201± 199 133 ± 42 209 ± 176 139 ± 51 136 ± 39 125 ± 23

ALT activity, week 52 
(U/l) (mean ± SD)

70 ± 54 67 ± 47 98 ± 150 44 ± 41 110 ± 124 62 ± 45 52 ± 27 41* ± 14

Triglycerides, week 
52 (mg/dl) (mean ± 
SD)

123 ± 61 104 ± 41 99 ± 71 70 ± 27 76 ± 35 109 ± 35 101 ± 45 51 ± 31

Cholesterol, week 52 
(mg/dl) (mean ± SD)

109 ± 46 83 ± 20 76* ± 22 62* ± 14 95 ± 21 99 ±27 103 ± 27 96 ± 18

Blood urea nitrogen, 
week 52 (mg/dl) 
(mean ± SD)

13.8 ± 1.7 13.6 ± 1.9 14.5 ± 3.6 13.9 ± 3.2 14.2 ± 1.7 14.2 ± 1.9 13.9 ± 2.3 17.8* ± 3.8

Liver panlobular 
hypertrophy 

0/20 0/20 1/20 14/20 0/20 0/20 0/20 0/20

Thyroid follicular cell 
hypertrophy 

7/20 5/20 8/20 13/20 7/20 10/20 9/20 15/20

Thyroid altered 
colloid 

7/20 6/20 7/20 13/20 2/20 3/20 3/20 7/20

From Ferguson, Morrison & Bernacki (1999)

SD, standard deviation; U, units; * P < 0.05
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Mean dinocap intakes were 0, 0.65, 6.4 and 71 mg/kg bw per day in males and 0, 0.8, 8.1 and 
90 mg/kg bw per day in females. Signifi cantly reduced mortality was observed in both sexes at the 
high dose, survival at 30 months in controls and 2000 ppm groups, respectively, being 4 of 56 versus 
25 of 56 males and 6 of 56 versus 24 of 56 females. Group mean body weight gains and feed con-
sumption were reduced in both sexes at the high dose level from initiation of the study to termination 
(Table 21). The only clinical sign of note was yellowing of the urine and fur at the high dose level. 
Both males and females at 2000 ppm showed decreased haematocrit, haemoglobin and red blood cell 
counts intermittently during the fi rst year of the study. There were no notable or consistent effects on 
clinical chemistry results. Absolute kidney weights were increased signifi cantly in top-dose males at 
week 52; relative weights of many organs were increased at 2000 ppm, consistent with the lower body 
weights. Decreased fat deposition was noted in the 2000 ppm dose groups. The pattern of neoplas-
tic fi ndings was similar in test and control groups, with the exception of mammary gland tumours, 
which were signifi cantly less prevalent in top-dose females. The pattern of non-neoplastic lesions in 
some organs was altered in the top-dose groups, probably related to the markedly increased survival 
(Table 21); these changes are not considered to be adverse. An increase in total number of top-dose 
animals with calf muscle or sciatic nerve degeneration and cataracts was associated primarily with 
surviving animals and is considered secondary to the increased survival (Table 22). 

The NOAEL for general toxicity is 200 ppm (equal to 6.4 mg/kg bw per day), based on body 
weight defi cits at 2000 ppm (equal to 71 mg/kg bw per day). The NOAEL for carcinogenicity is 2000 
ppm (equal to 71 mg/kg bw per day), the highest dose tested (Maita et al., 1981). 

Dogs

In a pre-GLP study, groups of Beagle dogs (four of each sex per group) received dinocap 
(purity 78%; lot No. 2-0375) in the diet at 0, 15, 60 or 240 ppm for up to 2 years. Because of high 
toxicity seen at 240 ppm, the top dose was varied downwards during the study, and this group was 
terminated at week 62. Mortality, clinical signs, body weight, behaviour, feed consumption and water 
consumption were recorded routinely. Samples for urinalysis, clinical chemistry and haematology 
were taken pretest and on fi ve occasions during the study. Ophthalmoscopy was performed pretest, at 

Table 21. Findings in rats receiving dinocap in the diet for 30 months

Males Females

Dietary concentration (ppm)

0 20 200 2000 0 20 200 2000

Body weight, week 1 (g) 190 187 190 167* 138 140 136 120*

Body weight, week 110 (g) 697 712 692 566 557 554 533 354*

Mean feed consumption, week 1 (g/day)a 19.2 19.5 19.1 13.7 14.3 15.6 14.4 8.6

Mean feed consumption, week 110 (g/day)a 18.9 17.3 18.2 15.0 13.9 15.4 14.4 11.7

Mean feed effi ciency (g weight gain/100 g 
feed)a

2.9 3.0 3.1 2.5 3.2 3.0 3.4 2.4

Liver fatty degeneration 22/80 20/80 13/80 3*/80 17/80 19/80 13/80 5/80

Liver necrosis 15/80 12/80 13/80 5*/80 12/80 6/80 8/80 3*/80

Liver hyperplasia 21/80 26/80 22/80 36*/80 22/80 15/80 22/80 25/80

Kidney tubular atrophy/cast 20/80 29/80 20/80 34*/80 17/80 27/80 21/80 16/80

Kidney chronic nephrosis 22/80 13/80 18/80 3*/80 5/80 3/80 4/80 1/80

From Maita et al. (1981) 

* P < 0.05
a Standard deviation not calculated, statistics not performed.
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week 52 and then every 13 weeks. Main organs from all animals were weighed, and a wide range of 
tissues was examined histopathologically. The only fi nding of note at the intermediate dose level was 
bilateral retinal atrophy with greyish discoloration of the tapetum lucidum, seen in seven animals at 
week 52 and subsequently; this was seen in three males during histopathological examination. 

The NOAEL is 15 ppm (equivalent to 0.4 mg/kg bw per day), based on retinal atrophy seen at 
60 ppm (equivalent to 1.5 mg/kg bw per day) (Weatherholtz et al., 1979). 

Multigeneration studies

Rats

In a GLP-compliant study, groups of CD:Crl®BR rats (26 of each sex per group) received 
dinocap (purity 96%; batch No. 2893) in the diet at 0, 40, 200 and 1000/400 ppm for 70 days before 
mating, during mating and during gestation until terminal sacrifi ce. At weaning of the F

1
 pups, the 

highest dose was reduced to 400 ppm because of a high rate of mortality. Pairing was one male to one 
female. On day 4 postpartum, litter size was reduced to eight pups, ideally four of each sex. Each litter 
was weaned on lactation day 21. Observations included clinical signs and mortality and recording of 
body weight, feed consumption and reproductive performance. In addition, gait, righting refl ex and 
behaviour were evaluated during the growth phase of the F

0
 and F

1
 parental animals. All adult animals 

of the F
0
 and F

1
 generations were subjected to a gross necropsy, and their reproductive organs, liver 

and thyroid were weighed. Pups culled on day 4 postpartum and postweaning offspring not selected 
for continuation of the study were examined externally and internally for macroscopic abnormalities. 
Histological examinations were performed on all gross lesions and the reproductive organs, liver, 
thyroid (including parathyroid) and eyes from the control and high dose group parental animals. 

In addition to the guideline requirements, a supplemental investigation of effects of dinocap on 
male reproductive capabilities was conducted on selected F

1
 males at 0, 40 and 200 ppm (12 rats per 

dose group). Clinical observations, body weights and feed consumption were evaluated weekly until 
termination after 16 weeks. At necropsy, terminal body weight, left testicular, epididymal and caudal 
weights, sperm motility and sperm count per gram caudal tissue were recorded.

Table 22. Incidence of cataracts and degeneration of muscle and nerves in rats receiving dinocap 
in the diet for 30 months

Parameter Males Females 

Dietary concentration (ppm)

0 20 200 2000 0 20 200 2000

a b a b a b a b a b a b a b a b

No. of animals 
examined

28 / 4 52 26 / 2 52 28 / 4 52 49 / 25 31 30 / 6 50 30 / 6 50 28 / 4 52 48 / 24 32

Calf muscle 
degeneration / 
atrophy

4 38 3 34 4 31 24 19 6 16 5 11 4 21 22 12

Sciatic nerve 
degeneration / 
atrophy

4 28 4 15 4 18 25 16 6 12 6 8 2 13 24 11

Incidence of cataract — 5 2 5 1 3 6 4 — 3 1 2 — 3 3 —

From Maita et al. (1981) 

a. Killed on schedule / surviving to 30 months.

b. Dead or killed in extremis.
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Homogeneity and stability were confi rmed analytically. Achieved intakes are outlined in 
Table 23. There were no deaths or overt clinical signs of systemic toxicity related to treatment. Yel-
low-stained fur and orange-discoloured urine were seen in most animals of the two highest dose 
groups (200 and 1000/400 ppm). This is not considered adverse, as it is most likely related to the 
presence of dinocap or its metabolites in the urine. Body weight gain and feed consumption were 
reduced at 1000 ppm from the start of treatment, by 10–20% and 10%, respectively. Body weight 
gain during gestation was not adversely affected by dinocap treatment. At 400 ppm, body weight 
gain was similar to that of controls. There were no treatment-related effects on mating performance, 
fertility, litter size, gestation length and index, parturition or viability index (number of pups surviv-
ing to day 4) at all doses of both generations. At the top dose (1000 ppm), the body weight gain of 
the F

1
 offspring during the lactation phase was decreased compared with controls, and more pups 

appeared to be weak/thin and dehydrated. Pup survival during lactation was not affected by treat-
ment; however, after weaning, the mortality rate of the high-dose pups increased. A total of 28 pups 
died within 7 days after weaning (mortality rate 26%). No adverse effects on parameters investigated 
(litter size, body weight, clinical observations, viability) were noted in F

2
 pups at any dose level. In 

parental animals of the F
0
 and F

1
 generations receiving 1000/400 ppm, the relative liver and testes 

weights were increased (< 10%), with no evidence of a histological correlate. No other effects on 
organ weights were observed. In addition, necropsy (including histomorphological evaluation) of 
parental animals and gross pathology of F

1
 and F

2
 pups did not reveal any treatment-related effects at 

dose levels up to 400/1000 ppm dinocap. In F
1
 pups that had been culled after weaning, the cause of 

mortality could not be determined, but the presence of orange or red discoloration of the contents of 
the gastrointestinal tract and bladder was noted, indicating the presence of dinocap or its metabolites. 
In the investigation of male reproductive tissues, no adverse effects were seen on reproductive organs 
or sperm counts/motility.

Dinocap produced no adverse effects on reproduction at the highest dose tested (1000 ppm, 
equal to 65 mg/kg bw per day in the fi rst mating; 400 ppm, equal to 27 mg/kg bw per day in the sec-
ond mating). The NOAEL for pup development is 200 ppm (13 mg/kg bw per day, based on reduced 
body weight and survival at 1000 ppm). The NOAEL for parental toxicity is 200 ppm (13 mg/kg bw 
per day), based on reduced body weight gains (Morseth, 1990).

Table 23. Intakes of dinocap in the rat reproduction study 

Dietary 
concentration 
(ppm)

Dose (mg/kg bw per day)

Males (premating) Females (premating) Females (gestation)

F
0

F
1

F
0

F
1

F
0

F
1

40 2.6 3.1 3.2 3.7 2.8 2.8

200 12.9 14.9 15.7 18.0 13.9 13.7

1000/400 65.1 32.4 77.3 38.7 69.5 27.4
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Explanation

Tebuconazole is the International Organization for Standardization (ISO)–approved name 
for (RS)-1-p-chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-triazol-1-ylmethyl)pentan-3-ol (International 
Union of Pure and Applied Chemistry [IUPAC]), for which the Chemical Abstracts Service (CAS) 
No. is 107534-96-3. Tebuconazole is a triazole fungicide that acts by inhibiting sterol biosynthesis in 
fungi (demethylation inhibitor).

The toxicity of tebuconazole was fi rst evaluated by the 1994 Joint FAO/WHO Meeting on Pes-
ticide Residues (JMPR). That Meeting established an acceptable daily intake (ADI) of 0–0.03 mg/kg 
body weight (bw) on the basis of a no-observed-adverse-effect level (NOAEL) of 2.9 mg/kg bw per 
day for histopathological alterations in the adrenal glands seen at 4.4 mg/kg bw per day and above in 
two 52-week toxicity studies in dogs and using a safety factor of 100.

Tebuconazole was re-evaluated by the present Meeting at the request of the Codex Committee 
on Pesticide Residues (CCPR). Three new studies (an acute neurotoxicity study, a subacute neurotox-
icity study and a developmental neurotoxicity study) since the last review by the JMPR were made 
available. All pivotal studies with tebuconazole were certifi ed as complying with good laboratory 
practice (GLP) unless otherwise stated.

Evaluation for acceptable daily intake

Unless otherwise stated, studies evaluated in this monograph were performed by GLP-certifi ed 
laboratories and complied with the relevant Organisation for Economic Co-operation and D evelopment 
(OECD) and/or United States Environmental Protection Agency (USEPA) test guideline(s).

1. Biochemical aspects

1.1  Absorption, distribution and excretion

The absorption, distribution and elimination of tebuconazole were studied in rats after oral 
dosing of tebuconazole radiolabelled with 14C, as shown in Figure 1. 

Figure 1. Position of the radiolabel on tebuconazole used in pharmacokinetic studies in rats
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The absorption, distribution and metabolism (see section 1.2) of tebuconazole uniformly 
labelled with 14C in the benzene ring (Figure 1) were studied in BOR: WISW (SPF Cpb) Wistar rats. 
Tebuconazole, both 14C labelled (radiochemical purity 99.5%) and non-radioactive, suspended in 
0.5% aqueous tragacanth gel was used in the study. The test substance was administered to male and 
female rats at an oral dose of 2 or 20 mg/kg bw. In addition, rats of both sexes were fi rst subjected to 
14 days of treatment with a daily oral dose of 2 mg/kg bw of unlabelled test substance, followed by 
a single radioactive dose of 2 mg/kg bw 24 hours after the last of these doses. Furthermore, excre-
tion of the radioactivity in the exhaled air (dose 20 mg/kg bw) and in the bile (dose 2 mg/kg bw) was 
studied in male rats. The study design and sampling times are summarized in Table 1.

(a) Absorption and distribution

The amounts of radioactivity excreted in the bile (90.7% of the administered dose) and urine 
(7.4%) by the bile duct–cannulated animals plus the residues in the total body at the time of sacrifi ce 
(0.23%) showed that the radioactivity was completely absorbed after oral administration (Table 2). 
The analysis of the plasma curves (Tables 3 and 4) showed that the test compound was rapidly 
absorbed from the gastrointestinal tract of male and female rats in all test groups, as indicated by the 
times at which the maximum plasma radioactivity concentrations were reached (T

max
 values between 

0.33 and 1.7 hours). The maximum dose-normalized equivalent concentrations (P
max

) were achieved 
between 0.11 and 0.20 hour, indicating good tissue accessibility of the radioactivity administered 
with the test compound. The values calculated for the terminal half-lives (Table 4) ranged from 31.9 
to 52.5 hours and were therefore short in relation to the observation period of 72 hours. The dose-
corrected areas under the plasma concentration–time curves (AUC) yielded a relatively wide range 
of AUC

total
 values (1.7–5.2 hours); correspondingly high total plasma clearances, ranging from 0.6 

to 1.9 ml/min, were calculated. The mean residence time of the radioactivity in the plasma ranged 
from 26.9 to 48.6 hours and was therefore short in relation to the observation period of 72 hours. 
The relatively high values determined for the distribution volume at steady state of 8.7–17.9 ml/g 
indicate that the radioactivity continued to be distributed unevenly in the organism at later times after 
administration.

A statistical analysis of the above-mentioned parameters revealed sex-dependent differences 
(Table 4) between the test groups. The males in all groups were found to have signifi cantly larger (by 
a factor of 1.7–3) AUCs, which led to correspondingly lower total clearance values. The males treated 
with the high dose also exhibited a signifi cantly longer mean residence time; the pretreated males 
were found to have a signifi cantly shorter terminal elimination half-life. Analysis of the dependence 

Table 1. Summary of tests performed to investigate biokinetics in rats

Test 
No.

Administered dose 
(mg/kg bw)

Sex and number of 
animals

Kind of test

1 20 5 males Excretion in expired air, urine, faeces

2 2 5 males Excretion in bile, urine, faeces

3 2 5 males Excretion in urine, faeces; plasma levels

4 2 5 females Excretion in urine, faeces; plasma levels

5 2 5 males Excretion in urine, faeces; plasma levels, pretreatmenta

6 2 5 females Excretion in urine, faeces; plasma levels, pretreatmenta

7 20 5 males Excretion in urine, faeces; plasma levels

8 20 5 females Excretion in urine, faeces; plasma levels

9 20 5 males Excretion in urine, faeces; plasma levels, repetition of test No. 7

From Weber (1987)
a   Pretreatment with 2 mg/kg bw non-radiolabelled dose once daily for 14 consecutive days followed by a 2 mg/kg bw radiolabelled dose 

on day 15.
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Table 2. Cumulative excretion of total radioactivity in urine, faeces, bile and exhaled air and 
radioactive residues in the male rat 48 or 72 hours after oral administration of [phenyl-UL-14C]-
tebuconazole

Sample material Time (h) % of administered dose

Dose (mg/kg bw)

20 2 

Test No. 1 (n = 5) Test No. 2 (n = 4)

Bile 1 — 15.0

2 — 39.2

3 — 52.8

4 — 61.7

6 — 72.7

8 — 85.8

12 — 88.0

18 — 88.7

24 — 89.6

30 — 90.1

36 — 90.5

42 — 90.6

48 — 90.7

Exhaled air 0–72 0.03 —

Urine 3 — 1.0

4 1.0 2.4

6 — 4.3

8 3.2 5.5

12 — 6.7

18 — 7.1

24 13.4 7.3

32/30 14.5 7.3

48 15.8 7.4

56 16.0 —

72 16.2 —

Faeces 24 62.7 1.5

48 74.7 1.5

56 74.9 —

72 75.8 —

Total excreta — 92.0 99.0

Total body — 0.8 0.23

Total recovery — 92.8 99.2

From Weber (1987)
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of the biokinetic characteristics on the size of the dose (Table 4) revealed, for both sexes, signifi cant 
differences only in those parameters describing the course of the plasma radioactivity concentration. 
In males, the rise in the plasma radioactivity concentration took place about 2 times more slowly after 
administration of the high dose. In addition, the terminal elimination of the radioactivity from the 
plasma was found to proceed signifi cantly more rapidly after the high dose. The females exhibited 
two signifi cant effects additional to the above. After administration of the high dose, the T

max
 was 

observed to increase by a factor of 3. In addition, the dose-corrected AUC was signifi cantly smaller in 
the females after administration of the high dose. Pretreatment with the unlabelled test substance led, 
in both sexes, to some differences compared with the situation after a single dose. These differences 
were related mainly to the characteristics derived from the time course of the plasma radioactivity 
concentrations. Those differences, found to be statistically signifi cant, were a slowdown in the rise of 
the plasma concentration in females and a shorter terminal half-life in males after pretreatment with 
unlabelled test substance (Weber, 1987).

(b) Excretion and terminal radioactive residues in tissues

The radioactivity was excreted in exhaled air only to a very small extent (0.03% of the admin-
istered dose) (Table 2). The cumulative excretion, radioactivity in the body and total recoveries are 
shown in Table 5. After 72 hours, between 86.5% and 98.4% of the administered dose (approximately 
99% of the recovered dose) was excreted in the urine and faeces. The major route of excretion was 
faecal (61.5–82.1%). The males of all experimental groups excreted about half as much radioactivity 

Table 3. Time course of the dose-normalized equivalent concentrations (P) in the plasma of rats 
after administration of a single oral dose of [phenyl-UL-14C]tebuconazole

Time post- 
application (h)

Dose-normalized equivalent concentration (P) in plasma (% of administered dose)

Male Female Male Female Male Female Male

Dose (mg/kg bw)

2 2 2a 2a 20 20 20

Test No. 3 Test No. 4 Test No. 5 Test No. 6 Test No. 7 Test No. 8 Test No. 9b

(n = 5) (n = 5) (n = 5) (n = 5) (n = 5) (n = 5) (n = 5)

0.17 0.0986 0.1659 0.0501 0.0781 0.0209 0.0522 0.0450

0.33 0.1493 0.1974 0.0953 0.1081 0.0779 0.0794 0.1025

0.67 0.1481 0.1545 0.1266 0.0973 0.0961 0.0941 0.1622

1 0.1455 0.1392 0.1409 0.1048 0.1627 0.0902 0.1852

1.5 0.1504 0.1128 0.1284 0.1120 0.1471 0.0875 0.1782

2 0.1419 — 0.1285 0.1141 0.1312 0.0781 0.1562

3 0.1295 0.0956 0.1228 0.1170 0.1013 0.0680 0.1265

4 0.1308 0.0908 0.1114 0.0886 0.0933 0.0646 0.1131

6 0.1190 0.0720 0.1040 0.0821 0.1070 0.0560 0.1140

8 0.1118 0.0648 0.0991 0.0306 0.0842 0.0507 0.1111

24 0.0457 0.0225 0.0416 0.0267 0.0439 0.0182 0.0571

32 0.0385 0.0169 0.0737 0.0192 0.0387 0.0113 0.0595

48 0.0231 0.0096 0.0245 0.0118 0.0274 0.0061 0.0317

56 0.0218 0.0087 0.0222 0.0109 0.0240 0.0051 0.0319

72 0.0165 0.0072 0.0155 0.0082 0.0168 0.0044 0.0193

From Weber (1987)
a  Pretreated with 2 mg/kg bw daily for 14 days.
b  Repetition of test No. 7.
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in the urine as did the females; the proportion of radioactivity excreted in the faeces was correspond-
ingly higher in the males. Bile duct–cannulated rats eliminated, within 48 hours, about 91% of the 
recovered radioactivity in the bile, about 7% in the urine and only 1.5% in the faeces (Table 2). The 
large quantities of radioactivity determined in the faeces of the other dose groups must have been, 
therefore, radioactivity excreted into the intestinal lumen with the bile. The animals with biliary 
fi stulae excreted in the urine, within 48 hours after administration, about half of the quantity of radio-
activity, compared with the corresponding males of the other test groups, indicating an enterohepatic 
recirculation of the radioactivity.

The radioactivity remaining in the body excluding the gastrointestinal tract was low in all test 
groups. After 72 hours, less than 1% of the applied radioactivity could be detected in the organs, 
tissues and the remaining carcass. Highest residues were found in the liver and kidney, those organs 
responsible for metabolism and excretion of the test compound and its metabolites. Sex-dependent 
differences between the corresponding groups could be observed; the radiolabelled residues deter-
mined in most tissues and organs at the end of the study were approximately 1.5–2.5 times higher in 
males of all groups than in the corresponding females (Weber, 1987). 

In a whole-body autoradiography study, [phenyl-UL-14C]tebuconazole (radiochemical purity 
99%) was administered in a 0.5% aqueous tragacanth gel solution at a dose level of 20 mg/kg bw 
to male Bor: WISC SPF Cpb Wistar rats. Seven male rats were used in this study. The animals 
were sacrifi ced at 1, 4, 8, 24, 48 and 72 hours after administration of the test substance. After deep-
freezing, sagittal sections of the animals (50 µm thick) were cut with a microtome and placed onto 
an X-ray fi lm. The autoradiographs were visually inspected to estimate the relative concentrations of 
r adioactivity in the various tissues and organs of the rats.

Table 4. Comparison of biokinetic parameters of plasma radioactivity after oral administration of 
[phenyl-UL-14C]tebuconazole

Parameter Male Female Male Female Male Female

Dose (mg/kg bw)

2 2 2a 2a 20 20

Test No. 3 Test No. 4 Test No. 5 Test No. 6 Test No. 9b Test No. 8

(n = 5) (n = 5) (n = 5) (n = 5) (n = 5) (n = 5)

Terminal half-life (h) 48.46 52.46c 31.93 43.68 34.45c 34.81d

AUC
exp 

(h) 3.57 2.00 3.61c 1.96 4.24 1.52c

AUC
total

 (h) 4.75 2.51 4.35c 2.51 5.24 1.74d

P
max

 (h) 0.17 0.20 0.14 0.13 0.18c 0.11c

T
max

 (h) 0.87 0.33 1.70 1.67 1.67c 1.06

Clearance total (ml/min) 0.71 1.35 0.71 1.35 0.64c 1.85c

Clearance renal (ml/min) 0.15 0.55 0.13c 0.54 0.13c 0.57d

Mean residence time (h) 48.63c 41.89 41.55 44.27 42.73c 26.87d

Volume steady state (ml/g) 10.90 16.74 8.71 17.93 8.18c 14.87d

From Weber (1987)
AUC, area under the curve; exp, experimental
a  Pretreated with 2 mg/kg bw daily for 14 days.
b  Repetition of test No. 7.
c  Values based on four animals. 
d  Values based on three animals.
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One hour after administration, tebuconazole-derived radioactivity was detectable in almost all 
tissues and organs, with the exception of compact bone substance. The radioactivity of the parent 
compound was unevenly distributed in the animal body. Very high concentrations of radioactivity 
were discernible in the contents of the stomach and some portions of the small intestine, in the prepu-
tial gland as well as in areas of the mucosa of nose and tongue and the epithelium of the oesophagus. 
High concentrations were found in the liver, the cortex of the adrenal gland, the infraorbital gland 
and the hair follicles of the dorsal skin. Low-level radioactivity was detected in the fatty tissues, 
renal papilla, musculature, thymus, bone marrow and skin. During the entire investigation, the ratio 
of the radioactivity concentrations among the tissues and organs showed only slight alterations. With 
increasing time after administration, the concentrations declined more rapidly in the mucosa of the 
nasopharyngeal tract, the fat tissues, the brain and spinal marrow as well as the infraorbital gland 
and the preputial gland, compared with the mean body concentration. At the end of the investigation, 
radioactivity concentrations were relatively low in most organs and tissues; only the cortex of the 
adrenal gland showed a high level of radioactivity. Additionally, the evaluation of the autoradiographs 
showed high biliary excretion combined with a long-lasting enterohepatic circulation as well as a 
relatively low renal elimination rate (Weber, 1988). 

1.2 Biotransformation

The metabolism of the test substance after administration of either [phenyl-UL-14C]tebuco-
nazole (purity > 99%) or [triazol-3,5-14C]tebuconazole (purity 98.4%) to several groups of BOR: 

Table 5. Cumulative excretion of total radioactivity in urine and faeces and radioactive residues 
in the rat 72 hours after oral administration of [phenyl-UL-14C]tebuconazole 

Sample 
m aterial 

Time (h) % of administered dose

Male Female Male Female Male Female Male

Dose (mg/kg bw)

2 2 2a 2a 20 20 20b

Test No. 3 
(n = 5)

Test No. 4 
(n = 5)

Test No. 5 
(n = 5)

Test No. 6 
(n = 5)

Test No. 7 
(n = 5)

Test No. 8 
(n = 5)

Test No. 9 
(n = 5)

Urine 4 3.2 8.6 1.8 5.1 1.2 2.1 1.9

8 6.6 14.2 5.0 9.9 3.4 8.0 5.0

24 13.9 28.1 12.8 25.8 11.7 23.3 14.4

32 14.9 29.9 13.9 28.5 12.6 25.2 15.3

48 15.9 32.0 14.5 31.1 13.9 27.8 16.6

56 16.1 32.5 14.8 31.7 14.1 28.3 16.7

72 16.3 32.9 15.0 32.3 14.4 28.8 17.0

Faeces 24 71.1 52.2 64.3 47.1 61.3 50.8 63.8

48 79.9 60.9 75.0 58.7 70.8 60.8 77.3

56 81.3 61.0 76.9 61.2 71.1 61.3 77.7

48–72 82.1 62.5 78.8 61.5 72.1 62.7 78.7

Total excreta — 98.4 95.4 93.8 93.8 86.5 91.5 95.7

Total body — 0.81 0.69 1.01 1.38 0.81 0.52 1.03

Total recovery — 99.2 96.1 94.8 95.2 87.3 92.0 96.7

From Weber (1987)
a  Pretreated with 2 mg/kg bw daily for 14 days.
b  Repetition of test No. 9.
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Table 6. Summary of tests performed to investigate the metabolism of tebuconazole in rats

Test No. Administered dose 
(mg/kg bw)

Sex and number of 
animals

Kind of test

1 2 5 males Single oral low dose, phenyl label

2 2 5 females Single oral low dose, phenyl label

3 2 5 males Oral low dose, pretreatment,a phenyl label

4 2 5 females Oral low dose, pretreatment,a phenyl label

5 20 5 males Single oral high dose, phenyl label

6 20 5 females Single oral high dose, phenyl label

7 20 5 males Single oral high dose, triazole label (excretion experiment)

8 20 5 males Single oral high dose, triazole label (metabolism)

9 20 5 females Single oral high dose, triazole label (metabolism)

From Ecker et al. (1987)
a   Pretreatment with 2 mg/kg bw of non-radiolabelled dose once daily for 14 consecutive days followed by a 2 mg/kg bw radiolabelled 

dose on day 15.

WISW (SPF Cpb) rats under varying experimental conditions was assayed. The dose groups were a 
single oral low dose of 2 mg/kg bw; 14 daily single oral non-radioactive doses of 2 mg/kg bw, fol-
lowed by a radioactive dose of 2 mg/kg bw on the 15th day; and a single oral high dose of 20 mg/kg 
bw (Table 6).

In the main study, [phenyl-UL-14C]tebuconazole was used. Each group consisted of fi ve male 
and fi ve female animals. In addition to these trials, the high dose of the triazole-labelled test sub-
stance was orally administered to both sexes. Because more than 90% of the recovered radioactivity 
was excreted via faeces and urine within 48 hours, pooled samples from the sampling intervals 0–48 
hours were prepared in order to include all major metabolites. The metabolites were extracted and 
purifi ed from urine and faeces with suitable solvents. The identifi cation was conducted by compara-
tive high-performancee liquid chromatography and gas chromatography using authentic reference 
compounds, as well as by employing gas chromatography with mass spectrometry and nuclear mag-
netic resonance spectroscopic techniques. The radioactivity of urine and extracts of faeces and urine 
was determined by liquid scintillation counting; solid samples were combusted, and the radioactiv-
ity of the trapped carbon dioxide was measured by liquid scintillation counting. The quantitative 
d istribution of the identifi ed metabolites in urine and faeces is given in Table 7. 

The excretion balances showed nearly identical patterns compared with those in the biokinetic 
study (Weber, 1987). Approximately 14–33% of the dose was eliminated in the urine, and 61–82% 
of the dose was eliminated in the faeces, with no apparent differences between the two dose groups. 
After dosing with the [14C]phenyl-labelled compound, males excreted signifi cantly less radioactivity 
in the urine (14–17% of the dose) than did females (29–33% of the dose); in the case of the [14C]-
triazole-labelled compound, there were no sex-dependent differences in the urine to faeces ratio of 
radioactivity excretion. The parent compound was not detected in the urine; only between 0.5% and 
2.2% could be found in the faeces of all dose groups. Regarding the excreta as a whole, tebucona-
zole-1-hydroxy (M 03) and tebuconazole-carboxylic acid (M 06) were the main metabolites in all 
test groups and accounted for 15.7–28.2% (M 03) and 14.1–36.2% (M 06) of the administered radio-
activity, with a slight tendency towards higher amounts in females. Sex-related differences between 
the test groups were found in the quantitative distribution of some of the minor metabolites in the 
excreta. One compound, tebuconazole-1,5-di-OH-glucuronide (M 12), was detected in the excreta 
of male animals only and accounted for 0.7–1.3% of the administered radioactivity. Two further 
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Table 7. Quantitative distribution of metabolites in urine and faeces after oral administration of 
[phenyl-UL-14C]tebuconazole or [triazole-3,5-14C]tebuconazole to the rat

Metabolitesa % of administered dose

Male Female Maleb Femaleb Male Female Male Female

Dose (mg/kg bw)

2 2 2 2 20 20 20 20

Test No. 1 Test No. 2 Test No. 3 Test No. 4 Test No. 5 Test No. 6 Test No. 2 Test No. 3

Urine/
faeces 
(0–48 h)

Urine/
faeces 
(0–48 h)

Urine/
faeces 
(0–48 h)

Urine/
faeces 
(0–48 h)

Urine/
faeces 
(0–48 h)

Urine/
faeces 
(0–48 h)

Urine
(0–48 h)

Urine
(0–48 h)

Phenyl Phenyl Phenyl Phenyl Phenyl Phenyl Triazole Triazole

Tebuconazole 0.46 0.57 0.69 0.49 2.2 0.47 — —

M 02 2.4 3.1 3.4 3.1 4.7 5.1 — —

M 03 15.7 18.9 16.8 21.6 19.7 28.2 2.2 0.30

M 04 1.3 0.47 2.2 0.78 5.6 0.37 — —

M 06 32.6 36.2 27.1 35.3 14.1 29.8 1.6 9.7

M 07 3.4 1.1 5.6 0.78 2.3 1.0 3.4 0.7

M 10 — 2.0 0.10 2.2 0.09 2.3 0.20 2.7

M 11 0.46 4.8 0.29 3.0 0.19 3.7 0.30 2.9

M 12 1.3 — 0.70 — 1.0 — 0.50 0.20

M 14 0.65 0.66 0.69 0.88 1.1 0.28 — —

M 26 — — — — — — 5.4 1.5

Unknown 1 1.4 1.1 1.2 0.98 1.0 0.65 — —

Unknown 2 2.0 0.57 1.5 0.59 3.5 0.19 — —

Unknown 3 1.8 0.09 0.98 0.20 2.3 0.19 — —

Unknown 4 0.93 0.66 1.3 0.59 2.2 0.84 — —

Unknown 5 0.56 0.28 0.88 0.29 1.6 0.28 — —

Total 
identifi edc

58.3 67.9 57.6 68.1 51.0 71.2 13.6 18.0

Sum unknown 
1–5

6.7 2.7 5.9 2.7 10.6 2.2 — —

Not assignedd 19.8 19.9 26.0 21.4 20.4 13.7 10.3 6.4

Total 
unidentifi edc

26.5 22.6 32.0 24.1 31.0 15.9 10.3 6.4

Unextracted 
solids

6.9 3.7 7.7 4.3 9.5 4.4 — —

Faeces — — — — — — 70.7 72.7

Bodye 0.83 0.57 1.2 1.1 1.6 1.8 5.9 3.0

Total 
recoveryc

92.5 94.8 98.3 97.5 93.2 93.4 100.6 100.2

From Ecker et al. (1987)
a  For chemical names and codes, see Figure 2 below. 
b  Pretreated with 2 mg/kg bw daily for 14 days.
c  Any lack of correspondence between the sum of the individual values and the “total” values is due to rounding.
d  Radioactivity not in discrete fractions.
e  Values included for balance reasons.
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compounds, tebuconazole-1,5-dihydroxy (M 04) and tebuconazole-ketocarboxylic acid (M 07), were 
detected in higher amounts in the excreta of the males compared with those of the females. The cor-
responding values for the males were 1.3–5.6% (M 04) and 2.3–5.6% (M 07) compared with 0.4–
0.8% (M 04) and 0.8–1.1% (M 07) of the administered radioactivity in the females. Two compounds 
were found in greater amounts in the excreta of the females. Tebuconazole-1-hydroxysulfate (M 10) 
accounted for 2.0–2.3% and tebuconazole-1-OH-glucuronide (M 11) 3.0–4.8% of the administered 
radioactivity in females. Both compounds were detected in the excreta of the males in amounts of 
less than one tenth of these values. Two additional compounds, tebuconazole-o-hydroxy (M 02) and 
tebuconazole-desmethyl (M 14), were detected in minor amounts and showed no signifi cant dose- or 
sex-dependent differences. Neither the dose level nor the pretreatment showed a signifi cant infl uence 
on the metabolic pattern in any of the dose groups. Five unidentifi ed compounds were detected in all 
dose groups, none of them exceeding 3.5% of the administered radioactivity. Sex-related differences 
between the test groups were detected in the distribution of these compounds. In general, females 
excreted less than half as much of these compounds as did males. In total, 15.9–32.0% of the admin-
istered dose remained unidentifi ed after extraction. This unidentifi ed activity consisted of the above-
mentioned unidentifi ed compounds and of background activity not assigned to specifi c metabolites 
or fractions. Between 3.7% and 9.5% of the administered radioactivity remained unextractable in 
the faeces. The rate of identifi cation was high; after administration of [phenyl-UL-14C]tebuconazole 
at doses of 2 or 20 mg/kg bw, between 51.0% and 71.2% of the administered radioactivity could be 
identifi ed. The identifi cation balance did not take into account the amount of 1,2,4-triazole (“free tria-
zole”, M 26) found in the study with [triazole-3,5-14C]tebuconazole. In a total material balance, the 
amount of identifi ed radioactivity should include the fi gures for 1,2,4-triazole as well. The triazole-
labelled metabolites from faecal extracts were not quantifi ed in this study because the comparison 
of the metabolic profi les in faecal extracts shows identity regardless of the label. Comparison of the 
metabolic profi les in urine of the animals treated with differently labelled tebuconazoles raised one 
signifi cant difference. One additional metabolite, identifi ed as 1,2,4-triazole (M 26), accounted for 
5.4% of the administered radioactivity in males and 1.5% in females. The metabolic profi les revealed 
sex-related differences similar to those already observed in the animals treated with the phenyl-
labelled test substance (Ecker et al., 1987).

The proposed metabolic pathway is given in Figure 2. The fi rst step in the biotransformation of 
tebuconazole was the hydroxylation of the t-butyl group, resulting in tebuconazole-1-hydroxy. This 
compound was either excreted or further transformed via oxidation to the carboxylic acid, sulfonyla-
tion or conjugation with glucuronic acid at the t-butyl group. Further steps of minor importance 
involve hydroxylation of tebuconazole-1-hydroxy in the benzylic position followed by conjugation 
with glucuronic acid at the t-butyl group, hydroxylation of the parent compound’s phenyl ring, oxida-
tion in the benzylic position, decarboxylation at the t-butyl group and cleavage of the triazole moiety 
(Neumann & Hartmann, 2009). 

2. Toxicological studies

2.1 Acute toxicity

The acute toxicity of tebuconazole is summarized in Table 8.

(a) Oral administration

Mice

Groups of male and female young adult Crj:CD ICR mice (fi ve of each sex per dose) were 
given tebuconazole (purity 98.0%) as a single dose of 0 mg/kg bw or in the range 1600–5000 mg/kg 
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bw by gavage. The test material was formulated in polyethylene glycol 400. The dose volume was 
10 ml/kg bw. Animals were fasted overnight prior to dosing. Animals were observed frequently for 
clinical signs on day 1 and once or twice a day thereafter. Body weights were recorded on days 1, 7 
and 14. Necropsy was performed on all animals.

Sedation and abnormal gait were observed between 1 minute and 1 hour after administration. 
The main clinical signs observed were sedation, abnormal gait, paralytic gait, hypnosis, half-closed 
eyes, rough coat, abnormal breathing and chick-like vocalization. The clinical signs disappeared 
within 3 days post-dosing in surviving animals except for rough coat in females of the 5000 mg/kg 
bw dose group, which disappeared 5 days after dosing. Changes in the digestive system (mucosal 
redness, dark reddish brown focus in the stomach, dilated lumen, yellowish contents and mucosal 
redness in the small intestine), lungs (dark reddish brown) and testis (atrophy) were observed in 

Figure 2. Proposed metabolic pathway of tebuconazole in rats
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Table 8. Acute toxicity of tebuconazole

Species Strain Sex Route LD
50

 (mg/kg bw) LC
50 

(mg/m3) Reference

Mouse Crj:CD ICR M, F Oral Fasted

M: 2800 

F: 5200 

— Ohta (1991b)

NMRI M, F Oral Fasted

M: 1615

F: 3023 

— Heimann 
& Pauluhn 
(1983)a

Rat Crj:CD Sprague-Dawley M, F Oral Fasted

M: 4000

F: 1700

— Ohta (1991a)

Bor:WISW (SPF Cpb) 
Wistar 

M, F Oral Fasted

M: > 5000

F: 3933

Non-fasted

M: 4264

F: 3352

— Heimann 
& Pauluhn 
(1983)a

Bor:WISW (SPF Cpb) 
Wistar

M Oral > 5000 — Flucke (1987)

Rabbit HC:NZW M, F Oral Fasted

M and F

> 1000

— Heimann 
& Pauluhn 
(1983)a

Rat Bor:WISW (SPF Cpb) 
Wistar

M, F Intraperitoneal Fasted

M: 751

F: 395

— Heimann 
& Pauluhn 
(1983)a

Rat Bor:WISW (SPF Cpb) 
Wistar

M, F Dermal M and F

> 5000

— Heimann 
& Pauluhn 
(1983)a

Crj:CD SPF Sprague-
Dawley

M, F Dermal > 2000 — Ohta (1991c) 

Rat Bor:WISW (SPF Cpb) 
Wistar

M, F Inhalation — > 818 Heimann 
& Pauluhn 
(1983)a

Bor:WISW (SPF Cpb) 
Wistar

M, F Inhalation — > 5093 (dust)

> 371 (aerosol)

Pauluhn 
(1988)

Hsd:Cpb:WU Wistar M, F Inhalation — > 2118 Pauluhn 
(2007)

Rabbit HC:NZW M Dermal Non-irritating — Heimann 
& Pauluhn 
(1983)a

New Zealand White M, F Dermal Non-irritating — Sheets (1988) 

Rabbit HC:NZW M Ocular i rritation Non-irritating — Heimann 
& Pauluhn 
(1983)a

New Zealand White M, F Ocular i rritation Mildly irritating — Eigenberg & 
Sheets (1988) 
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animals that died during the observation period. Under the study conditions utilized, the oral median 
lethal dose (LD

50
) of tebuconazole in mice was calculated to be 2800 and 5200 mg/kg bw for males 

and females, respectively (Ohta, 1991b).

Groups of male and female young adult NMRI mice (fi ve of each sex per dose) were given 
tebuconazole (purity 97.1%) as a single dose of 0 mg/kg bw or in the range 100–3350 mg/kg bw for 
males and 500–5000 mg/kg bw for females by gavage formulated in Cremophor EL/water. The dose 
volume was 10 ml/kg bw. Animals were fasted overnight prior to dosing. The treated animals were 
observed for 14 days after dosing. Animals were observed for clinical signs and mortality frequently 
on day 1 and once per day thereafter. Body weights were recorded on days 0, 7 and 14. A gross 
necropsy was performed on all animals. 

The primary clinical signs noted in the study included behavioural and motility disturbances, 
dyspnoea, staggering, spastic gait, stiff posture, rolling, reduced refl exes, prostration on side and 
stomach, occasional twitching and weight loss (males only). Animals that died during the post-treat-
ment observation period exhibited spotted and distended lungs; patchy, pale and enlarged liver and 
liver lobulation; and reddened glandular stomach. No treatment-related fi ndings were observed in 
animals sacrifi ced at termination. Under the study conditions utilized, the oral LD

50
 of tebuconazole 

in fasted mice was calculated to be 1615 and 3023 mg/kg bw for males and females, respectively 
(Heimann & Pauluhn, 1983).

Rats

Groups of male and female young adult Crj:CD Sprague-Dawley rats (fi ve of each sex per 
dose) were given tebuconazole (purity 98.0%) as a single dose of 0 mg/kg bw or in the range from 
1600 to 5000 mg/kg bw for males and from 730 to 5000 mg/kg bw for females by gavage formulated 
in polyethylene glycol 400 suspension. Animals were fasted overnight prior to dosing. Animals were 
observed for mortality and clinical signs at 1-hour intervals for the fi rst day and twice daily thereafter 
for 13 days. Body weights were recorded on days 0, 7 and 14. A gross necropsy was performed on 
all animals.

No treatment-related effects on body weight were observed. Clinical signs of toxicity were 
manifested as sedation, abnormal gait, paralytic gait and emaciation. The symptoms were observed 
from 20 minutes to 4 days after administration in both sexes. Generally, the abnormal gait, paralytic 
gait and marked emaciation were observed 2 days post-dosing. At termination, abnormal fi ndings in 
the liver (yellow-white patchy areas) and the testis (atrophy) for males were observed. Changes in the 
urinary bladder (reddish content), the adrenals (redness and hypertrophy) and the trachea (retention 
of foamy fl uid) were observed in animals that died during the observation period. Under the study 

Species Strain Sex Route LD
50

 (mg/kg bw) LC
50 

(mg/m3) Reference

Guinea-
pig

Pirbright White F Dermal sensitization 
(mazimization test)

Non-sensitizing — Heimann 
(1983)

Hsd Poc:DH (SPF-bred) F Dermal sensitization 
(mazimization test)

Non-sensitizing — Stropp (1996)

DHPW (SPF-bred) M Dermal sensitization 
(Buehler test)

Non-sensitizing — Heimann 
(1987)

Dunkin-Hartley M Dermal sensitization 
(Buehler test)

Non-sensitizing — Sheets (1990)

F, female; LC
50

, median lethal concentration; LD
50

, median lethal dose; M, male
a  Non-GLP study.

Table 8 (continued)
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conditions utilized, the oral LD
50

 of tebuconazole in rats was calculated to be 4000 and 1700 mg/kg 
bw for males and females, respectively (Ohta, 1991a).

In a second study, fasted young adult Bor:WISW (SPF Cpb) Wistar rats (fi ve of each sex per 
dose) were given tebuconazole (purity 97.1%) as a single dose by gavage in Cremophor EL/water 
at a dose of 0 mg/kg bw or in the range from 1000 to 5000 mg/kg bw for fasted male and female 
rats and from 500 to 5000 mg/kg bw for non-fasted male and female rats. Animals were observed 
for 14 days after dosing. Animals were observed for clinical signs and mortality frequently on day 1 
and once per day thereafter. Body weights were recorded on days 0, 7 and 14. A gross necropsy was 
performed on all animals. 

Body weight losses were noted in the fi rst week of the post-dosing period but were normalized 
at the end of the study. The primary clinical signs noted in the study included behavioural, breathing 
and motility disturbances, staggering, spastic gait, sternal or lateral recumbency, cramped posture, 
increased urine excretion and poor refl exes. Under the study conditions utilized, the oral LD

50
 of 

tebuconazole in fasted rats was calculated to be greater than 5000 and 3933 mg/kg bw for males and 
females, respectively. The oral LD

50
 of tebuconazole in non-fasted rats was calculated to be 4264 and 

3352 mg/kg bw for males and females, respectively (Heimann & Pauluhn, 1983).

Rabbits

Groups of male and female young adult HC:NZW albino rabbits (three of each sex per dose) 
were given tebuconazole (purity 97.1%) as a single dose of 500 or 1000 mg/kg bw by gavage for-
mulated in Cremophor EL/water. The dose volume was 5 ml/kg bw. Animals were fasted overnight 
prior to dosing. The treated animals were observed for 14 days after dosing. Animals were observed 
for clinical signs and mortality frequently on day 1 and once per day thereafter. Body weights were 
recorded on days 0, 7 and 14. A gross necropsy was performed on all animals. 

No mortality occurred. A general loss of appetite was observed; however, body weights were 
not affected by the treatment. In animals sacrifi ced at termination, slightly distended and spotted 
lungs and slightly patchy kidneys were observed. Under the study conditions utilized, the oral LD

50
 

of tebuconazole in fasted rabbits was greater than 1000 mg/kg bw for males and females, respectively 
(Heimann & Pauluhn, 1983).

(b) Intraperitoneal administration

Rats

Groups of young adult Bor:WISW (SPF Cpb) Wistar rats (fi ve of each sex per dose) were given 
tebuconazole (purity 97.1%) intraperitoneally in Cremophor EL/water as a single dose in the range 
from 50 to 1000 mg/kg bw for fasted males and from 50 to 560 mg/kg bw for fasted females. The 
dose volume was 10 ml/kg bw. Animals were observed for 14 days. Animals were observed for clini-
cal signs and mortality frequently on day 1 and once a day thereafter. Body weights were recorded on 
days 0, 7 and 14. A gross necropsy was performed on all animals.

Behavioural, breathing and motility disturbances, staggering, spastic gait, uncoordinated 
movements, poor refl exes, narcosis, convulsions, and lateral or sternal recumbency were observed. 
Animals dying during observation exhibited patchy to dark red, distended lungs; patchy, sometimes 
pale spleen and kidneys; patchy liver, slightly swollen from 500 mg/kg bw onwards, with the indi-
vidual lobes adhering to each other and to pancreas, diaphragm, stomach and fatty tissue; reddened 
glandular stomach; thin, unpatterned walls of stomach; clear fl uid in abdomen; and whitish deposits 
on all abdominal organs. Animals sacrifi ced at the end of the observation period exhibited swollen 
liver, with the liver lobes adhering to each other, and spleen covered with a white coat. Under the 



517

TEBUCONAZOLE 503–564 JMPR 2010

study conditions utilized, the intraperitoneal LD
50

 of tebuconazole in fasted rats was calculated to be 
751 and 395 mg/kg bw for males and females, respectively (Heimann & Pauluhn, 1983).

(c) Dermal application

Rats

Five male and fi ve female young adult Bor:WISW (SPF Cpb) Wistar rats were exposed der-
mally to tebuconazole (purity 97.1%) at 5000 mg/kg bw applied to a shaved dorsal area of the body 
surface. The test substance was mixed with physiological saline solution. The exposure period was 
24 hours. The treated area was covered by means of occlusive dressings and aluminium foil. The 
treated site was rinsed with water and soap 24 hours after the treatment. Animals were observed 
for mortality and clinical signs several times a day on day 1 and once a day for the remainder of the 
14-day observation period. Body weights were recorded on days 1, 7 and 14. A gross necropsy was 
performed on all animals. 

No treatment-related mortality, clinical signs, body weight changes, skin irritation or patho-
logical fi ndings were observed. The dermal LD

50
 of tebuconazole in rats was greater than 5000 mg/

kg bw for males and females (Heimann & Pauluhn, 1983).

Five male and fi ve female young adult Crj:CD SPF Sprague-Dawley rats were exposed der-
mally to tebuconazole (purity 98.0%) at 2000 mg/kg bw applied to a shaved dorsal area of the body 
surface. The test substance was mixed with polyethylene glycol 400 (5 ml/kg bw). The exposure 
period was 24 hours. The treated area was covered with gauze and sponge held in place by a non-
irritating bandage. The treated site was rinsed with warm water 24 hours after the treatment. Animals 
were observed for mortality and clinical signs several times a day on day 1 and once a day for the 
remainder of the 14-day observation period. Body weights were recorded on days 1, 7 and 14. A gross 
necropsy was performed on all animals. 

No treatment-related mortality, clinical signs, body weight changes, skin irritation or patho-
logical fi ndings were observed. The dermal LD

50
 of tebuconazole in rats was greater than 2000 mg/

kg bw for males and females (Ohta, 1991c). 

(d) Exposure by inhalation

Rats

Groups of 5–10 male and female young adult Bor:WISW (SPF Cpb) Wistar rats were exposed 
by nose only to tebuconazole (purity 97.1%) for 4 hours at nominal concentrations of 100, 250, 2500 
or 5000 mg/m3 (equivalent to analytical concentrations of 16, 49, 387 and 818 mg/m3) for 4 hours. 
Another group was exposed to tebuconazole for 6 hours per day for 5 days at nominal concentrations 
of 100, 300 or 1000 mg/m3 (equivalent to analytical concentrations of 24, 60 and 240 mg/m3). The 
vehicle used in this study was ethanol:polyethylene glycol 400 (1:1). Rats were observed for 14 days. 
The animals were observed for clinical signs of toxicity several times during the fi rst day and once 
daily thereafter. Individual body weights were recorded at day 1 (pretest), day 8 and day 15 of the test. 
Necropsy was performed on all animals. 

The particle size was determined in the repeated-exposure study. The mass median aerody-
namic diameter (MMAD) was 7.1, 5.0 and 4.6 µm for the 100, 300 and 1000 mg/m3 dose groups, 
respectively. 

There were no treatment-related effects on mortality or body weights in either study group. In 
the single-exposure study, reduced motility (lassitude) was observed in the 250, 2500 and 5000 mg/
m3 dose groups. In the repeated-dose study, nonspecifi c disturbed behaviour (lassitude) was observed 
in all groups. At necropsy, there were no indications of concentration-related grossly apparent lung 
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or organ damage. Under the study conditions utilized, it can be concluded that the inhalation median 
lethal concentration (LC

50
) of tebuconazole following a single 4-hour exposure and fi ve daily 6-hour 

exposures in rats was greater than 818 mg/m3 and greater than 240 mg/m3, respectively (Heimann & 
Pauluhn, 1983).

In a second study, groups of fi ve male and fi ve female young adult Bor:WISW (SPF Cpb) Wis-
tar rats were exposed by nose only to tebuconazole (purity 96.2%) for 4 hours at a concentration of 0 
or 4000 mg/m3 (dust and aerosol) for 4 hours. The analytical concentrations were 371 mg/m3 and 5093 
mg/m3 for aerosol and dust, respectively. The vehicle used in this study was ethanol:polyethylene gly-
col 400 (1:1). Control and vehicle control groups were also included in the study. Rats were observed 
for 14 days. The animals were observed for clinical signs of toxicity several times during the fi rst day 
and daily thereafter. Individual body weights were recorded on the day of treatment and 3, 7 and 14 
days following exposure. Necropsy was performed on all animals. 

The particle size for the aerosol exposure was less than or equal to 5 µm. For the exposure via 
dust, approximately 8% of the particles were less than or equal to 5 µm. 

No clinical signs of toxicity were observed in this study. No mortality occurred in the study. No 
treatment-related effects were observed in the group exposed to dust. In aerosol-treated groups, slight 
body weight loss was observed on day 3. The rats sacrifi ced at the end of the observation period did 
not provide any indications of grossly apparent lung or other organ damage. Under the study condi-
tions utilized, it can be concluded that the inhalation LC

50
 of tebuconazole following a single 4-hour 

exposure was greater than 5093 mg/m3 for dust exposure and greater than 371 mg/m3 for aerosol 
exposure (Pauluhn, 1988).

In a third study, groups of fi ve male and fi ve female young adult Hsd Cpb:WU (SPF) Wistar rats 
were exposed by nose only to tebuconazole (purity 97.1%) for 4 hours at an aerosol concentration of 
0 or 5000 mg/m3 (target concentration). The gravimetrically measured concentration was 2118 mg/
m3. All animals were observed for mortality, signs of gross toxicity and behavioural changes at least 
once daily for 14 days after dosing. Body weights were recorded prior to administration and again 
on days 1, 3, 7 and 14. At the end of the scheduled period, the animals were killed and subjected to 
a gross examination. 

Atmospheres generated had mean aerodynamic particle sizes of 2.76 µm, with a geometric 
standard deviation of 1.84 µm. 

No mortality was observed in the study. All rats tolerated the exposure without specifi c signs 
but displayed an ungroomed hair-coat on post-exposure days 1–2. From post-exposure day 3 onwards, 
all rats appeared to be indistinguishable from the control. Transient body weight loss was observed 
in females. Statistically signifi cant decreased body temperature was observed in treated groups com-
pared with the controls; however, the extent of the change was too small to be of any toxicologi-
cal signifi cance. Necropsy fi ndings were unremarkable between the control and the treated groups. 
Under the study conditions utilized, it can be concluded that the inhalation LC

50
 of tebuconazole in 

rats was greater than 2118 mg/m3 (Pauluhn, 2007).

(e) Dermal irritation

In a study of primary dermal irritation, three young adult male HC:NZW rabbits were dermally 
exposed to 0.5 g of tebuconazole (purity 97.1%) mixed to a paste in water applied to 6 cm2 of skin 
and fastened with an elastic adhesive tape. The test material was in contact with the skin for 4 hours. 
The other side of the back region was treated with water in a similar manner to serve as the control. 
The treated area was washed with water following a 4-hour exposure. Dermal irritation was scored 
according to the method of Draize after 30 minutes and then daily for 3 days. 
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No irritation was observed on any rabbits following application of tebuconazole. Under the 
conditions of this study, it is concluded that tebuconazole is non-irritating to the skin of rabbits (Hei-
mann & Pauluhn, 1983).

In a second study of primary dermal irritation, three young adult male and female New  Zealand 
White rabbits were dermally exposed to 0.5 g of tebuconazole (purity 96.6%) mixed to a paste in 
water applied to 6 cm2 of skin and covered with gauze that was secured with hypoallergenic tape, then 
covered with a square of plastic and secured with adhesive bandage. Plastic covers were also placed 
on rabbits to prevent access to the exposure site. The application site was wiped with a paper towel 
following a 4-hour exposure period. Dermal irritation was scored at 0.5 hour, 1 hour and 1, 2 and 3 
days using the method of Draize. 

No irritation was observed in this study. No mortality or any adverse clinical signs were 
o bserved in the study. Under the conditions of this study, it is concluded that tebuconazole is non-
irritating to the skin of rabbits (Sheets, 1988).

(f) Ocular irritation

In a study of primary eye irritation, 100 µl (approximately 50 mg) of tebucobazole (purity 
97.1%) was instilled into the conjunctival sac of one eye of each of three male HC:NZW rabbits. The 
eyes were washed with saline 24 hours after the instillation. Irritation was scored by the method of 
Draize at 1 hour and 1, 2, 3, 7, 14 and 21 days after exposure. 

There were no signs of corneal opacities or lesions involving the iris in any animal during the 
study. Reddening of conjunctiva was observed in one animal (average score 0.3; reversible at 48 
hours). No chemosis was observed. Under the conditions of this study, it is concluded that tebucona-
zole is non-irritating to the eyes of rabbits (Heimann & Pauluhn, 1983).

In a second study of primary eye irritation, 100 mg of tebucobazole (purity 96.3%) was instilled 
into the conjunctival sac of one eye of each of three male and female New Zealand White rabbits. 
The treated eyes were not washed. Irritation was scored by the method of Draize at 1, 24, 48 and 72 
hours after exposure. 

There were no signs of corneal opacities or lesions involving the iris in any animal during the 
study. All six rabbits developed redness (grade 1), chemosis (grades 1 and 2) and discharge (grades 
2 and 3) of the conjunctiva 1–24 hours after dosing. Chemosis and discharge had resolved in fi ve 
animals by 72 hours after dosing and in all animals by day 7. Redness had resolved in four rabbits by 
72 hours after dosing and in the one remaining animal by day 8. Under the conditions of this study, 
it is concluded that tebuconazole is mildly irritating to the eyes of rabbits (Eigenberg & Sheets, 
1988). 

(g) Dermal sensitization

In a study of dermal sensitization with tebuconazole (purity 97.1%), young male Pirbright 
White guinea-pigs were tested using the maximization method of Magnusson & Kligman. Twenty 
guinea-pigs were assigned to the test group, and another 20 served as the controls. In this study, 
the test concentrations chosen were 1% for intradermal induction and 25% for epidermal induction 
and challenge. The test material was formulated in 1% Cremophor EL in distilled water for intra-
dermal induction and challenge. The topical induction was performed 1 week after the intradermal 
induction with 25% test substance (test group) (not irritating to the skin) and without test substance 
(control group) in a 48-hour exposure period. The challenge was performed 3 weeks after the intra-
dermal induction with 25% test substance to the test and control group in a 24-hour exposure period. 
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 Observations on skin effects, clinical signs and body weights were performed. The skin reactions 
were assessed after 24 and 48 hours. 

Five animals in the control group and two animals in the treatment group died during the study. 
No treatment-related changes in body weights or any other clinical signs were observed. Evaluation 
revealed the same number of positive skin reactions on fl anks in the test compound group and the 
control group. Under the study conditions utilized, it is concluded that tebuconazole is not a skin 
sensitizer in male guinea-pigs as determined by the method of Magnusson & Kligman (Heimann, 
1983).

In a second study of dermal sensitization with tebuconazole (purity 96.9%), young female 
Hsd Poc:DH (SPF-bred) guinea-pigs were tested using the maximization method of Magnusson & 
Kligman. Twenty guinea-pigs were assigned to the test group, and another 10 served as the controls. 
In this study, the test concentrations chosen were 5% for intradermal induction, 50% for epidermal 
induction and 40% for challenge. These doses were selected based on the results of the range-fi nding 
study conducted on fi ve animals. The test material was formulated in 2% Cremophor EL in saline 
for intradermal induction, topical induction and challenge. The topical induction was performed 1 
week after the intradermal induction with 50% test substance (test group, in vehicle) and without 
test substance (control group, vehicle only) in a 48-hour exposure period. The challenge was per-
formed 3 weeks after the intradermal induction with 40% test substance to the test and control groups 
in a 24-hour exposure period. Observations on skin effects, clinical signs and body weight were 
performed. The skin reactions were assessed after 24 and 48 hours. The sensitivity of the test was 
assessed using 2-mercaptobenzothiazole. 

Five animals in the control group and two animals in the treatment group died during the study. 
The stability and homogeneity of the test material were confi rmed analytically. No treatment-related 
mortality, changes in body weight or any other clinical signs were observed. No skin effects were 
observed in the treatment or control groups. Under the study conditions utilized, it is concluded that 
tebuconazole is not a skin sensitizer in female guinea-pigs as determined by the method of Magnus-
son & Kligman (Stropp, 1996).

In a third study of dermal sensitization with tebuconazole (purity 97.4%), young adult male 
DHPW (SPF-bred) guinea-pigs were tested using the method of Buehler (closed-patch test). Three 
groups of guinea-pigs were randomly established (test group and two control groups consisting of 
12 animals each). For the main study, the concentration of the test substance was 25% by weight in 
2% Cremophor in sterile water for three weekly induction and challenge exposures. The test con-
centrations were selected based on the results of the pilot study. For the dermal induction, animals 
were dermally treated with patches containing 25% test substance formulation (hypoallergenic dress-
ing loaded with the test substance formulation) 3 times at intervals of 7 days. This was the highest 
usable concentration. After 6 hours of exposure, the patches were removed and the skin was visually 
assessed. The animals from the control group were exposed to hypoallergenic patches moistened 
with physiological saline solution. The fi rst challenge was performed 5 weeks after the dermal induc-
tion, and patches containing 25% test substance formulation were applied to animals in the control 
and test groups. Control patches were also applied to the test group. After 6 hours of exposure, the 
patches were removed. The skin reactions were assessed at 48 and 72 hours after patch removal. The 
animals were observed for clinical signs at least once daily throughout the entire study period. The 
body weights of the animals were recorded before initiating the study and weekly thereafter, as well 
as at the end of the study. 

No treatment-related mortality, changes in body weight or any other clinical signs were 
observed. No skin effects were observed in the treatment or control groups. The second challenge 
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was not performed because of lack of a response following the fi rst challenge. Dinitrochlorobenzene 
(DNCB) was used as a positive control, which produced skin reactions as expected. Under the study 
conditions utilized, it is concluded that tebuconazole is not a skin sensitizer in male guinea-pigs as 
determined by the method of Buehler (Heimann, 1987).

In a fourth study of dermal sensitization with tebuconazole (purity 94.6%), young adult male 
Dunkin-Hartley guinea-pigs were tested using the method of Buehler (closed-patch test). Four groups 
of guinea-pigs were randomly established: a test group (15 animals), a control group (5 animals), a 
DNCB positive control group (5 animals) and a DNCB control group (5 animals). A dose range–fi nd-
ing study was performed to estimate doses for the induction (highest dose that causes mild irritation) 
and fi rst challenge (highest non-irritating dose). Animals were dermally treated with patches contain-
ing 0.4 g test substance formulation (moistened with deionized water) 3 times at intervals of 7 days. 
After 6 hours of exposure, the patches were removed and the skin was visually assessed. The animals 
from the control group were exposed to patches moistened with deionized water. The challenge was 
performed 4 weeks after the dermal induction, and patches containing 0.4 g test substance formula-
tion were applied to animals in the control and test groups. Control patches were also applied to the 
test group. DNCB test and control groups were included as positive and non-induced controls. After 
6 hours of exposure, the patches were removed. The skin reactions were assessed at 48 and 72 hours 
after the patch removal. The animals were observed for clinical signs at least once daily throughout 
the entire study period. The body weights of the animals were recorded before initiating the study 
and at the end of the study. 

No treatment-related mortality, changes in body weights or any other clinical signs were 
observed in the test or DNCB-treated groups. No skin effects were observed in the treatment or con-
trol groups. The DNCB test group showed an average dermal score of 1.0/0.9 after the third induction 
and 1.0/1.3 after the challenge. Under the study conditions utilized, it is concluded that tebuconazole 
is not a skin sensitizer in male guinea-pigs as determined by the method of Buehler (Sheets, 1990).

2.2 Short-term studies of toxicity

(a) Oral administration

Rats

In a non-GLP, 28-day dose range–fi nding study of toxicity, groups of 20 male and 20 female 
Bor:WISW (SPF Cpb) Wistar rats were given tebuconazole (purity 97.0%) at a dose of 0, 30, 100 or 
300 mg/kg bw per day by gavage in Cremophor EL and deionized water (0.2 ml Cremophor diluted 
with water to 10 ml) for 4 weeks. Ten rats of each sex per dose served as a recovery group for 4 weeks. 
Rats were observed for clinical signs of toxicity daily. All animals were weighed at the beginning of 
each week of the study and prior to necropsy. Blood, liver tissue and urine samples were evaluated at 
the end of the 28-day treatment period and at the end of the recovery period (fi ve rats of each sex per 
dose). All animals were necropsied, and selected organs were weighed. A complete macroscopic and 
microscopic examination was performed. 

Mild lethargy was observed in a few animals of the 300 mg/kg bw per day dose group. One 
control female and one high-dose female were found dead on days 19 and 21 of the treatment. The 
cause of death was not established for either rat. Statistically signifi cant decreases in body weights 
or body weight gains were observed for males and females of the high-dose group (weeks 1–4) dur-
ing the treatment period. Doses of 100 and 300 mg/kg bw per day were associated with decreased 
haemoglobin concentration and haematocrit values. In females at 300 mg/kg bw per day, the leuko-
cyte count was increased. All haematological parameters had normalized after the recovery period. 
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Clinical chemistry revealed slight (not statistically signifi cant) increases in the activities of gluta-
mate–oxalate transaminase (aspartate aminotransferase [AST]) and glutamate–pyruvate transami-
nase (alanine aminotransferase [ALT]) in males at 300 mg/kg bw per day and marked increases 
in liver enzyme activities (glutamate–oxalate and glutamate–pyruvate transaminases and alkaline 
phosphatase) in females at the same dose. Treatment at 100 and 300 mg/kg bw per day induced the 
microsomal enzyme system, and the activities of N- and O-demethylases and cytochrome P450 and 
the triglyceride concentration in liver were increased. All these changes were reversible. Urinalyses 
revealed no abnormal fi ndings. At 100 and 300 mg/kg bw per day, absolute and relative weights of the 
liver and spleen were increased in animals of both sexes, and the absolute weight of the kidney was 
increased in females. Histopathological fi ndings at 300 mg/kg bw per day consisted of fatty changes 
in the liver and bile duct proliferation in females; enlargement of the centrilobular hepatocytes was 
found in male rats. Histopathological changes were also found in the adrenal cortex, consisting of 
proliferated endothelial cells and an increased incidence of fat vacuoles. Sclerosis of the red pulp of 
the spleen, associated with sideropenia, was observed in males at 300 mg/kg bw per day; sideropenia 
was also found in females at 100 mg/kg bw per day. 

The NOAEL in the 28-day gavage study in rats was 30 mg/kg bw per day on the basis of 
changes in haematological and clinical chemical parameters and organ weights seen at the lowest-
observed-adverse-effect level (LOAEL) of 100 mg/kg bw per day and above (Heimann & Kaliner, 
1984).

In an oral study of toxicity in rats, tebuconazole (purity 93.4%; 4.8% symmetrical isomer) was 
administered for 13 weeks to Bor:WISW Wistar rats (10 of each sex per dose) in the diet at a dose 
level of 0, 100, 400 or 1600 parts per million (ppm) (equal to 0, 8.6, 34.8 and 171.7 mg/kg bw per 
day for males and 0, 10.8, 46.5 and 235.2 mg/kg bw per day for females, respectively). Diets were 
analysed for homogeneity, stability and concentrations. The analytical data indicated that the mix-
ing procedure was adequate (pilot study) and that the variation between nominal and actual dosage 
to the animals was acceptable (within 10% of the nominal). Animals were inspected at least twice 
daily (once daily on weekends) for signs of morbidity and mortality; detailed physical examinations 
were performed weekly. Body weights, feed consumption and water consumption were recorded at 
weekly intervals. Ophthalmological examinations were performed on 10 males and 10 females in the 
control and 1600 ppm dose groups at week 4 and prior to termination. Blood was collected at 1 and 
3 months for haematology and clinical analyses from fi ve rats of each sex per group (1 month) and 
all survivors at 3 months. Urine was analysed at week 4 and at termination. At study termination, all 
animals were subjected to a detailed gross pathological examination. Organs were collected, weighed 
and prepared for histopathology.

The treatment had no effect on appearance, behaviour or the fi ndings of haematological exami-
nations or urinalyses. Feed intake was increased in animals of each sex at 1600 ppm. One male in the 
control group died at week 4, and a second control group male died at week 12; deaths were reported 
to be associated with blood sampling. In the high-dose group, one male died during the fi rst week of 
dosing, and one female died during week 4; the authors concluded that both deaths were probably due 
to haemorrhagic diathesis and considered them to be compound related. Retardation of body weight 
gain was observed at 400 ppm in females during the fi rst 6 weeks and at 1600 ppm in animals of 
both sexes. There were no eye abnormalities at the 4-week examination. The authors stated that there 
was no indication of substance-induced damage to the eyes in the 1600 ppm dose group; however, 
one high-dose male exhibited corneal erosion, and one high-dose female had a right corneal lens 
cataract. Few of the changes in clinical chemistry showed a dose-related or time-consistent pattern, 
and all changes were regarded as toxicologically insignifi cant. An increase in urea concentration at 
1600 ppm and a decrease in triglyceride concentration in animals at 400 ppm and above were seen 
only after the fi rst 4 weeks and not at the end of the study. Pronounced increases in N-demethylase 
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activity and cytochrome P450 content were found in male animals at 1600 ppm, and increased liver 
weights were seen in females at this dose. Histopathological examination revealed an increased inci-
dence of intraplasmatic vacuoles in the cells of the zona fasciculata of the adrenals (probably lipid 
accumulation) in some females at 400 ppm and in all females at 1600 ppm. This effect was less pro-
nounced in males because of a higher background incidence of adrenal vacuole f ormation in control 
animals.

The NOAEL in this 90-day dietary toxicity study in rats was 100 ppm, equal to 10.8 mg/kg bw 
per day, on the basis of retardation of body weight gain and histopathological changes in the adrenals 
at higher doses seen in females at the LOAEL of 400 ppm, equal to 46.5 mg/kg bw per day (Bomhard 
& Schilde, 1986).

Dogs

In a 90-day study of toxicity, groups of four male and four female Beagle dogs were given 
diets containing tebuconazole (purity 93.4%; 4.8% symmetric isomer) at a dose of 0, 200, 1000 or 
5000 ppm (equal to 0, 8.5, 41.0 and 212 mg/kg bw per day for males and females, combined) for 
13 weeks. The dietary levels were calculated by the formula (compound intake per animal per day)/
[(body weight week −1 + body weight week 13)/2]. Test diets were prepared weekly. Homogene-
ity and stability of the diets were assessed at regular intervals. The test diets were homogeneous 
(97–104%) and were stable for 14 days. Animals were inspected for signs of morbidity and mortality 
several times daily. Body temperatures were measured, and refl ex tests (pupil reaction, corneal refl ex, 
patellar tendon refl ex, stretch, bending and righting refl ex) were conducted prior to study initiation 
and during study weeks 3, 7 and 13. Body weights were recorded weekly. Feed consumption was 
calculated on a weekly basis. Ophthalmological examinations were performed prior to study initia-
tion and during study weeks 3, 7, 10 and 12; mid- and high-dose dogs were also examined during 
study week 14. Haematology, clinical chemistry and urinalysis were conducted prior to initiation of 
the study and at weeks 3, 7 and 13. At the end of the study, a complete gross postmortem was done. 
Selected organs were weighed, and a comprehensive range of tissues was preserved and examined 
microscopically. 

One dog at 5000 ppm was found dead after the fi rst dose, with no previous clinical signs. All 
remaining dogs survived until the scheduled terminal sacrifi ce. Body temperature, pulse rates and 
refl exes were similar in dosed and concurrent control dogs. At 1000 ppm and above, the mean body 
weight gain was retarded from week 7 to study termination. Mean body weight gains calculated over 
13 weeks were decreased in mid- and high-dose males (25% and 46%, respectively) and females 
(19% and 48%, respectively) compared with controls. Body weights and body weight gains of low-
dose animals were similar to those of concurrent controls. Most of the animals’ feed consumption 
at 5000 ppm was repeatedly incomplete, as the dogs did not eat all the feed served to them. A few 
dogs at 1000 ppm and most of those at 5000 ppm had a deteriorated nutritional status. Ophthalmic 
examination revealed lens opacities in all animals at 5000 ppm, which fi rst appeared after 7 weeks of 
treatment. These results were confi rmed by histopathology, where morphological degeneration was 
observed. Anisocytosis and a change in erythrocyte morphology were found at study termination 
and were accompanied by a histological increase in siderosis of the liver and spleen in high-dose 
animals. Increased platelet counts and increased spleen weights were also exhibited in these animals. 
Effects on the liver were indicated by increased alkaline phosphatase, decreased albumin, increased 
globulin and increased cytochrome P450 activity at the high dose, as well as a dose-related increase 
in N-demethylase activity. The N-demethylase activity in the liver had increased slightly by the end 
of the study in animals at 1000 ppm. No treatment-related effects on triglyceride, ALT or AST levels 
were observed. Urinalyses revealed no treatment-related effects. Changes in organ weights did not 
follow a consistent pattern, except that an increase in spleen weights was seen in animals of both sexes 
at 5000 ppm. The increased level of iron pigment accumulation in conjunction with mechanisms for 
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adapting to the increased metabolic rate are considered to be the reasons for the higher mean absolute 
and relative spleen weights in the highest-dose group. Histopathological examination confi rmed lens 
degeneration, indicating the induction of cataracts in animals at 5000 ppm. Other histopathological 
alterations observed in this group included slightly increased accumulation of ferriferous pigments 
in Kupffer cells of the liver and of siderocytes in spleen.

The NOAEL was 200 ppm, equal to 8.5 mg/kg bw per day, on the basis of reduced body weight 
gain and feed consumption and liver enzyme induction at 1000 ppm, equal to 41 mg/kg bw per day, 
and higher. The NOAEL for cataract induction was 1000 ppm, equal to 41 mg/kg bw per day (von 
Keutz & Schilde, 1987a).

In a 1-year study of oral toxicity, groups of four male and four female Beagle dogs were given 
diets containing tebuconazole (purity 96.9%) at a dietary concentration of 0, 40, 200 or 1000 ppm 
(weeks 1–39) and 2000 ppm (weeks 40–52), equal to 0, 1.5, 7.5 and 47 mg/kg bw per day in males 
and females combined, for 53 weeks. Diets were prepared at weekly intervals. Homogeneity and 
stability of the diets and dietary concentrations were confi rmed analytically. The homogeneity and 
stability of diets were within the acceptable range. The dogs were inspected several times a day for 
mortality, moribundity and clinical signs. Body weights were recorded weekly. Feed consumption 
was measured daily for each animal. Ophthalmological examination was performed on all animals 
2 weeks prior to study initiation and at weeks 13, 26, 32, 46 (controls and high dose) and 52. Blood 
was collected from all animals 2 weeks before treatment and at weeks 6, 13, 26, 39, 46 (controls and 
high dose) and 52 for haematology and clinical chemistry analysis. Urinalysis was conducted on all 
animals 2 weeks prior to the initiation of the study and at weeks 6, 13, 26, 39, 46 (controls and high 
dose) and 52. At the end of the study, a complete gross postmortem examination was done. Selected 
organs were weighed, and a comprehensive range of tissues was preserved and examined microscopi-
cally. Liver enzyme activities and protein electrophoresis were evaluated. 

No treatment-related effects were observed on survival rate, appearance, behaviour, organ 
weights, haematological examination, urinalyses, body temperature, pulse rates, refl exes, feed and 
water consumption or body weight gain. Ophthalmic examination revealed lens opacities in two dogs 
at 200 ppm and one at 1000 ppm; the opacities appeared between weeks 26 and 32 and were of the 
same intensity at all subsequent examinations. In the single dog at 1000 ppm that showed this ocular 
change, corneal opacity was also found, which persisted until the end of the study, whereas the lens 
opacities disappeared after week 32 of treatment. The lack of a dose–response relationship with regard 
to lens opacities does not preclude an association with treatment but may be due to the small number 
of animals in the group and differences in individual sensitivities. None of the other animals in this 
group had lens stars (physiological structures found occasionally in juvenile dogs); in single animals, 
faint lens stars were already present before treatment started but did not become more pronounced 
with the treatment. Incipient lens stars observed in animals at 40 and 200 ppm also remained stable, 
and most disappeared before the end of the treatment period. Clinical observation did not reveal 
impairment in any animal’s vision. The fi ndings of the haematological examination did not reveal 
any damage to the red blood cells. Nevertheless, the histopathological examination at the end of the 
study detected a slightly increased siderin level in the spleen in fi ve of eight animals at 1000/2000 
ppm. The incidence of this fi nding may point to an increased rate of breakdown of the red blood 
cells, which was so marginal, however, that it was not apparent from the haematological data. Clini-
cal chemistry analyses revealed slight, dose-related changes in the activity of alkaline phosphatase: 
whereas the age-dependent reduction in activity was similar in control animals and in those at 40 and 
200 ppm, the mean activity in animals at 1000/2000 ppm indicated slight induction, resulting in a 
retardation in the physiological fall in alkaline phosphatase activity. The activity of N-demethylase 
and the triglyceride content of the liver were slightly increased in animals at 1000/2000 ppm. Most 
of the gross pathological fi ndings, such as a dose-related increase in the incidence of livers with 
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marked lobulation in animals treated with 200 ppm and above, were not correlated with histopatho-
logical alterations. Histopathological fi ndings included intracytoplasmic vacuoles in cells of the zona 
fasciculata of the adrenals in animals at 200 and 1000/2000 ppm and slight siderosis in the spleen in 
most animals at 1000/2000 ppm. 

The NOAEL was 40 ppm, equal to 1.5 mg/kg bw per day, on the basis of histopathological 
changes in the adrenals seen at the LOAEL of 200 ppm, equal to 7.5 mg/kg bw per day (von Keutz 
& Schilde, 1987b). 

In a second 1-year study of oral toxicity, groups of four male and four female Beagle dogs were 
given diets containing tebuconazole (purity 96.0%) at a dietary concentration of 0, 100 or 150 ppm 
(equal to 0, 2.96 and 4.39 mg/kg bw per day for males and 0, 2.94 and 4.45 mg/kg bw per day for 
females, respectively) for 53 weeks. Diets were prepared every 2–4 weeks. Homogeneity and stability 
of the diets and dietary concentrations were confi rmed analytically. The homogeneity and stability of 
the diets were within the acceptable range. The dogs were inspected daily for mortality, moribundity 
and clinical signs. Body weights were recorded weekly. Feed consumption was measured daily for 
each animal. Ophthalmological examination was performed on each dog at 3 and 6 months and prior 
to terminal sacrifi ce. Blood and urine were collected at 3 and 6 months and prior to terminal sacrifi ce. 
At the end of the study, a complete gross postmortem examination was done. Selected organs were 
weighed, and a comprehensive range of tissues was preserved and examined microscopically. 

The treatment did not affect mortality, body weight gain, feed consumption, biochemical, hae-
matological or urinary parameters, ophthalmoscopic fi ndings (including cataracts), gross pathologi-
cal appearance or organ weights. One control female stopped eating during the 8th week of the study 
and showed a body temperature of 40.6 °C and elevated white blood cell count. The animal was 
isolated in a separate room and sacrifi ced during the 10th week of the study. Another female from 
the same shipment of animals replaced this female on day 70. The only histopathological alteration 
was slight hypertrophy of adrenal zona fasciculata cells in all animals at 150 ppm; only one control 
animal had similar changes. The enlargement was accompanied by an increased incidence of large 
fatty vacuoles. 

The NOAEL was 100 ppm, equal to 2.94 mg/kg bw per day, on the basis of histopathologi-
cal alterations in the adrenals seen at the LOAEL of 150 ppm, equal to 4.39 mg/kg bw per day. The 
NOAEL for cataract induction was 150 ppm, equal to 4.39 mg/kg bw per day (Porter et al., 1989, 
1993).

(b) Dermal application

Rabbits

In a non-GLP repeated-dose dermal toxicity study, groups of six New Zealand White rabbits 
of each sex per dose (abraded and intact skin) received a dermal application of tebuconazole (purity 
97.1%) formulated in Cremophor EL in Lewatit water at a dose of 0, 50 or 250 mg/kg bw per day, 6 
hours per day, 5 days per week, for 3 weeks. The test material was applied to previously shaved skin 
(abraded and intact skin). The appropriate volume (0.5 ml/kg bw) of tebuconazole suspension was 
applied to the skin. The treated area was left uncovered. After 6 hours, the treated sites were rinsed 
with soap and water. Animals were examined for mortality and signs of toxicity daily except on 
weekends and holidays. Body weights were recorded weekly. The skin irritation was scored accord-
ing to the method of Draize. Blood and urine samples were collected from all rabbits before the start 
of the study and at study termination. At termination, all animals were examined externally and inter-
nally for macroscopic changes. Selected organs were weighed, and a comprehensive range of tissues 
was preserved and examined microscopically.
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There were no treatment-related deaths or clinical signs and no biologically signifi cant treat-
ment-related effects on body weight, body weight gain or feed consumption. Abraded skin showed 
slight redness for the fi rst 3 days; however, this was also present before the treatment. No treatment-
related effects were observed on the urinalysis, haematological or clinical chemistry parameters eval-
uated. No induction of microsomal enzymes was observed. Slightly distended lungs, swollen spleens, 
livers with slight lobulation and patchy kidneys were observed upon macroscopic examination; how-
ever, these observations were not corroborated by histopathological fi ndings. Slightly higher absolute 
and relative spleen and kidney weights were observed in males at 250 mg/kg bw per day. This was a 
result of two animals having high organ weights and an infestation. Histopathological examination 
did not reveal treatment-related abnormalities. 

The NOAEL in this 21-day dermal toxicity study in rabbits was 250 mg/kg bw per day. A 
LOAEL was not observed (Heimann & Schilde, 1984).

In a second repeated-dose dermal toxicity study, groups of fi ve New Zealand White rabbits 
of each sex per dose received a dermal application of tebuconazole (purity 97.4%) formulated in 
Cremophor EL (2% by volume) in demineralized water at a dose of 0 or 1000 mg/kg bw per day, 
6 hours per day, 5 days per week, for 3 weeks. The test material was applied to previously shaved 
skin (11 cm × 12 cm). The treated area was covered with a non-occlusive dressing for 6 hours. After 
6 hours, the treated sites were rinsed with soap and water. Animals were examined for mortality and 
signs of toxicity daily except on weekends and holidays. Body weights were recorded weekly. The 
skin irritation was scored according to the Draize method. Blood and urine samples were collected 
from all rabbits before the start of the study and at study termination. At termination, all animals were 
examined externally and internally for macroscopic changes. Selected organs were weighed, and a 
comprehensive range of tissues was preserved and examined microscopically. 

No treatment-related effects were observed on clinical signs of toxicity, mortality, body weight, 
body weight gain, feed consumption, urinary, haematological and clinical chemistry parameters and 
gross macroscopy. No treatment-related inductions of liver enzymes (microsomal enzymes) were 
observed in this study. Slightly increased liver weights (absolute and relative) were observed in the 
high-dose females; however, they were not considered to be an adverse effect, as no corroborative 
clinical or histological fi ndings were noted. The histopathological examination of the treated skin 
revealed minimal thickening of the epidermis, in comparison with the untreated skin, in two males 
and four females. In the case of four females, minimal hyperkeratosis was also noted. The alterations 
are presumably attributable to mechanical irritation of the skin, as the test compound formulation 
was a suspension of viscous consistency or slurry, and the pressure of the occlusive dressing presum-
ably resulted in skin friction.

The NOAEL in this 21-day dermal toxicity study in rabbits was 1000 mg/kg bw per day. A 
LOAEL was not established (Heimann & Schilde, 1988). 

(c)  Exposure by inhalation

Rat

In a 21-day study of inhalation toxicity after repeated doses, groups of 10 male and 10 female 
Wistar rats (Bor:WISW) were exposed to nominal aerosol concentrations of tebuconazole (purity 
96.2%) at 0, 5, 50 or 500 mg/m3 in polyethylene glycol by head and nose exposure for 6 hours per day, 
5 days per week, for 3 weeks (15 days). The analytical concentrations were 0, 1.2, 11 and 156 mg/
m3 (0, 0.0012, 0.011 and 0.156 mg/l). About 90% of the particle mass had an aerodynamic diameter 
of less than 5 µm. During the 3 weeks of exposure, body weights, clinical signs and mortality were 
recorded. At the end of the study, clinical chemistry, haematology, urinalysis, gross pathological and 
histopathological examinations were performed. 
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The treatment had no effect on mortality rate, body weight gain, haematological or clinical 
chemical parameters or organ weights; urinalysis showed no abnormal fi ndings. Rats treated with 
156 mg/m3 had piloerection after each exposure. Mixed-function oxidases in the liver were induced. 
At the end of the study, N-demethylase activity in the liver was increased in animals of both sexes at 
the highest dose. Males in this group also had increased O-demethylase activity. No treatment-related 
gross pathological or histopathological alterations were observed. The changes in enzyme levels were 
considered to be an adaptive response and not adverse. 

The no-observed-adverse-effect concentration (NOAEC) was greater than or equal to 156 mg/
m3 (≥ 0.156 mg/l). The study author established a no-observed-effect concentration (NOEC) of 0.11 
mg/m3 on the basis of liver enzyme induction (Pauluhn, 1985, 1987).

2.3 Long-term studies of toxicity and carcinogenicity

Mice

Two combined chronic toxicity and carcinogenicity studies were performed using mice 
(B omhard & Ramm, 1988; Bomhard, 1991; Sander, 1992).

In the fi rst study (Bomhard & Ramm, 1988), groups of 50 male and 50 female NMRI mice 
were given tebuconazole at a concentration of 0, 20, 60 or 180 ppm (equal to 0. 5.9, 18 and 53 mg/
kg bw per day for males and 0, 9.0, 26 and 81 mg/kg bw per day for females) for 21 months in the 
diet. Groups of 10 similarly treated male and female animals (satellite groups) were sacrifi ced after 
a period of 12 months. The tebuconazole doses were based on the results of two previous feeding 
studies lasting 4 and 8 weeks, respectively, in NMRI mice of the same strain (Ramm & Karbe, 1986; 
Ramm & Schilde, 1986). The animals were inspected for any clinical signs of toxicity. Individual 
body weights were recorded weekly for the fi rst 13 weeks and once every 2 weeks thereafter. Feed 
and water intakes were determined groupwise once a week from the start of the study up to and 
including week 13 and every 2 weeks from week 15. Haematology, clinical chemistry, urinalysis, 
measurement of organ weights, and macroscopic and microscopic examinations were conducted after 
12 and 21 months. Animals that died spontaneously during the study or were moribund and sacrifi ced 
were d issected and their organs/tissues subjected to detailed gross pathological examination.

Clinical signs, feed and water intakes, growth and mortality were unaffected in both sexes of 
all treated groups, including 180 ppm. In the haematological examination, erythrocytes, haemoglobin 
and haematocrit concentration were decreased in females of the satellite group at 180 ppm in 12 
months, but not at 21 months. At the same dose, the male mice showed signifi cantly lower erythro-
cyte counts at 12 and 21 months (Table 9). In clinical chemistry, the total bilirubin concentration was 
signifi cantly increased in females at 180 ppm at 12 months and at 20 ppm and higher at 21 months. 
Any changes indicating hepatotoxicity were not detected in the liver from animals of both sexes at 20 
or 60 ppm at 12 months. Slight increases in total bilirubin at 20 and 60 ppm at 21 months in females 
are considered to be incidental fi ndings, because no changes were observed in these animals (20 
and 60 ppm dose groups) at 12 months, and the increases may have been statistically signifi cant as 
a result of the unusually low value in the control group at 21 months. The plasma cholesterol levels 
were signifi cantly lower in males and females in the 180 ppm satellite group and showed a lower 
tendency in males at 21 months (Table 9). 

In both sexes at 180 ppm, absolute and relative liver weights were increased compared with 
the controls at 12 and 21 months. However, the variations were statistically signifi cant only for the 
relative liver weights in males at 21 months. The means in this dose group for females were greatly 
affected by three extreme fi gures at the end of the study, whereas values for the other animals were 
largely in the range for control females. 
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Table 9. Clinical chemistry and haematological examinations in the carcinogenicity study of 
tebuconazole in mice

Parameter Sacrifi ce time Sex Dietary concentration (ppm)

0 20 60 180 

Bilirubin (µmol/l) 12 months Male 3.9 3.8 3.8 3.9

Female 2.7 3.2 3.3 3.7**

21 months Male 3.3 3.2 3.3 3.4

Female 2.2 2.6* 3.4** 3.6**

Cholesterol (mmol/l) 12 months Male 4.66 4.38 4.36 3.61*

Female 3.86 4.32 3.43 2.44**

21 months Male 4.31 3.93 3.93 3.27

Female 3.57 3.53 2.97* 3.46

Erythrocyte count (1012/l) 12 months Male 8.30 8.57 8.41 8.73*

Female 8.30 8.07 8.42 7.88*

21 months Male 8.20 8.55 8.15 7.65**

Female 7.87 7.26* 7.13 7.56

Haemoglobin (g/l) 12 months Male 137 140 136 140

Female 142 140 141 133**

21 months Male 144 154 145 139

Female 143 135 131 141

Haematocrit (l/l) 12 months Male 0.46 0.48 0.47 0.49

Female 0.47 0.46 0.47 0.45*

21 months Male 0.428 0.432 0.426 0.410

Female 0.409 0.390 0.393 0.392

From Bomhard & Ramm (1988)

* P ≤ 0.05; ** P ≤ 0.01

 Incidences of periportal vacuolization of the liver were marginally increased in females. The 
incidences of periportal vacuolization in females were 1/50 for all treated dose groups, whereas an 
incidence of 1/50 was observed only at the high dose (180 ppm) in males (Table 10). In addition, inci-
dences of centrilobular fi ne vacuolization were higher in males of the 60 and 180 ppm dose groups than 
in the control group. Further examination showed that the vacuoles in the liver were identifi ed as lipids. 
In this study, there were no treatment-related effects in animals of the satellite and the main groups.

The LOAEL was 60 ppm (equal to 18 mg/kg bw per day) based on the increased incidence 
of centrilobular fi ne vacuolization in the liver of males. The NOAEL was 20 ppm (equal to 5.9 mg/
kg bw per day). There was no evidence for carcinogenic potential, but the effects on the liver at the 
LOAEL and above were not very marked in intensity, posing a question as to whether a maximum 
tolerated dose (MTD) had been reached in this study. 

The objective of the second study (Bomhard, 1991) was to examine the carcinogenic potential 
of tebuconazole at doses higher than those used in the fi rst study. Groups of 50 male and 50 female 
NMRI mice were administered tebuconazole at a concentration of 0, 500 or 1500 ppm (equal to 0, 
85 and 279 mg/kg bw per day in males and 0, 103 and 357 mg/kg bw per day in females, respec-
tively) in their diet for 21 months. Groups of 10 male and 10 female animals (satellite groups) were 
analogously treated and sacrifi ced after a study duration of 12 months for haematological and clinical 
examinations. 
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Clinical signs, water intakes and mortality were unaffected in both treatment groups. The inci-
dence of animals exhibiting increases in abdominal girth was elevated at the 1500 ppm level. Growth 
retardation was observed in males at 500 and 1500 ppm in a dose-related manner. At 1500 ppm, the 
differences in body weights were slightly greater than 10% at times, whereas they were around 6–7% 
at most at 500 ppm. Body weight was reduced in females at 1500 ppm, and deviations from the con-
trol group were less than 10%. Body weights at 21 months were comparable to those of the controls 
(Table 11).

The haematological examination did not provide any indication of damage to the blood in 
females at 500 ppm. Marginal effects on the haematocrit value and the mean corpuscular haemo-
globin (MCH) and mean corpuscular haemoglobin concentration (MCHC) were observed in the 
males at 500 and 1500 ppm, but these changes were not considered toxicologically signifi cant 
because they were minimal and no clear dose–response relationship was observed. The erythrocyte 
count, haemoglobin content, haematocrit value and thromboplastin time were generally reduced at 
1500 ppm, whereas the thrombocyte and leukocyte counts were elevated, in some cases to a marked 
extent (Table 12). 

Table 10. Incidences of periportal and centrilobular fi ne vacuolization of hepatocytes in the 
carcinogenicity study of tebuconazole in mice

Parameter Incidence of vacuolization of hepatocytesa

Dietary concentration (ppm)

0 20 60 180 

M F M F M F M F

Focal periportal vacuolization, minimal 0/50 0/50 0/50 0/50 1/50 1/50 8/50 2/50

Periportal vacuolization 0/50 0/50 0/50 1/50 0/50 1/50 1/50 1/50

Focal centrilobular fi ne vacuolization, 
minimal

0/50 1/50 2/50 0/50 5/50 1/50 2/50 0/50

Centrilobular fi ne vacuolization, 
minimal

0/50 2/50 1/50 1/50 4/50 1/50 8/50 8/50

Centrilobular fi ne vacuolization, 
moderate

0/50 0/50 0/50 0/50 1/50 0/50 4/50 0/50

From Bomhard & Ramm (1988)

F, females; M, males
a Number of animals affected/total number of animals.

Table 11. Results of the combined chronic toxicity/carcinogenicity study of tebuconazole in mice 
(main groups)

Parameter Dietary concentration (ppm) Dose–response 

0 500 1500 

M F M F M F M F

Number of animals examined 50 50 50 50 50 50 n/a n/a

Mortalitya 20/50 30/50 18/50 32/50 23/50 32/50 − −

Body weight, week 91 (g) 46.5 41.3 44.5 39.3 46.6 44.1* − −

Feed consumption (g/kg bw per day) 146.6 188.8 169.8 206.1 186.0 237.7 + +

Water consumption (g/kg bw per day) 208.3 314.0 213.2 297.7 204.1 279.4 − −

From Bomhard (1991)

F, females; M, males; n/a, not applicable; * P ≤ 0.05 
a Number of animals that died/total number of animals. 
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Table 12. Major changes in clinical chemistry and haematological examinations in the 
carcinogenicity study of tebuconazole in mice 

Clinical chemistry and haematology Sacrifi ce time Sex Dietary concentration (ppm)

0 500 1500 

ALAT (U/l) 12 months Male 38.0 53.2* 236.3** 

Female 31.7 51.7* 272.5**

21 months Male 74.9 123.1** 480.8**

Female 39.2 64.9* 419.4**

ASAT (U/l) 12 months Male 31.9 37.5 121.3**

Female 38.3 47.2* 144.0**

21 months Male 46.1 60.7 251.8**

Female 36.9 59.0** 303.8**

Alkaline phosphatase (U/l) 12 months Male 74 117** 181**

Female 174 212 292

21 months Male 126 156 531**

Female 182 328 517**

Cholesterol (mmol/l) 12 months Male 3.71 1.99** 1.66**

Female 2.84 1.48** 1.92*

21 months Male 3.88 1.57** 4.55

Female 3.76 2.25** 3.59

Bilirubin (µmol/l) 12 months Male 1.8 1.3** 1.3**

Female 2.2 2.1 1.9

21 months Male 2.1 1.6** 5.0

Female 2.7 2.1* 4.9

Inorganic phosphate (mmol/l) 12 months Male 1.90 1.73* 2.14*

Female 1.63 1.69 1.94**

21 months Male 1.60 1.75** 2.06**

Female 1.62 1.64 1.93**

Leukocyte count (109/l) 12 months Male 5.2 5.6 10.2**

Female 3.9 3.7 10.7**

21 months Male 6.6 5.0* 9.8* 

Female 7.6 4.3 9.5

Erythrocyte count (1012/l) 12 months Male 8.90 9.11 8.51

Female 8.40 8.99 7.49

21 months Male 9.13 8.25 7.95*

Female 8.36 8.63 7.51

Haemoglobin (g/l) 12 months Male 142 144 129**

Female 139 148** 132

21 months Male 143 150 117**

Female 132 131 125

Haematocrit (l/l) 12 months Male 0.435 0.414 0.373**

Female 0.422 0.432 0.381*

21 months Male 0.427 0.375** 0.375**

Female 0.407 0.401 0.380
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The clinical laboratory tests, gross pathology, organ weights and histopathology afforded evi-
dence for marked and dose-related hepatotoxicity in both treatment groups, with dose dependency 
(Tables 12 and 13). The main fi ndings included a marked increase in the activities of ALT and AST, 
in some cases major enlargement of the liver, single-cell and focal necrosis, infl ammation, bile duct 
hyperplasia and steatosis. The incidences of hepatocellular tumours (adenomas and carcinomas in 
males and carcinomas in females) were increased at 1500 ppm and were markedly above the range of 
spontaneous incidences observed in this mouse strain (Table 13). In addition, hepatocellular altera-
tion and focal hyperplasia of hepatocytes, which are considered to be precancerous lesions, were also 
increased in males and females at 1500 ppm. The incidence of hepatocellular tumours was unaffected 
in both sexes at 500 ppm.

In addition, the incidences of histiocytic sarcoma at 0, 500 and 1500 ppm were 1/48, 2/49 and 
3/48 in males and 1/47, 3/45 and 5/46 in females of the main groups, respectively. This tumour is 
not rare in aged mice. The review of historical data of nine studies (starting at 1982–1985) on NMRI 
mice from Bayer indicates that the incidence of this tumour in the 500 and 1500 ppm groups was 
incidental and not related to treatment. The histopathology of the interim necropsy of females at 
1500 ppm showed an increase in the incidence of hyperkeratosis and acanthosis of the forestomach 
mucosa (Table 13). The incidence of these fi ndings did not result in a treatment-related increase in 
the animals of the main groups. No evidence for carcinogenic effects of tebuconazole on other organs 
may be inferred from the incidence, type, location or distribution among the study groups of the 
neoplasms observed. 

The rates of liver tumours in males and females were elevated to a highly signifi cant extent 
at 1500 ppm and were markedly above the range of spontaneous incidences observed in this mouse 
strain. Especially in mice, liver tumours caused by a variety of chemical substances at hepatotoxic 
doses occur frequently, and it is thought that under these circumstances, elevated incidences of spon-
taneous, relatively frequent tumours in rodents have no relevance for humans if the exposure to 
humans lies in a non-toxic range. The relatively major effects, particularly those on the liver, repre-
sent unequivocal evidence that the MTD has been exceeded at both concentrations and underscore 
the correctness of dose selection in the fi rst study (Bomhard & Ramm, 1988).

The LOAEL was 500 ppm (equal to 85 mg/kg bw per day), based on liver toxicity. The NOAEL 
for systemic toxicity was not established. The NOAEL for carcinogenicity effects was 500 ppm (equal 
to 85 mg/kg bw per day) based on the increased incidence of tumours seen at the LOAEL of 1500 
ppm (equal to 279 mg/kg bw per day).

Clinical chemistry and haematology Sacrifi ce time Sex Dietary concentration (ppm)

0 500 1500 

MCHC (g/l erythrocytes) 12 months Male 327 348** 347**

Female 331 344 347*

21 months Male 334 402** 313**

Female 324 328 328

MCH (pg) 12 months Male 16.0 15.8 15.3

Female 16.6 16.6 17.7

21 months Male 15.7 18.3** 14.6*

Female 15.8 15.3 16.7

Thrombocyte count (109/l) 12 months Male 1311 1323 1650**

Female 1024 1274* 1284

From Bomhard (1991)

U, units; * P ≤ 0.05; ** P ≤ 0.01 

Table 12 (continued)
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Table 13. Results of the combined chronic toxicity/carcinogenicity study in mice 

Parameter Incidencea Dose–response

Dietary concentration (ppm)

0 500 1500 

M F M F M F M F

Liver

Relative weight (mg/100 g) 5214 6060 6345** 6642 18 313** 21 141** + +

Absolute weight (mg) 2409 2524 2822** 2623 8522** 9405** + +

Gross pathology

Enlarged 1/50 0/50 2/50 5/50 35/50*** 32/50*** + +

Irregular surface 1/50 3/50 0/50 3/50 30/50*** 26/50*** + +

Masses 6/50 1/50 3/50 1/50 13/50** 8/50* + +

Non-neoplastic changes 

Necrosis of single hepatocytes 3/47 0/47 11/48* 2/45 2/48 1/46 − −

Focal hyperplasia of hepatocytes 6/47 1/47 2/48 0/45 23/48*** 12/46*** + +

Panacinar fi ne fatty vacuolation 0/47 1/47 14/48*** 4/45 25/48*** 19/46*** + +

Centriacinar fatty vacuolation 1/47 3/47 1/48 13/45** 0/48 4/46 − −

Periacinar hepatocytic hypertrophy 0/47 0/47 0/48 0/45 2/48 13/46*** − +

Oval cell proliferation 0/47 0/47 0/48 0/45 23/48*** 17/46*** + +

Pigment-laden Kupffer cells 1/47 1/47 0/48 3/45 6/48 7/46* + +

Extramedullary haematopoiesis 0/47 5/47 2/48 1/45 7/48* 12/46 + +

Hepatocellular alteration 0/47 0/47 2/48 0/45 3/48 7/46** + +

Focal hyperplasia of hepatocytes 6/47 1/47 2/48 0/45 23/48*** 12/46*** + +

Neoplastic changes

Hepatocellular adenoma 3/47 0/47 2/48 0/45 17/48*** 2/46 +b −

Hepatocellular carcinoma 0/47 1/47 0/48 0/45 10/48*** 12/46*** +b +b

Stomach (main group)

Hyperkeratosis and acanthosis 6/47 12/46 8/48 16/45 8/48 13/46 − −

Stomach (interim sacrifi ce)

Hyperkeratosis and acanthosis 1/10 2/10 2/10 6/10 6/10 8/10* − +

Adrenals

Relative weight (mg/100 g) 24 28 21 33 23 34* − +

Absolute weight (mg) 11 12 10 13 11 15** – +

From Bomhard (1991)

F, female; M, male; * P ≤ 0.05; ** P ≤ 0.01; *** P ≤ 0.001 
a Number of animals affected/total number of animals. 
b Not relevant for humans.

Rats

Groups of 50 male and 50 female Wistar rats were given tebuconazole at a concentration of 0, 
100, 300 or 1000 ppm (equal to 0, 5.3, 15.9 and 55.0 mg/kg bw per day for males and 0, 7.4, 22.8 
and 86.3 mg/kg bw per day for females, respectively) for 2 years in their diet (Bomhard & Ramm, 
1988; Sander & Schilde, 1993 [review of the historical control data]). Ten similarly treated male and 
female animals were sacrifi ced after a study period of 12 months as satellite groups. The animals 
were inspected at least twice daily, and any clinical signs and special features were noted. Detailed 
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individual inspections took place once a week. Ophthalmological examinations were made at the 
start of the study, after 12 months and before the end of the study, covering groups of 10 males and 10 
females in the control group and the 1000 ppm dose group. Individual body weights were recorded 
weekly for the fi rst 13 weeks and once every 2 weeks thereafter. Feed and water intakes were deter-
mined groupwise once a week from the start of the study up to and including week 13 and every 2 
weeks from week 15. Haematology, clinical chemistry and urinalysis were performed after 6, 12, 18 
and 24 months from 10 animals per group. Animals that died spontaneously during the study or were 
moribund and sacrifi ced were dissected and their organs/tissues subjected to detailed gross patholog-
ical examination. After 12 and 24 months, all the survivors of the satellite groups and main groups, 
respectively, were sacrifi ced and autopsied, and their organs/tissues were subjected to detailed gross 
pathological and histopathological examinations.

The appearance, general behaviour and mortality were unaffected in the treated groups. In the 
1000 ppm group, decreased water intake was noted in females, and growth of the males and females 
in this dose group was retarded. In the females at 1000 ppm, feed consumption was increased. The 
haematology, urinalysis and ophthalmological examination did not provide any indication of dam-
age. In clinical chemistry, the females at 1000 ppm showed induction of microsomal enzyme sys-
tems. Absolute and relative weights of the liver, lungs and spleen were signifi cantly increased in 
the females at 1000 ppm at interim sacrifi ce, but these increases were not observed at termination. 
Relative weights of the liver in the females at 300 ppm were also increased at the interim sacrifi ce. 
The absolute and relative weights of the adrenals were decreased in females in the 30 ppm and higher 
groups at termination. Gross pathological examination did not show any treatment-related changes. 
Histopathologically, treatment-related non-neoplastic lesions were detected in the liver, spleen and 
adrenals in females at 1000 ppm (Table 14). They were haemosiderin accumulation in the spleen 
(not confi rmed by Berlin blue staining) and pigment deposits in the Kupffer star cells in the liver of 
females at 1000 ppm. The clearly reduced number of females with haemorrhagic degeneration of the 
adrenal cortex at 1000 ppm, which corresponded to the reduction of adrenal weights, was considered 
to be most likely a treatment-related functional effect, but not toxicologically signifi cant. 

With respect to neoplastic lesions, the incidence of C-cell adenomas in the thyroid showed 
very slight, but not statistically signifi cant, increased tendency in all treated male rats compared with 
controls (Table 15). The incidence of C-cell hyperplasia, a precancerous lesion of C-cell adenoma, 

Table 14. Treatment-related effects on non-neoplastic lesions in the carcinogenicity study of 
tebuconazole in rats

Parameter Incidencea

Dietary concentration (ppm)

0 100 300 1000 

M F M F M F M F

Liver

Kupffer cell pigmentation 0/49 2/49 1/49 2/50 0/50 1/50 1/50 7/50

Spleen

Increased haemosiderin 0/49 2/50 0/49 3/50 1/50 3/50 0/50 19/50

Adrenals

Haemorrhagic degeneration in 
cortex

3/49 23/50 4/49 15/50 4/50 13/50 1/50 4/50

From Bomhard & Ramm (1988) 

F, female; M, male
a Number of animals affected/total number of animals.
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was also increased in the males in the two higher dose groups, but not signifi cantly. There was, how-
ever, no clear dose–response relationship, and the incidences were within the range of spontaneously 
occurring thyroid C-cell tumours in old male Wistar rats (Bomhard, Karbe & Loeser, 1986). Further-
more, the histopathology data revealed no evidence of progression from adenoma to carcinoma. A 
review of historical data (Sander & Schilde, 1993) and data from the study provides strong evidence 
that the incidence and dose dependency of thyroid tumours observed in the study were not treatment 
related. In female rats, a higher frequency of endometrial adenocarcinoma was found in comparison 
with controls. These incidences were small and not dose related.

The LOAEL was 1000 ppm (equal to 55.0 mg/kg bw per day), based on body weight depres-
sion in both sexes and an increased incidence of pigment deposits in the Kupffer cells in the liver of 
females. The NOAEL was 300 ppm (equal to 15.9 mg/kg bw per day). Tebuconazole was not carci-
nogenic (Bomhard & Ramm, 1988).

2.4 Genotoxicity

Various in vitro and in vivo studies have been conducted on the genotoxicity of tebuconazole. 
The results are summarized in Table 16. No genotoxic activity was found in any study.

2.5 Reproductive toxicity

(a) Multigeneration studies

Rats

In a two-generation study of reproductive toxicity, groups of 25 male and 25 female Wistar 
(Bor:WISW (SPF Cpb)) rats were given diets containing tebuconazole (purity 95.2%) at a concen-
tration of 0, 100, 300 or 1000 ppm (equal to 0, 7.1, 21.6 and 72.3 mg/kg bw per day for males and 
0, 9.1, 27.8 and 94.8 mg/kg bw per day for females, respectively). The rats were treated with active 
ingredient throughout the study, including mating period, gestation and pup lactation. Prepared diets 
were analysed for stability, homogeneity and concentrations before the start of the treatment and 
every 3 months thereafter; diets were stable and homogeneously distributed. All animals were exam-
ined twice daily for mortality and clinical signs and once daily during holidays and weekends. Body 
weights and feed consumption were monitored at weekly intervals. Parturition was observed and 
described. Litter size, sex distribution and malformations of pups were recorded. Sacrifi ced parental 

Table 15. Thyroid C-cell tumours and C-cell hyperplasias in the carcinogenicity study of 
tebuconazole in rats

Parameter Incidencea

Dietary concentration (ppm)

0 100 300 1000 

M F M F M F M F

C-cell hyperplasia 1/50 1/49 3/50 2/50 7/50 3/50 6/50 0/50

C-cell adenoma (b) 0/50 1/49 1/49 0/50 3/50 1/50 2/50 1/50

C-cell carcinoma (m) 0/50 0/49 1/49 0/50 0/50 0/50 1/50 0/50

From Bomhard & Ramm (1988) 

(b), benign neoplasms; F, female; (m), malignant neoplasms; M, male
a Number of animals affected/total number of animals.



535

TEBUCONAZOLE 503–564 JMPR 2010

Table 16. Results of studies of genotoxicity with tebuconazole 

End-point Test system Concentration or dose Purity (%) Result Reference

In vitro

Reverse mutation 
(Ames test)

Salmonella typhimurium 
strains TA98, TA100, 
TA1535 and TA1537

20.0–12 500 µg/plate ± 
metabolic activation in 
DMSOa

97.0 Negative Herbold (1983a)

S. typhimurium strains 
TA98, TA100, TA1535, 
TA1537 and TA1538

37.5–2400 µg/plate

39.5–450 µg/plate

± metabolic activation in 
DMSOb

96.6 Negative Herbold (1983b)

S. typhimurium strains 
TA98, TA100, TA1535 
and TA1537

Escherichia coli 
WP2uvrA 

15.6–500 µg/plate

31.3–1000 µg/plate

without metabolic activation

156–5000 µg/plate 

with metabolic activation in 
DMSO

98.0 Negative Ohta (1991d)

Forward mutation 
(CHO/HGPRT) 

Chinese hamster ovary 
cell line HGPRT locus

80.0–100 µg/mlc without 
metabolic activation in DMSO

12.5–200 µg/ml with 
metabolic activation in DMSO

96.6 Negative Lehn (1988)

Recombination 
repair capacity 
(rec-assay)

Bacillus subtilis H17 
(rec+ ) and M45 (rec−)

0.3–20 µg/plate ± metabolic 
activation in DMSO

98.0 Negative Ohta (1992)

Cytogenicity Human lymphocytes 3.0–30.0 µg/ml without 
metabolic activation in DMSO

30.0–300 µg/ml with 
metabolic activation in DMSO

96.6 Negative Herbold (1988a) 

DNA polymerase 
repair capacity 

E. coli (K12) p 3478 
(pol−)

W 3110 (pol+)

3.0–300.0 µg/ml without 
metabolic activation in DMSO

625–10 000 µg/ml with 
metabolic activation in DMSO

97.1 Negative Herbold (1988b) 

Unscheduled 
DNA synthesis

Rat hepatocytes 0.5–25.2 µg/ml 96.5 Negative Cifone (1987) 

Sister chromatid 
exchange

Chinese hamster ovary 
cells

4.0–30.0 µg/ml without 
metabolic activation in DMSO

15.0–120 µg/ml with 
metabolic activation in DMSO

96.5 Negative Putman (1987)

In vivo

Micronucleus 
formation

NMRI mouse bone 
marrow (5 males and 5 
females per group)

200, 500 or 2000 mg/kg 
bw (single oral dose in 1% 
Cremophor)d

95.3 Negative Herbold (1985)

Dominant lethal 
assay

NMRI male mice (50 
males per group)

2000 mg/kg bw (single oral 
dose in 1% Cremophor)

93.5 Negative Herbold (1986)

DMSO, dimethyl sulfoxide; DNA, deoxyribonucleic acid
a Toxic at doses ≥ 500 µg/plate.
b Toxic at doses ≥ 60 µg/plate.
c Toxic at doses ≥ 75 µg/plate with and without metabolic activation.
d Doses reduced in second and third trials owing to inhibition of erythropoiesis by the test compound.
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animals were necropsied. Organs or tissues with major macroscopic abnormalities were removed and 
processed for histopathology. Selected organs were weighed. Selected organs were also examined 
histopathologically. 

At doses up to 1000 ppm, appearance, behaviour, general condition, mortality, fertility, insemi-
nation rate, gestation, duration of gestation, rate of stillbirths and male/female ratio were unaffected. 
No malformations were observed up to 1000 ppm. Mean body weights were consistently depressed in 
both male and female adult rats exposed to tebuconazole at 1000 ppm prior to mating, after mating, 
during lactation and following the lactation period in both the F

0
 and F

1B
 parental generations. No 

statistically signifi cant effects on feed consumption were observed in either parental generation prior 
to mating. However, there was a small, generally consistent depression in feed consumption observed 
in the 1000 ppm males or females of both the F

0
 and F

1B
 parents over the entire measurement period 

(F
0
 males: 10%; F

1B
: males 8%, females 11%) compared with the respective controls. The fertility 

index ranged from 75% to 96% and fl uctuated considerably, but changes in the index did not appear 
to be a dose-related effect in either the F

0
 or F

1B
 generation. The insemination index, gestation index 

and mean gestation period were not different among the dose groups in either generation. There were 
statistically signifi cant depressions in the viability index of the F

0
 generation and the F

lA
 parents at 

100 and 1000 ppm (90.3% and 88.1%, respectively, versus 98.5% in controls) and in the lactation 
index of F

lA
 or F

1B
 generation animals at 1000 ppm. However, in the F

1B
 generation, neither the F

2A
 

nor F
2B

 litters were affected in a compound-related manner. At 1000 ppm, neonatal weights from birth 
through week 3 or 4 of lactation were consistently and statistically signifi cantly depressed in both the 
F

0
 and F

1B
 generations. Reductions in the mean litter size at birth, in the viability index (survival until 

day 5 after birth) and in the lactation index were seen at 1000 ppm. No treatment-related effects on 
any organs were noted on gross and microscopic examination. No treatment-related histopathologi-
cal fi ndings were observed. Absolute and relative liver weights were decreased in F

1B
 males but not 

females at the middle and high dose levels, respectively. Absolute and relative kidney weights were 
also somewhat lower at the highest dose tested compared with the controls.

The NOAEL for parental systemic toxicity and offspring toxicity is 300 ppm (equal to 21.6 
mg/kg bw per day), based on reduced feed consumption, decreased body weights and decreased liver 
and kidney weights seen at the LOAEL of 1000 ppm (equal to 72.3 mg/kg bw per day). The NOAEL 
for reproductive toxicity is 1000 ppm, equal to 72.3 mg/kg bw per day, the highest dose tested. The 
NOAEL for developmental toxicity is 300 ppm (equal to 21.6 mg/kg bw per day), based on decreased 
pup body weights and decreased litter size seen at the LOAEL of 1000 ppm (equal to 72.3 mg/kg bw 
per day) (Eiben, 1987). 

(b) Developmental toxicity 

 (i) Oral administration

 Mice 

In a developmental toxicity study, tebuconazole (purity 93.6%) was administered to groups 
of 25 presumed pregnant NMRI/ORIG Kisslegg mice by gavage at a dose level of 0, 10, 30 or 100 
mg/kg bw per day from gestation day (GD) 6 to GD 15. The vehicle was 0.5% aqueous Cremophor 
EL emulsion (dose volume 5 ml/kg bw). The dams were inspected daily with respect to mortality, 
appearance and behaviour and were weighed daily. The dams were sacrifi ced on GD 18, followed 
by gross examination of all internal organs. The uteri and contents were examined, the numbers of 
implantations and live and dead fetuses were recorded, and the sex of all live fetuses was determined. 
The placenta was weighed; each fetus was weighed individually. Fetuses were examined for exter-
nal and visceral abnormalities using a modifi ed Wilson’s technique and skeletal abnormalities after 
clearing and staining. In a supplementary study to examine maternal toxicity, groups of 10 mated and 
presumed pregnant mice were administered tebuconazole (purity 97.4%) by gavage at a dose of 0, 
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10, 20, 30 or 100 mg/kg bw per day from GD 6 to GD 15 and sacrifi ced on GD 16. The animals were 
observed for mortality and clinical signs, and one half of the mice were subjected to gross examina-
tion. The liver, kidneys, spleen and adrenal glands were weighed, and the livers were processed for 
microscopic examination. Blood was drawn from fi ve anaesthetized mice per group for haematology 
and clinical chemistry evaluation.

No maternal deaths or treatment-related clinical signs or body weight gains were observed in 
the main or supplemental study. Feed consumption was not measured. In the supplemental study, 
haematocrit was signifi cantly decreased at 30 and 100 mg/kg bw per day, and mean corpuscular 
volume (MCV) was signifi cantly decreased at 20, 30 and 100 mg/kg bw per day; no clear dose-
related trend was observed for either parameter. Serum enzyme activities (AST, ALT and alkaline 
phosphatase) were increased at most doses, but no clear dose-related trend was observed for these 
parameters. Liver triglycerides were elevated at 100 mg/kg bw per day. No clear trend was observed 
for the increase in absolute liver weight, but relative (to body weight) liver weight was increased at 
all doses, particularly at 100 mg/kg bw per day. Gross examination showed pale lobular livers in 100 
mg/kg bw per day mice compared with none of fi ve in controls. Microscopically, mild to severe liver 
cell vacuolation and moderate to severe lipidosis (ORO stain) were observed in fi ve of fi ve mice at 
100 mg/kg bw per day (2/5 in control mice). It should be noted, though, that the livers (and the blood) 
were obtained from pregnant and non-pregnant animals, so the importance of inseminating the dams 
is not obvious. The livers used for the homogenates in the high-dose group were taken from pregnant 
mice only, whereas three of the livers examined histopathologically were from non-pregnant mice. 

No treatment-related effect was observed on the number of live fetuses per dam, mean fetal 
weight, number of resorptions per dam, per cent postimplantation loss or sex ratio. The total number 
of resorptions was marginally increased at 100 mg/kg bw per day. There was a dose-dependent and 
statistically signifi cant increase in the number of runts (fetuses weighing less than 1.3 g) per litter at 
30 mg/kg bw per day (20/234; 8.6%) and 100 mg/kg bw per day (26/202; 13%) compared with the 
controls (5/236; 2.1%), but without a correlation to the mean fetal weight or stage of ossifi cation at 
30 mg/kg bw per day. Thus, the retarding effect at 30 mg/kg bw per day is considered only marginal. 
An increased incidence of common malformations was found at 100 mg/kg bw per day (13/202; 
6.5%), which consisted most frequently of cleft palates and individual cases of micrognathia, rib 
fusion and spinal dysplasia; the incidence of malformations in the control group was 1/236 (0.4%). 
The incidence of cleft palate at this dose, 6/202 (3%), was also markedly higher than the mean inci-
dence in historical controls (0.7%).

When the results of the main study and supplementary study are combined, the maternal toxic-
ity LOAEL is 100 mg/kg bw per day, based on increased hepatic triglycerides, pale lobular liver and 
increased severity of hepatic vacuoles and lipidosis. The NOAEL for maternal toxicity is 30 mg/kg 
bw per day. The LOAEL for developmental toxicity is 30 mg/kg bw per day, based on a marginal 
retarding effect (an increased number of runts). The NOAEL for developmental toxicity is 10 mg/
kg bw per day (Renhof, 1988b; Renhof & Karbe, 1988). The study authors concluded that the doses 
from 10 mg/kg bw per day must be regarded as exerting slight maternal toxicity, and doses from 
30 mg/kg bw per day display clear maternal toxicity (Renhof & Karbe, 1988). The JMPR in 1994 
(Annex 1, reference 71) established the NOAEL for maternal toxicity as less than 10 mg/kg bw per 
day from the Renhof & Karbe (1988) study. The difference in maternal NOAELs (10 versus 30 mg/
kg bw per day) between the previous JMPR and the present JMPR is probably due to the fact that 
increased activities of AST, ALT and alkaline phosphatase and increased liver weights at all doses 
were considered as adverse effects by the JMPR in 1994 (Annex 1, reference 71).

Below is the summary of a combined report on developmental toxicity in mice (two main stud-
ies) and two satellite studies to evaluate maternal toxicity parameters.
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In a developmental toxicity study, 35 presumed pregnant NMRI KFM-HAN mice were admin-
istered tebuconazole (purity 95.8–96.8%) in 0.5% Cremophor EL by gavage at a dose of 0, 10, 30 
or 100 mg/kg bw per day on GDs 6–15, inclusive. On GD 18, dams were sacrifi ced and subjected 
to gross necropsy, and all fetuses were examined externally. One half of the fetuses were examined 
viscerally, and the remaining fetuses were examined for skeletal malformations/variations. An addi-
tional 10 mated dams per group were included in a satellite study to assess the effects on haematol-
ogy and clinical biochemistry parameters and pathological changes of target organs. In the satellite 
study, blood was collected on GD 16, and the dams were then euthanized and subjected to gross 
necropsy. Liver tissue samples were collected to determine cytochrome P450 content and N- and 
O-demethylase activities or triglyceride content. The spleens, kidneys, adrenals and livers from all 
females (both main and satellite groups) were weighed and examined histologically. Because of mar-
ginal developmental effects observed at all dose levels, a second study was conducted in which 30 
mated dams per group received nominal doses of tebuconazole at 0, 1 or 3 mg/kg bw per day orally 
by gavage on GDs 6–15, inclusive. The evaluations of the groups were the same as those in the main 
study except that only liver and adrenals were weighed and examined histologically. A satellite study 
was also again conducted: an additional seven mated dams per group were added to assess the effects 
of tebuconazole on target organs. Satellite group animals were sacrifi ced on GD 16, and the liver and 
adrenals were weighed and examined histologically.

No treatment-related mortalities or clinical signs of toxicity were observed in the study. Feed 
consumption was marginally decreased in the 30 and 100 mg/kg bw per day dose groups during 
GDs 6–11. A marginal decrease in body weight gain was noted in the 100 mg/kg bw per day group 
during GDs 6–16. Effects on the liver were seen at 10 mg/kg bw per day and above. The dose of 10 
mg/kg bw per day resulted in enzyme induction (cytochrome P450, N-demethylase) and increased 
vacuolization of the liver (Table 17); however, the liver enzyme induction at 10 mg/kg bw per day was 
not statistically signifi cant. Higher doses of 30 and 100 mg/kg bw per day resulted in further signs 
of liver toxicity, such as increases in liver weight and lipid storage in livers. Liver toxicity was also 
evident from clinical chemistry and histopathology observations. O-Demethylase activity in the liver 
was increased at 30 mg/kg bw per day and above, as was the alkaline phosphatase level in the blood. 
Transaminases (AST and ALT) in the blood were increased at 100 mg/kg bw per day. In addition, the 
100 mg/kg bw per day dose resulted in slight effects on the blood turnover, evident by an increase 
in reticulocytes combined with a shift from low fl uorescent to high fl uorescent reticulocytes and an 
increase in spleen weight.

Table 17. Liver toxicity parameters in tebuconazole-treated pregnant female mice

Clinical chemistry and liver homogenate 
parameters

Dose (mg/kg bw per day)

0 10 30 100

(n = 10 dams) (n = 10 dams) (n = 10 dams) (n = 10 dams)

Cytochrome P450 (nmol/g) 29.4 42.3 73.7** 116.4**

N-Demethylase activity (nmol/g per minute) 260.4 413.9 752.9** 975.4**

O-Demethylase activity (nmol/g per minute) 2.52 2.95 3.67 8.16**

Liver triglyceride (µmol/g) 8.8 7.0 11.9 14.8

AST (U/l) 2.74 2.60 2.12 3.17

ALT (U/l) 1.07 1.38 1.05 1.78

Alkaline phosphatase (U/l) 2.21 2.22 3.77* 3.37

From Becker & Biedermann (1995a)

U, units; * P ≤ 0.05; ** P ≤ 0.01
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At 30 mg/kg bw per day, a marginal but test article–related increase in postimplantation loss 
was evident compared with the control group. Treatment with 100 mg/kg bw per day resulted in 
statistically signifi cant increases (P < 0.05 or 0.01) in postimplantation loss (35.3% versus 8.4% in 
controls) and the number of resorptions per dam (4.3 versus 1.0 in controls), including early resorp-
tions (3.5 versus 0.8 in controls) and late resorptions (0.8 versus 0.2 in controls), and statistically sig-
nifi cant decreases in mean fetal weights (1.1 g versus 1.2 g in controls) and the number of live fetuses 
per litter (8.1 versus 10.9 in controls). The combined incidence rate of litters containing fetuses with 
external, visceral and skeletal malformations was 1/21, 6/20 and 3/18 for the 0, 1 and 3 mg/kg bw per 
day groups, respectively, and 3/29, 7/28, 6/24 and 15/26 (P < 0.01) for the 0, 10, 30 and 100 mg/kg 
bw per day groups, respectively (historical control data 8/25 or 6/23). The incidences of exencephaly 
(partial acrania), cleft palate, open eyes, fused/bifurcated ribs, vertebral defects (includes dysplastic 
vertebral bodies and missing cervical and lumbar vertebral bodies, sacral vertebrae and coccygeal 
vertebrae) and retarded ossifi cation of individual phalanges of the forelimbs and hindlimbs were 
statistically signifi cantly increased (P < 0.05 or 0.01) in litters in the 100 mg/kg bw per day group. 
Increases in the incidence of exencephaly, acrania and skull malformations were also seen in the 10 
and 30 mg/kg bw per day groups (but each fi nding was within the range of historical control data). 
There was also an apparently dose-related increase in the incidence of small growth on forepaw/toe, 
seen in 1 fetus (1 litter) in controls, 2 fetuses (2 litters) at 10 mg/kg bw per day, 5 fetuses (4 litters) 
at 30 mg/kg bw per day and 7 fetuses (4 litters) at 100 mg/kg bw per day, but no litters in the second 
study at 0, 1 or 3 mg/kg bw per day. This fi nding was observed at external examination only and was 
not confi rmed at skeletal examination. Other malformations or variations were either not statistically 
signifi cant or not treatment related at the lower doses; no increase in the incidence of malformations 
was seen in the second study at 1 or 3 mg/kg bw per day. Cleft palates occurred at similar incidences 
without a dose–response relationship and were within the range of current or historical control data 
at 1, 3, 10 and 30 mg/kg bw per day. 

The maternal toxicity NOAEL is 30 mg/kg bw per day, based on increased hepatic enzyme 
induction (increased cytochrome P450 content and N-demethylase activity) and severity of vacuoli-
zation in liver cells at the LOAEL of 100 mg/kg bw per day. The developmental toxicity NOAEL is 
10 mg/kg bw per day, based on a marginal increase in postimplantation loss and statistically signifi -
cant increase of common malformations or variations at the LOAEL of 30 mg/kg bw per day (Becker 
& Biedermann, 1995a). 

 Suitability of mice for developmental toxicity study 

The expert opinion of Christian (2005) contains a discussion of the evolution of the current ter-
atology guidelines and a history of the use of mice in regulatory toxicology studies. Christian (2005) 
suggested that NMRI mice are not a suitable model for the evaluation of teratogenic effects because 
of lack of an adequate historical control database, high incidence of spontaneous malformations 
(cleft palate), high rate of spontaneous genetic defects and high reactivity to environmental stress. 
Christian (2005) concluded that “observations of malformations in the fetuses of NMRI mice should 
not be considered an appropriate criterion for calculation of a NOEL [no-observed-effect level]”.

Similarly, the suitability of the mouse as a test species for developmental toxicity studies is 
addressed by Neubert (2000). He stated that “It should be noted that the mouse as a species has a 
strong tendency to display unspecifi c reactions in response to ‘stress’ (e.g. hunger, restraint, etc.). It 
is therefore not used routinely in prenatal toxicology, but only for special investigations.”

 Rats

In a range-fi nding study, groups of 25 female Wistar rats were treated by gavage with tebuco-
nazole (purity 99.5%) at a dose of 0 or 100 mg/kg bw per day on GDs 6–15. The treatment had no 
effect on mortality rates, but body weight gain was retarded. The fertilization rate was not reduced by 
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treatment, but most litter parameters (e.g. number of implantations, litter size and losses) indicated 
an adverse effect. More runts and fetuses with malformations (micrognathia, hydronephrosis and 
hydroureter) were found in treated animals. 

The NOAEL for maternal toxicity, embryotoxicity and teratogenicity was less than 100 mg/kg 
bw per day (Renhof, 1984).

In a second developmental toxicity study, tebuconazole (purity 93.4%) was administered to 
groups of 25 pregnant Wistar (Bor:WISW (SPF Cpb)) rats by gavage at a dose level of 0, 10, 30 or 
100 mg/kg bw per day from GD 6 to GD 15. The vehicle was 0.5% aqueous suspension of Cremophor 
emulsion (dose volume 10 ml/kg bw). Stability and homogeneity were evaluated, but the results were 
not presented in the study report. On GD 20, caesarean sections were performed, followed by gross 
examination of all internal organs with a focus on the uterus, uterine contents, position of fetuses in 
the uterus and number of corpora lutea. The uteri plus contents were weighed; uteri in non-pregnant 
females were stained to identify implantation sites. Fetuses were sexed, individually weighed and 
examined for gross abnormalities. One half of the fetuses in each litter were processed for examina-
tion of visceral and brain abnormalities using modifi ed Wilson’s technique, and the remaining half 
were cleared and stained for skeletal examination.

No treatment-related deaths occurred. No treatment-related clinical signs of toxicity were 
observed. Faecal alterations (e.g. loose stools) occurred at 100 mg/kg bw per day in 11 dams. At 
30 and 100 mg/kg bw per day, dose-related reductions in weight gain were observed throughout the 
treatment period; at 100 mg/kg bw per day, retarded body weight gain was observed throughout ges-
tation. Effects on litter parameters included an increased number of losses and a decrease in mean 
fetal weight at 100 mg/kg bw per day. At this dose, there were also more runts (below 3 g) and fetuses 
with malformations (mostly microphthalmia): the runt incidence was 36%, compared with 7% in 
controls, and the incidence of fetuses with malformations was 7%, compared with 2% in controls.

The NOAEL for maternal toxicity is 30 mg/kg bw per day, based on decreased body weight gain 
throughout the dosing period seen at the LOAEL of 100 mg/kg bw per day and above. The NOAEL 
for developmental toxicity is 30 mg/kg bw per day, based on decreased fetal weight, increased inci-
dence of malformations, increased incidence of postimplantation losses and increased number of 
runts seen at the LOAEL of 100 mg/kg bw per day (Renhof, 1985a). 

In a third developmental toxicity study, tebuconazole (purity 98.3%) was administered to 
groups of 25 pregnant Wistar/NAN (Kfm:WIST, Outbred, SPF) rats by gavage at a dose level of 
0, 30, 60 or 120 mg/kg bw per day from GD 6 to GD 15. The vehicle was 0.5% aqueous suspen-
sion of Cremophor emulsion (dose volume 10 ml/kg bw). The dosing solutions were prepared daily. 
Determination of concentration, homogeneity and stability of the dosing solution was performed on 
one occasion during the treatment period. The dams were sacrifi ced on GD 21 (caesarean section) 
followed by gross examination of all internal organs with a focus on the uterus, uterine contents, 
position of fetuses in the uterus and number of corpora lutea. The uteri plus contents were weighed; 
uteri in non-pregnant females were stained with ammonium sulfi de solution to identify implantation 
sites. Fetuses were sexed, individually weighed and examined for gross abnormalities. One half of 
the fetuses in each litter were processed for examination of visceral and brain abnormalities using 
Wilson’s technique, and the remaining half were cleared and stained for skeletal examination.

The dose of 30 mg/kg bw per day affected neither maternal nor fetal parameters. No com-
pound-related mortality or clinical signs of toxicity were reported at any dose level. Although body 
weight gains for GDs 6–21 were slightly decreased (85% of controls) at the high dose, corrected or 
uncorrected body weight gains were not signifi cantly different from those of controls at any dose 
level. Mean daily feed consumption during days 6–16 was signifi cantly decreased with respect to 
controls at the middle dose (−7%) and at the high dose (−15%). There was a slight increase in daily 
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feed consumption (about 5%) during the post-dosing period. A signifi cant decrease in corrected body 
weight (minus uterine weights) was reported for the high dose, and a dose-dependent and statisti-
cally signifi cant increase in absolute and relative liver weights was reported at the high and middle 
doses. The statistically signifi cant increase in liver weights at the middle dose (60 mg/kg bw per day) 
was minimal and was not considered biologically relevant by the Meeting. Reproductive parameters 
(numbers of corpora lutea and implantations) were not adversely affected. An increase in the numbers 
of early and late resorptions and a decrease in mean fetal weights (−10.6%) and in total live fetuses 
(19.4% below controls) were observed at the high dose. External examination of fetuses revealed 
a missing tail in one high-dose fetus and agnathia (lower jaw), microstomia and anophthalmia in 
another fetus of a different litter at the highest dose tested. No malformed or anomalous fetuses were 
observed in the control, 30 mg/kg bw per day or 60 mg/kg bw per day dose groups. Visceral exami-
nation of fetuses revealed fi ndings of excess fl uid in the thoracic cavity at the high dose (three pups 
in one litter, one pup in another litter) and at the low dose (one pup). Skeletal examination revealed 
increased incidences of supernumerary ribs, non-ossifi ed cervical vertebrae and incompletely ossi-
fi ed sternebrae, indicating retardation of fetal development.

The maternal toxicity NOAEL is 60 mg/kg bw per day, based on increased absolute and rela-
tive liver weights and decreased body weight gains at the LOAEL of 120 mg/kg bw per day. The 
NOAEL for developmental toxicity is 60 mg/kg bw per day, based on higher incidence of resorptions, 
decreased litter size, reduced fetal body weight and marginally increased incidence of skeletal varia-
tions at 120 mg/kg bw per day (Becker, Vogel & Terrier, 1988a).

 Rabbits

In a developmental toxicity study, tebuconazole (purity 93.4%) was administered to groups of 
15 presumed pregnant Himalayan (CHBB:HM) rabbits by gavage at a dose level of 0, 3, 10 or 30 mg/
kg bw per day in 0.5% aqueous Cremophor emulsion from GD 6 to GD 18. The dams were sacrifi ced 
on GD 29, followed by gross examination of all internal organs with a focus on the uterus, uterine 
contents, position of fetuses in the uterus and number of corpora lutea. The uteri and contents were 
weighed; uteri in non-pregnant females were stained with ammonium sulfi de solution to identify 
implantation sites. The livers were weighed. Fetuses were sexed, individually weighed and examined 
for gross abnormalities. The internal examination included the thorax, abdomen and pelvis and sex 
determination. The crania were examined for ossifi cation, and the heads were fi xed, serially sectioned 
and examined. The carcasses were cleared and stained for skeletal examination.

No treatment-related clinical signs of toxicity were observed. One dam of the control group 
died prior to sacrifi ce, but the death was not related to dosing. There was reduced body weight gain 
(74% of control, but not statistically signifi cant) in dams of the highest dose group during the dosing 
period. At 30 mg/kg bw per day, a signifi cant increase in resorptions per dam (0.8) was observed, 
which has to be assessed with regard to the unusually low number of resorptions per dam (0.2) in the 
control group. The historical control data reveal a range from 0.2 to 2.6 resorptions per dam. Also, the 
slightly increased postimplantation losses (11.3%) are clearly within the range of historical control 
data (2.6–38.8%). Therefore, these fi ndings are not considered to be treatment-related effects.

The maternal toxicity NOAEL in the developmental toxicity study in rabbits is 10 mg/kg bw 
per day, based on reduced body weight gain during treatment at the LOAEL of 30 mg/kg bw per day. 
The developmental toxicity NOAEL is 30 mg/kg bw per day, the highest dose tested. A developmen-
tal toxicity LOAEL was not observed in this study (Renhof, 1985b).

In a second developmental toxicity study, tebuconazole (purity 98.2%) was administered to 
groups of 16 presumed pregnant Chinchilla (Kfm:CHIN, hybrids, SPF Quality) rabbits by gavage at 
a dose level of 0, 10, 30 or 100 mg/kg bw per day in 0.5% Cremophor EL (4 ml/kg bw) from GD 6 
to GD 18. The dams were sacrifi ced on GD 28, followed by gross examination of all internal organs 
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with a focus on the uterus, uterine contents, position of fetuses in the uterus and number of corpora 
lutea. The uteri and contents were weighed; uteri in non-pregnant females were stained with ammo-
nium sulfi de solution to identify implantation sites. The livers were weighed. Fetuses were sexed, 
individually weighed and examined for gross abnormalities. The internal examination included the 
thorax, abdomen and pelvis and sex determination. The crania were examined for ossifi cation, and 
the heads were fi xed, serially sectioned and examined. The carcasses were cleared and stained for 
skeletal examination.

In the high-dose group, maternal weight gain was decreased by 38% during the dosing period, 
29% during the post-dosing period and 27% from GD 6 to GD 28. After correcting for gravid uterus 
weight, the high-dose group had a small weight loss (−0.3 g versus 1.4 g weight gain for controls), 
whereas the controls had a small weight gain. Feed consumption was decreased by 12% in high-dose 
does during dosing, but was similar to or slightly greater than that of controls during the post-dosing 
period. Absolute and relative liver weights were not affected by treatment, and no treatment-related 
gross lesions were observed in maternal animals. A statistically signifi cant increase in postimplanta-
tion loss was observed at the high dose, as evidenced by increased fetal resorptions and decreased 
numbers of live fetuses per dam. Slightly decreased fetal body weight, which was correlated with 
a slightly decreased retarded ossifi cation, was observed at the high dose; however, it lacked a clear 
dose–response relationship, and values were within historical and concurrent control ranges (35.1, 
33.5, 35.0 and 33 g at 0, 10, 30 and 100 mg/kg bw per day). External examination revealed frank 
malformations (peromelia, palatoschisis, malrotation of hindlimb, agenesis of claws of the hind paw) 
in the high-dose group. Examination of the fetal heads by Wilson’s technique revealed one fetus with 
hydrocephalus internus at the high dose. Skeletal examination of fetuses revealed abnormalities and 
delayed ossifi cation in the high-dose group only. Of 90 fetuses born to dams treated at 100 mg/kg bw 
per day, eight (9%) were malformed, and fi ve of these (6%) had peromelia. Peromelia was seen in 
none of a total of 346 fetuses in the other three groups combined. This fi nding was not observed in 
the other developmental studies in rabbits and probably should be assessed as retardation. The study 
suffers from some technical defi ciencies, as there was no double staining, there was an insuffi ciently 
long observation time of fetal development and many indications of incomplete development also 
exist in controls. At 100 mg/kg bw per day, the percentage of fetuses with absent or incomplete 
phalangeal ossifi cation was also increased. 

The maternal toxicity NOAEL is 30 mg/kg bw per day, based on decreased body weight gains 
and decreased feed consumption during dosing at the LOAEL of 100 mg/kg bw per day. The devel-
opmental toxicity NOAEL is 30 mg/kg bw per day, based on increased postimplantation loss, frank 
malformations, hydrocephalus and increased external and skeletal abnormalities at the LOAEL of 
100 mg/kg bw per day (Becker, Vogel & Terrier, 1988b).

In a third developmental toxicity study (main study), tebuconazole (purity 96.3–96.8%) was 
administered to groups of 16 presumed pregnant Chinchilla (Kfm:CHIN, hybrids, SPF Quality) rab-
bits by gavage at a dose level of 0, 10, 30 or 100 mg/kg bw per day in 0.5% Cremophor EL (dose 
volume 4 ml/kg bw) from GD 6 to GD 18. The dams were sacrifi ced on GD 28, followed by gross 
examination of all internal organs with a focus on the uterus, uterine contents, position of fetuses in 
the uterus and number of corpora lutea. The uteri and contents were weighed; uteri in non-pregnant 
females were stained with ammonium sulfi de solution to identify implantation sites. The livers were 
weighed. Fetuses were sexed, individually weighed and examined for gross abnormalities. The inter-
nal examination included the thorax, abdomen and pelvis and sex determination. The crania were 
examined for ossifi cation, and the heads were fi xed, serially sectioned and examined. The carcasses 
were cleared and stained for skeletal examination. 

In a supplementary study, fi ve female rabbits per dose group (0, 10, 30 or 100 mg/kg bw per 
day) were exposed to tebuconazole using the identical dosing regimen as for the third main study. 
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The purpose of this study was to assess the effects of tebuconazole on specifi c parameters of maternal 
toxicity in pregnant Chinchilla rabbits. Blood specimens were taken from the marginal ear vein on 
GDs 6, 12 and 19 postcoitum and subjected to full haematological and clinical chemistry analysis. 
The dams were sacrifi ced just after the last blood specimens had been taken, and the gravid uteri 
were removed by caesarean operation and weighed. All reproduction parameters were recorded (as 
above). The adrenals, kidneys, liver and spleen from all gravid dams were weighed separately and 
prepared for histological examinations. Two portions of 10 g each were taken from each liver before 
the preparation for determination of cytochrome P450, N-demethylase and O-demethylase activities 
and the triglyceride content.

No treatment-related clinical signs of toxicity or mortality were observed. At 100 mg/kg bw 
per day, feed intakes were decreased, and body weight loss occurred from GD 6 to GD 11, which was 
not recovered during the remaining gestation period. Overall body weight gain during the treatment 
period was also decreased by 17% compared with the control group. No treatment-related fi ndings 
were noted during postmortem examination. The reproduction parameters affected in the high-dose 
group were a slightly increased mean postimplantation loss and a decrease in mean fetus weight (sta-
tistically signifi cant), which was correlated with slightly retarded ossifi cation and increased incidence 
of common malformations. The decrease in mean fetal body weight was 31.5, 32.0, 31.6 and 30.0 g 
at 0, 10, 30 and 100 mg/kg bw per day, respectively, with a historical control range of 29.2–35.9 g 
(Becker, 2006). At 30 mg/kg bw per day, three fetuses with external malformations were observed, 
which are related to the high spontaneous variability but not to a treatment-related effect. Abnormal 
fi ndings at 100 mg/kg bw per day were noted in four fetuses during external and visceral examina-
tions. Additional fi ndings were evident in two of the four fetuses during examination of heads by 
Wilson’s technique and in two of the four fetuses during skeletal examinations for abnormal fi ndings. 
Slightly increased incidences of non-ossifi cation and incomplete ossifi cation, which were correlated 
with statistically signifi cant reductions in mean fetal body weight (individual basis), were also noted 
in this group.

There were no treatment-related effects on the haematological or clinical chemistry parameters 
evaluated on GDs 6, 12 and 19. In addition, there was no observable effect at GD 19 on liver cyto-
chrome 450, N-demethylase, O-demethylase or triglycerides. No treatment-related gross abnormal-
ity was noted upon macroscopic examination (GD 19). The absolute and relative organ weights of 
adrenals, kidneys, liver and spleen were unaffected by the treatment. Based on the fi rst amendment to 
the study report by Becker & Biedermann (1995b), histopathological evaluation of the liver showed 
single-cell necrosis with increased incidences in test article–treated animals, whereas liver necrosis 
was evident in one female of the 30 mg/kg bw per day group. The number of animals investigated 
was too low to permit defi nitive interpretation of these fi ndings. However, the liver is known to be the 
main target organ in the other species examined. Therefore, a treatment-related effect for these fi nd-
ings (from 10 mg/kg bw per day upwards) has to be assumed (Becker & Biedermann, 1995b). 

The NOAEL for maternal toxicity is 30 mg/kg bw per day, based on decreased feed con-
sumption and decreased body weight gains observed at the LOAEL of 100 mg/kg bw per day. The 
developmental toxicity NOAEL is 30 mg/kg bw per day, based on increased postimplantation loss, 
increased incidence of common malformations and increased external and skeletal abnormalities at 
the LOAEL of 100 mg/kg bw per day (Becker & Biedermann, 1995c).

In a fourth developmental toxicity study, tebuconazole (purity 98.5%) was administered to 
groups of 14 or 15 presumed pregnant Chinchilla (CHB-W) rabbits by gavage at a dose level of 0 
mg/kg bw per day (14 rabbits) or 100 mg/kg bw per day (15 rabbits) in 0.5% Cremophor EL (dose 
volume 4 ml/kg bw) from GD 6 to GD 19. All rabbits were inspected twice daily. Body weights 
were recorded on day 0 and daily from GD 6 to GD 19. A caesarean section was performed on GD 
19, 2 hours post-dosing. Blood was drawn from an extremity vein just prior to caesarean section. 
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All reproductive parameters were recorded. The liver, ovaries, adrenals and placentas of all preg-
nant females (surviving) were weighed. The right liver lobes and two placentas with fetuses from 
each of the pregnant females were fi xed in buffered 4% formaldehyde. The adrenals and ovaries 
of three females from each group were also fi xed in buffered 4% formaldehyde. Enzyme activities 
of the livers (7-ethoxycoumarin deethylase, 7-ethoxyresorufi n deethylase, aldrin epoxidase, epox-
ide hydrolase, gluthathione-S-transferase, uridine diphosphate-glucuronosyltransferase, testosterone 
metabolism assay) were determined. Steroid concentrations (cortisol, corticosterone, 11-deoxycorti-
costerone and progesterone) were determined in adrenal tissue. Additionally, the 11β-hydroxylation 
of 11-deoxycorticosterone in adrenal mitochondria was measured. The blood samples were analysed 
for content of tebuconazole, as were fetal tissues.

Two tebuconazole-treated animals died during the study because of intubation errors. Dosing 
did not affect appearance or behaviour of the animals. Feed consumption was decreased (GDs 6–12). 
Body weight gain was decreased (GDs 6–10). Urination and amount of faeces were decreased. The 
necropsy fi ndings did not reveal treatment-related effects. Absolute and relative weights of the liver, 
ovaries and adrenals and the absolute placental weight did not differ statistically between treated 
groups and the control group. Histopathological fi ndings showed a distinct hypertrophy of adreno-
cortical cells from the zona fasciculata. In addition, centrilobular cytoplasmic change of the liver was 
observed in two females. The activity of 7-ethoxycoumarin deethylase was statistically signifi cantly 
increased (55.1%). A statistically signifi cant decrease (27.6%) in the activity of glutathione-S-trans-
ferase was evident at the 100 mg/kg bw per day level, which could be indicative of impaired liver 
function. A slightly increased 11β-hydroxylation of 11-deoxycorticosterone in the adrenal mitochon-
dria and slightly increased concentrations of 11-deoxycorticosterone and corticosterone in the adre-
nal tissue occurred. No reproductive parameters were affected by the treatment, except for a slight, 
statistically signifi cant decrease in fetal body weights. No external fi nding occurred in any of the 
fetuses of both study groups (control and treated groups). There was no indication of an accumulation 
of tebuconazole in the plasma of fetuses, and there was a good correlation between maternal plasma 
and fetal tissue levels for the individual females. No examination of the fetuses was performed. 

Tebuconazole shows maternal toxicity. This study discusses the possibility that formerly (in 
two studies) recorded increased numbers of external, skeletal and visceral anomalies and variations 
could have been due to elevated levels of corticosteroids produced by the dams themselves as a 
response to stress. This study and its results cannot support this theory, as the increase in plasma lev-
els is marginal in this test, with distinct hypertrophy of steroid-forming areas of the adrenals in two 
out of three histologically examined adrenals; however, the investigators did not examine the fetuses 
for malformations, so a defi nite conclusion cannot be made. Also, there were no statistically signifi -
cant changes in the concentrations of selected steroids in maternal adrenal tissues and mitochondria. 
However, maternal toxicity has not been shown to be responsible for the teratogenic activity of tebu-
conazole via stress induction of elevated levels of corticosteroidal compounds.

The LOAEL is 100 mg/kg bw per day, based on marginally increased plasma levels and his-
topathological changes in adrenals. The NOAEL for maternal and developmental toxicity is less than 
or equal to 100 mg/kg bw per day. The study authors suggested a threshold value of 100 mg/kg bw 
per day for fetal malformations (Holzum, Schmidt & Hartmann, 1999). 

 (ii) Dermal application

 Mice

In a dermal developmental toxicity study, 25 pregnant NMRI KFM-HAN (outbred, SPF 
 Quality) mice received repeated dermal applications of tebuconazole (purity 98.1%) in aqueous 4% 
carboxymethylcellulose (dose volume 2.5 ml/kg bw) at a dose level of 0, 100, 300 or 1000 mg/kg bw 
per day from GD 6 through GD 15 inclusive. The application was covered with an occlusive bandage 
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and left for 6 hours and was then rinsed off with lukewarm water. The dams were inspected at least 
twice daily for mortality, clinical signs and changes in appearance and behaviour. Weights of the 
animals and feed consumption were recorded at regular intervals. At day 18 postcoitum, caesarean 
sections were performed, gross macroscopic examination of all internal and all external organs, with 
emphasis on the uterus, uterine contents, position of fetuses in the uterus and number of corpora 
lutea, was performed, and the data were recorded. The fetuses were removed from the uterus, sexed, 
weighed individually and examined for gross external abnormalities. Half of the live fetuses were 
allocated to Wilson’s slicing techniques for examination of the viscera and brain. The other half were 
placed in potassium hydroxide solution, stained with alizarin red S and examined for skeletal abnor-
malities, and all abnormalities were recorded. The uteri and contents of all uteri with live fetuses were 
weighed at necropsy on day 18 postcoitum to enable calculation of the corrected body weight gain. If 
no implantation sites were evident, the uterus was placed in an ammonium sulfi de solution.

As no overt maternal toxicity was observed in this main study, an additional supplementary 
study, employing the same treatment regimen and the same strain of mice, was conducted to further 
assess the maternal toxicity of the compound. In the supplementary study, groups of 2 × 10 mated 
females (parts A and B) were used for each dose level. The tebuconazole used was 96.0% pure. 
All dams were sacrifi ced on day 16 postcoitum and necropsied, the liver and adrenals of group A 
animals were weighed, the pregnancy status of the animals was recorded, and sections of liver and 
adrenals were examined histopathologically (group A). Before sacrifi ce of the study group B dams, 
blood samples were collected from non-fasted animals. Following this, the females were sacrifi ced 
and necropsied. The pregnancy status was recorded, and the entire liver was taken for analysis of the 
cytochrome P450 content and the N-demethylase and O-demethylase activities. The blood samples 
were analysed for AST, ALT, glutamate dehydrogenase and alkaline phosphatase activities. 

Treatment had no effect on clinical signs, mortality, local skin reactions, body weight, feed 
consumption or reproductive parameters (numbers of corpora lutea, implantations, resorptions and 
live fetuses). In the supplementary study, clinical biochemical examinations revealed increased ALT 
activity at 1000 mg/kg bw per day; there was also increased cytochrome P450 content and N-demeth-
ylase activity in liver tissue above 300 mg/kg bw per day and a marginal increase in O-demethylase 
activity. None of these parameters showed a dose–response relationship. There was a dose-related 
reduction in relative adrenal weights in all dose groups, which was statistically signifi cant at 1000 
mg/kg bw per day; absolute adrenal weights were also reduced in all treatment groups, but not in rela-
tion to dose. No effect was seen on liver weights, but histological examination revealed fatty changes 
in periportal areas in most mice at 300 mg/kg bw per day and in all mice at 1000 mg/kg bw per day.  
In general, no dose-related effects were observed in the fetuses, but slightly increased numbers (not 
statistically signifi cant) of palatoschises and supernumerary ribs were found in the fetuses of the 
1000 mg/kg bw dose group.

When results of the main study and supplementary study are combined, the NOAEL for 
maternal toxicity is 100 mg/kg bw per day based on increased activities of cytochrome P450 and 
N-demethylase in liver tissue and fatty changes in the periportal liver area seen at the LOAEL of 300 
mg/kg bw per day. The developmental toxicity NOAEL is 1000 mg/kg per day, the highest dose tested 
(Becker et al., 1990). The JMPR in 1994 established a developmental toxicity NOAEL of 300 mg/kg 
bw per day, based on slightly increased external anomalies and skeletal anomalies seen at 1000 mg/
kg bw per day (Annex 1, reference 71). The present Meeting did not consider the slightly increased 
anomalies as adverse, and no clear dose–response relationship was observed.

 Rats

In a dermal developmental toxicity study, tebuconazole (purity 97.4%) in aqueous 1% Cremo-
phor EL was administered dermally to pregnant Wistar (Bor:WISW (SPF Cpb)) rats on GDs 6–15 at 
a nominal level of 0, 100, 300 or 1000 mg/kg bw per day. The test material was applied to a 25 cm2 
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area of shaved skin (nominal doses of 0, 0.87, 2.6 and 8.7 mg/cm2 per day) for 6 hours, then removed, 
followed by washing of the application site with lukewarm water. Dams were sacrifi ced on GD 20, 
and gross macroscopic observation of all organs was performed. At caesarean section, the uteri and 
their contents were weighed to obtain corrected maternal body weight gains and were examined to 
determine the number of implantations. The fetuses were sexed, weighed and examined for external 
malformations. Approximately 50% of the fetuses were examined for visceral malformations by 
Wilson’s technique, and the rest were cleared in potassium hydroxide and stained with alizarin S for 
evaluation of skeletal malformations by Dawson’s method.

No evidence of maternal toxicity (changes in body weights, corrected body weights, feed con-
sumption, clinical signs, pathology, deaths, abortions, premature deliveries) were noted at any dose 
level. No developmental toxicity was noted at any dose level based upon indices of mean number of 
corpora lutea per dam, number of implantations per dam, number of live or dead fetuses per dam, 
number of resorptions per dam (early and late), mean fetal weights, sex ratios (per cent male), mean 
crown–rump length, mean number of runts per dam, and incidence of variations or malformations.

For maternal and developmental toxicity by the dermal route, the NOAEL is 1000 mg/kg bw 
per day, the highest dose tested. A LOAEL could not be established (Renhof, 1988a). 

In a second dermal developmental toxicity study, tebuconazole (purity 97.4%) in aqueous 1% 
Cremophor EL was administered dermally to pregnant Wistar (Hanlbm: WIST (SPF)) rats on GDs 
6–15 at a nominal level of 0 or 1000 mg/kg bw per day. The test material was applied to a 25 cm2 
area of shaved skin and covered with an occlusive dressing. Six hours after the application, the band-
age was removed, and the skin was rinsed with lukewarm tap water. The animals were inspected 
at least twice daily for mortality, clinical signs, changed appearance and behaviour. The animals 
were weighed daily, and feed consumption was recorded at regular intervals. Dermal irritation was 
evaluated daily according to the Draize method. Dams were sacrifi ced on GD 21, and gross mac-
roscopic observation of all organs was performed. At caesarean section, the uteri and their contents 
were weighed to obtain corrected maternal body weight gains and were examined to determine the 
number of implantations. The fetuses were sexed, weighed and examined for external malformations. 
Approximately 50% of the fetuses were examined for visceral malformations by Wilson’s technique, 
and the rest were cleared in potassium hydroxide and stained with alizarin S for evaluation of skeletal 
malformations by Dawson’s method.

Only the local skin irritation on the treated area was more common and more severe in females 
treated with the active substance than in control animals treated with vehicle only (statistically sig-
nifi cant). No other effects on any of the parameters examined were seen in this study.

For maternal and developmental toxicity by the dermal route, the NOAEL is 1000 mg/kg bw per 
day, the highest dose tested. A LOAEL could not be established (Becker & Biedermann, 1995d).

2.6 Special studies

(a) Acute neurotoxicity

Rats

In an acute oral neurotoxicity study, tebuconazole (purity 96.2–97.3%) was administered by 
gavage to 12 male Fischer 344 rats at a dose of 0, 100, 500 or 1000 mg/kg bw and to 12 female 
Fischer 344 rats at a dose of 0, 100, 250 or 500 mg/kg bw. Because a NOAEL did not appear to be 
attained in this study, a second (supplemental) acute oral neurotoxicity study using the same batch 
of tebuconazole and doses of 0, 20 and 50 mg/kg bw administered to 12 Fischer 344 rats of each sex 
per group was performed. The test substance was suspended in 0.5% methylcellulose–0.4% Tween 
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80 in deionized water and administered at a dose volume of 10 ml/kg bw. Based on analytical results, 
actual doses were 0, 0, 21, 50, 103, 497 and 950 mg/kg bw for male rats and 0, 0, 21, 50, 103, 239 and 
497 mg/kg bw for female rats. In the main study, functional observational battery (FOB) and motor 
activity tests were performed pretreatment, on the day of test material administration (day 0) and on 
days 7 and 14 post-treatment; in the supplemental study, an abbreviated FOB and motor activity tests 
were performed on day 0 only. At the completion of the main study (day 14), six rats of each sex in the 
control and high-dose groups were subjected to perfusion, and brain and nervous tissues were exam-
ined microscopically. No histopathological evaluations were performed in the supplemental study.

The high dose of 1000 mg/kg bw resulted in mortality of 6 of 12 male rats within 2 days of 
treatment. One male rat in the 500 mg/kg bw dose group also died. There was no treatment-related 
mortality in females of any dose group. Clinical signs of incoordination, decreased activity, and 
nasal and perianal stains were observed on day 0, primarily in the two highest dose groups (males, 
500 and 1000 mg/kg bw; females, 250 and 500 mg/kg bw). In general, the incidence of clinical signs 
increased with dose. Compound-related signs were apparent in both sexes on the day of treatment 
(day 0) and resolved by day 3 following treatment. Effects on body weight were minimal; weights 
were 96–101% of control weights on day 14. There was no effect of treatment on brain weight, and 
there were no histopathological fi ndings in the brain or tissues of the nervous system that could be 
attributed to treatment.

FOB tests on the day of treatment showed treatment-related effects on gait (incoordination, 
ataxia); activity, arousal and response to stimuli (all decreased); hindlimb grip strength (decreased); 
footsplay (decreased in females only); and body temperature (decreased) in one or both sexes in the 
two highest dose groups (males, 500 and 1000 mg/kg bw; and females, 250 and 500 mg/kg bw). Most 
of these parameters were statistically signifi cantly different from control values (P < 0.05). Increased 
arousal in the open fi eld and decreased footsplay were also noted in females at 100 mg/kg bw. All 
effects except decreased footsplay in 250 and 500 mg/kg bw females were resolved by post-test day 
7. No changes in FOB parameters were observed in males in the 100 mg/kg bw dose group. No treat-
ment-related FOB effects were observed in either sex in the 20 and 50 mg/kg bw dose groups. Relative 
to concurrent controls, motor and locomotor activities were increased on day 0 in males and females 
in the 100 mg/kg bw dose group and decreased in the higher dose groups (males, 500 and 1000 mg/
kg bw; and females, 500 mg/kg bw; all P < 0.05). There was no statistically signifi cant change in 250 
mg/kg bw females. No adverse effect of treatment on motor activity was observed in either sex in the 
20 and 50 mg/kg bw dose groups, although there was a slight (non-statistically signifi cant) increase 
in 50 mg/kg bw males that was considered compound related. No effect of treatment was observed 
on motor or locomotor activity on days 7 and 14. There were no compound-related gross lesions in 
males or females that survived to terminal sacrifi ce. Compound-related microscopic lesions were not 
evident in 500 mg/kg bw females or in surviving 1000 mg/kg bw males.

The NOAEL is 50 mg/kg bw, based on increased motor activity in male and female rats and 
decreased footsplay in female rats at the LOAEL of 100 mg/kg bw (Sheets, Gilmore & Hamilton, 
1997).

(b) Short-term study of neurotoxicity

Rats

In a 90-day dietary neurotoxicity study, tebuconazole (purity 96.7–98.2%) was administered 
to 12 Fischer 344 rats of each sex per dose at a dietary level of 0, 100, 400 or 1600 ppm. Based on 
analytical measurements, doses were 0.0, 7.6, 29.2 and 107 mg/kg bw per day for males and 0.0, 8.8, 
34.0 and 122 mg/kg bw per day for females. The test diets were prepared in corn oil at 1% by weight 
of the diet, and a small amount of acetone was used in the preparation of the diet. FOB and motor 
activity tests were performed pretreatment and during weeks 4, 8 and 13. At the completion of the 
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study, six rats of each sex per dose group were subjected to perfusion; brain and nervous tissues were 
examined microscopically in high-dose and control groups only.

No deaths occurred, and there were no clinical signs attributable to treatment. Relative to con-
trols, body weights of male and female rats in the group receiving 1600 ppm in the diet were statisti-
cally signifi cantly reduced after 1 week, by 7% in males and 5% in females (both P < 0.05). Lower 
body weights continued throughout the remainder of the study, with reductions of 8% for males and 
7% for females at study termination (both P < 0.05). Feed consumption was reduced throughout the 
study in this group, with average daily feed consumption for males and females of 94% and 92% 
relative to respective controls. Feed effi ciency was reduced by 11% and 13% in high-dose males 
and high-dose females, respectively. Relative to controls, there were no treatment-related effects on 
body weight or feed consumption or feed effi ciency in the other dietary groups. No treatment-related 
effects were observed in FOB tests or motor activity tests. There were no gross pathological or his-
topathological fi ndings that could be attributed to treatment with tebuconazole. 

The NOAEL in this subchronic neurotoxicity study in rats is 1600 ppm (equal to 107 mg/kg bw 
per day), the highest dose tested. A LOAEL was not achieved in this study. The study authors con-
cluded that the present study established that treatment with tebuconazole through the diet produces 
no evidence of neurotoxicity at the highest dose tested. These results support the highest dietary con-
centration of 1600 ppm as an MTD, based on decreased feed consumption and weight gain, and the 
middle dose of 400 ppm as a NOEL in both sexes (Sheets, Gilmore & Hamilton, 1998). 

(c) Developmental neurotoxicity 

Rats

In a developmental neurotoxicity study, tebuconazole (purity 96.0–96.9%) in corn oil was 
administered via the diet to pregnant Crl:CD®BR VAF/Plus® (Sprague-Dawley) rats (25 per dose) 
from GD 6 to lactation day (LD) 11 at a dose of 0, 100, 300 or 1000 ppm (equal to [GD/LD] 0/0, 
8.8/16.3, 22.0/41.3 and 65.0/125.4 mg/kg bw per day). P dams were allowed to deliver naturally. On 
day 5 postpartum, litters were standardized to a maximum of 10 pups per litter. Pups were assigned 
to one of fi ve subsets (20 pups of each sex per dose in each subset). Physical development landmarks 
were evaluated for all subsets (including surface righting, eye opening, pinna unfolding, acoustic 
startle response and pupil constriction); sexual maturation was evaluated in subsets 2–4. Subset 1 
pups were sacrifi ced on postnatal day (PND) 12; brains were weighed for all subset 1 pups, and his-
topathological evaluations were performed on six pups of each sex in control and high-dose groups 
(morphometric analysis was performed on six pups of each sex in control, mid-dose and high-dose 
groups). Subset 2 pups were evaluated for learning and memory on days 23–25 (passive avoidance) 
and on days 59–63 (Water M-maze). Subset 3 pups were evaluated for motor activity (days 14, 18, 
22 and 62) and for auditory startle habituation (days 23 and 63). Subset 4 pups received detailed 
weekly clinical evaluations. In addition, six animals of each sex per group in subset 4 were selected 
for neuropathological evaluations; brains were weighed, and the high-dose and control animals were 
evaluated histopathologically on day 83 (morphometric analysis was performed on six animals of 
each sex in control, mid-dose and high-dose groups). Subset 5 pups were sacrifi ced and necropsied 
on day 22.

At 1000 ppm, two P females died as a result of prolonged gestation. Body weights were slightly 
decreased (P ≤ 0.01) in the P females during gestation (4–8%) and early lactation (6–12%). Body 
weight gains were decreased (P ≤ 0.01 or 0.05) during GDs 6–9 (400%) and 6–21 (22%) and dur-
ing LDs 1–12 (55–164%). When compared with concurrent controls, absolute (g/day per animal) 
feed consumption was reduced (P ≤ 0.05 or 0.01) in the dams throughout gestation (9–23%) except 
during the GD 0–6 interval and during the LD intervals 4–7 (20%) and 7–12 (18%). Relative (g/kg 
bw per day) feed consumption was reduced (P ≤ 0.05 or 0.01) starting on GD 6 (6–20%) and during 
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early lactation up to day 12 (8–12%). There was also an increase in alopecia in high-dose dams. The 
number of live fetuses per dam was decreased relative to concurrent controls (6%, P ≤ 0.01), whereas 
the number of dead fetuses per dam was increased relative to concurrent controls (200%, P ≤ 0.01). 
No treatment-related fi ndings were observed in dams at 300 or 100 ppm.

At 1000 ppm, the stillborn index was increased (200%, P ≤ 0.01), and the number of pup deaths 
(calculated by reviewers) was increased during days 1–5 (229%). Body weights were decreased (P ≤ 
0.01) in the males from PND 5 to PND 86 (7–23%) and in the females from PND 5 to PND 72 
(5–24%). Pinna unfolding was delayed (19%, P ≤ 0.01) relative to concurrent controls. There were 
decreases in several morphometric measurements of the brain, including decreased (P ≤ 0.01) thick-
ness of the cerebellum in the males and females on day 12 (10–14%) and on day 83 (7–9%) and 
an increased thickness of the germinal layer of the cerebellar cortex in the day 12 males (23%, P ≤ 
0.01). Absolute brain weights were decreased in the day 12 and day 83 animals (10–16%, P ≤ 0.01 
or 0.05). Relative (to body) brain weights were increased (P ≤ 0.01 or 0.05) in the day 12 males and 
females (10–15%). There were also statistically signifi cant changes in motor activity on days 14 
(43% decrease in males [P < 0.01], 24% decrease in females [not signifi cant]) and 22 (39% increase 
in males [P < 0.05], 19% increase in females [not signifi cant]) and changes in auditory startle ampli-
tude at both time points (decreased in both sexes on day 23 [14–33%], decreased in females [20%] 
and increased in males [71%] on day 63). At 300 ppm, there were also decreases in body weight 
(3–7%) and body weight gain (4–16%) (PNDs 5–23 and 72–86 in males, PNDs 5–51 in females). 
Pinna unfolding was delayed (16%). There were changes in auditory startle amplitude in both sexes: 
a dose-related decrease in females only on day 23 (26%), and a dose-related increase in males only 
on day 63 (18%). In addition, there was a decrease in absolute brain weight in both sexes (3–4%) 
on day 12 (statistically signifi cant for females only) and in brain measurements (anterior/posterior 
cerebrum). At 100 ppm, there were decreases in body weight (3–7%) and body weight gain (5–13%) 
(PNDs 5–37 in males, PNDs 5–51 in females). There were decreases in motor activity (on days 14 
and 18 in males [28–35%]) and changes in auditory startle amplitude (increased by 9% in day 14 
females, increased by 16% in day 63 males, not signifi cant). There was also a decrease in absolute 
brain weight in both sexes on day 12 (4%, statistically signifi cant for both sexes) and in brain meas-
urements (anterior/posterior cerebrum).

The LOAEL for maternal toxicity is 1000 ppm (equal to 65.0 mg/kg bw per day), based on 
decreased body weights, body weight gains and feed consumption, prolonged gestation with mortal-
ity and an increased number of dead fetuses. The NOAEL is 300 ppm (equal to 22.0 mg/kg bw per 
day). The LOAEL for offspring toxicity is 1000 ppm (equal to 65.0 mg/kg bw per day), based on 
decreased viability, decreases in body weights and absolute brain weights, brain measurements and 
evidence of developmental delay. The NOAEL is 300 ppm (equal to 22.0 mg/kg bw per day) (Parker, 
2000). 

A study was conducted by Moser et al. (2001) to evaluate adult neurological, immunological 
and reproductive parameters in rats. In this study, pregnant Tac:N(SD)fBR Sprague-Dawley rats were 
administered tebuconazole (purity 97.4%) in 0.7% methylcellulose by gavage at a dose of 0, 6, 20 or 
60 mg/kg bw per day from GD 14 to PND 7; the pups were then dosed daily at the same levels from 
PND 7 to PND 42. Separate groups of rats were used for testing of immunological parameters, neu-
robehavioural testing using a screening battery of functional tests and cognitive evaluations. Other 
groups of rats were evaluated for reproductive development and function, whereas still others were 
sacrifi ced at the end of the dosing period for histological analyses of major organ systems, including 
neuropathological assessments. 

Body weights of maternal animals were decreased at the highest dose tested during gestation. 
Pup viability and body weights were decreased in the highest dose group. There were no differences 
in the fertility indices in the exposed rats mated as adults. Developmental landmarks were mostly 
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unchanged by tebuconazole exposure. In the sheep red blood cell–immunized high-dose rats, spleen 
weights and cellularity were increased, and the ratio of cell types was altered compared with controls. 
There were, however, no biologically signifi cant changes in the immune function of these rats. At 
necropsy on PND 46 or 152, kidney, liver and spleen weights were altered by tebuconazole treatment, 
but a dose–response relationship was not clear for most organs; only decreased kidney and increased 
liver weights were consistent in both sexes. Histological analyses were generally unremarkable out-
side of the brain. One month after the end of dosing, acquisition of learning the platform location in 
a water tank (i.e. Morris water maze) was impaired in the high-dose group; there were no differences 
in neuromuscular ability, motor activity or swim speed to account for this fi nding. Furthermore, 
there was no effect on recall of the position during a free-swim trial. Qualitative regional analysis of 
the brain indicated that the morphology was relatively normal across all regions with the exception 
of the neocortex and hippocampus. Neuropathological evaluations revealed pyknotic cells across 
hippocampal cell fi elds in animals of all tebuconazole treatment groups, with the highest incidence 
in the 20 and 60 mg/kg bw per day dose groups, coincident with cell loss within pyramidal cell layer 
of CA3-4 cell fi elds of the hippocampus and layer of the neocortex. Thus, perinatal exposure to 
 tebuconazole produced neurobehavioural defi cits and neuropathology in rats, but did not alter immu-
nological or reproductive function.

The potential for developmental neurotoxicity produced by tebuconazole was investigated in 
two studies in rats: one by Bayer (Parker, 2000) and one by Moser et al. (2001). There were no neu-
ropathological fi ndings in the Bayer study (Parker, 2000), but Moser et al. (2001) reported that the 
neuropathological evaluations revealed pyknotic cells across hippocampal cell fi elds in animals of 
all tebuconazole treatment groups. An abbreviated neuropathology peer review was performed on 
slides of rat brain archived from the Moser et al. (2001) study. All available slides from rats in the 
high-dose and control groups were examined with knowledge as to treatment group. Although the 
slides were examined for the presence of any neuropathological alteration, particular emphasis was 
placed on scoring the numbers of dark neurons (referred to by Moser et al. [2001] as “pyknotic”) 
in the hippocampus. Review of cresyl violet–stained sections from rats in the control and high-dose 
groups failed to confi rm the presence of any treatment-related differences in the numbers of dark 
neurons within the hippocampus. Furthermore, the dark neurons present in the brain sections from 
this study are considered to be typical of those seen in association with handling artefact. Garman 
(2001) reported that “It is the opinion of this reviewing pathologist that it is inappropriate to refer to 
these dark neurons as ‘pyknotic’ and, furthermore, that these dark neurons are not indicative of any 
neuropathic process. This pathologist also found no evidence of any treatment-related neuron loss 
within the hippocampus”. 

These results from two studies in rats and neuropathology review were further analysed by 
Sheets (2002) to evaluate the potential of tebuconazole to produce neuropathology. Sheets (2002) 
concluded that, based on all of the available information, including that provided in the Moser et 
al. (2001) publication, Garman’s (2001) review of the slides from that study and the absence of 
neuropathology in Bayer’s developmental neurotoxicity study, there is no evidence that exposure to 
tebuconazole during development produces neuropathology at any dose level. The conclusion of the 
abbreviated neuropathology peer review regarding the Moser et al. (2001) study was that the dark 
neurons present in the brain sections were considered to be typical of those seen in association with 
handling artefact (Sheets, 2002). Subsequent to these fi ndings by the neuropathology work group, 
Barone & Moser (2004) wrote a retraction “Letter to the Editor” about the fi ndings in their original 
publication in 2001. Based on the above discussion, it is concluded that exposure to tebuconazole 
during development did not produce neuropathology at any dose level.
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(d)  Delayed neurotoxicity

No delayed toxicity studies were submitted. 

(e) Combined toxicity 

A study of acute oral toxicity was conducted to evaluate the potential potentiation effect of 
tebuconazole. An acute oral toxicity study in rats was conducted with tebuconazole plus triadimenol 
(combination) and tebuconazole plus dichlofl uanid to evaluate the potential potentiation effect. Tebu-
conazole is a fungicide in the triazole class of fungicides, whereas triadimenol and dichlofl uanid are 
fungicides belonging to the conazole class and phenylsulfamide class, respectively. 

Groups of fasted adult male Bor:WISW (SPF Cpb) Wistar rats (fi ve of each dose per group) 
were administered the test substance as a single dose by gavage formulated in Cremophor EL/demin-
eralized water (2%). The dose volume was 10 ml/kg bw. The dosing regimen was as follows:

 Group 1 received tebuconazole (purity 94.7%) at a single dose of 5000 mg/kg bw. • 

  Group 2 received triadimenol (purity 97.1%) at a single dose of 710, 1000 or 1600 mg/kg bw.• 

 Group 3 received dichlofl uanid (purity 99.4%) at a single dose of 5000 mg/kg bw. • 

  Group 4 received equitoxic doses (percentages based on the ratio of LD50 values) of a combination • 
of tebuconazole (82.12%) and triadimenol (17.88%) at a single dose of 2000, 2240 or 3000 mg/
kg bw. 

  Group 5 received equitoxic doses of a combination of tebuconazole (50%) and dichlofl uanid • 
(50%) at a single dose of 5000 mg/kg bw. 

The post-treatment observation period lasted 14 days. Clinical signs were recorded several 
times after dosing on day 1 and once a day thereafter. Body weight was recorded on the day of admin-
istration and on a weekly basis thereafter. Necropsy was performed at the end of the post-treatment 
period, and all animals were subjected to a gross pathological examination. Animals that died during 
the observation period were also subjected to a gross pathological examination.

The results of this study are summarized in Table 18.

Clinical signs such as bristled fur, pallor, apathy, reduced and later increased motility, spastic 
gait, staggering, cramps, slight convulsions, lateral recumbency, salivation, lacrimation, dyspnoea, 
diarrhoea and increased urine excretion were observed in these studies. Slight body weight loss was 
observed in these studies, but it was reversible until the end of the post-treatment observation period. 
Necropsy indicated changes in the lung (distended), liver (slight lobulation), spleen (pale), renal pel-
vis (dark red) and glandular stomach mucosa (reddened). No treatment-related macroscopic changes 
were observed in animals sacrifi ced at termination.

The results of these studies showed that equitoxic doses of tebuconazole and triadimenol 
administered orally to fasted rats resulted in a slightly potentiating effect. However, no potentiation 
was observed when equitoxic doses of tebuconazole and dichlofl uanid were administered orally to 
fasted rats (Flucke, 1987).

(f) Cataract formation

Cats

Groups of four male and four female Forest of Dean cats received whole-body exposure to 
tebuconazole (purity 95.8%) in polyethylene glycol E 400 and ethanol at a mean analytical concen-
tration of 61 or 309 mg/m3 (99% of particles with an aerodynamic diameter of < 5 µm) for 6 hours 
per day for 4 weeks, followed by an observation period of 15 weeks. Control animals were exposed 
to aerosols of either the vehicle or about 20 mg/m3 Scalex (KNJ 0953; positive controls for cataract). 
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During the weeks of exposure and observation period, body weights, clinical signs, mortality and 
ocular fi ndings were recorded. At termination, gross pathological and histopathological examinations 
were performed.

Two low-dose males died during the study (death not attributed to test substance). At necropsy, 
it was found that the two male animals from the low-dose group, which died intercurrently, had thick-
ening of the urinary bladder wall, mucous membrane infl ammation, haemorrhage and haemorrhagic 
urine in the bladder. The treatment did not induce clinical symptoms and did not affect mortality rates 
or body weight gains. Cataracts due to lens fi bre degeneration were found in all animals in the positive 
control group during the observation period of 4 months post-exposure. Exposure to tebuconazole 
did not result in cataract induction, but three females at 309 mg/m3 and one positive control animal 
had yellow-tinged spots along the lens fi ssure. Examination of 42 untreated female cats aged 7–12 
months showed that these ocular changes were not common spontaneous alterations; no such fi nd-
ing was seen in vehicle controls. The etiology of this fi nding and its toxicological relevance remain 
unclear. The 1994 JMPR established a NOAEL of 61 mg/m3, equivalent to about 5 mg/kg bw per day, 
on the basis of ocular effects other than cataracts of unknown etiology at the highest concentration 
(Annex 1, reference 71). The present Meeting affi rmed the NOAEL of 61 mg/m3 established by the 
JMPR in 1994 (Annex 1, reference 71). The study authors established a NOAEL of 309 mg/m3, the 
highest dose tested, for cataract development in cats (Märtins, Pauluhn & Kroetlinger, 1990). 

Dogs

Groups of four female Beagle dogs were treated by head–nose exposure to tebuconazole (purity 
97.1%) in polyethylene glycol and ethanol at a target aerosol concentration of 0, 150 or 800 mg/m3 
for 4 hours per day for 6 weeks and observed for 8 weeks. The analytical concentrations were 163 and 

Table 18. Acute toxicity and combined acute toxicity of tebuconazole

Dose (mg/kg bw) Toxicological resultsa Duration of clinical signs Time of death Mortality (%)

Group 1 tebuconazole

5000 1/5/5 2 h – 12 days 6 days 20

LD
50

 > 5000 mg/kg bw

Group 2 triadimenol

710 1/5/5 30 min – 5 days 3 h 20

1000 2/5/5 20 min – 7 days 1–3 days 40

1600 4/5/5 40 min – 6 days 5 h – 2 days 80

LD
50

 1089 mg/kg bw

Group 3 dichlofl uanid

5000 0/5/5 7 h – 1 day — 0

LD
50

 > 5000 mg/kg bw

Group 4 tebuconazole (82.12%) + triadimenol (17.88%)

2000 1/5/5 50 min – 8 days 4 days 20

2240 2/5/5 1 h – 8 days 1–6 days 40

3000 4/5/5 40 min –14 days 1–5 days 80

LD
50

 3046 mg/kg bw (calculated); 2424 mg/kg bw (experimental) – slight potentiation

Group 5 tebuconazole (50%) + dichlofl uanid (50%)

5000 2/5/5 3 h – 8 days 6 days 40

LD
50

 > 5000 mg/kg bw (calculated); approximately 5000 mg/kg bw (experimental) – no potentiation

From Flucke (1987)
a Number of dead animals / number of animals with toxic signs / number of animals used.
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914 mg/m3; about 90% of the particles had an aerodynamic diameter of less than 3 µm. No vehicle 
control group was included in the study. During the weeks of exposure and observation period, body 
weights, clinical signs, mortality, ocular fi ndings, refl exes and feed intake were recorded, and lung 
function tests and blood examinations were performed. Measurements of the blood gases and the 
acid–base status were performed once near the end of exposure. At termination, organ weights, gross 
pathological and histopathological examinations were performed.

The treatment did not affect mortality rates. Most animals at 914 mg/m3 began salivating imme-
diately after exposure, and single animals also made tussive noises; these effects were reversed within 
2 hours. In the refl ex test, there were no treatment-related effects. A slight (statistically signifi cant) 
drop in body temperature was recorded in both groups of exposed animals and was explained by the 
laboratory as being due to ethanol inhalation (central nervous system depression). Retardation of 
body weight gain was observed in both treated groups during the second half of the study, but with 
no dose–effect relationship. A lung function test revealed a marginal decrease in the mean minute 
volume in both treated groups and a slight reduction in the mean partial pressure of oxygen. The oph-
thalmic examinations showed no effects that could be related to treatment. Increased spleen weight 
observed at 914 mg/m3 was the only change in organ weights. There were no deviations in other organ 
weights or other gross pathological changes at necropsy. No histopathological changes were recorded 
that could be related to inhalational treatment with tebuconazole.

The NOAEL was 163 mg/m3, equivalent to 23 mg/kg bw per day, on the basis of clinical effects 
and questionable body weight effects seen at the LOAEL of 914 mg/m3. The NOAEL for cataract 
induction was 914 mg/m3, equivalent to 125 mg/kg bw per day (Märtins, 1991).

(g) Studies on metabolites

No toxicity studies were submitted; however, the registrant indicated that “Triazole fungicide 
metabolites were evaluated by the JMPR in 2008”.

3. Observations in humans

In response to an inquiry, the Bayer company physician stated that “there are no known ill-
effects on the health of the employees in the production of tebuconazole and production employees 
are subject to continuous medical supervision and are examined at least once annually” (Kollert, 
1987). Bayer has monitored the health of personnel working in the production of tebuconazole since 
1968. Routine occupational and medical examinations were conducted once a year, selected blood 
parameters were evaluated every 4 weeks, liver function tests were conducted every 2–3 years and 
thorax X-rays were performed every 3–6 years. Considering the occupational hygiene and use of 
personal protective equipment, the results of the monitoring programme indicate that no signs of 
changes in laboratory parameters, health impairments or permanent effects among employees have 
been recorded by the medical department (Faul & Krauthausen, 1995). Similarly, no ill-health effects 
have been reported in production employees during annual medical monitoring (including clinical 
chemistry, urinalysis, pulmonary functions, electrocardiogram) at the Kansas City, USA, plant since 
1980 (Metz, Tice & Wey, 1996). In response to a separate inquiry, the company physician (J.D. 
Forbes) reported that “to date, with regard to our employees, we have had no reported overexposure 
situations nor have short-term or long-term health problems been identifi ed which can be attributed 
to tebuconazole” during technical and formulation production (Wey & Forbes, 1997). No ill-health 
effects were reported in employees working in the production and formulation of tebuconazole in 
the Kansas City plant in the USA during annual routine checkups from 1991 to 2008. The medical 
examination included an annual checkup, clinical chemistry, blood counts, urinalysis, lung function 
testing, audiometry and vision testing. During the annual production period of 4–6 months per year, 
no worker accidents with tebuconazole occurred, and no consultations of the medical department due 



554

TEBUCONAZOLE 503–564 JMPR 2010

to work or contact with tebuconazole were required (Steffens, 2009). Neumann & Hartmann (2009) 
reported that no relevant poisoning incidents were known to the company.

Comments

Biochemical aspects

In a toxicokinetic study, groups of male and female rats were given tebuconazole uniformly 
labelled with 14C in either the phenyl ring or the 3,5-triazole ring as a single dose at 2 or 20 mg/kg 
bw or as 14 repeated doses of 2 mg/kg bw per day, followed by a single oral dose of radioactive tebu-
conazole at 2 mg/kg bw. Tebuconazole was rapidly absorbed from the gastrointestinal tract of rats 
and rapidly excreted from the body. Between 86% and 98% of the dose was excreted in the urine and 
faeces in 72 hours; most excretion occurred in the fi rst 48 hours. Faecal excretion within 72 hours 
after administration was about 80% of the applied dose in males and about 65% in females; urinary 
excretion amounted to about 16% of the applied dose in males and about 33% in females. No signifi -
cant differences in the absorption, distribution and excretion occurred following administration of a 
single oral low dose or high dose or repeated doses. Male rats with biliary fi stulae excreted 90.7% 
of the dose with the bile, 7.4% in the urine and 1.5% in faeces within 48 hours, suggesting complete 
absorption of tebuconazole in intact rats. Only 0.3% of the radioactivity was detected in exhaled air 
within 72 hours following oral administration of tebuconazole. After 72 hours, less than 1% of the 
administered dose could be detected in the organs, tissues and the remaining carcass, indicating no 
potential for bioaccumulation. Highest residues were found in the liver and kidney. Tebuconazole was 
rapidly distributed (within 1 hour) in the body, as determined by whole-body autoradiography. The 
peak concentration of radioactivity in plasma was found at 0.33–1.7 hours. The terminal half-life of 
radiolabel was 31.9–52.5 hours. 

Tebuconazole was extensively metabolized in the body following oral administration. Less 
than 0.7% of parent tebuconazole was detected in the excreta at 72 hours after administration. The 
metabolic pathway in rats also demonstrated sex-related differences. The main metabolites of tebu-
conazole in male rats were the oxidation products of one of the methyl groups of the tertiary butyl 
moiety (i.e. the alcohol and the carboxylic acid). Metabolism in female animals resulted preferen-
tially in simple oxidation products (e.g. hydroxy and carboxy metabolites) and then conjugation 
to the glucuronide and sulfate, with only minor cleavage of the triazole moiety. In male animals, 
the primary oxidation products were further oxidized to triol and keto acid derivatives; in addition, 
cleavage of the triazole ring occurred, as indicated in trials with triazole-labelled compound. The free 
triazole accounted for about 5% of the administered dose in the urine of the males and 1.5% in that 
of females.

Toxicological data

Tebuconazole has low to moderate acute toxicity in mice and rats via the oral route. The oral 
LD

50
 of tebuconazole was 1700 and 4000 mg/kg bw in fasted female and male rats, respectively. The 

oral LD
50

 of tebuconazole in mice was 3023 and 1615 mg/kg bw in fasted female and male mice, 
respectively. The LD

50
 in rats treated dermally was greater than 2000 mg/kg bw. The LC

50
 in rats 

treated by inhalation (nose only) was greater than 0.82 mg/l. Tebuconazole was non-irritating to the 
eyes and skin of rabbits. Tebuconazole was not a skin sensitizer in guinea-pigs, as determined by the 
Magnusson & Kligman (maximization) test and the Buehler test. 

In a non-GLP 28-day gavage study of toxicity in rats, decreases in haemoglobin concentration 
and haematocrit values were observed at 100 and 300 mg/kg bw per day. At 100 and 300 mg/kg bw 
per day, the absolute and relative weights of the liver and spleen were increased in both sexes, and 
the absolute weight of the kidney was increased in females. A reduced iron content was observed in 
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the spleen of females at 100 mg/kg bw per day. The NOAEL in the 28-day gavage study in rats was 
30 mg/kg bw per day, on the basis of changes in haematological and clinical chemistry parameters 
and organ weights at 100 mg/kg bw per day. In a 90-day dietary toxicity study in rats, reduced body 
weight gain was observed at 400 ppm in females during the fi rst 6 weeks. Histopathological exami-
nation revealed an increased incidence of intraplasmatic vacuoles in the cells of the zona fasciculata 
of the adrenals (probably lipid accumulation) in some females at 400 ppm and in all females at 1600 
ppm. The NOAEL was 100 ppm (equal to 10.8 mg/kg bw per day), based on a reduction in body 
weights in females at 400 ppm (equal to 46.5 mg/kg bw per day).

The NOAEL in a 90-day dietary study of toxicity in dogs was 200 ppm (equal to 8.5 mg/kg bw 
per day), based on decreased body weight gain and feed consumption at 1000 ppm (equal to 41 mg/
kg bw per day). Two 1-year dietary studies of toxicity were conducted in dogs with tebuconazole. The 
overall NOAEL was 100 ppm (equal to 2.9 mg/kg bw per day), based on intracytoplasmic vacuoles 
in cells of the zona fasciculata of the adrenals and slight hypertrophy accompanied by an increased 
incidence of large fatty vacuoles seen at 150 ppm (equal to 4.4 mg/kg bw per day) and above.

The carcinogenic potential of tebuconazole was studied in mice and rats. Two carcinogenicity 
studies were conducted in mice. In the fi rst study, the NOAEL was 20 ppm (equal to 5.9 mg/kg bw 
per day), based on the increased incidence of centrilobular fi ne vacuolization in the liver of males at 
60 ppm (equal to 18 mg/kg bw per day). There was no evidence of any carcinogenic potential, but 
the effects on the liver at the LOAEL and above were not very marked in intensity, posing a question 
as to whether an MTD had been reached in this study. Therefore, a second carcinogenicity study was 
conducted at higher doses. In the second study, no NOAEL was identifi ed. The LOAEL was 500 ppm 
(equal to 85 mg/kg bw per day), based on liver toxicity. The incidence of liver tumours in male and 
female mice was signifi cantly elevated at 1500 ppm (equal to 279 mg/kg bw per day) and was mark-
edly above the range of spontaneous incidences observed in this mouse strain.

In the carcinogenicity study in rats, the NOAEL was 300 ppm (equal to 15.9 mg/kg bw per 
day), based on body weight depression in both sexes and an increased incidence of pigment deposits 
in the Kupffer cells in the liver of females at 1000 ppm (equal to 55 mg/kg bw per day). No treatment-
related tumours were observed.

Tebuconazole was not genotoxic in an adequate range of in vitro and in vivo genotoxicity 
tests. 

The Meeting concluded that tebuconazole is unlikely to be genotoxic.

In view of the absence of genotoxic potential, the absence of carcinogenicity in rats and no 
carcinogenicity in mice relevant to human dietary exposure levels, the Meeting concluded that tebu-
conazole is unlikely to pose a carcinogenic risk to humans.

In a two-generation study of reproductive toxicity in rats, the reproductive parameters were 
not affected at doses up to 1000 ppm (equal to 72.3 mg/kg bw per day), the highest dose tested. The 
NOAEL for parental systemic toxicity and offspring toxicity was 300 ppm (equal to 21.6 mg/kg bw 
per day), based on reduced feed consumption and decreased body weights in parental animals and 
pups seen at 1000 ppm (equal to 72.3 mg/kg bw per day).

Several developmental toxicity studies in mice, rats and rabbits using gavage administration 
were submitted. The overall NOAEL for maternal toxicity in the oral gavage studies in mice, rats 
and rabbits was 30 mg/kg bw per day, mainly based on decreases in body weights and body weight 
gains (during the early treatment period) at 100 mg/kg bw per day. Marginal effects in studies in 
mice (haematological effects) and rats (reduced body weight gains) were not considered as adverse. 
Selected liver parameters (enzymes, weights and clinical chemistry) were evaluated in developmental 
toxicity studies in mice and rats. Changes in the liver parameters in these studies were considered 
an adaptive response and not considered as adverse. In one study in mice, there was an increase in 
the number of small fetuses (runts) at doses of 30 mg/kg bw per day and above. These small fetuses, 
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defi ned on the basis of low body weights, were considered unlikely to be due to a single exposure or 
a small number of exposures. The NOAEL for developmental toxicity in mice was 10 mg/kg bw per 
day. In other studies in mice, rats and rabbits, developmental effects included increased resorptions, 
a decreased number of live fetuses, decreased fetal weights, incomplete ossifi cation and visceral and 
skeletal anomalies. In addition, postimplantation loss was observed in mice. These developmental 
effects were observed consistently at doses above 30 mg/kg bw per day and in the presence of mater-
nal toxicity in all studies. The overall NOAEL for developmental toxicity was 30 mg/kg bw per day 
in rats and rabbits.

The Meeting concluded that tebuconazole caused developmental toxicity and teratogenic 
effects at doses that were maternally toxic in rats and rabbits.

In a study of acute neurotoxicity in rats with tebuconazole, the NOAEL was 50 mg/kg bw 
based on increased motor activity in male and female rats and decreased footsplay in female rats at 
100 mg/kg bw. In a 90-day study of neurotoxicity in rats, no systemic or neurotoxic effects were seen 
at doses up to 1600 ppm (equal to 107 mg/kg bw per day), the highest dose tested. In a developmental 
neurotoxicity study in rats with dietary administration, the maternal NOAEL was 300 ppm (equal to 
22 mg/kg bw per day), based on decreased body weights, body weight gains and feed consumption, 
prolonged gestation with mortality and an increased number of dead fetuses at 1000 ppm (equal 
to 65 mg/kg bw per day). The offspring toxicity NOAEL was 300 ppm (equal to 22 mg/kg bw per 
day), based on decreased pup viability, decreases in body weights and absolute brain weights, brain 
measurements and evidence of developmental delays seen at 1000 ppm (equal to 65 mg/kg bw per 
day), the highest dose tested. Tebuconazole did not produce neurobehavioural or neuropathological 
changes.

Workers did not report any adverse effects while handling tebuconazole in a production facility. 
The workers were monitored by routine physical examination and clinical chemistry measurements.

The Meeting concluded that the existing database on tebuconazole was adequate to character-
ize the potential hazards to fetuses, infants and children.

Toxicological evaluation

The Meeting reaffi rmed the ADI of 0–0.03 mg/kg bw on the basis of an overall NOAEL of 2.9 
mg/kg bw per day in two 1-year dietary toxicity studies in dogs, based on histopathological altera-
tions in the adrenals seen at the LOAEL of 4.4 mg/kg bw per day, and using a safety factor of 100.

The Meeting established an acute reference dose (ARfD) of 0.3 mg/kg bw on the basis of a 
maternal and developmental toxicity NOAEL of 30 mg/kg bw per day in studies of developmental 
toxicity in rats and rabbits based on maternal toxicity manifested as decreases in body weight gains 
in the early treatment period and visceral and skeletal anomalies seen at higher doses. The increased 
incidence of small fetuses, defi ned on the basis of low body weights, was considered unlikely to be 
due to a single exposure or a small number of exposures. The ARfD is supported by the NOAEL of 
30 mg/kg bw per day observed in a 28-day oral (gavage) toxicity study in rats based on changes in 
haematological parameters seen at the LOAEL of 100 mg/kg bw per day, which might be produced 
by a single dose.

Levels relevant to risk assessment

Species Study Effect NOAEL LOAEL

Mouse Twenty-one-month 
studies of toxicity and 
carcinogenicitya,b

Toxicity 20 ppm, equal to 5.9 mg/kg 
bw per day

60 ppm, equal to 18 mg/kg 
bw per day

Carcinogenicity 500 ppm, equal to 85 mg/
kg bw per day

1500 ppm, equal to 279 mg/
kg bw per day
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Species Study Effect NOAEL LOAEL

Developmental toxicityc Maternal toxicity 30 mg/kg bw per day 100 mg/kg bw per day

Embryo and fetal 
toxicity

10 mg/kg bw per day 30 mg/kg bw per day

Rat Twenty-eight-day study 
of toxicityc

Toxicity 30 mg/kg bw per day 100 mg/kg bw per day

Two-year studies 
of toxicity and 
carcinogenicityb

Toxicity 300 ppm, equal to 15.9 mg/
kg bw per day

1000 ppm, equal to 55 mg/
kg bw per day

Carcinogenicity 1000 ppm, equal to 55 mg/
kg bw per dayd

—

Two-generation study of 
reproductive toxicitya

Parental toxicity 300 ppm, equal to 21.6 mg/
kg bw per day

1000 ppm, equal to 72.3 mg/
kg bw per dayd

Offspring toxicity 300 ppm, equal to 21.6 mg/
kg bw per day

1000 ppm, equal to 72.3 mg/
kg bw per dayd

Reproductive toxicity 1000 ppm, equal to 
72.3 mg/kg bw per dayd

—

Developmental toxicityc Maternal toxicity 30 mg/kg bw per day 100 mg/kg bw per day

Embryo and fetal 
toxicity

30 mg/kg bw per day 100 mg/kg bw per day

Rabbit Developmental toxicityc Maternal toxicity 30 mg/kg bw per day 100 mg/kg bw per day

Embryo and fetal 
toxicity

30 mg/kg bw per day 100 mg/kg bw per day

Dog Two 1-year studies of 
toxicitya,b

Toxicity 100 ppm, equal to 2.9 mg/
kg bw per day

150 ppm, equal to 4.4 mg/
kg bw per day

a Dietary administration.
b Two or more studies combined.
c Gavage administration.
d Highest dose tested.

Estimate of acceptable daily intake for humans

0–0.03 mg/kg bw

Estimate of acute reference dose

0.3 mg/kg bw

Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
human exposure

Critical end-points for setting guidance values for exposure to tebuconazole

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Complete and rapid

Dermal absorption Not available

Distribution Extensive 

Potential for accumulation None 

Rate and extent of excretion Rapid and extensive 

Metabolism in animals Extensive; metabolic pathways include hydrolysis, oxidation and 
conjugation 
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Toxicologically signifi cant compounds in animals, 
plants and the environment

Tebuconazole and 1,2,4-triazole 

Acute toxicity 

Rat, LD
50

, oral 1700 mg/kg bw

Rat, LD
50

, dermal > 2000 mg/kg bw

Rat, LC
50

, inhalation > 0.82 mg/l, dust (4 h exposure, nose only)

Rabbit, dermal irritation Non-irritating

Rabbit, ocular irritation Non-irritating

Guinea-pig, dermal sensitization Not a sensitizer (Magnusson & Kligman and Buehler tests)

Short-term studies of toxicity

Target/critical effect Adrenals/hypertrophy of zona fasciculata cells (dogs)

Liver, blood system and adrenals (rats)

Lowest relevant oral NOAEL 2.9 mg/kg bw per day (overall from two 1-year toxicity studies in 
dogs) 

Lowest relevant dermal NOAEL 1000 mg/kg bw per day (rabbits)

Lowest relevant inhalation NOAEC 0.0156 mg/l

Long-term studies of toxicity and carcinogenicity

Target/critical effect Liver toxicity (mice and rats)

Lowest relevant NOAEL 5.9 mg/kg bw per day (carcinogenicity study in mice) 

Carcinogenicity Not carcinogenic in rats, but hepatocarcinogenic in mice; unlikely 
to pose a carcinogenic risk at human dietary exposure levels

Genotoxicity 

Not genotoxic

Reproductive toxicity

Reproduction target/critical effect No reproductive effects 

Lowest relevant reproductive NOAEL 1000 ppm, equal to 72.3 mg/kg bw per day, highest dose tested 
(rats)

Developmental target/critical effect Developmental toxicity, including teratogenicity, only at maternally 
toxic doses in rats and rabbits

Lowest relevant developmental NOAEL 30 mg/kg bw per day (rats, rabbits); 10 mg/kg bw per day (mice; 
runts)

Neurotoxicity/delayed neurotoxicity 

Acute neurotoxicity Increased motor activity in rats

Subchronic neurotoxicity No neurotoxicity in rats

Developmental neurotoxicity No neurodevelopmental toxicity in rats

Other toxicological studies

None

Medical data

No adverse effects reported
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Summary

Value Study Safety factor

ADI 0–0.03 mg/kg bw Two 1-year toxicity studies in dogs 100

ARfD 0.3 mg/kg bw Developmental toxicity studies in rats and rabbits, 
supported by a 28-day study of toxicity in rats (gavage)

100
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Explanation

Thiamethoxam is the International Organization for Standardization (ISO)–approved name for 
(EZ)-3-(2-chloro-1,3-thiazol-5-ylmethyl)-5-methyl-1,3,5-oxadiazinan-4-ylidene(nitro)amine (Inter-
national Union of Pure and Applied Chemistry [IUPAC]), with Chemical Abstracts Service (CAS) 
No. 153719-23-4. It is a neonicotinoid insecticide active against a broad range of commercially 
important sucking and chewing pests. The biological effects of this chemical class in target species 
are mediated primarily by an interaction with nicotinic acetylcholine receptor sites.

Thiamethoxam is being reviewed for the fi rst time by the Joint FAO/WHO Meeting on Pesticide 
Residues (JMPR) at the request of the Codex Committee on Pesticide Residues (CCPR). All critical 
studies complied with good laboratory practice (GLP). Non-GLP studies were identifi ed as such.

Evaluation for acceptable daily intake

1. Biochemical aspects

Kinetic studies on the absorption, distribution, metabolism and excretion of thiamethoxam 
were conducted in both mice and rats. This unusual extension of such studies to mice was considered 
necessary because neoplastic responses were observed in this species and it was believed that the 
additional information may go some way towards explaining the differences in response between 
mice and rats.

Mice

The studies in mice with thiamethoxam (identifi ed in the original studies as CGA 293343) were 
mainly confi ned to males using unlabelled material (batch No. AMS 780/101; purity 99.3%) and a 
single, site-specifi cally radiolabelled thiamethoxam preparation: [thiazol-2-14C]thiamethoxam (batch 
No. ILS-208.1; radiochemical purity > 99.4%) (Mewes, 1998; Briswalter, 1999) or [oxadiazin-4-
14C]thiamethoxam (batch No. ILS-235.1A; radiochemical purity 98.9%) (Mewes, 2000; Briswalter 
2002a,c,d). Label positions were as shown in Figure 1.

Figure 1. Structures of the radiolabelled molecules
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The oral gavage administrations to primarily male mice included the following daily dosing 
regimens:

 [thiazol-2-• 14C]thiamethoxam at 118 mg/kg bw for 14 consecutive days for the study of excretion 
and metabolism (Mewes, 1998) or for the identifi cation of additional metabolites (Briswalter, 
1999);

 dietary exposure to unlabelled thiamethoxam at a concentration of 0, 100, 500 or 2500 parts per • 
million (ppm) for 29 days followed by one oral gavage dose of [oxadiazin-4-14C]thiamethoxam 
at 10 mg/kg bw and a second oral gavage dose of the labelled compound 72 hours later for the 
study of absorption, metabolism and excretion (Mewes, 2000);
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 a single oral gavage dose of [oxadiazin-4-• 14C]thiamethoxam at 105.7 mg/kg bw for the study of 
blood kinetics and the identifi cation of blood metabolites (Briswalter, 2002c);

 single oral doses of [oxadiazin-4-• 14C]thiamethoxam at either 0.5 or 100 mg/kg bw on a single 
occasion for the study of metabolism (Briswalter, 2002a) and for the study of absorption, 
distribution and excretion (Briswalter 2002d).

Rats 

The studies in rats with thiamethoxam were performed in young male and female Tif:RAIf(SPF) 
rats using unlabelled material (batch No. KI-4654-18, purity > 98%; and batch No. AMS 780/101, 
purity > 99%) and two different, site-specifi cally radiolabelled thiamethoxam preparations: [thiazol-
2-14C]thiamethoxam (radiochemical purity > 97%) and [oxadiazin-4-14C]thiamethoxam (radiochemi-
cal purity > 96% or > 97%) (Müller & Stampf, 1996) (Figure 1).

The administrations to rats included single oral doses to males and females of either 0.5 or 
100 mg/kg bw of either radiolabelled material or 14 daily oral doses of 0.5 mg/kg bw per day of the 
unlabelled compound followed by a single oral dose of 0.5 mg/kg bw of radiolabelled material.

Studies in rats included a single oral gavage dose of [oxadiazin-4-14C]thiamethoxam at 106.5 
mg/kg bw for the study of blood kinetics (Briswalter, 2002b). 

The experimental programme also included investigation of bile duct–cannulated male rats and 
intravenously dosed male and female rats. Metabolism studies of specifi c metabolites are described 
below (see section 1.2). Urine, faeces, bile and expired air were individually and separately collected. 
For the kinetic studies in blood, samples were taken from three rats of each group and each sex by 
amputating the tip of the tail. Radioactivity in urine, plasma and other liquid samples was measured 
directly by liquid scintillation counting. Radioactivity in other collected materials was determined 
either after combustion or after digestion and liquid scintillation counting. Expired carbon dioxide 
was absorbed into a mixture of ethanolamine/ethylene glycol monomethyl ether 1:2 (volume per 
volume).

1.1  Absorption, distribution and excretion 

Mice

Male mice received daily oral doses of [thiazol-2-14C]thiamethoxam at a dose level of 118 mg/
kg bw for 14 consecutive days (Mewes, 1998) (note that this dosing regimen is different from that 
used on mice in the [oxadiazin-4-14C]thiamethoxam study and rats in both the [thiazol-2-14C]thiame-
thoxam and the [oxadiazin-4-14C]thiamethoxam studies, in which there were 14 days of dietary dos-
ing with unlabelled thiamethoxam before gavage dosing with the radiolabelled compounds). Urine 
and faeces were collected daily until 72 hours after the last dose and were pooled at selected time 
intervals for analysis. Expired carbon dioxide was trapped during the fi rst 3 days of the treatment.

Oral doses of thiamethoxam were apparently rapidly absorbed in mice, as administration was 
followed by its ready and rapid excretion, approximately 73% of the fi rst dose appearing in urine and 
faeces within 24 hours. Only minor amounts of radioactivity were found in the excreta on days 2 and 
3 after the last administration (time range of 360–384 hours). The administered radioactivity was 
predominantly excreted via the kidneys. A total of 71.8% of the administered dose was recovered in 
the urine, and 18.8% in the faeces. Low amounts of radioactivity were found in expired air (< 0.3% 
of the daily administered dose). A steady state of excretion was reached within 3 days after the fi rst 
administration. The rates of excretion as percentages of the daily and cumulative doses are summa-
rized in Table 1.

The quantitative analysis of excreted radioactivity in the urine and faeces of mice dosed 
with [thiazol-2-14C]thiamethoxam (Mewes, 1998) indicated that 30–60% of the daily administered 
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Table 1. The rate of excretion of radioactivity as percentages of the daily and cumulative doses of 
[thiazol-2-14C]thiamethoxam administered to male mice

Time point (h) Percentage of daily dose Percentage of cumulative dose

Mean SD Mean SD

Urine

0–24 66.03 14.69 5.29 1.18

24–48 58.83 9.75 4.65 0.27

48–72 69.01 3.13 5.49 0.63

72–96 80.32 3.51 5.92 0.87

96–120 56.85 3.46 4.18 0.64

120–144 56.51 9.28 4.18 1.14

144–168 66.91 8.57 4.95 1.16

168–192 71.75 5.69 4.71 0.15

192–216 64.14 12.20 4.25 0.57

216–240 84.13 3.96 5.59 0.36

240–264 81.17 13.12 5.37 0.65

264–288 88.02 8.38 5.91 0.56

288–312 77.77 8.59 5.19 0.19

312–336 78.71 19.18 5.19 1.12

336–360a 9.60 2.08 0.63 0.10

360–384a 3.76 0.40 0.25 0.04

Subtotal — — 71.75 3.50

Faeces

0–24 6.99 1.35 0.56 0.10

24–48 34.98 11.36 2.86 1.17

48–72 14.41 3.65 1.13 0.23

72–96 9.93 1.42 0.73 0.14

96–120 18.73 3.83 1.37 0.29

120–144 21.26 11.10 1.57 0.83

144–168 16.54 7.86 1.21 0.56

168–192 14.89 2.63 0.99 0.22

192–216 19.32 4.27 1.30 0.38

216–240 27.44 8.65 1.84 0.64

240–264 18.55 4.08 1.25 0.37

264–288 14.09 3.46 0.96 0.31

288–312 17.60 7.57 1.20 0.56

312–336 17.29 10.21 1.17 0.77

336–360a 6.80 6.03 0.47 0.44

360–384a 3.07 3.25 0.21 0.24

Subtotal — — 18.84 3.46

Expired air

0–24 0.17 0.01 0.01 < 0.01

24–48 0.25 0.06 0.02 < 0.01

48–72 0.26 0.03 0.02 < 0.01

Subtotal — — 0.06 < 0.01

Cage wash — — 3.81 0.31

Total recovery — — 94.46 1.27

From Mewes (1998)
a % of daily dose calculations are based on administered radioactivity at 312 h. 
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 thiamethoxam was excreted as metabolites. As will be seen below (see section 1.2), this metabolism 
is much more extensive than in rats.

The effect of dietary administration of unlabelled thiamethoxam on the absorption, metabo-
lism and excretion of [oxadiazin-4-14C]thiamethoxam was studied in male and female mice (Mewes, 
2000). The mice received the unlabelled compound at a dietary concentration of 0, 100, 500 or 2500 
ppm for 29 days before receiving two oral doses of [oxadiazin-4-14C]thiamethoxam, 10 mg/kg bw, 
72 hours apart. Mice were killed 6 hours after the second radioactive dose. Excretion of radioactivity 
was very rapid at all dietary concentrations and was predominantly via the urine, and the route and 
rate of excretion were independent of the dietary dose level. Excretion was virtually complete by 72 
hours after oral administration of a single oral dose of [oxadiazin-4-14C]thiamethoxam, with approxi-
mately 70% of the dose being recovered in urine and a further 25% of the dose being recovered in 
faeces (Table 2). This result was similar to that found with the [thiazol-2-14C]thiamethoxam label.

Considerable amounts of radioactivity were recovered in the liver, blood and carcass at ter-
mination (approximately 0.6%, 0.1% and 13% of the cumulative radioactive dose, respectively), as 
the mice were killed only 6 hours after administration of the second oral dose of [oxadiazin-4-14C]-
thiamethoxam. Very little radioactivity was recovered in the bile. Residues in tissues were similar at 
all dietary dose levels, with residues in blood and plasma amounting to about 1 µg-equivalents/g, and 
residues in liver amounting to 1.7–3.3 µg-equivalents/g.

Table 2. Excretion of [oxadiazin-4-14C]thiamethoxam administered to male mice after 29 days of 
dietary exposure to unlabelled thiamethoxam 

Time point (h) % of cumulative radioactive dose

Dietary concentration (ppm)

0 100 500 2500

Urine

0–24

24–48

48–72

72–78

33.57

0.99

0.83

12.15

32.99

1.14

0.45

16.63

27.67

0.76

0.34

7.83

35.14

1.16

1.24

13.47

Subtotal 47.54 51.22 36.60 51.01

Faeces

0–24

24–48

48–72

72–78

10.34

1.26

2.52

5.39

9.02

1.91

0.87

4.42

14.78

1.94

1.08

8.27

10.67

0.80

1.42

6.63

Subtotal 19.52 16.22 26.08 19.52

Cage wash

78 10.74 7.23 8.14 8.02

Total excretion 77.79 74.67 70.82 78.56

Liver 0.43 0.73 0.72 0.53

Blood 0.08 0.11 0.11 0.09

Carcass 9.19 13.05 14.44 14.81

Subtotal 9.70 13.89 15.28 15.43

Total recovery 87.49 88.55 86.10 93.99

From Mewes (2000)
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Rats

Orally administered thiamethoxam was rapidly absorbed, and, as almost 100% of the oral doses 
were eliminated with the urine in all treatment groups, it can be assumed that thiamethoxam was vir-
tually completely absorbed from the gastrointestinal tract irrespective of the dose level, pretreatment 
with non-radiolabelled thiamethoxam, the site of the label or the sex of the rats. The experiment with 
bile duct cannulation of male rats demonstrated that only a very small portion of the absorbed dose 
(approximately 4%) was excreted with the bile fl uid into the duodenum (Table 3). 

The routes of elimination were independent of the route of administration (oral and intrave-
nous), the dose level, pretreatment with non-radiolabelled thiamethoxam, the site of the label and 
the sex of the rats. The absorbed amount was very rapidly excreted almost exclusively via the kid-
neys: within 24 hours, 84–95% and 3–6% of the dose were excreted in the urine and faeces, respec-
tively. The bile duct–cannulated male rats excreted about 4%, 84% and 4% in bile, urine and faeces, 
respectively, within 48 hours, independent of the site of the radiolabel. Hence, these results obtained 
with bile duct–cannulated rats and with intravenously administered rats clearly show that the small 
amount eliminated with the faeces is derived from bile, providing strong evidence for the complete 
absorption of thiamethoxam from the gastrointestinal tract (Table 4).

After intravenous dosing, maximal blood concentrations averaged around 0.6 ppm thiame-
thoxam equivalents at the low dose. After oral dosing, maximal radioactivity in the blood was reached 
between 1 and 4 hours after administration in male and female rats independent of the dose level and 
the label; maximal concentrations averaged 0.18 and about 37 ppm thiamethoxam equivalents at the 
low and high doses, respectively. The radioactivity in the blood decreased rapidly, reaching half the 
maximal values 2–3 hours after intravenous administration and about 7 hours after oral administra-
tion in both sexes.

After oral administration, the areas under the concentration in blood–time curve (AUC
0–24 h

) 
were in the same range for both labels and both sexes, accounting for an average of 1.4 and 318 
µg·h/g at the low and high dose levels, respectively. Comparisons of AUCs at the low and high doses 
indicate a linear relationship of the bioavailability with dose in the range 0.5–100 mg/kg bw. Inde-
pendent of the dose and the labels used, the bioavailability determined by the AUC

0–24 h
 ratio after 

Table 3. Absorption of radioactivity by rats after a single oral administration of [thiazol-2-14C]-
thiamethoxam or [oxadiazin-4-14C]thiamethoxam 

% of dose

[Thiazol-2-14C]thiamethoxam [Oxadiazin-4-14C]thiamethoxam

Low dose × 1a Low dose × 14a High dose × 1a Low dose × 
1 bileb

Low dose × 1a High dose × 1a Low dose × 
1 bileb

Male Female Male Female Male Female Male Male Female Male Female Male

Dose (mg/kg bw)

0.54 0.56 0.42 0.44 91.2 98.9 0.49 0.44 0.46 100.9 104.2 0.48

Urine 91.3 93.0 96.2 94.7 95.5 96.5 81.4 92.9 95.7 96.9 99.2 86.8

Bile n.a. n.a. n.a. n.a. n.a. n.a. 3.9 n.a. n.a. n.a. n.a. 4.5

Tissues 0.4 0.3 0.4 0.5 0.3 0.3 1.5 0.3 0.2 0.3 0.7 1.6

Sum 91.7 93.3 96.6 95.2 95.8 96.8 86.8 93.2 95.9 97.2 99.9 92.9

From Müller & Stampf (1996)

n.a., not applicable (not collected)
a 168 h time interval.  
b Bile duct–cannulated male rats, 48 h time interval.
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oral and intravenous administration was about 0.7 and 0.8 for male and female rats, respectively. The 
major results are summarized in the Table 5.

Depletion from the broad range of tissues sampled is assumed to follow fi rst-order kinetics. 
The half-lives in all tissues were in the range of 2–6 hours, independent of the dose level, the site 
of the label and the sex of the rats. Tissue residues were determined in male and female rats at four 
different time points after oral administration of [thiazol-2-14C]thiamethoxam at both dose levels and 
[oxadiazin-4-14C]thiamethoxam at the low dose level. As a consequence of the rapid depletion, the 
tissue residues were very low 7 days after oral administration of the low dose (0.5 mg/kg bw) when 
the tissue residues did not exceed 0.0033 ppm thiamethoxam equivalents (found in liver). The other 
tissue residues were close to or even below the limit of quantifi cation. In some tissues (e.g. bone), 
the residues were below the limit of detection. At the low dose level, the limits of quantifi cation 
were 0.0004–0.008 ppm for blood, brain, fat, heart, kidneys, liver, muscle, plasma, spleen and testes, 
0.006–0.0011 ppm for bone, lungs and uterus and 0.0024–0.0031 ppm for ovaries. Treatment for 
14 consecutive days with oral administrations of non-radiolabelled thiamethoxam (0.5 mg/kg bw) 
followed by a single oral dose of [thiazol-2-14C]thiamethoxam did not infl uence the pattern of tissue 
residues. 

After oral administration of the high dose (100 mg/kg bw), the concentrations in the tissues 
were proportionally (i.e. about 200 times) higher. The highest concentrations in tissues were again 
found in the liver. The liver residues in male rats were slightly higher after administration of the 
[oxadiazin-4-14C] label (i.e. 0.56 ppm thiamethoxam equivalents) than after dosing of the [thiazol-2-
14C] label (0.37 ppm thiamethoxam equivalents), whereas female rats showed similar concentrations 
after receiving either label; however, as the residue levels in all the other tissues at the high dose and 
in all tissues at the low dose were essentially the same for both labels, a signifi cant label difference 
cannot be reliably identifi ed. Following liver, the tissues with the next highest concentration tended 
to be either kidney or blood.

1.2 Metabolism

Mice

No qualitative or quantitative differences were seen in the urinary metabolite profi les among 
the different dietary dose levels (Mewes, 2000). Unchanged thiamethoxam and the metabolites 

Table 5. Blood kinetics following single intravenous or oral administrations to rats of [thiazol-2-
14C]thiamethoxam or [oxadiazin-4-14C]thiamethoxam 

[Thiazol-2-14C]thiamethoxam [Oxadiazin-4-14C]thiamethoxam

Low dose × 1 iv Low dose × 1 po High dose × 1 po Low dose × 1 po High dose × 1 po

Male Female Male Female Male Female Male Female Male Female

Dose (mg/kg bw)

0.51 0.54 0.55 0.55 91.8 100.7 0.44 0.46 101.8 104.0

C
max

 (ppm) — — 0.174 0.168 43.22 34.45 0.201 0.186 35.74 32.95

T
max

 (h) 0.25 0.25 4 2 2 1 2 1 4 1

T
max

/2 (h) 3 2 8 8 7 7 6 5 9 8

AUC
0–24 h 

(µg·h/g) 2.5 1.7 1.6 1.6 344.9 263.8 1.3 1.1 367.1 296.6

Bioavailability (%) 100 100 60 90 80 80 60 70 80 90

From Müller & Stampf (1996)

C
max

, maximum concentration in plasma; iv, intravenous; po, by mouth (per os); T
max

, time to reach the maximum concentration in plasma
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CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-N′′-nitroguanidine] and CGA 265307 
[N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine] represented the majority of the radioactivity in 
urine, accounting for 36–44%, 10–15% and 8–11% of the dose, respectively. The minor metabolite 
CGA 353968 [1-(2-chlorothiazol-5-ylmethyl)-3-methylurea] accounted for 0.7–1.3% of the dose. 
Four other unidentifi ed fractions (R1–R4) each accounted for 0.5–2% of the dose.

Minor metabolites that were detected in mouse urine are NOA 402988 [2-methylsulfanylthia-
zole-5-carboxylic acid], NOA 407475 [3-(2-chlorothiazol-5-ylmethyl)-5-methyl-[1,3,5]oxadiazinan-
4-ylideneamine], NOA 404617 [1-(2-chlorothiazol-5-ylmethyl)-3-nitrourea], 4U [(2-chlorothia-
zol-5-ylmethyl)-urea], 6U [2-acetylamino-3-(2-chlorothiazol-5-ylmethylsulfanyl)-propionic acid], 
NOA 421275 [N-(2-chlorothiazol-5-ylmethyl)-N′-methylguanidine] and NOA 421276 [N-(2-
chlorothiazol-5-ylmethyl)-guanidine]. In addition to these metabolites, two unknown non-polar 
metabolites (R14 and R15) were detected in mouse urine.

Approximately 90% of the radioactivity in the faeces was extractable, and the metabolites in 
the faecal extracts were the same as in the urine. No qualitative or quantitative differences were seen 
in the metabolite profi les of the faecal extracts among the different dietary dose levels. Unchanged 
thiamethoxam and the metabolites CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-N′′-
nitroguanidine] and CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine] represented 
the majority of the radioactivity in urine, accounting for 8–14%, 4–6% and 3–7% of the dose, respec-
tively. The minor metabolite CGA 353968 [1-(2-chlorothiazol-5-ylmethyl)-3-methylurea] accounted 
for 0.3–0.4% of the dose. Four other unidentifi ed fractions (R1–R4) each accounted for 0.5–2.5% of 
the dose.

Two-dimensional thin-layer chromatographic analysis of the faecal extracts revealed the pres-
ence of unchanged thiamethoxam and the metabolites CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-
N′-methyl-N′′-nitroguanidine], CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine], 
NOA 407475 [3-(2-chlorothiazol-5-ylmethyl)-5-methyl-[1,3,5]oxadiazinan-4-ylideneamine], 
NOA 402988 [2-methylsulfanylthiazole-5-carboxylic acid], NOA 421275 [N-(2-chlorothiazol-
5-ylmethyl)-N′-methylguanidine] and NOA 421276 [N-(2-chlorothiazol-5-ylmethyl)-guanidine]. 
Metabolite R6, accounting for 1.9–2.6% of the daily dose in mouse faeces, was isolated, with a 
structure proposed as 2-acetylamino-3-[5-(5-methyl-4-nitroimino-[1,3,5]oxadiazinan-3-ylmethyl)-
thiazol-2-ylsulfanyl]-propionic acid, based on results from mass spectrometry. Quantitative aspects 
of these results are presented in section 1.3, in comparison with the fi ndings from rats.

Bile metabolite profi les showed no qualitative or quantitative differences among the different 
dietary dose levels. The majority of the radioactivity in bile consisted of very polar metabolites, the 
most important of which was metabolite M04, representing 14–22% of the dose. Unchanged CGA 
293343 and the metabolites CGA 322704 and CGA 265307 each accounted for 3–6% of the dose.

Plasma metabolite profi les also showed no qualitative or quantitative differences among the 
different dietary dose levels. Unchanged thiamethoxam and the metabolites CGA 322704 [N-(2-
chlorothiazol-5-ylmethyl)-N′-methyl-N′′-nitroguanidine] and CGA 265307 [N-(2-chlorothiazol-5-
ylmethyl)-N′-nitroguanidine] represented the majority of the radioactivity in plasma, accounting for 
17–26%, 19–26% and 43–50% of the dose, respectively.

Radioactive residues in the liver accounted for 0.4–0.7% of the total dose, and approximately 
90% of this radioactivity was extractable. No qualitative or quantitative differences were seen in 
the metabolite profi les of the liver extracts among the different dietary dose levels. Unchanged 
thiamethoxam and the metabolites CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-N′′-
nitroguanidine] and CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine] each accounted 
for 0.3–2.2% of the dose. Although most of the radioactivity in liver consisted of very polar metabo-
lites, even the more prevalent of these amounted to less than 0.25%, individually, of the total radioac-
tive dose.
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The studies of Mewes (1998, 2000) and Briswalter (1999) demonstrated that the major reac-
tion involved in the biotransformation of thiamethoxam in mice is the cleavage of the oxadiazine ring 
to result in the corresponding nitroguanidine compound, which is followed by its demethylation. In 
this way, the two major metabolites, CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-N′′-
nitroguanidine] and CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine], are formed. 
Another important pathway is the substitution of the chlorine of the thiazole ring in thiamethoxam 
by glutathione, followed by its subsequent and complex degradation. Minor pathways (< 1% of the 
daily dose for each metabolite) include the cleavage of the nitroguanidine group from the oxadiazine 
ring of thiamethoxam to result in the corresponding guanidine. The guanidine metabolite can then 
be demethylated and hydrolysed, the latter to form a urea derivative. As these compounds retain the 
chlorine, this can react with glutathione to add more metabolites and increase complexity. 

Substitution of the chlorine of the thiazole ring in thiamethoxam by glutathione and subse-
quent reactions on the glutathione moiety resulted in metabolite R6 found in mouse faeces. Minor 
pathways (< 1% of the daily dose for each metabolite) include the cleavage of the nitroguanidine 
group of thiamethoxam to result in the corresponding guanidine, yielding metabolite NOA 407475 
[3-(2-chlorothiazol-5-ylmethyl)-5-methyl-[1,3,5]oxadiazinan-4-ylideneamine]. Cleavage of the 
nitroguanidine group and the oxadiazine ring yielded metabolite NOA 421275 [N-(2-chlorothiazol-
5-ylmethyl)-N′-methylguanidine]. Demethylation of NOA 421275 [N-(2-chlorothiazol-5-ylmethyl)-
N′-methylguanidine] yielded metabolite NOA 421276 [N-(2-chlorothiazol-5-ylmethyl)-guanidine]. 
Hydrolysis of the guanidine group of CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine] 
yielded the respective urea derivative, NOA 404617 [1-(2-chlorothiazol-5-ylmethyl)-3-nitrourea]. 
Substitution of the chlorine of the thiazole ring by glutathione and subsequent degradation resulted 
in the formation of metabolite NOA 402988 [2-methylsulfanylthiazole-5-carboxylic acid]. Metabo-
lite 4U [(2-chlorothiazol-5-ylmethyl)-urea] is formed by hydrolysis of NOA 421276 [N-(2-chloro-
thiazol-5-ylmethyl)-guanidine]. More reactions of NOA 421276 with glutathione and subsequent 
metabolic transformations led to the formation of metabolite 6U [2-acetylamino-3-(2-chlorothiazol-
5-ylmethylsulfanyl)-propionic acid], an N-acetylcysteinyl derivative of the thiazole moiety of thia-
methoxam. 

Minor pathways include the cleavage of the nitroguanidine group to result in the corresponding 
guanidine, yielding metabolite NOA 407475. Demethylation of NOA 407475 yielded metabolite N1. 
Cleavage of the nitroguanidine group and the oxadiazine ring of metabolite NOA 407475 yielded 
metabolite NOA 421275. Demethylation of NOA 421275 yielded metabolite NOA 421276. Hydroly-
sis of the guanidine group of CGA 265307 yielded the respective urea derivative, NOA 404617. 
Metabolite 4U is formed by hydrolysis of NOA 421276. Cleavage between the thiazole and oxa-
diazine moieties occurs to a very small extent, as shown by the presence of minor metabolites 6U, 
MO1, MO2, CGA 359683 and NOA 402988. 

Based on the similarities in the metabolites identifi ed, it appears that the metabolism of thia-
methoxam in the mouse proceeds by the same major pathways as in the rat (see below). The new 
minor metabolites found were R14 [3-(2-chlorothiazol-5-ylmethyl)-[1,3,5]oxadiazinan-4-ylideneam-
ine], R15: CGA 359683 [2-chlorothiazole-5-carboxylic acid], MO1 and MO2, which are glucuronic 
acid and acetylcysteine conjugates, respectively, of CGA 349208 and MO3, the N-acetyl cysteine 
conjugate of CGA 265307.

A proposed metabolic pathway for thiamethoxam in mice and other vertebrate species is shown 
in Figure 2 below.

Rats

The metabolic pathways of thiamethoxam were studied in male and female rats (Rumbëli, 
1998; Thanei & Rümbeli, 1998) using the samples collected in the kinetic investigations described 
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above (Müller & Stampf, 1996) and stored at –18 °C. The urinary pattern of metabolites determined 
quantitatively by two-dimensional thin-layer chromatography was complex and essentially independ-
ent of sex, dose, preliminary treatment with non-radiolabelled thiamethoxam and route of admin-
istration. Very minor label-specifi c fractions were observed. The faecal pattern of metabolites was 
similar to, although less complex than, that found for urine, with some quantitative variations, but 
generally was independent of sex, dose, preliminary treatment with non-radiolabelled thiamethoxam 
and route of administration. The faecal pattern was only slightly dependent on the position of the 
label. The bile pattern was even less complex and independent of the position of the label, with some 
quantitative variations. All the patterns of metabolites in excreta were dominated by two major frac-
tions that together accounted for approximately 60–80% of the dose.

Ultimately, 12 metabolites were isolated from the urine of the high-dose male and female rats 
and identifi ed by spectroscopy. In addition, 13 metabolites were identifi ed by co-chromatography 
with authentic reference substances.

The major fraction in urine, accounting for about 70–80% of the dose, was unchanged 
thiamethoxam. Based on the structures of the identifi ed metabolites, the metabolic pathways of 
thiamethoxam in rats were derived and proposed to consist of the following:

 cleavage of the oxadiazine ring to the corresponding nitroguanidine compound (major • 
pathway);

 reduction of the nitroguanidine group to a hydrazine followed by either acetylation or pyruvate • 
conjugation (minor pathway);

 cleavage of the nitroguanidine group, yielding a guanidine derivative (minor pathway);• 

 hydrolysis of the guanidine group to the corresponding urea (minor pathway);• 

 demethylation of the guanidine group (minor pathway);• 

 substitution of the chlorine of the thiazole ring by glutathione (minor pathway);• 

 cleavage between the thiazole and oxadiazine rings (minor pathway).• 

The proposed metabolic pathway of thiamethoxam in all of the mammalian and avian species 
studied (rat, mouse and—as reported in the 2010 JMPR meeting report (Annex 1, reference 119)—
goat and fowl) is presented in Figure 2. The majority of metabolites were the result of more than one 
of the above-mentioned transformations. Identifi ed metabolites are listed in Table 6. 

Cleavage between the thiazole and oxadiazine rings occurs to a very small extent. It is initiated 
either by attack of glutathione on the bridging methylene group as long as the nitroguanidine moiety 
is intact, rendering a good leaving group, or by oxidative dealkylation. The former reaction gives rise 
to a thiazole-5-ylmethyl-glutathione derivative and a nitroguanidine compound, whereas the latter 
reaction ultimately produces the respective carboxylic acid derivative of thiazole and the correspond-
ing cleavage counterpart.

Three hydrazine derivative metabolites of thiamethoxam have been found in rats. Two of these 
derivatives were detectable in rat excreta in small amounts. All of the hydrazine derivatives detected 
were acylated (pyruvate or acetate) and incorporated in an enamine structure (formed by reaction of 
a secondary amine with a carbonyl), which suggests a reduced reactivity of the hydrazine moiety.

The glutathione derivatives are prone to further degradation of the glutathione moiety, resulting 
in various sulfur-containing metabolites (e.g. mercapturates, sulfi des and sulfoxides). These various 
sulfur-containing metabolites contribute signifi cantly to the complex pattern of metabolites found in 
urine.
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Figure 2. Proposed integrated metabolic pathways of thiamethoxam in mice, rats, goats and fowl
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N5
Goat

L1d
Rat, Goat

MU12
Goat

NOA 407476
Rat, Goat, Hen, Mouse

NOA 421276
Rat, Goat, Hen, Mouse

CGA 322704
Rat, Goat, Hen, Mouse

CGA 233343, 1U
Rat, Goat, Hen

CGA 330050
Rat

R6
Rat, Mouse

N1
Goat

NOA 421276
Rat, Goat, Mouse NUS

Rat, Hen

CGA 256307, 1SU
Rat, Goat, Hen, Mouse

1SU
Rat

CCA 356380, 1SU
Rat, Goat, Hen

CGA 363868, 3U
Rat, Goat

4U, SU
Rat, Goat, Hen, Mouse

6U
Rat, Mouse

NOA 232317, 1SU
Rat, Goat, Hen, Mouse

CGA 300336
Goat

17U
Rat

5U
Rat

CGA 363633
Rat, Goat

CGA 282149
Rat

NOA 402868, 14L
Rat, Goat, Hen, Mouse NOA 403545

Rat

CGA 353042
Rat

CGA 24076
Rat CGA 204261

Rat

NOA 406217
Rat, Goat, Hen

N
S

S

S
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Table 6. Thiamethoxam and its metabolites as found in rats, mice, goats and fowl (hen) 

Code number IUPAC name Found in Structure

CGA 293343

1U

3-(2-Chlorothiazol-5-ylmethyl)-5-methyl-
[1,3,5]oxadiazinan-4-ylidene-N-nitroamine

Rat, goat, 
hen N

N

O
S

N

Cl

N

N+

O O

CGA 322704

2U

N-(2-Chlorothiazol-5-ylmethyl)-N′-methyl-N′′-
nitroguanidine

Rat, goat, 
hen NH

NH

S

N

Cl

N

N+

O O

CGA 204261 N-Methylurea Rat NH2

NHO

CGA 265307

18U

N-(2-Chlorothiazol-5-ylmethyl)-N′-
nitroguanidine

Rat, goat, 
hen NH

NH

S

N

Cl

NH

N+

O O

MO3 N-Acetylcysteine conjugate of CGA 265307 Mouse

CGA 282149 3,6-Dihydro-3-methyl-N-nitro-2H-1,3,5-
oxadiazin-4-amine

Rat
NH

N

O

N

N
+

O O

CGA 309335 (2-Chlorothiazol-5-yl)-methylamine Goat S

N

Cl NH2

CGA 330050 3-(2-Chlorothiazol-5-ylmethyl)-[1,3,5]-
oxadiazinan-4-ylidene-N-nitroamine

Mouse, rat
N

N
H

O
S

N

Cl

N

N
+

O O

CGA 340575 3,6-Dihydro-N-nitro-2H-1,3,5-oxadiazin-4-
amine

Rat
NH

N
H

O

N

N
+

O O

CGA 349208 2-Chloro-5-thiazolemethanol Mouse S

N

Cl OH

MO1 Glucuronic acid conjugate of CGA 349208 Mouse

MO2 N-Acetylcysteine conjugate of CGA 349208 Mouse

CGA 353042 3,6-Dihydro-3-methyl-2H-1,3,5-oxadiazin-4-
amine

Rat
NH

N

O

NH
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Code number IUPAC name Found in Structure

CGA 353968

3U

1-(2-Chlorothiazol-5-ylmethyl)-3-methylurea Rat, goat
NH

NH

S

N

Cl

O

CGA 355190

19U

3-(2-Chlorothiazol-5-ylmethyl)-5-methyl-
[1,3,5]oxadiazinan-4-one

Rat, goat, 
hen N

N

O
S

N

Cl

O

CGA 359683 2-Chlorothiazole-5-carboxylic acid Mouse, rat, 
goat S

N

O

OHCl

NOA 402988

14U

2-Methylsulfanylthiazole-5-carboxylic acid Rat, goat, 
hen S

N

O

OHS

NOA 404617

15U

1-(2-Chlorothiazol-5-ylmethyl)-3-nitrourea Rat, goat, 
hen NH

O

S

N

Cl

NH

N+

O O

NOA 405217 N-Nitro-N′-methylguanidine Rat, goat, 
hen

NH

NHNH

N+

O O

NOA 407475 3-(2-Chlorothiazol-5-ylmethyl)-5-methyl-
[1,3,5]oxadiazinan-4-ylideneamine

Rat, goat, 
hen N

N

O
S

N

Cl

NH

NOA 408445 [(2-Chlorothiazole-5-carbonyl)-amino]-acetic 
acid

Rat

S

N

O

N
HCl

OH

O

NOA 421275 N-(2-Chlorothiazol-5-ylmethyl)-N′-
methylguanidine

Rat, goat, 
hen NH

NH

S

N

Cl

NH

NOA 421276 N-(2-Chlorothiazol-5-ylmethyl)-guanidine Rat, goat
NH

NH2

S

N

Cl

NH

4U

8U

13U

(2-Chlorothiazol-5-ylmethyl)-urea Rat, goat, 
hen NH

NH2

S

N

Cl

O

Table 6 (continued)
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Code number IUPAC name Found in Structure

5U 2-Acetylamino-3-(2-chlorothiazol-5-
ylmethanesulfi nyl)-propionic acid

Rat

S

N

Cl S
NH

O

OH O
O

6U 2-Acetylamino-3-(2-chlorothiazol-5-
ylmethylsulfanyl)-propionic acid

Rat

S

N

Cl S
NH

O

OH O

16U 2-Acetylamino-3-[5-(N′-methyl-N′′-
nitroguanidinomethyl)-thiazol-2-ylsulfanyl]-
propionic acid

Rat

NH

NH

S

N N

N
+

O O

S

N
H

O
OH

O

17U 2-Acetylamino-3-[5-(5-methyl-4-oxo-[1,3,5]-
oxadiazinan-3-ylmethyl)-thiazol-2-ylsulfanyl]-
propionic acid

Rat

N

N

O
S

N O

S

N
H

OH

O

O

L14 2-Oxopropionic acid [3-(2-chlorothiazol-5-
ylmethyl)-5-methyl-[1,3,5]oxadiazinan-4-
ylidene]-hydrazide

Rat, goat
N

N

O
S

N

Cl

N

NH

O

O

MU3 Amino-([(2-chlorothiazol-5-ylmethyl)-amino]-
methylene)-hydrazide

Rat, hen
NH

NH2

S

N

Cl

N

NHO

MU12 2-Oxopropionic acid ([(2-chlorothiazol-5-
ylmethyl)-amino]-methylamino-methylene)-
hydrazide

Goat
NH

NH

S

N

Cl

N

NH

O

O

N1, mouse R14 3-(2-Chlorothiazol-5-ylmethyl)-[1,3,5]-
oxadiazinan-4-ylideneamine

Mouse, goat
N

N

O
S

N

Cl

NH

Table 6 (continued)
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Both the thiazole and oxadiazine moieties are susceptible to oxidative attack. These minor 
pathways proceed rapidly to small molecules, which may, at least partially, enter the general metabo-
lism. As described previously (Müller & Stampf, 1996), a small but measurable amount of radioac-
tivity was exhaled after administration of either label, most probably as carbon dioxide. The small 
metabolites resulting from thiazole and oxadiazine ring degradation also contribute to the metabolite 
complexity found in urine.

The degradation resulted in metabolites that, together with unchanged thiamethoxam, were 
eliminated very rapidly. The administered dose was almost completely absorbed and was degraded 
partially and eliminated almost completely via urine. Excretion via bile and ultimately via faeces was 
of very minor importance. Enterohepatic circulation was negligible.

1.3 Comparison of excretion and metabolism in mice and rats

In toxicity studies, described below, in which thiamethoxam was administered to rats and mice, 
a clear species difference was observed with respect to hepatotoxicity and the incidence of liver 
tumours. The latter was observed only in mice. Consequently, in an effort to understand this species 
difference, several metabolism studies were conducted in mice in order to compare the metabolic rate 
and fate of thiamethoxam in mice with those in rats. 

There was about a 4-fold increased faecal excretion of radioactivity in mice (Mewes, 1998) 
compared with rats in the kinetic study (Müller & Stampf, 1996), revealing a species difference in the 
routes of excretion. About 19% of the total administered radioactivity was found in the mouse faeces, 
whereas only 5.1% of the dose was recovered in the rat faeces. The data are summarized in Table 7.

As the relative amounts excreted in mouse urine and faeces did not change markedly over the 
treatment period, it is likely that the different excretion patterns can be attributed to differences in the 
species rather than in the dose regimens. Of the daily administered thiamethoxam dose, 30–60% was 
metabolized and excreted in mice, whereas only 20–30% of the dosed thiamethoxam was metabo-
lized and excreted in rats.

Identifi ed metabolites were quantifi ed in urine and faecal samples collected over 0–24 hours 
from rats receiving 91 mg/kg bw [thiazol-2-14C]thiamethoxam on a single occasion and compared 
with samples collected over 0–24, 72–96, 144–168, 216–240, 288–312 and 360–384 hours from 
mice receiving 118 mg/kg bw [thiazol-2-14C]thiamethoxam per day for 14 days. The 360- to 384-hour 
collection represented the collection from the last dose, which was administered at 312 hours. 

Code number IUPAC name Found in Structure

N5 Acetic acid [3-(2-chlorothiazol-5-ylmethyl)-
5-methyl-[1,3,5]oxadiazinan-4-ylidene]-
hydrazide

Goat
N

N

O
S

N

Cl

N

NHO

R6 2-Acetylamino-3-[5-(5-methyl-4-nitroimino-
[1,3,5]oxadiazinan-3-ylmethyl)-thiazol-2-
ylsulfanyl]-propionic acid

Mouse, rat

N

N

S

N N

N
+

O O

S

N
H

O
OH

O
O

From Briswalter (1999, 2002a,b,c); Mewes (2000) 

Table 6 (continued)
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In urine, unchanged thiamethoxam represented 73% of the dose to rats, whereas it repre-
sented 33–41% of the dose to mice at the fi ve collection times covering 0–312 hours. The metabolite 
CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-N′′-nitroguanidine] represented 12% of the 
dose to rats and about the same, 8–12%, of the dose to mice at the fi ve successive collection times. 
Only for the metabolite CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine] was there 
a marked difference in urinary representation, this being 1.9% of the dose to rats and 9.4–17.9% in 
mice. All other identifi ed metabolites found in urine represented less than 0.9% of the dose in both 
rats and mice. There was, however, unresolved polar material that represented 0.3% of the dose to rats 
and between 4.7% and 8.1% of the dose to mice.

In faeces, unchanged thiamethoxam represented 1.2% of the dose to rats, whereas in mice, at 
the successive collection times, it represented 0.9%, 1%, 3.5%, 7.8% and 4.5% of the dose to mice. 
As there was but a single collection time from rats, it is not known whether the higher proportion of 
the administered dose found in mice at the three later collection times represents a true difference 
from rats or not. Similarly, the metabolite CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-
N′′-nitroguanidine] represented just 0.2% of the dose to rats and 0.3% of the dose to mice in faeces 
collected over 0–24 hours, whereas it tended to increase as a proportion of the administered dose at 
the successively later times to 0.5%, 1.7%, 3.2% and 1.8%. However, there did appear to be a species 
difference in the proportion of CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine], 
which represented just 0.04% of the dose in rats, but 0.59% in mice, over the 0- to 24-hour sampling 
time. At the successively later sampling times for mice, it represented 1.9%, 3.9%, 6.3% and 3.3% of 
the dose. The only other metabolite for which there was a substantial species difference, even when 
comparing the 0- to 24-hour sampling times, was R6 [2-acetylamino-3-[5-(5-methyl-4-nitroimino-
[1,3,5]oxadiazinan-3-ylmethyl)-thiazol-2-ylsulfanyl]-propionic acid], which was not detected in rats 
but represented 2.15% of the dose to mice. This proportion in mice was maintained over the later 
sampling times, when it varied between 1.9% and 2.6%. However, eight other metabolites were also 
not detected in rat faeces but occurred in measurable amounts in mouse faeces, accounting for up to 
0.8% of the administered dose (although more usually at much lower levels).

Comparisons of rats and mice are also possible from the results of three later studies (Briswal-
ter, 2002a,b,c). First, aspects of these studies will be summarized.

Briswalter (2002a) studied the metabolism of [oxadiazin-4-14C]thiamethoxam in mice after 
oral administration at a single oral dose of 0.5 or 100 mg/kg bw with a special emphasis on metab-
olite identifi cation. The excretion and tissue distribution of thiamethoxam were investigated in a 

Table 7. Species differences in metabolism of thiamethoxam in rats and mice 

Excretion (% of total dose)

Rata Mouseb

Single oral, 91.2 mg/kg bw Multiple oral, 14 × 118.2 mg/kg bw

Urine 95.49 71.75

Faeces 5.14 18.84

Expired air 0.18 0.06c

Cage wash 0.18 3.81

Tissue residues 0.29 Not determined

Total recovery 101.28 94.46

From Müller & Stampf (1996); Mewes (1998)
a Data are taken from Müller & Stampf (1996).
b Data are from Mewes (1998). 
c Collection period 0–72 h after the fi rst administration.
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 previous, oral, multiple-dose study (Briswalter, 2002d) from which samples were used during this 
study. Approximately 72–73% of the administered dose was excreted in urine and a further 14–20% 
was excreted in faeces at the low dose level, and 82–90% and 11–15% were excreted in the urine and 
faeces, respectively, at the high dose level.

In urine, unchanged thiamethoxam and the metabolites CGA 265307 [N-(2-chlorothiazol-
5-ylmethyl)-N′-nitroguanidine] and CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-N′′-
nitroguanidine] were identifi ed and represented the majority of the radioactivity in urine, account-
ing for 25–41%, 10–16% and 13–19% of the dose, respectively. Two minor metabolites—M010 
(N-formyl-N′-hydroxyurea) and M011 (N-formyl-N′-(hydroxymethyl)-urea)—accounted for 5–8% 
and 1–3% of the dose, respectively. Metabolites M012 [N′-formylureidoacetic acid] and CGA 330050 
[3-(2-chlorothiazol-5-ylmethyl)-[1,3,5]oxadiazinan-4-ylidene-N-nitroamine] were detected in trace 
amounts.

The faecal extracts contained the same metabolites as urine. Unchanged thiamethoxam 
accounted for 2–4% of the dose, and metabolites CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-
methyl-N′′-nitroguanidine], CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine], M010 
(N-formyl-N′-hydroxyurea) and M011 [N-formyl-N′-(hydroxymethyl)-urea] accounted for 1–3%, 
2–6%, 1–2% and 0.1–0.6% of the dose, respectively.

Briswalter (2002b) studied the blood kinetics of thiamethoxam and its metabolites in male rats 
after a single oral administration of [oxadiazin-4-14C]thiamethoxam at a dose of 107 mg/kg bw. Total 
residue levels in blood reached a maximum 6 hours after dosing of 50 µg of thiamethoxam equiva-
lents per gram and declined rapidly thereafter. The half-life of elimination of total radioactivity in 
blood was 3 hours.

The radioactivity in the blood of rats was almost quantitatively extractable with acetonitrile. 
Thiamethoxam was the major component detected in blood, followed by CGA 322704 [N-(2-
chlorothiazol-5-ylmethyl)-N′-methyl-N′′-nitroguanidine]. Only trace amounts of CGA 265307 
[N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine] were found. As for the total radioactive resi-
dues, the maximum levels of thiamethoxam and metabolites in blood were reached 6 hours after 
dosing and declined rapidly thereafter. The maximum concentration of thiamethoxam in blood was 
41 µg/g, with a half-life of elimination of 2 hours. The maximum concentrations of the metabo-
lites CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-N′′-nitroguanidine] and CGA 265307 
[N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine] in blood were 8 µg/g and 0.6 µg/g, respectively, 
with half-lives of 4 hours and 8 hours, respectively (Table 8).

Following administration of a single oral dose of [oxadiazin-4-14C]thiamethoxam at a mean 
dose of 105.7 mg/kg bw to male mice (Briswalter, 2002c), radioactivity was rapidly absorbed into the 
systemic circulation. Total residue levels in blood reached a maximum 0.5 hour after dosing of 41 µg 

Table 8. Summary of kinetic data following administration of a single oral dose of [oxadiazin-4-
14C]thiamethoxam at 106.5 mg/kg bw to male rats 

Parameter Total 14C 
residues

Thiamethoxam CGA 322704 [N-(2-chlorothiazol-
5-ylmethyl)-N′-methyl-N′′-
nitroguanidine]

CGA 265307 [N-(2-
chlorothiazol-5-ylmethyl)-N′-
nitroguanidine]

C
max 

(ppm) 

T
max

 (h)

t
½
 (h)

AUC
0–24 h 

(µg·h/g)

50

6

3

581

41

6

2

467

8

6

4

92

0.6

6

8

8

From Briswalter (2002b)

C
max

, maximum concentration in plasma; t
½
, half-life of elimination from plasma; T

max
, time to reach the maximum concentration in 

plasma
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thiamethoxam equivalents per gram and declined rapidly thereafter. The half-life of elimination of 
total radioactivity in blood was 4 hours (Table 9).

The radioactivity in the blood of mice was almost quantitatively extractable, with the exception 
of a subgroup sampled 24 hours after dose administration. Thiamethoxam was the major component 
detected in blood. Lower amounts of the metabolites CGA 322704 [N-(2-chlorothiazol-5-ylmethyl)-
N′-methyl-N′′-nitroguanidine], CGA 265307 [N-(2-chlorothiazol-5-ylmethyl)-N′-nitroguanidine] 
and CGA 330050 [3-(2-chlorothiazol-5-ylmethyl)-[1,3,5]oxadiazinan-4-ylidene-N-nitroamine] were 
also detected in blood.

Of the radioactive residues identifi ed, the maximum level of thiamethoxam in blood was 
reached 0.5 hour after dosing and declined rapidly thereafter. The maximum concentration of thiame-
thoxam in blood was 32 µg/g, with a half-life of elimination of 3 hours. The metabolites CGA 322704 
[N-(2-chlorothiazol-5-ylmethyl)-N′-methyl-N′′-nitroguanidine], CGA 265307 [N-(2-chlorothiazol-5-
ylmethyl)-N′-nitroguanidine] and CGA 330050 [3-(2-chlorothiazol-5-ylmethyl)-[1,3,5]oxadiazinan-
4-ylidene-N-nitroamine] reached maximum concentrations in blood of 4–6 µg/g after 2 hours and 
had half-lives of elimination of 3 hours.

This study was followed by one in which [oxadiazin-4-14C]thiamethoxam was administered to 
male and female mice by gavage at a nominal dose of 0.5 or 100 mg/kg bw. Urine and faeces were 
collected over a number of periods spanning 0–72 hours after dosing, and tissues were collected 72 
hours after dosing.

Absorption of [oxadiazin-4-14C]thiamethoxam from the gastrointestinal tract into the systemic 
circulation amounted to approximately 76% at the low dose level and about 88% at the high dose 
level, based on the recovery of radioactivity in urine, cage wash, tissues and carcass. The metabolite 
profi les were similar in urine and faeces (Briswalter, 2002a), and it was concluded that the portion of 
the dose excreted in faeces represents absorbed thiamethoxam excreted in the bile.

The routes and rates of elimination were independent of dose level and sex. Following oral 
administration of [oxadiazin-4-14C]thiamethoxam at both the high and low dose levels, excretion 
was rapid and almost complete within 24 hours, with most of the radioactivity excreted via urine. 
At the low dose level, means of 72% (males) and 73% (females) of the dose were excreted in urine, 
and 20% (males) and 14% (females) of the dose were excreted via faeces. The routes and rates of 
excretion were similar at the high dose level, with urinary excretion accounting for 82% (males) and 
90% (females) of the dose and faecal excretion accounting for 11% (males) and 15% (females) of 
the dose.

At both the low and high dose levels, radioactive residues remaining in the tissues and carcass 
72 hours after dosing were low, accounting for approximately 1% of the dose in total. The  distribution 

Table 9. Summary of toxicokinetic data following administration of a single oral dose of 
[oxadiazin-4-14C]thiamethoxam at 105.7 mg/kg bw to male mice 

Parameter Total 14C 
residues

Thiamethoxam CGA 322704 [N-(2-
chlorothiazol-5-
ylmethyl)-N′-methyl-
N′′-nitroguanidine]

CGA 265307 
[N-(2-
chlorothiazol-
5-ylmethyl)-N′-
nitroguanidine]

CGA 330050 [3-(2-
chlorothiazol-5-ylmethyl)-
[1,3,5]oxadiazinan-4-
ylidene-N-nitroamine]

C
max 

(ppm) 

T
max

 (h)

t
½
 (h)

AUC
0–24 h 

(µg·h/g)

41

0.5

4

277

32

0.5

3

122

6

2

3

39

6

2

3

66

4

2

3

28

From Briswalter (2002c)

C
max

, maximum concentration in plasma; t
½
, half-life of elimination from plasma; T

max
, time to reach the maximum concentration in 

plasma
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of residues in the tissues and organs was essentially independent of dose level and sex, although tis-
sue residues were slightly higher in female mice than in male mice. 

At the low dose level, the highest tissue residue concentrations were found in the liver, amount-
ing to 0.0139 ppm in males and 0.0271 ppm in females. Residues in all other tissues and organs were 
below 0.0032 ppm. Residues were correspondingly higher at the high dose level, with residues in 
liver amounting to 2.675 ppm in males and 5.114 ppm in females. Residues did not exceed 0.53 ppm 
in any other tissues. 

Based on the metabolites identifi ed in urine and faeces, the metabolism of thiamethoxam in 
mice proceeds by the same major pathway as in rats. There are, however, quantitative interspecies dif-
ferences that deserve mention. Taking into consideration all of the absorption, distribution, metabo-
lism and elimination studies summarized in this document, it can be concluded that about 20–30% 
of the dose was eliminated as metabolites of thiamethoxam in rats, whereas metabolism was more 
extensive in mice, with 30–60% of the dose appearing as metabolites of thiamethoxam. The predomi-
nant metabolites in rats were CGA 322704 and CGA 265307, which accounted for 10% and 1% of 
the dose, respectively, whereas the remaining 20 metabolites were below 1% of the dose. These same 
two metabolites, CGA 322704 and CGA 265307, were dominant in mice, accounting for about 20% 
and 15% of the dose, respectively. The AUC

0–24 h
 for CGA 265307 was signifi cantly greater in mice 

than in rats (66 versus 8 µg·h/g blood). These species differences will be of particular interest in con-
sidering rat–mouse differences in neoplastic developments.

2. Toxicological studies

2.1 Acute toxicity

(a) Oral administration

In an acute oral toxicity study conducted according to Organisation for Economic Co-operation 
and Development (OECD) guideline 401 (1987), groups of fi ve male and fi ve female fasted Sprague-
Dawley (Crj:CD SD) rats were each administered thiamethoxam (batch No. P.506006; purity 98.6% 
weight per weight) in 0.5% weight per volume (w/v) aqueous methylcellulose at a dose volume of 20 
ml/kg bw by gavage as a single oral dose of 0, 900, 1500, 2300, 3800 or 6000 mg/kg bw. Mortality, 
clinical signs and body weight changes were recorded. Autopsies were performed on rats at termina-
tion on day 14.

Deaths occurred in both sexes at dose levels of 1500 mg/kg bw and above between 2 and 6 
hours after dosing. In most instances, tonic convulsions preceded death. All rats died in the two high-
est dose groups, four of fi ve of each sex at 2300 mg/kg bw and three of fi ve of each sex at 1500 mg/
kg bw. Ptosis occurred in all treated groups 1 hour after dosing, and survivors of both sexes treated 
at 1500 mg/kg bw and above showed reduced locomotor activity on the day of treatment. Clinical 
observations on the surviving rats returned to normal on the following day. Body weight loss or 
retarded weight gain was recorded for 2 days after dosing, after which body weight gain was normal. 
Autopsy and postmortem examination did not reveal any treatment-related abnormalities in either 
the rats that died or the survivors.

The acute oral median lethal dose (LD
50

) of thiamethoxam in male and female rats was 1563 
mg/kg bw (Oda, 1996a).

In an acute oral toxicity study conducted according to OECD guideline 401 (1987), groups of 
fi ve male and fi ve female fasted SPF (Crj:CD1(ICR) strain) mice were each administered thiame-
thoxam (batch No. P.506006; purity 98.6%) in 0.5% w/v aqueous methylcellulose at a dose volume of 
20 ml/kg bw by gavage as a single oral dose of 0, 500, 700, 1000, 1400 or 2000 mg/kg bw.  Mortality, 
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clinical signs and body weight changes were recorded. Autopsies were performed on mice at termina-
tion on day 14.

Deaths occurred in both sexes at dose levels of 700 mg/kg bw and above between 15 minutes 
and 24 hours after dosing. All mice died in the highest dose group, all males and four of fi ve females 
at 1400 mg/kg bw, four of fi ve males and three of fi ve females at 1000 mg/kg bw and two of fi ve 
males and one of fi ve females at 700 mg/kg bw. Reduced locomotor activity or prostration occurred 
in all thiamethoxam-treated mice within 5–15 minutes of treatment, and clonic convulsions occurred 
15 minutes to 4 hours after treatment. Clinical observations on the surviving mice returned to nor-
mal on the following day. The body weight development of all male treated groups was unaffected 
throughout the observation period, but the body weight gain of all female treated groups was slightly 
reduced on the day following dosing. Thereafter, body weight development of female groups returned 
to normal. Autopsy and postmortem examination did not reveal any treatment-related abnormalities 
in either the mice that died or the survivors.

The acute oral LD
50

 of thiamethoxam in mice was 783 mg/kg bw (95% confi dence interval 
619–1000 mg/kg bw) in males, 964 mg/kg bw (729–1271 mg/kg bw) in females and 871 mg/kg bw 
(735–1028 mg/kg bw) in both sexes combined (Oda, 1996b).

(b) Dermal application

In an acute dermal toxicity study conducted according to OECD guideline 402 (1987), fi ve 
male and fi ve female Sprague-Dawley (Crj:CD strain) rats were administered thiamethoxam (batch 
No. P.506006; purity 98.6%) applied to the closely clipped dorsum at a dose level of 0 or 2000 mg/kg 
bw. The applied thiamethoxam was covered by an occlusive dressing for 24 hours. Local or systemic 
signs of reaction to treatment were recorded during a subsequent 14-day period of observation. All 
rats were killed on day 15 and subjected to gross postmortem examination.

There were no deaths or clinical signs of reaction to treatment in any rat throughout the study. 
There was no evidence of a dermal response to treatment throughout the study. Body weight devel-
opment was unaffected by treatment; a slight reduction in body weight was observed on the day fol-
lowing application in both control and treated groups. Autopsies performed on day 14 did not reveal 
any gross abnormalities.

The acute lethal dermal dose (LD
50

) of thiamethoxam in rats was greater than 2000 mg/kg bw 
(Oda, 1996c).

(c) Exposure by inhalation

In an acute inhalation study conducted according to OECD guideline 403 (1981), groups of 
fi ve male and fi ve female Sprague-Dawley (Crl:CD strain) rats were exposed (nose only) for 4 hours 
to a dust aerosol of thiamethoxam (batch No. P.506006; purity 98.6%) at a nominal concentration 
of 10.9 or 56.6 g/m3. The rats were observed for 14 days after exposure, then killed and autopsied. 
Parameters monitored included mortality, clinical signs and weekly body weights.

The characteristics of the achieved atmosphere were, respectively, mean achieved analytical 
atmospheric concentrations of 1.02 ± 0.05 and 3.72 ± 0.73 g/m3; and mean mass aerodynamic diam-
eters (MMAD) of 5.1 ± 0.3 and 5.6 ± 0.1 µm. The percentages of particles less than 7.07 µm were 
67.5% and 66.9%, respectively. Higher atmospheric concentrations were not technically achievable.

There was no mortality and there were no treatment-related clinical signs of toxicity during 
the exposure and observation periods. Soiled fur in the nasorostral region was observed to a slight 
degree in all rats of both groups on the day of exposure, but this was considered to be related to the 
procedure rather than to thiamethoxam. Rats recovered to appear normal on the fi rst day (low dose) 
and third day (high dose) after exposure. Normal body weight gain was noted during the study in 
the low-dose rats and in all high-dose rats except for two females. These showed slight decreases in 



586

THIAMETHOXAM 565–676 JMPR 2010

body weight on day 7, but had recovered by day 14. Autopsies performed on day 14 did not reveal 
any gross abnormalities.

The 4-hour acute inhalation median lethal concentration (LC
50

) of thiamethoxam in rats was 
greater than 3.72 g/m3, the highest technically achievable concentration (Shutoh, 1996).

(d)  Dermal irritation

In a dermal irritancy study conducted according to Japanese Ministry of Agriculture, Forestry 
and Fisheries guideline 4200 and OECD guideline 404 (1992), six female Japanese White rabbits 
were exposed to 0.5 g of thiamethoxam (batch No. P.506006; purity 98.6%) under a semiocclusive 
dressing on the closely clipped dorsal skin for 4 hours. Dermal reactions were assessed at 1, 24, 48 
and 72 hours after removal of the dressing. Dermal irritation was graded according to the Draize 
scoring method.

No dermal irritation was observed during the study. The mean irritation score over 24–72 hours 
was 0 for erythema and 0 for oedema. Thiamethoxam was not irritating to rabbit skin (Shibata, 
1996a).

(e) Ocular irritation

In an ocular irritation study conducted according to OECD guideline 405 (1992), nine female 
Japanese White rabbits were exposed to 0.1 g of thiamethoxam (batch No. P.506006; purity 98.6%) 
instilled into the conjunctival sac of the left eye on day 1. Ocular reactions were assessed at 1, 24, 
48 and 72 hours and 7 days after treatment. The eyes of three rabbits were rinsed 2–3 minutes after 
instillation. Twenty-four hours after application, a drop of 2% fl uorescein (sodium salt) solution was 
instilled into the eyes and immediately rinsed with water in order to assist in the recognition of cor-
neal damage. Ocular irritation was graded according to the Draize scoring method.

All rabbits survived, and there were no clinical signs of toxicity. Minimal (grade 1) erythema 
and oedema of the conjunctivae occurred at 1 hour in the unwashed eye of all rabbits and in the 
washed eye of two of three rabbits. The other rabbit in the washed group developed minimal conjunc-
tival oedema only. Transient eye closure and discharge were observed in all rabbits immediately after 
application. No signs of eye irritation were present at 24, 48 and 72 hours in unwashed or washed 
eyes. 

Thiamethoxam was transiently minimally irritating to the rabbit eye (Shibata, 1996b).

(f) Dermal sensitization

In a skin sensitization study conducted according to Japanese Ministry of Agriculture, Forestry 
and Fisheries guideline 4200 and OECD guideline 406 (1992), skin hypersensitivity in guinea-pigs 
exposed to thiamethoxam (batch No. P.506006; purity 98.6%) was assessed by the Magnusson & 
Kligman maximization method. Based on the fi ndings of a preliminary study, the closely clipped 
dorsa of groups of 10 male and 10 female Pirbright White guinea-pigs were given, on day 1, 0.1 ml 
intradermal injections of 1% thiamethoxam in peanut oil, 1% thiamethoxam in Freund’s complete 
adjuvant/saline or adjuvant/saline alone (test groups); 0.5% mercaptobenzothiazole in peanut oil 
alone or 0.5% mercaptobenzothiazole in adjuvant/saline alone (positive control groups); or peanut oil 
alone, adjuvant/saline mixture or adjuvant/saline mixture with peanut oil (negative control groups). 
One week later, the same areas of skin were treated by topical application of 30% w/v thiamethoxam 
in petroleum jelly, 50% mercaptobenzothiazole in petroleum jelly or petroleum jelly alone, respec-
tively, and covered by an occlusive dressing for 48 hours. Two weeks after the topical induction, all 
guinea-pigs were challenged by occluded application of 10% thiamethoxam in petroleum jelly (test 
and negative control groups) or 10% mercaptobenzothiazole in petroleum jelly. The occlusive dress-
ings were removed on the following day, and the condition of the test sites was assessed approxi-
mately 24 and 48 hours later and scored according to the Draize scale.
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A skin reaction (erythema reaction with Draize score 1) was observed in one male (corre-
sponding to a reaction rate of 5%) from the test group guinea-pigs after 48 hours only. No irritant 
skin reactions occurred in the negative control group. In contrast, the positive control group showed 
positive reactions (Draize scores 1–3) in 17 of 20 animals after 24 and 48 hours, corresponding to a 
sensitization rate of 85%. No effect on body weights occurred during the experimental period.

Thiamethoxam produced a skin reaction incidence of 5% and on this basis is judged not to be 
a skin sensitizer in this guinea-pig Magnusson & Kligman test (Winkler, 1995).

2.2 Short-term studies of toxicity

(a) Oral administration

Mice

In a 90-day dietary toxicity study in mice performed according to OECD guideline 408 (1987), 
groups of 10 male and 10 female mice (Tif:MAGf, SPF strain) were administered thiamethoxam 
(batch No. KI-4654/18; purity 98.4%) in the diet at a nominal concentration of 0, 10, 100, 1250, 3500 
or 7000 ppm, providing measured intakes equal to 0, 1.41, 14.3, 176, 543 and 1335 mg/kg bw per day 
for males and 0, 2.01, 19.2, 231, 626 and 1163 mg/kg bw per day for females. Mortality and clini-
cal signs were checked daily, and feed/water consumption and body weight were recorded weekly. 
Haematology was performed on all animals at the end of the treatment period. All mice were killed 
at termination and subjected to postmortem examination, selected organs were weighed and a range 
of tissues was taken, fi xed and examined microscopically.

Preliminary diet analyses demonstrated the stability at room temperature of thiamethoxam in 
diet. Analysis of representative test diets demonstrated achieved concentrations to be in the range 
94.2–101% of nominal concentrations. 

No treatment-related deaths occurred during the study, but one male at 7000 ppm died during 
blood sampling. Clinical signs of an adverse effect of treatment were restricted to transient respira-
tory sounds, without dyspnoea, at 3500 and 7000 ppm. Body weight gain was markedly reduced in 
males and to a lesser extent in females at 7000 ppm and slightly reduced in males at 3500 ppm. In 
females, feed consumption was reduced at 7000 ppm and to a lesser extent at 3500 ppm. It was not 
possible to evaluate any effect on feed consumption in the males due to spillage.

Trend tests on the haematological data indicated anaemia associated with a tendency to hyper-
chromasia and macrocytosis manifest as signifi cant reductions in erythrocyte count, haemoglobin 
concentration and haematocrit in males and females of the 7000 ppm group. In addition, in females 
of the 1250, 3500 and 7000 ppm groups, there were minimal, but statistically signifi cant, elevations 
in platelet numbers.

No treatment-related changes were observed at autopsy. Statistically signifi cant increases were 
recorded in absolute and relative liver weights of female mice at 3500 and 7000 ppm and in the rela-
tive liver weight of male mice at 7000 ppm (Table 10). Ovary and spleen weights of females were 
signifi cantly reduced at 3500 and 7000 ppm. Marked depressions of carcass weight at 7000 ppm in 
both males (32.5%) and females (14.9%) were associated with changes in the absolute and/or rela-
tive weights of the heart, liver, kidneys, adrenal glands, thymus (males only), gonads, spleen and 
thyroid gland, but in most cases there were no histological correlates for these changes. Histological 
correlates were identifi ed for the liver and ovarian weight changes. These consisted of hepatocellular 
hypertrophy, single-cell necrosis, pigment accumulation in Kupffer cells and an increase in lym-
phocytic infi ltration of the liver. Ovarian weight loss was associated with atrophy.
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Minimal to marked hypertrophy of centrilobular hepatocytes, minimal pigmentation of Kupffer 
cells and an increased incidence of minimal lymphocytic infi ltration of the parenchyma were present 
in the livers of males and females at 3500 and 7000 ppm (Table 11). At 7000 ppm, minimal to mod-
erate necrosis of single hepatocytes was also present. Both sexes at 1250 ppm also showed minimal 
centrilobular hypertrophy. Males at 100 ppm showed minimal hypertrophy as an isolated change in 
the liver, without the occurrence of other progressive hepatic alterations noted at higher dose levels. 
The ovaries of females at 3500 and 7000 ppm showed minimal to moderate atrophy in the form 

Table 10. Organ weight changes in mice treated with thiamethoxam in the diet for 90 days 

Organ weight

Male Female

Dietary concentration (ppm)

0 10 100 1250 3500 7000 0 10 100 1250 3500 7000

Carcass (g) 47.48 47.76 46.62 48.61 45.30 32.01*− 30.10 30.84 30.58 31.89 30.26 25.63*

Liver (g)

- Absolute 2.774 2.636 2.502 2.641 2.738 2.138 1.787 1.698 1.732 2.005 2.108+ 1.822+

- Relativea 58.13 55.13 53.40 54.26 60.32 66.85+ 59.36 55.15 56.70 62.82 69.57* 71.12*

Ovary (mg)

- Absolute — — — — — — 48.10 50.07 41.26 43.21 38.71 31.64*−

- Relativea — — — — — — 1.598 1.632 1.354 1.354 1.288− 1.235−

Spleen (g)

- Absolute 0.093 0.090 0.087 0.092 0.88 0.097 0.097 0.098 0.104 0.092 0.087 0.085−

- Relativea 1.961 1.886 1.868 1.896 1.936 3.105 3.216 3.180 3.398 2.904 2.874 3.406

From Bachmann (1996a)

* P < 0.01 (Lepage); −/+ negative/positive trend (Jonckheere)
a Relative to body weight.

Table 11. Signifi cant microscopic changes in mice treated with thiamethoxam in the diet for 
90 days 

Incidence of fi nding

Male Female

Dietary concentration (ppm)

0 10 100 1250 3500 7000 0 10 100 1250 3500 7000

No. examined 10 10 10 10 10 10 10 10 10 10 10 10

Liver

Lymphocytic infi ltration 0 0 1 1 4 5 1 1 0 0 5 3

Fatty change 9 8 4 9 10 5 9 9 8 10 9 10

Kupffer cell pigment 0 0 0 0 1 10 0 0 0 0 2 9

Hepatocyte: necrosis 0 0 0 0 0 8 0 0 0 0 3 10

Hepatocyte: hypertrophy 0 0 8 9 10 10 0 0 0 2 10 10

Ovaries

Atrophy — — — — — — 0 0 1 1 5 10

From Bachmann (1996a)
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of reduced numbers of corpora lutea. These effects on the ovary are most likely due to the growth 
retardation seen at these dose levels, rather than a direct effect of thiamethoxam. There were no other 
treatment-related morphological fi ndings (Bachmann, 1996a).

The no-observed-adverse-effect level (NOAEL) in the 90-day dietary study in mice with thia-
methoxam was 100 ppm, equal to a dose level of 14.3 mg/kg bw per day (males) and 19.2 mg/kg bw 
per day (females), based on the fi nding of liver hypertrophy at 1250 ppm, equal to 176 mg/kg bw per 
day in males, and liver hypertrophy and raised platelet counts at 1250 ppm, equal to 231 mg/kg bw 
per day in females. A minimal hepatocyte hypertrophy was observed in males only at 100 ppm, but 
in the absence of any other hepatic changes, this was considered an adaptive response.

Rats

In an oral study of toxicity, groups of fi ve male and fi ve female Tif:RAIf (SPF) rats were 
administered thiamethoxam (batch No. KGL4654/12; purity 95.0%) in the diet at a dose level of 0, 
100, 1000, 2500 or 10 000 ppm, equal to 0, 8.0, 81.7, 198.6 and 710.6 mg/kg bw per day in males 
and 0, 8.7, 89.3, 210.6 and 762.6 mg/kg bw per day in females, for 28 consecutive days. Mortality 
and clinical signs were checked daily, and feed/water consumption and body weight were recorded 
weekly. Haematological, blood chemistry and urinalysis investigations were performed on all rats 
towards the end of the treatment period. All rats were killed at termination and subjected to postmor-
tem examination, selected organs were weighed and a range of tissues was taken, fi xed and exam-
ined microscopically. In a separate investigation, measurement of replicating deoxyribonucleic acid 
(DNA) synthesis was performed on liver samples from the male animals. The results of this separate 
investigation are presented below (see Table 54). 

Preliminary analysis of diets demonstrated the stability and homogeneity of the distribution 
of thiamethoxam. Analysis of test diets demonstrated achieved concentrations to be in the range 
98–104% of nominal concentrations. 

No deaths occurred and no clinical signs of a reaction to treatment were evident during the 
administration period. Body weight gain was reduced by 29% in males at 10 000 ppm, but females at 
this level were not affected. Minimal retardation of body weight gain occurred in males at 2500 ppm. 
Feed consumption was markedly reduced at 10 000 ppm in males throughout the treatment period, 
but in females, it was only slightly reduced during the fi rst week.

There were no treatment-related effects on haematological profi les at dose levels up to and 
including 10 000 ppm. Isolated statistically signifi cant differences from the controls, having no rela-
tionship to dose, are considered incidental to treatment. Platelet counts at 10 000 ppm were higher 
in both males (23%) and females (18%), but remained within the historical control range and were 
considered to be of no toxicological signifi cance. Plasma cholesterol concentrations were signifi -
cantly higher in males of the 1000 ppm (22%), 2500 ppm (26%) and 10 000 ppm (43%) groups and 
in females of the 10 000 ppm (70%) group. Other treatment-related effects were confi ned to this 
10 000 ppm group and are considered to be minor consequences of renal and hepatic morphological 
changes. The statistically signifi cant plasma changes at the highest dose consisted of a 35% increase 
in aspartate aminotransferase (AST) activity in males but not in females, a 6% reduction in albumin 
concentration in males but not in females, a 20% increase in urea level in females (and a non-signif-
icant 19% increase in males) and very small, yet signifi cant, reductions in sodium concentrations of 
1.7% in males and 0.5% in females. There were no effects on any urinary physiological parameters 
or on cellular and chemical constituents.

Treatment-related effects on organ weights occurred in both males and females at 1000 ppm 
and above (Table 12). At 10 000 ppm, absolute liver weights were increased in females and relative 
(to body weight) liver weights were increased in males and females. Relative kidney weights were 
increased at 2500 ppm in males, whereas in females, both absolute and relative kidney weights were 
increased at 1000 ppm, but not at 2500 ppm, and only relative kidney weights were increased at 
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10 000 ppm. Other statistically signifi cant organ weight changes were reductions in absolute adrenal 
and thymus weights of male but not female rats at 10 000 ppm.

At autopsy, dilatation of the renal pelvis was observed in two male rats of the 10 000 ppm 
group, but no other treatment-related gross lesions were recorded. Treatment-related microscopic 
changes were observed in males treated at 1000 ppm and above and in females at 2500 ppm and 
above (Table 13). The organs affected were liver, kidneys, adrenal glands and thyroid glands. Mini-
mal to marked hypertrophy of centrilobular hepatocytes occurred particularly in males, but also in 
females, at 2500 and 10 000 ppm. Glycogen depletion was observed in males at 10 000 ppm, but it is 
not clear whether other hepatic lesions recorded were the result of treatment (i.e. glycogen depletion 
in females and cholangiofi brosis in males and females). In the kidneys, minimal to moderate hyaline 
change to the tubule epithelium occurred in males at 1000 ppm (3/5) and 2500 ppm (5/5), but not at 

Table 12. Organ weights in rats treated with thiamethoxam in the diet for 28 days 

Parameter Dietary concentration (ppm)

0 100 1000 2500 10 000

Males

Body weight (g) 314.2 314.7 316.4 303.6 250.1*−

Liver

- Absolute (g) 14.95 14.92 14.87 14.89 16.07

- Relative (% body weight × 10) 47.54 47.47 47.00 49.02 64.28*+

Kidneys

- Absolute (g) 2.260 2.359 2.470 2.524 1.918

- Relative (% body weight × 10) 7.209 7.464 7.812 8.306*+ 7.670

Adrenals

- Absolute (mg) 81.46 73.86 72.02 78.18 68.38*

- Relative (% body weight × 10) 0.261 0.236 0.227 0.256 0.274

Thymus

- Absolute (mg) 712.0 643.8 675.9 598.5 541.1*

- Relative (% body weight × 10) 2.263 2.027 2.133 1.974 2.166

Females

Body weight (g) 199.2 211.7 215.9 211.5 184.4

Liver

- Absolute (g) 8.476 9.285 9.695 8.969 10.41*

- Relative (% body weight × 10) 42.42 43.77 44.87 42.39 56.37*

Kidneys

- Absolute (g) 1.668 1.810 1.984*+ 1.826 1.757

- Relative (% body weight × 10) 8.390 8.536 9.204*+ 8.658 9.575*

Adrenals

- Absolute (mg) 85.46 88.72 93.60 90.96 93.22

- Relative (% body weight × 10) 0.428 0.420 0.435 0.433 0.506

Thymus

- Absolute (mg) 448.2 484.1 469.5 508.0 426.6

- Relative (% body weight × 10) 2.255 2.291 2.178 2.397 2.300

From Bachmann (1995)

* P < 0.05 (Wilcoxon); −/+ negative/positive trend (Jonckheere)
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any other dose level, including 10 000 ppm, and hyperplasia of the pelvic epithelium occurred in one 
rat of each sex at 10 000 ppm. However, this latter lesion was also recorded for one male rat of the 
1000 ppm group, so its relation to treatment is unclear. The hyaline (eosinophilic) change was later 
demonstrated to be the outcome of α

2
-urinary microglobulin (α

2u
-globulin) deposition (see Weber, 

2000a,b,c,d). Many of the affected male rats also showed one or more additional kidney lesions 
(focal calcifi cation, pelvic dilatation, renal cyst, basophilic proliferation, lymphohistiocytic infi ltra-
tion or an acute tubular lesion), but with little or no evidence of a treatment relationship. A common 
lesion recorded in both males and females, tubular basophilic proliferation, may be the beginnings of 
chronic progressive nephropathy development, which is not a toxic response but a naturally occurring 
pathology specifi c to rats and with no human counterpart. There was no indication of a dose–response 
relationship for basophilic proliferation in females, of which the incidences in the 0, 100, 1000, 2500 
and 10 000 ppm groups, respectively, were 3/5, 3/5, 3/5, 4/5 and 4/5. In males, the respective inci-
dences were 1/5, 4/5, 5/5, 5/5 and 2/5. In the adrenal cortex, minimal to moderate fatty change mainly 
of the zona fasciculata was observed in both males and females of the 10 000 ppm group, but in no 

Table 13. Selected histopathology from rats treated with thiamethoxam for 28 days 

Organ/fi nding Incidence of fi nding 

Males Females

Dietary concentration (ppm)

0 100 1000 2500 10 000 0 100 1000 2500 10 000

Number of animals 5 5 5 5 5 5 5 5 5 5

Liver

Intrahepatic bile duct: 
cholangiofi brosis

2 0 1 1 2 0 0 0 0 2

Hepatocytes: glycogen 
deposition

4 3 2 3 0 2 2 0 1 0

Hepatocytes: hypertrophy 0 0 0 4 5 0 0 0 1 5

Kidneys

Cyst 0 0 0 1 0 0 0 0 0 0

Lymphohistiocytic 
infi ltration

0 0 0 1 0 0 0 0 0 0

Acute tubular lesion 0 0 0 2 0 0 0 0 0 0

Renal cortex: calcifi cation 0 0 1 0 0 0 0 0 0 0

Renal tubule: hyaline 
change

0 0 3 5 0 0 0 0 0 0

Tubular basophilic 
proliferation

1 4 5 5 2 3 3 3 4 4

Renal pelvis: dilatation 0 0 1 0 3 0 0 0 0 0

Pelvic epithelium 
hyperplasia

0 0 1 0 1 0 0 0 0 1

Adrenal gland

Cortical fatty change 0 0 0 0 3 0 0 0 0 2

Thyroid gland

Follicular epithelial 
hypertrophy

1 1 1 2 3 0 0 0 0 2

From Bachmann (1995)
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other group. In the thyroid gland, the incidence of follicular cell hypertrophy was increased in males, 
combined with a moderately increased severity, at 10 000 ppm. In females, this observation was also 
made in two females, with minimal severity. No other treatment-related microscopic lesions were 
observed (Bachmann, 1995). There was no effect on replicating DNA synthesis in hepatocytes of 
male rats at dose levels up to 10 000 ppm (Persohn, 1995).

The NOAEL in the 28-day dietary study in rats was 100 ppm, equal to 8.0 mg/kg bw per day, 
based on increased kidney weights in both sexes (although these were not clearly dosed related) and 
hyaline changes in the renal tubule epithelium of males at a dose level of 1000 ppm, equal to 81.7 
mg/kg bw per day. As the latter, male rat–specifi c kidney effects have no human relevance, they are 
not considered as contributing to the identifi cation of a relevant NOAEL. The NOAEL of human 
relevance in the 28-day dietary study in rats was 100 ppm, equal to 8.0 mg/kg bw per day, based on 
increased plasma cholesterol concentrations at a dose level of 1000 ppm, equal to 81.7 mg/kg bw per 
day (Backmann, 1995).

In a 90-day dietary toxicity study, groups of 10 male and 10 female Tif:RAIf strain Sprague-
Dawley-derived rats were administered thiamethoxam (batch No. KI-4654/18; purity 98.4%) in the 
diet at a concentration of 0, 25, 250, 1250, 2500 or 5000 ppm, equal to 0, 1.74, 17.6, 84.9, 168 and 
329 mg/kg bw per day in males and 0, 1.88, 19.2, 92.5, 182 and 359 mg/kg bw per day in females, 
for 13 weeks. Rats were observed daily for clinical signs, and body weight and consumption of feed 
and water were measured weekly. Eye examinations were conducted before the start and at week 13 
of treatment. Haematology, blood chemistry and urinalysis were performed towards the end of the 
study. At autopsy, the weights of selected organs were recorded for all rats. All major organs and tis-
sues were examined microscopically.

Preliminary diet analyses demonstrated the stability at room temperature of thiamethoxam in 
diet. Representative analyses of test diets demonstrated achieved concentrations to be in the 94.2–
104.6% range of nominal concentrations.

There were no treatment-related deaths or clinical signs of an adverse reaction to treatment, 
although one female at 1250 ppm died on day 57 with no histopathological treatment-related fi ndings. 
Ophthalmoscopic examinations revealed no evidence of ocular toxicity. In the groups of male rats, 
body weight gains were statistically signifi cantly retarded at 1250, 2500 and 5000 ppm by 22%, 19% 
and 27%, respectively, and the feed consumption in these groups was reduced (non-signifi cantly) 
relative to the controls by 11%, 7% and 14%, respectively. Weight gains and feed consumption of all 
female groups and the male groups at dietary concentrations up to 250 ppm were unaffected by treat-
ment. Water consumption in both sexes at 5000 ppm was slightly increased.

The only haematological effect was a 12% increase in the number of circulating platelets in 
males at 5000 ppm. Other, minimal differences between control and high-dose haematological values 
that were statistically signifi cant or showed a positive trend were considered to refl ect physiologi-
cal variation, as individual values were within reference ranges. Minor treatment-related effects on 
blood chemistry occurred in males at 1250 ppm and above and in females at 2500 ppm and above. 
The effects included higher plasma urea concentrations in both sexes that were increased statistically 
signifi cantly (24%) in males of the 5000 ppm group and increased plasma creatinine concentrations 
in males only at 1250 ppm and above, reaching 22% at 5000 ppm. In addition, plasma glucose con-
centrations were reduced in male rats at 1250 ppm and above, whereas plasma cholesterol concentra-
tions were raised in both males (22%) and females (24%), but only at 5000 ppm. Minimal changes 
in the electrolyte balance and phosphate levels of both sexes are considered to be of no toxicological 
consequence. There were no treatment-related effects on urinary physiological parameters or cellular 
and chemical constituents of urine.

Gross examination at autopsy revealed no treatment-related effects on any tissue or organ 
examined. There appeared to be no statistically signifi cant changes in the absolute weights of any 
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organs; however, the relative weights of the adrenals (44%), liver (21%), kidneys (22%), heart (15%) 
and spleen (27%) were increased in males at 5000 ppm. In male rats at 2500 ppm, there were also 
marginally increased relative liver (6%) and kidney (11%) weights. There was no histopathological 
correlation to the increased heart weight of males at 5000 ppm. Treatment-related effects in females 
were confi ned to a 16% reduction in thymus weights at 5000 ppm.

On the basis of histopathology, the liver, kidney, spleen and adrenal glands were identifi ed 
as target organs for thiamethoxam (Table 14). Changes in liver morphology at 2500 and 5000 ppm 
were minimal to moderate centrilobular hypertrophy and an increased incidence of lymphohistiocytic 
infi ltration of the parenchyma and, in the males only, an increased incidence of cholangiofi brosis of 
bile ducts. Females at 5000 ppm also showed minimal pigmentation of Kupffer cells. Changes in 
kidney morphology occurred at 250 ppm and above in males and 2500 ppm and above in females. 
Lesions observed in males were minimal to marked hyaline change in the tubular epithelium, acute 
and chronic tubular lesions and an increased incidence of tubular basophilic proliferation at 1250 
ppm and above. Increased incidences of pelvic dilatation and epithelial hyperplasia as well as tubular 
cast formation were also evident. Renal lesions in females were confi ned to an increased incidence 
of chronic tubular lesions at 250 ppm and above and an increase in the severity of nephrocalcinosis 
(which occurred in all females of all groups). The pattern of effects in male rat kidneys at 250 ppm 
and above is consistent with α

2u
-globulin nephropathy and chronic progressive nephropathy. Immu-

nohistochemical studies have demonstrated the occurrence of α
2u

-globulin nephropathy following 
thiamethoxam treatment (Weber, 2000b; see Table 54 below). α

2u
-Globulin nephropathy is generally 

accepted to be unique to male rats, and male rats also have a tendency to develop chronic progressive 
nephropathy more than female rats. Neither process has any relevance in human risk assessment. 
There was an increased incidence of fatty change in the adrenal cortex in males at 1250 ppm and 
above and in females at 2500 ppm and above. In the spleen, there were increases in the incidence and 
severity of extramedullary haematopoiesis and haemosiderosis in males at 5000 ppm and an increase 
in the severity of haemosiderosis in females at 2500 and 5000 ppm. 

Rat-specifi c pathology (α
2u

-globulin nephropathy) was observed in males, but as this has no 
human relevance, it was not expected to form the basis for a NOAEL. There is no equivalent explana-
tion available for the dose-related increase in chronic tubular lesions in female rats in the 3-month 
study, in which there was an increased incidence of chronic tubular lesions at 250 ppm, equal to 19.2 
mg/kg bw per day; however, while this description presents a strict account of the observations within 
this particular study, it is signifi cant that there was no similar increased incidence of kidney lesions 
in female rats after 12 months or 24 months (see below). It is concluded that these observations of 
renal tubule pathology in female rats represent an incidental fi nding that was not replicated in studies 
of longer-term duration.

The NOAEL of human relevance in the 90-day dietary study in rats was 250 ppm, equal to 17.6 
mg/kg bw per day, based on reduced body weight gain and increased incidence of fatty change in the 
adrenals in males at 1250 ppm, equal to 84.9 mg/kg bw per day (Bachmann, 1996b). 

Dogs

In a 90-day oral toxicity study in dogs, groups of four male and four female purebred Beagle 
dogs were administered thiamethoxam (batch No. P.506006; purity 98.6%) in the diet at a concentra-
tion of 0, 50, 250, 1000 or 2500/2000 ppm, equal to 0, 1.58, 8.23, 32.0 and 54.8 mg/kg bw per day 
in males and 0, 1.80, 9.27, 33.9 and 50.5 mg/kg bw per day in females, for 13 weeks. Dogs were 
observed daily for clinical signs of toxicity; feed consumption was measured daily, and body weight 
was recorded weekly. Eye examinations were conducted before the start and at week 13 of treatment. 
Haematology, blood chemistry and urinalysis were performed before exposure and at weeks 7 and 13. 
At autopsy, the weights of selected organs were recorded for all dogs. All major organs and tissues 
were examined microscopically.
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Table 14. Histopathology of rats treated with thiamethoxam in the diet for 90 days 

Incidence of fi nding

Dietary concentration (ppm)

0 25 250 1250 2500 5000

Number of animals 10 10 10 10 10 10

Males

Liver

- Hepatocellular hypertrophy 0 0 0 0 6 10

- Lymphohistiocytic infi ltration 3 4 6 5 4 9

- Cholangiofi brosis 2 4 2 4 5 6

- Pigmentation of Kupffer cells 0 0 0 0 0 0

Kidneys

- Hyaline change 1 0 4 8 10 10

 weighted grade 1.0 0 1.3 1.5 1.7 2.3

- Chronic tubular lesion 0 1 3 6 10 9

- Acute tubular lesion 0 0 0 3 8 9

- Lymphohistiocytic infi ltration 2 2 1 3 6 3

- Basophilic proliferation 2 1 2 4 6 10

- Dilatation of renal pelvis 1 0 2 1 5 1

- Hyperplasia of pelvic epithelium 0 0 0 1 3 0

- Cast formation 1 3 2 3 3 5

- Calcifi cation of renal cortex 0 0 0 0 0 1

- Nephrocalcinosis 0 0 0 0 0 0

Spleen

- Haemosiderosis incidence 7 8 9 7 9 10

 weighted grade 1.0 1.9 1.4 1.6 1.7 2.0

- Extramedullary haematopoiesis 3 2 3 5 2 5

 weighted grade 1.0 1.0 1.0 1.0 1.0 1.8

Adrenal gland

- Fatty change 4 5 5 7 7 8

Females 

Liver

- Hepatocellular hypertrophy 0 0 0 0 0 8

- Lymphohistiocytic infi ltration 4 5 6 7 9 10

- Cholangiofi brosis 2 1 2 1 3 1

- Pigmentation of Kupffer cells 0 0 0 0 0 6

Kidneys

- Hyaline change 0 0 0 0 0 0

- Chronic tubular lesion 4 5 7 7 9 10

- Acute tubular lesion 0 0 0 0 0 0

- Lymphohistiocytic infi ltration 0 1 0 0 0 0

- Basophilic proliferation 2 1 1 2 0 1

- Dilatation of renal pelvis 2 0 1 1 0 0

- Hyperplasia of pelvic epithelium 0 0 0 0 0 0
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Preliminary diet analyses demonstrated the stability of thiamethoxam in diet at room tem-
perature. Representative analyses of test diets demonstrated achieved concentrations to be in the 
91.4–97.8% range of nominal concentrations. 

All dogs survived the scheduled treatment period, and there were no clinical signs of an adverse 
effect of treatment. Seven dogs in the highest dose group (receiving 2500 ppm) lost weight during the 
fi rst 2 weeks, necessitating a dose reduction to 2000 ppm. Three of these dogs continued to show mark-
edly depressed weight gain, whereas weight gain of the remaining animals was unaffected by treatment. 
In female dogs of this 2000 ppm group, there were group mean body weight losses at weeks 4 and 8 and 
a modest cumulative weight gain at week 13. Weight gains of the dogs receiving diets containing up to 
1000 ppm thiamethoxam were unaffected at any time. Feed consumption was depressed at 2500 ppm 
and to a lesser extent when the dose level was reduced to 2000 ppm. Feed consumption was also slightly 
depressed in females at 1000 ppm. There was no evidence of ocular toxicity at any dose level.

Treatment-related haematology and blood chemistry effects occurred at 1000 and 2000 ppm 
(Table 15). Slight anaemia, associated with a tendency to hypochromasia, anisochromasia and micro-
cytosis, had developed by week 13 in females at 2000 ppm. Reduced white cell counts (total, neu-
trophils, monocytes and lymphocytes) also occurred in females. Males at 2000 ppm showed reduced 
monocyte counts and a tendency to hypochromasia and anisochromasia of red blood cells. Eosino-
philia occurred in some dogs at this dose level. Some dogs in the 1000 and 2000 ppm groups had 
prolonged thromboplastin (prothrombin) times. Consideration of the development of thromboplastin 
times within the individual dogs showed that, when compared with their own control (i.e. pretreat-
ment) values, there were effects in males, with a NOAEL of 250 ppm, but no effect in females.

Lower plasma calcium concentration and alanine aminotransferase (ALT) activity were 
observed in both sexes at 1000 and 2000 ppm (Table 16). The latter was not considered to be an 
adverse effect, as no accompanying hepatocellular changes were observed microscopically. Further-
more, consideration of the development of plasma calcium concentrations within the individual dogs 
showed that, when compared with their own control (i.e. pretreatment) values, there were no effects 
in males at any dose level, but there was an effect in females, with a NOAEL of 1000 ppm.

Minimally reduced plasma albumin levels in both sexes at 1000 and 2000 ppm and minimally 
lower cholesterol and phospholipid levels in males at 2000 ppm are considered to be physiological 
adaptive responses rather than primary effects of thiamethoxam. There were no treatment-related 
effects on urinary physiological parameters or cellular and chemical constituents of urine.

Incidence of fi nding

Dietary concentration (ppm)

0 25 250 1250 2500 5000

- Cast formation 0 1 0 0 2 0

- Calcifi cation of renal cortex 0 0 0 0 0 1

- Nephrocalcinosis 10 10 10 10 10 10

 weighted grade 1.6 1.8 1.9 1.7 2.4 2.5

Spleen

- Haemosiderosis incidence 9 10 10 10 10 10

 weighted grade 1.7 2.3 2.1 1.9 2.6 2.7

- Extramedullary haematopoiesis 4 6 6 7 2 3

Adrenal gland

- Fatty change 0 0 2 1 4 6

From Bachmann (1996b)

Table 14 (continued)
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Table 15. Selected haematology of dogs treated with thiamethoxam in the diet for 90 days 

Parameter (unit) Week Dietary concentration (ppm)

0 50 250 1000 2000

Males

White blood cells (109/l) 7 10.77 10.91 13.20 9.352 7.985

13 9.233 10.41 10.65 9.548 10.24

Neutrophils (109/l) 7 5.940 6.095 8.334 4.950 3.418

13 5.035 6.150 6.675* 5.998 6.138

Basophils (109/l) 7 0.055 0.045 0.046 0.043 0.039

13 0.068 0.043 0.045* 0.043 0.035*

Monocytes (109/l) 7 0.550 0.385 0.561 0.364 0.126*

13 0.328 0.368 0.335 0.340 0.058*

Red blood cells (1012/l) 7 6.470 6.300 5.885 6.357 6.415

13 6.625 6.163* 6.218 6.550 6.446

Haemoglobin (mmol/l) 7 8.575 8.425 8.038 8.400 8.525

13 8.975 8.400 8.575 8.650 8.450

Haematocrit (l) 7 0.421 0.420 0.390* 0.413 0.416

13 0.444 0.409 0.417 0.420 0.416

Thromboplastin (prothrombin) time (s) 7 33.64 33.68 32.11 39.43* 37.24

13 36.18 35.82 36.63 41.61 41.16+

Females

White blood cells (109/l) 7 9.155 9.895 10.99 11.24* 4.581*

13 8.223 8.590 10.08* 9.905 4.156*

Neutrophils (109/l) 7 5.138 5.413 6.040 6.125 1.701*

13 4.958 4.808 6.235 5.745 1.631*

Monocytes (109/l) 7 0.375 0.408 0.445 0.445 0.084*

13 0.183 0.198 0.225 0.303 0.093

Red blood cells (1012/l) 7 6.330 6.083 6.618 6.078 6.036

13 6.688 6.348 6.573 6.703 5.971*

Haemoglobin (mmol/l) 7 8.875 8.200 8.825 8.100 7.963

13 9.400 8.550 8.850 8.850 7.813*−

Haematocrit (l) 7 0.433 0.393* 0.428 0.390 0.377*

13 0.456 0.415* 0.434 0.431 0.381*−

MCV (fl ) 7 86.33 64.53* 64.55* 64.10* 62.61*−

13 68.28 65.43 65.98 64.40* 63.86

MCH (fmol) 7 1.403 1.345 1.333 1.333* 1.323*

13 1.408 1.348 1.345 1.323* 1.305*

Thromboplastin (prothrombin) time (s) 7 31.26 35.95* 34.66 39.33* 36.59

13 35.37 37.88 38.29 44.26*+ 41.92+

From Altmann (1996)

MCH, mean corpuscular haemoglobin; MCV, mean corpuscular volume; * P ≤ 0.05 by Dunnett’s t-test (two-tailed); −/+ negative/positive 
trend (Jonckheere)
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No treatment-related macroscopic changes were evident at necropsy. Testis and ovary weights 
were reduced at 2000 ppm by 43% and 35%, respectively, and histological correlates were identi-
fi ed. Slightly reduced heart, liver and kidney weights in females at 2000 ppm and increased thyroid 
weights in males at 50, 1000 and 2000 ppm were not associated with histological changes and are 
considered incidental to treatment with thiamethoxam. Minimal to marked reductions in sperma-
togenesis and increased incidences of spermatic giant cells occurred in the testes of all males at 
2000 ppm (Table 17). One male also showed moderate tubular atrophy. These changes represent an 
immature histological appearance of the testis. Immature ovaries, consistent with retarded matura-
tion, were observed in three females at 2000 ppm. The three dogs affected included two that failed 
to gain weight throughout the 13-week period and one that gained weight only modestly. The fourth 
female, which was least affected by general body weight effects, also did not demonstrate retarded 
ovarian development. The maturity of the uterus in two of these dogs refl ected the immature stage of 
ovarian development. These delays in sex organ development are likely to have been a consequence 
of the general delay in growth and development resulting from thiamethoxam treatment and not a 
specifi c effect of thiamethoxam on the ovary. It is noted that the ages of these dogs at the beginning 
of treatment ranged from 23 to 27 weeks for males and from 22 to 30 weeks for females.

Table 16. Selected blood chemistry parameters of dogs treated with thiamethoxam in the diet for 
90 days 

Parameter (unit) Week Dietary concentration (ppm)

0 50 250 1000 2000

Males

ALT (U/l) 7 35.50 41.13 29.85 25.00* 18.13*−

13 81.03 49.00 35.08 25.40*− 13.10*−

Albumin (g/l) 7 31.89 32.13 31.88 30.65 30.02*

13 33.10 32.85 33.69 31.18 30.31

Ca2+ (mmol/l) 7 2.803 2.758 2.788 2.678 2.710*

13 2.743 2.755 2.810 2.698 2.698

Phospholipid (mmol/l) 7 4.465 4.160 4.285 4.208 3.703*

13 4.455 4.235 4.108 4.068 3.698*

Cholesterol (mmol/l) 7 3.933 3.698 3.730 3.663 3.308

13 3.930 3.853 3.633 3.753 3.368

Females

ALT (U/l) 7 50.20 43.35 37.70* 26.63*− 17.41*−

13 53.83 42.50 40.73 25.23*− 13.10*−

Albumin (g/l) 7 33.65 32.95 33.28 30.83 30.66−

13 34.76 33.81 33.90 31.96* 30.15*−

Ca2+ (mmol/l) 7 2.798 2.723 2.840 2.689 2.640*

13 2.783 2.735 2.815 2.695 2.663*

Cholesterol (mmol/l) 7 3.698 3.523 3.225 3.150 3.650

13 3.733 3.665 3.170 3.175 3.488

Phospholipid (mmol/l) 7 4.223 4.193 3.875 3.775 4.028

13 4.210 4.265 3.720* 3.678 3.815

From Altmann (1996)

U, units; * P ≤ 0.05 by Dunnett’s t-test (two-tailed); −/+ negative/positive trend (Jonckheere)
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The NOAEL in the 90-day oral toxicity study in dogs was 250 ppm, equal to 8.23 mg/kg bw 
per day, based on prolonged thromboplastin times at 1000 ppm, equal to 32.0 mg/kg bw per day 
(Altmann, 1996).

In a 52-week oral toxicity study, groups of four male and four female purebred Beagle dogs 
were administered thiamethoxam (batch No. P.506006; purity 98.6%) in the diet at a concentration of 
0, 25, 150, 750 or 1500 ppm, equal to 0, 0.70, 4.05, 21.0 and 42.0 mg/kg bw per day in males and 0, 
0.79, 4.49, 24.6 and 45.1 mg/kg bw per day in females. Dogs were observed twice daily for mortality 
and clinical signs of toxicity; feed consumption was measured daily, and body weight was recorded 
weekly. Eye examinations were conducted before the start and at the end of treatment. Haematol-
ogy, blood chemistry and urinalysis were performed before exposure and at weeks 13, 26 and 52. At 
autopsy, the weights of selected organs were recorded for all dogs. All major organs and tissues were 
examined microscopically.

Analysis of diet samples was performed on the 13 diet mixes prepared throughout the study. The 
fi rst mix was also analysed for homogeneity and stability. Analysis demonstrated thiamethoxam to be 
stable in the diet for at least 7 weeks at room temperature and to be homogeneously mixed. Achieved 
concentrations ranged from 86.3% to 107.4% of nominal concentrations. The overall mean achieved 
concentrations were 23.8, 140.6, 702 and 1433 ppm, in order of increasing nominal  concentration.

No deaths or treatment-related clinical signs occurred during the study. The overall body weight 
gain of males at 1500 ppm was reduced by 26% during the study. Body weight gain was transiently 
lower among male dogs of the 25, 150 and 750 ppm groups at week 13 by 36%, 50% and 50%, 
respectively, but had recovered by week 26, so that cumulative weight gains were similar to those of 
the controls in all groups of males up to and including the 750 ppm group. Transient body weight 
loss occurred in females at 1500 ppm at the study start, but body weight subsequently increased and 
overall weight gain was comparable to that of the controls by week 26. Mean weight gain in 750 ppm 
females was depressed due to two animals that lost weight during the treatment period in spite of nor-
mal feed intake. As weight gain was not substantially affected at 1500 ppm, this fi nding is considered 
incidental to treatment. Mean feed consumption and conversion ratios were unaffected by treatment 
in male groups but were slightly reduced in females at 750 and 1500 ppm at the start of treatment. No 
ocular toxicity was evident at week 52.

Table 17. Histopathology of selected sex organs of dogs treated with thiamethoxam in the diet for 
90 days 

Organ and fi nding Males Females

Dietary concentration (ppm)

0 50 250 1000 2000 0 50 250 1000 2000

Number of animals 4 4 4 4 4 4 4 4 4 4

Testes

Tubular atrophy 0 0 0 0 1 — — — — —

Spermatogenesis reduced 0 1 0 0 4 — — — — —

Spermatic giant cells 1 1 0 1 4 — — — — —

Uterus

Immature — — — — — 0 0 0 0 2

Ovary

Immature — — — — — 0 0 0 0 3

From Altmann (1996)
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There were no treatment-related changes in haematological profi les at any dose level, except 
for prothrombin times, which were lower in both sexes at 1500 ppm throughout treatment compared 
with the controls.

There was a dose-related, minimal to slight increase in plasma creatinine and a tendency 
to higher plasma urea levels throughout the treatment period in both sexes at 750 and 1500 ppm 
(Table 18). A slight to moderate decrease in ALT activity, relative to pretest values, occurred in males 
at 750 and 1500 ppm during treatment, but could not be correlated with histological changes in the 
liver. Therefore, a reduction in the activity of this enzyme is considered not to represent an adverse 

Table 18. Selected blood chemistry parameters of dogs treated with thiamethoxam in the diet for 
up to 52 weeks 

Week Dietary concentration (ppm)

0 25 150 750 1500

Males

Urea (mmol/l) −1 3.23 3.99 4.16 4.20 4.43

13 3.09 3.75* 4.08 4.13* 5.53*+

26 3.85 4.50 4.94 4.89* 5.30

52 3.79 4.78 4.65 4.83 4.97*

Creatinine (µmol/l) −1 60.48 61.70 62.65 62.60 64.35

13 61.95 65.44 65.73 68.93 85.23*

26 60.63 65.34 66.05 71.15* 81.58*+

52 66.53 75.10 72.88 77.73* 85.95*+

ALT (U/l) −1 52.60 52.23 65.90 51.88 64.28

13 49.10 53.28 49.73 33.38 22.05*−

26 49.40 45.80 49.90 32.60 23.65*−

52 54.10 45.40 53.05 33.95 30.53*−

Females

Urea (mmol/l) −1 4.21 3.86 5.09 3.96 4.22

13 3.82 3.92 4.23 5.35+ 5.08

26 3.67 4.07 4.40 5.06*+ 4.21

52 4.99 4.60 4.40 5.65 4.68

Creatinine (µmol/l) −1 64.05 60.48 67.20 64.78 65.28

13 62.63 65.53 71.38 79.15* 81.04*+

26 64.48 62.66 70.63 77.14 82.25*+

52 71.98 72.35 78.95 86.29 86.45

Albumin (g/l) −1 35.32 35.15 33.42* 35.04 33.80

13 35.48 35.60 34.14 33.55 31.90

26 35.35 34.94 33.36 33.32 32.30*−

52 35.00 36.03 32.13 32.34 30.61

Albumin/globulin ratio −1 1.50 1.51 1.59 1.57 1.44

13 1.43 1.45 1.27 1.26 1.11−

26 1.38 1.36 1.27 1.31 1.19*

52 1.27 1.35 1.25 1.18 1.10

From Altmann (1998)

U, units; * P ≤ 0.04, Wilcoxon; −/+ negative/positive trend (P ≤ 0.01, Jonckheere)
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Table 19. Weights of selected organs in dogs treated with thiamethoxam in the diet for 52 weeks 

Males Females 

Dietary concentration (ppm)

0 25 150 750 1500 0 25 150 750 1500

Carcass 

- Absolute (kg) 11.46 11.43 11.80 10.95 11.17 10.56 10.27 10.38 9.61 10.46

Heart

- Absolute (g) 112.7 112.8 114.0 112.4 123.1 102.8 101.2 88.9 98.9 109.1

- Relative (% body weight × 10) 9.85 9.87 9.65 10.25 11.03 9.78 9.86 8.58 10.52 10.48

Testes/ovaries

- Absolute (g) 19.07 20.48 19.83 20.65 16.06 1.51 1.10 1.66 1.06 1.03

- Relative (% body weight × 10) 1.66 1.79 1.69 1.89 1.44 0.14 0.11 0.15 0.12 0.10

Spleen

- Absolute (g) 59.59 47.05 37.17 29.92− 47.40 73.58 66.69 50.89 46.52 47.37

- Relative (% body weight × 10) 5.24 4.12 3.15 2.72− 4.22 6.91 6.38 4.82 5.26 4.49

Thyroid gland

- Absolute (g) 1.17 1.08 0.99 1.24 1.18 1.08 1.06 1.14 2.38 1.22

- Relative (% body weight × 10) 0.10 0.09 0.08 0.11 0.11 0.10 0.10 0.11 0.21 0.12

From Altmann (1998)

− negative trend (P ≤ 0.01, Jonckheere) 

effect. Females at 1500 ppm had minimally lower albumin levels, associated with lower albumin 
to globulin ratios. No other treatment-related effects on blood chemistry occurred. There were no 
treatment-related quantitative or qualitative effects on urinary composition at any dose level.

Analysis of absolute and relative organ weights indicated that there was a minimal decrease 
in absolute and relative testis weights in 1500 ppm dogs, due mainly to the low testis weights of two 
animals (Table 19). Higher heart and thyroid weights in 1500 ppm males and lower ovary and spleen 
weights in females at 750 and 1500 ppm did not have histopathological correlates and are therefore 
considered incidental. 

At autopsy, pulmonary nodules or mottled lungs were observed in several control and treated 
animals of both sexes. Microscopically, these fi ndings represented various infl ammatory or post-
infl ammatory changes that commonly occur in control animals from this source and are considered 
incidental to treatment. Microscopic examination of tissues/organs revealed a higher incidence of 
tubular atrophy in the testes at 750 and 1500 ppm; as this observation was also made in control ani-
mals, it is not clearly associated with treatment (Table 20). At 1500 ppm, the observation correlated 
with reduced testis weights in two animals. Although not clearly treatment related, this increase in 
the recorded incidence of testicular atrophy is consistent with the observation of an immature testis. 
Together with the lower testis weights in two animals, this may represent delayed testicular develop-
ment, most likely as a consequence of the general growth and developmental delay resulting from 
treatment at the higher dose levels. Other microscopic alterations observed, particularly nonspecifi c 
infl ammatory changes, thymic atrophy and fatty change of adrenal cortical cells, occur commonly in 
this colony of dogs, and the morphology and severity did not indicate an effect of treatment. Signifi -
cantly, in comparison with the 90-day study in dogs, there was no evidence for developmental delay 
in female sex organs in this longer-term study.
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Table 20. Histopathology of selected organs of dogs treated with thiamethoxam in the diet for 
52 weeks 

Males Females

Dietary concentration (ppm)

0 25 150 750 1500 0 25 150 750 1500

Number of animals examined 4 4 4 4 4 4 4 4 4 4

Adrenal glands

Cortical fatty change 0 0 0 1 0 1 3 3 3 3

Lung

Fibrosis 1 0 1 0 1 3 2 1 1 2

Bronchial-alveolar hyperplasia 0 0 1 0 0 1 1 0 0 0

Chronic infl ammation 3 2 2 3 4 4 4 4 4 2

Osseous metaplasia 0 0 0 0 0 0 0 0 1 0

Testes

Tubular atrophy 1 1 1 2 2 — — — — —

Spermatid giant cells 2 1 1 0 1 — — — — —

Infl ammatory cell infi ltration 0 0 1 0 0 — — — — —

Thymus

Atrophy 3 4 3 3 4 3 2 2 4 3

Developmental cyst 2 3 1 2 1 — 3 2 3 1

Granuloma 0 0 0 0 0 0 0 0 1 0

Phagocytic cells 0 0 0 0 0 1 0 0 0 0

From Altmann (1998)

The NOAEL in the 52-week oral toxicity study in dogs was 750 ppm, equal to 21.0 mg/kg bw 
per day, based on prolonged thromboplastin times and reduced testis weights at 1500 ppm, equal to 
42.0 mg/kg bw per day (Altmann, 1998).

(b)  Dermal application

In a 28-day dermal toxicity study, groups of fi ve male and fi ve female Sprague-Dawley-derived 
(Tif:RAIf, SPF strain) rats were administered thiamethoxam (batch No. P.506006; purity 98.6%) at a 
dose level of 0, 20, 60, 250 or 1000 mg/kg bw per day applied under a semiocclusive dressing to intact 
shaven dorsal skin for 6 hours per day, 5 days per week, for 4 weeks. Thiamethoxam was formulated 
as a suspension in aqueous 1% carboxymethylcellulose/0.1% Tween 80 at nominal concentrations 
of 0, 10, 30, 125 and 500 mg/ml in order of increasing dose level. Mortality and clinical signs were 
checked daily, and individual body weights and feed and water consumption were recorded weekly. 
Haematological and blood chemistry investigations were performed on all rats towards the end of the 
treatment period. All animals were subjected to autopsy and postmortem examination, major organs 
were weighed and selected tissues were examined microscopically.

There were no deaths or clinical signs of toxicity during the study. Body weight gains in males 
of the 1000 mg/kg bw per day group were retarded during the fi rst 2 weeks of treatment, but not at 
lower dose levels or in females at any dose level. Feed consumption was not affected in any group. 
Haematological profi les were unaffected by treatment at all dose levels. All statistically signifi cant 
values showed no dose–response relationship, or the recorded values were within historical ranges. 
Females at 250 and 1000 mg/kg bw per day had slightly raised plasma glucose concentrations and 
minimally raised alkaline phosphatase activities (Table 21). Triglyceride concentrations were also 
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slightly raised in females at 1000 mg/kg bw per day. Signifi cantly elevated plasma potassium con-
centrations in all groups of male rats were considered not to have been infl uenced by thiamethoxam, 
as control values were unusually low. Other differences from the controls in blood chemistry are not 
considered to be treatment related because they were too small to be of toxicological relevance (e.g. 
inorganic phosphate levels in males at 1000 mg/kg bw per day) or their occurrence showed no rela-
tionship to dose level.

No anomalies were observed at autopsy, and all absolute organ weights and their ratios to 
body weight were unaffected by treatment. Morphological changes in the skin at the application 
site occurred at low incidence in both treated and control animals and are considered to have been 
induced by the treatment procedure rather than by a response to thiamethoxam. The liver, kidneys 
and adrenal glands were identifi ed as target organs on the basis of histological fi ndings (Table 22). 
An increased incidence of minimal infl ammatory cell infi ltration and necrosis of single hepatocytes 
occurred in females at 250 and 1000 mg/kg bw per day; the elevated incidence of this lesion at 60 
mg/kg bw per day and higher was considered to fall within the limits of normal variation for this 
strain of rat. Effects on liver morphology were absent in the males. In the kidneys, minimal tubular 
hyaline change in males and minimal chronic tubular lesions in females were apparent at 1000 mg/
kg bw per day. A single female at this dose level also showed minimal basophilic cell infi ltration in 
the renal tubules. Lower dose levels were unaffected by these renal changes. In the adrenal glands, 
minimal infl ammatory cell infi ltration was evident in the cortex of females at 1000 mg/kg bw per day. 
No other groups were affected.

The NOAEL in the 28-day dermal toxicity study in rats was 60 mg/kg bw per day, based on the 
blood chemistry changes (increased glucose and alkaline phosphatase levels) in females at 250 mg/
kg bw per day. In view of the low order of toxicity by the percutaneous route in this study, a 90-day 
dermal study is not required (Gerspach, 1996). 

2.3  Long-term studies of toxicity and carcinogenicity

Mice

Groups of 60 male and 60 female albino mice (Tif:MAGf, SPF strain) were administered 
thiamethoxam (batch No. P.506006; purity 98.6%) orally for 78 weeks in the diet at a concentration 
of 0, 5, 20, 500, 1250 or 2500 ppm, equal to 0, 0.65, 2.63, 63.8, 162 and 354 mg/kg bw per day in 
males and 0, 0.89, 3.68, 87.6, 215 and 479 mg/kg bw per day in females. Ten mice of each sex per 
group were designated for clinical laboratory investigations, and 50 mice of each sex per group for 
the oncogenicity study. Additional groups of 10 mice of each sex in the control and high-dose groups 
were similarly treated with thiamethoxam for 35 weeks and then killed for interim evaluation.  Clinical 

Table 21. Selected blood chemistry parameters in rats treated with thiamethoxam by skin 
application for 28 days 

Parameter Males Females

Dose (mg/kg bw per day)

0 20 60 250 1000 0 20 60 250 1000

Glucose (mmol/l) 7.528 7.786 7.886 7.592 6.622 6.390 6.126 6.159 9.592* 9.739*+

Alkaline phosphatase (U/l) 171.5 140.0 144.7 155.2 135.6 108.3 95.42 95.62 174.5* 139.8+

Triglycerides (mmol/l) 0.501 0.623 0.688 0.708 0.516 0.515 0.506 0.438 0.700 1.091*+

From Gerspach (1996)

U, units; * P < 0.05 (Wilcoxon); + positive trend (P < 0.01, Jonckheere)
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observations were made daily, and body weights and feed consumption were recorded weekly for 13 
weeks and monthly thereafter. Haematological investigations were performed at weeks 53 and 78 
on samples from 10 mice of each sex per group. All mice were subjected to detailed autopsy and 
postmortem examination. Organ weights of all mice that survived to the end of their scheduled dos-
ing period were recorded. Tissue/organ samples from all mice killed at 35 weeks, those that died or 
were killed during the study and all mice killed after 78 weeks were fi xed and preserved. Microscopic 
examination of tissues was performed on all mice of the oncogenicity subgroup. The livers of the 
additional 10 mice of each sex in the control and high-dose groups were also examined microscopi-
cally after haematoxylin–eosin staining and appropriate special stains. In-life and organ weight data 
were statistically analysed by a univariate technique, using non-parametric methods where appropri-
ate. Survival analysis was by Cox’s regression model. Neoplastic lesions were analysed using Peto’s 
mortality prevalence test, and non-neoplastic lesions by the Cochran-Armitage linear trend test.

Diet analyses demonstrated thiamethoxam to be stable in feed for at least 5 weeks at room 
temperature, whereas fresh diets were prepared monthly. Analysis of diet samples demonstrated a 
homogeneous distribution of thiamethoxam. The overall mean analytically determined concentra-
tions were 4.9, 20.3, 502, 1251 and 2598 ppm.

Table 22. Selected histopathological fi ndings in rats treated with thiamethoxam by skin 
application for 28 days 

Organ/fi nding Incidence of fi nding

Males Females

Dose (mg/kg bw per day)

0 20 60 250 1000 0 20 60 250 1000

Number of animals examined 5 5 5 5 5 5 5 5 5 5

Adrenal glands

Cortical fatty change 4 4 3 3 4 1 0 1 1 1

Infl ammatory cell infi ltration 0 0 0 0 0 0 1 0 1 3

Kidneys

Chronic progressive nephropathy 0 0 0 0 1 0 1 0 0 0

Glomerulosclerosis 0 1 0 0 0 0 0 0 0 0

Chronic tubular lesion 1 0 1 1 1 1 2 2 1 4

Nephrocalcinosis 1 0 0 1 0 3 5 5 5 5

Renal tubular cast 0 0 1 0 1 0 1 0 1 0

Hyaline change 1 2 1 1 3 0 0 0 0 0

Calcifi cation 0 1 0 0 0 0 0 0 0 0

Basophilic infi ltration 2 2 0 2 1 0 0 0 0 1

Liver

Infl ammatory cell infi ltration 3 4 4 3 2 2 2 4 5 5

Intrahepatic bile duct 
cholangiofi brosis

1 0 0 1 1 0 0 0 0 0

Extramedullary haematopoiesis 0 0 0 0 0 1 0 0 0 1

Kupffer cell hyperplasia 0 0 0 0 0 1 0 1 0 0

Hepatocyte necrosis 0 0 0 0 0 2 0 2 3 4

From Gerspach (1996)
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Survival incidence and the incidences of single/multiple palpable masses were not affected by 
treatment in either sex. Clinical signs were restricted to a slightly increased incidence of abdominal 
distension in females at 1250 ppm and in males at 1250 and 2500 ppm. This fi nding correlated histo-
logically, in most cases, with benign or malignant liver tumours. There was a slightly increased inci-
dence of hypoactivity in females at 2500 ppm, which correlated with perimortal fi ndings in unsched-
uled deaths. At 2500 ppm, body weight gain was retarded in males from week 7 and in females from 
week 38, resulting in an overall depression of weight gains of 18% and 14%, respectively. Feed 
consumption was unaffected by treatment in both sexes at all dose levels.

There were no treatment-related changes in haematological profi les at 53 and 78 weeks at any 
dose level. Signifi cantly higher mean corpuscular haemoglobin occurred in males at 2500 ppm at 
53 and 78 weeks, but as erythrocyte numbers, haemoglobin concentration and haematocrit values 
were unaffected by treatment, the differences were considered to have no toxicological signifi cance. 
Occasional statistically signifi cant differences from the controls occurred in some haematological 
parameters but were considered not to be toxicologically signifi cant because there was no dose–re-
sponse relationship or the changes were too small to be of biological relevance. Lymphatic leukaemia 
occurred in two control females, one female at 5 ppm, one female and two males at 500 ppm and one 
female at 1250 ppm. Females with leukaemia contributed to higher mean white blood cell counts and 
unstained cell counts in control and 500 ppm animals at week 78. No toxicological signifi cance was 
attributed to these fi ndings.

At week 35, the only effects on organ weights attributable to treatment were increased liver 
and adrenal weights in females treated at 2500 ppm. At week 79, mean carcass weight was reduced 
in males at 2500 ppm. Liver weights were increased dose-dependently in both sexes at 500, 1250 and 
2500 ppm (Table 23). Other signifi cant differences at 2500 ppm are considered to be incidental to 
treatment because of an effect on body weight (male brain weight), no histological correlate (male 
kidney weight) or aberrant mean value in the control group due to the presence of tumours (female 
spleen weight).

There were no treatment-related gross lesions at autopsy in week 35. Gross examination at 
week 79 revealed an increased incidence of masses and nodules in the liver at doses of 500 ppm 
and above, particularly in male groups. Thickening of the stomach in three males at 2500 ppm, a 
decreased incidence of enlarged seminal vesicles at 1250 and 2500 ppm and a decreased incidence of 
enlarged spleen in females at 2500 ppm are considered to be treatment related, as histological corre-
lates were noted. A slight increase in the incidence of uterine masses at 2500 ppm was not supported 
by microscopic fi ndings, and this was therefore considered incidental to treatment.

Liver histopathology performed at week 35 revealed non-neoplastic lesions only. A treatment-
related increase occurred in the incidences of infl ammatory cell infi ltration, necrosis of single hepa-
tocytes, Kupffer cell pigmentation and hepatocyte hypertrophy in both sexes at 2500 ppm (Table 24). 
The severity ranged from minimal to moderate. At week 79, treatment-related, non-neoplastic lesions 
in the liver occurred at 500 ppm and above, comprising increased incidences of focal cellular altera-
tion (mainly eosinophilic), infl ammatory cell infi ltration, necrosis of single hepatocytes, hepatocel-
lular hypertrophy, increased mitotic activity, deposition of pigments (lipofuscin and haemosiderin) 
and hyperplasia of Kupffer cells. The lesions ranged in severity from minimal to marked, and their 
incidences generally showed a positive dose–response relationship.

Treatment-related, non-neoplastic effects in tissues other than liver were increased incidences 
and severity of splenic extramedullary haematopoiesis and gastric mucosal epithelial hyperplasia 
in both sexes at 2500 ppm. The latter lesion was frequently accompanied by mild infl ammatory cell 
infi ltration and, in males, could be correlated with grossly observable thickening of the stomach wall. 
The incidences of some degenerative and infl ammatory lesions were decreased at 2500 ppm and 
occasionally at 500 and 1250 ppm. Effects observed at reduced incidences included adrenal cortical 
hyperplasia, cataract formation, chronic nephropathy in males, pancreatic islet cell hyperplasia in 
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Table 23. Treatment-related organ weight changes in mice treated with thiamethoxam in the diet 
for 35 or 79 weeks 

Organ Dietary 
concentration 
(ppm)

Males Females

Week 35 Week 79 Week 35 Week 79

Absolute 
weight

Relative 
weighta

Absolute 
weight

Relative 
weighta

Absolute 
weight

Relative 
weighta

Absolute 
weight

Relative 
weighta

Carcass (g) 0 53.93 — 53.15 — 35.84 — 40.57 —

5 — — 53.34 — — — 38.48 —

20 — — 52.17 — — — 38.83 —

500 — — 53.48 — — — 40.17 —

1250 — — 51.65 — — — 40.82 —

2500 48.88 — 48.62*− — 35.69 — 37.62 —

Liver (g) 0 3.02 55.62 2.97 55.73 1.88 53.35 2.34 57.87

5 — — 3.08 58.67 — — 2.19 57.44

20 — — 2.92 55.91 — — 2.29 59.37

500 — — 3.20 60.02 — — 2.56 63.79*+

1250 — — 3.79*+ 73.75*+ — — 2.67+ 65.55*+

2500 2.69 54.81 5.18*+ 106.4*+ 2.30 64.44* 2.97*+ 78.54*+

Adrenals (mg) 0 9.81 0.18 10.02 0.19 20.36 0.58 19.35 0.49

5 — — 9.27 0.18 — — 19.09 0.50

20 — — 8.80* 0.17 — — 17.56 0.46

500 — — 9.11* 0.17 — — 20.84 0.53

1250 — — 9.50 0.19 — — 18.88 0.48

2500 9.95 0.21 10.02 0.21 25.58 0.72 18.44 0.50

From Bachmann (1998b)

* P ≤ 0.01 (LePage); −/+ negative/positive trend (P ≤ 0.01, Jonckheere) 
a % body weight × 10.

Table 24. Incidences of non-neoplastic hepatic lesions in mice treated with thiamethoxam in the 
diet for 35 or 79 weeks 

Incidence of lesion

Males Females

Dietary concentration (ppm)

0 5 20 500 1250 2500 0 5 20 500 1250 2500

Week 35

Number examined 10 0 0 0 0 10 10 0 0 0 0 10

Infl ammatory cell infi ltration 1 — — — — 8 3 — — — — 8

Single-cell necrosis 0 — — — — 10 0 — — — — 9

Kupffer cell pigmentation 0 — — — — 8 0 — — — — 4

Hepatocyte hypertrophy 0 — — — — 9 0 — — — — 10

Week 79

Number examined 50 50 50 50 50 50 50 50 50 50 50 50

Deposition of pigment 2 2 3 13 33 44 6 5 3 5 14 30
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males, lymphocytic infi ltration of the salivary gland in females, chronic infl ammation and dilatation 
of the seminal vesicles (correlated with reduced incidence of enlarged seminal vesicles at necropsy), 
splenic white pulp hyperplasia (correlated in females with decreased incidence of enlarged spleen at 
necropsy) and testicular tubular atrophy. Particularly in males, reduced incidences are considered to 
be associated with depressed body weight gain and are not regarded as adverse effects.

At 79 weeks, the incidence of hepatocellular adenoma was signifi cantly greater than concur-
rent and historical control levels in both sexes at 500 ppm and above. The incidence of hepatocellular 
adenocarcinoma was also signifi cantly greater than concurrent and historical control levels in females 
at 1250 ppm and in both sexes at 2500 ppm (Table 25). No increased incidences of neoplasms in other 
organs were observed. Decreased incidences of systemic malignant lymphomas in females were con-
sistent with signifi cantly lower spleen weights.

Incidence of lesion

Males Females

Dietary concentration (ppm)

0 5 20 500 1250 2500 0 5 20 500 1250 2500

Focus of alteration 7 4 4 11 22 32 2 2 2 2 14 37

Hepatocellular hypertrophy 8 11 6 41 40 45 3 2 3 19 39 45

Increased mitotic activity 0 0 0 1 10 8 1 1 0 4 5 4

Infl ammatory cell infi ltration 13 9 13 33 41 43 18 20 20 24 33 45

Kupffer cell hyperplasia 0 0 1 0 0 10 2 1 0 0 1 2

Single-cell necrosis 5 3 5 40 40 46 3 2 5 18 36 46

From Bachmann (1998b)

Table 25. Incidences of neoplastic hepatic lesions in mice treated with thiamethoxam in the diet 
for 79 weeks 

Malignant 
or benign

Incidence of lesion

Males Females

Dietary concentration (ppm)

0 5 20 500 1250 2500 0 5 20 500 1250 2500

Number examined 50 50 50 50 50 50 50 50 50 50 50 50

Hepatocellular adenocarcinoma m 3 3 2 4 4 16 0 0 0 0 2 3

1st hepatocellular adenoma b 9 5 8 17 21 39 0 0 0 5 8 28

2nd hepatocellular adenoma b 3 2 3 3 12 31 0 0 0 0 5 14

Multiple hepatocellular 
adenomas

b 0 1 0 0 6 14 0 0 0 0 2 7

Metastatic carcinoma m 0 0 0 0 1 0 1 0 0 0 1 0

Haemangioma b 0 1 1 0 0 0 2 1 0 0 0 0

1st haemangiosarcoma m 1 0 0 0 1 0 1 0 0 0 1 0

2nd haemangiosarcoma m 1 0 0 0 1 0 0 0 0 0 0 0

Hepatoblastoma m 0 0 0 0 1 0 0 0 0 0 0 0

Metastatic osteosarcoma m 0 0 0 0 0 0 0 0 1 0 0 0

Any hepatic neoplastic lesion 11 7 10 19 22 44 0 0 0 5 9 29

From Bachmann (1998b) 

b, benign; m, malignant

Table 24 (continued)
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The NOAEL in the 78-week dietary study in mice was 20 ppm, equal to 2.63 mg/kg bw per day, 
based on increased liver weights, hepatocellular hypertrophy, pigment deposition, infl ammatory cell 
infi ltration and single-cell necrosis at 500 ppm, equal to 63.8 mg/kg bw per day. Thiamethoxam was 
tumorigenic in mice and induced hepatocellular adenomas in male and female mice at a dose level of 
500 ppm, equal to 63.8 mg/kg bw per day in male mice and 87.6 mg/kg bw per day in female mice, 
and hepatocellular adenocarcinomas in male mice at 2500 ppm, equal to 354 mg/kg bw per day. A 
mouse-specifi c mode of (toxic and carcinogenic) action was proposed through which it was clear that 
hepatotoxicity and hepatocarcinogenicity were unlikely to occur at human levels of dietary exposure 
(Bachmann, 1998b). A proposed mode of carcinogenic action of thiamethoxam in mice is evaluated 
in Appendix 1. 

The NOAEL for non-hepatic effects was 1250 ppm (equal to 162 mg/kg bw per day), based on 
reductions in body weight and effects on spleen and stomach at 2500 ppm (equal to 354 mg/kg bw 
per day).

Rats

Groups of 70 male and 70 female Sprague-Dawley rats (strain Tif:RAIf, SPF) were adminis-
tered thiamethoxam (batch No. P.506006; purity 98.6%) orally for 104 weeks in the diet at a concen-
tration of 0, 10, 30, 500 or 1500 ppm, equal to 0, 0.41, 1.29, 21.0 and 63.0 mg/kg bw per day, in males 
and 0, 10, 30, 1000 or 3000 ppm, equal to 0, 0.48, 1.56, 50.3 and 155 mg/kg bw per day, in females. 
Twenty rats of each sex per group were designated for clinical laboratory investigations, and 50 rats 
of each sex per group for the carcinogenicity study. Additional groups of 10 rats of each sex per group 
were similarly treated with thiamethoxam for 52 weeks and then killed for interim evaluation. Clini-
cal observations were made daily, body weights and feed consumption were recorded weekly for 13 
weeks and monthly thereafter, and water consumption was recorded monthly. The eyes of all rats in 
the carcinogenicity subgroup were examined before dosing and at 104 weeks. Control and high-dose 
rats were also examined at weeks 26, 52 and 77. Laboratory investigations were performed at weeks 
13, 27, 53 and 78 and at the end of the treatment period on 20 rats of each sex per group for haematol-
ogy and on 10 rats of each sex per group for blood chemistry and urinalysis. All rats were subjected 
to detailed autopsy and postmortem examination. Organ weights of all rats that survived to the end of 
their scheduled dosing period were recorded. Tissue/organ samples from all rats killed at 52 weeks, 
those that died or were killed during the study and all rats killed at the end of the study were fi xed 
and preserved. Microscopic examination of tissues was performed on all rats of all treatment and 
control groups, with the exception of the 20 rats of each sex per group designated for laboratory 
investigations. In-life and organ weight data were statistically analysed by a univariate technique, 
using non-parametric methods where appropriate. Survival analysis was by Cox’s regression model. 
Neoplastic lesions were analysed using Peto’s mortality prevalence test, and non-neoplastic lesions 
by the Cochran-Armitage linear trend test.

Diet analyses demonstrated thiamethoxam to be stable in feed for at least 7 weeks at room tem-
perature, whereas fresh diets were prepared monthly. Analysis of diet samples 13 times demonstrated 
a homogeneous distribution of thiamethoxam and achieved concentrations in the range 89.3–107.6% 
of nominal during the 4-week use period. The overall mean analytically determined concentrations 
were 10, 31, 507, 1011, 1502 and 3033 ppm.

Survival incidence was not affected by treatment, there were no clinical signs of an adverse 
effect of treatment and the incidences of single and multiple palpable masses were unaffected by treat-
ment at any dose level. Body weight development in all male groups was unaffected by treatment, 
but females at 3000 ppm had slightly depressed body weight gain from week 3 until  termination, at 
which time cumulative weight gain was depressed by 12.6%. Feed consumption was unaffected by 
treatment in both sexes at all dose levels, but water consumption of males at 1500 ppm was raised 
by 13%. No effect on water consumption occurred in other groups. Eye examinations revealed no 
evidence of ocular toxicity at any time.
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There were no treatment-related changes in haematology, blood chemistry or urinalysis param-
eters. Occasional statistically signifi cant differences from the controls, or trends, occurred in these 
parameters, but were considered not to be toxicologically signifi cant because there was no consist-
ency between sampling intervals, there was no dose–response relationship or the changes were too 
small to be of biological relevance. A myeloid leukaemia was identifi ed in one male rat at 1500 ppm 
in week 53. This type of neoplasm occurs spontaneously at low incidence in rats of this source and 
strain, and it was considered unrelated to treatment. 

There were no treatment-related effects on organ weights at any dose level at either 52 or 104 
weeks. At 104 weeks, mean carcass weight in high-dose males and females was reduced by 4% and 
8%, respectively. There were no signifi cant differences from control values in absolute and relative 
organ weights among the males, with the exception of a minor negative trend in the relative thy-
roid weight of males at 1500 ppm. The trend was considered not to be of toxicological signifi cance 
because the mean value was similar to historical control values and no related histological changes 
were evident. Mean absolute adrenal weights appeared elevated in males at 10, 500 and 1500 ppm, 
but not at the intermediate dose of 30 ppm. The highest mean value was for the 10 ppm dose in both 
males and females. These are clearly erratic results and include some particularly high individual 
adrenal weights in the 10 and 1500 ppm group males. The variations in adrenal weights cannot be 
interpreted with justifi cation as being due to thiamethoxam. Female mean relative thyroid weights 
were higher than control values in all treated groups, but remained within the historical control 
range. In the absence of corroborative clinical chemistry or histological changes, the differences were 
judged to be without toxicological signifi cance.

Postmortem examination of rats sacrifi ced after 52 and 104 weeks and unscheduled deaths 
between 52 and 104 weeks revealed no treatment-related lesions. Most gross lesions occurred at 
comparable frequencies in the control and treated groups. Morphological correlates of gross lesions 
showing intergroup differences in incidence did not indicate an effect of treatment. The nature of the 
lesions was similar to those occurring spontaneously in this strain of rat. 

No treatment-related neoplastic lesions occurred in rats that were killed at 52 weeks or that 
died during the fi rst 52 weeks. Three malignant and seven benign neoplasias were identifi ed in total. 
All were diagnosed as neoplasms that occur spontaneously in this strain of rat, and only pituitary 
adenomas occurred in more than one individual. The distribution between the control and treated 
groups did not indicate an effect of treatment. Non-neoplastic, treatment-related lesions at 52 weeks 
were increased incidences of renal tubular regenerative changes, chronic tubular lesion and tubular 
basophilic proliferation in males at 500 and 1500 ppm. Minimally increased incidences of renal 
tubular and pelvic lymphocytic infi ltration also occurred at 1500 ppm, but without tubular hyaline 
change. These alterations are considered to represent the sequelae of α

2u
-globulin-mediated nephrop-

athy. The kidneys of females at all dose levels were unaffected. There was a minimal increase in the 
severity of splenic haemosiderosis in females at 3000 ppm from a mean score of 2.4 in the controls 
to 3.0 in the 3000 ppm group. In the liver, there were increased incidences of cholangiofi brosis in 
males at 10 ppm (5/10), 500 ppm (6/10) and 1500 ppm (4/10) compared with the controls (2/10) and 
an increased incidence of infl ammatory cell infi ltration in males at 10 ppm (4/10), 30 ppm (3/10) and 
500 ppm (5/10) relative to controls (1/10). These fi ndings, which were not apparent after 104 weeks 
of treatment, are considered incidental to treatment because of the lack of a dose–response relation-
ship. Other non-neoplastic lesions occurred in animals that died during the fi rst year or that were 
sacrifi ced at 52 weeks, but all commonly occur in this strain of rat, and the incidence, distribution and 
morphology did not indicate an effect of treatment.

In rats that were killed at 104 weeks or that died between weeks 53 and 104, treatment-related, 
non-neoplastic changes in the kidneys and liver were observed. In the kidneys, a slightly increased 
incidence of slight/moderate chronic nephropathy occurred in males at 1500 ppm (Table 26), accom-
panied by a minimal increase in the incidence of lymphocytic infi ltration of the renal cortex at 1500 
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ppm. Two animals also showed tubular hyaline change. In the liver, a treatment-related increase 
occurred in the incidence of slight/moderate focal cellular alteration, generally of the clear cell sub-
type, in females at 3000 ppm. All other non-neoplastic fi ndings in the liver and kidneys were of a 
similar nature, severity and incidence in both treated and control groups. In other tissues, some non-
neoplastic lesions occurred at slightly higher incidences in treated groups than in controls, but in all 
instances, these are considered unrelated to treatment with thiamethoxam, as their occurrence is not 
dose related, the incidence is within the historical control range or the lesions are known to occur 
spontaneously in aged rats of this strain. 

All neoplastic fi ndings, both malignant and benign, occurring at 104 weeks are considered 
incidental to treatment with thiamethoxam, as the incidences in treated and control groups are simi-
lar, the intergroup distribution shows no relationship to dose level, or the incidences are within his-
torical control ranges and the lesions are known to occur spontaneously in aged rats.

The NOAEL in the 104-week dietary study in rats was 30 ppm, equal to 1.3 mg/kg bw per 
day in males, based on increased incidences of renal chronic tubular lesions and basophilic prolif-
eration in males at 500 ppm, equal to 21.0 mg/kg bw per day. This renal lesion was considered to 
be α

2u
-globulin mediated and therefore has no human relevance. The relevant NOAEL in rats in the 

104-week dietary study was 1000 ppm, equal to 50.3 mg/kg bw per day in females, based on foci of 
cellular alteration in the liver and increased severity of splenic haemosiderosis at 3000 ppm, equal to 
155 mg/kg bw per day (Bachmann, 1998a).

Table 26. Incidences of non-neoplastic renal hepatic lesions in rats treated with thiamethoxam in 
the diet for 104 weeks 

Incidence of lesion

Males Females

Dietary concentration (ppm)

0 10 30 500 1500 0 10 30 1000 3000

Kidneys

No. examined 50 50 49 50 50 50 50 49 50 50

Lymphocytic infi ltration 10 10 7 14 17 2 3 4 2 2

Average grade 1.6 1.7 1.4 1.9 1.7 1.5 2.0 1.5 1.5 2.0

Chronic nephropathy 30 35 32 37 42 12 10 8 6 10

Average grade 2.4 2.6 2.4 2.5 2.7 2.8 2.9 2.0 2.2 2.5

Tubular hyaline change 0 1 1 0 2 2 1 0 0 0

Liver 

No. examined 50 50 49 50 50 50 49 49 50 50

Focus of cellular alteration 20 21 15 21 20 10 21 12 15 26

Average grade 2.2 2.3 1.6 2.0 2.0 1.9 1.6 1.5 1.4 2.1

Subtype:

- Amphophilic 3 3 1 5 1 3 2 1 1 3

- Basophilic 1 2 0 2 0 4 6 5 5 6

- Clear cell 13 10 11 11 14 3 5 2 5 15

- Eosinophilic 3 5 2 3 5 0 8 4 4 2

- Mixed 0 1 1 0 0 0 0 0 0 0

From Bachmann (1998a)
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2.4  Genotoxicity

Thiamethoxam was tested for genotoxicity in a range of assays, both in vitro and in vivo 
(Table 27; all study references are listed in this table). There was no evidence of mutagenic activity 
in two bacterial reverse mutation assays performed over dose ranges of up to 5000 µg/plate. One of 
these assays was performed in the presence and absence of an exogenous metabolic activating sys-
tem (S9 mix) prepared in the standard way from male rats and using Salmonella typhimurium strains 
TA98, TA100, TA1535 and TA1537 and Escherichia coli WP2uvrA. The other assay used S. typh-
imurium TA98, TA100, TA102, TA1535 and TA1537 in the presence and absence of S9 mix prepared 
from mice treated with three dose levels of thiamethoxam for 14 days. Also, no mutagenic activity 
was observed at the hprt locus in a single study in the presence and absence of S9 mix with Chinese 
hamster lung V79 cells, and no clastogenic activity was observed in a single study in the presence 
and absence of S9 mix with Chinese hamster ovary cells. Unscheduled DNA synthesis activity was 
measured in two studies with primary cultures of hepatocytes, one from rats and one from mice. No 
increased DNA repair synthesis was observed in either study.

A single in vivo study was conducted for micronucleus induction in polychromatic erythro-
cytes from the bone marrow of male and female Tif:MAGf mice treated with thiamethoxam orally by 
gavage on a single occasion. No increased frequencies of micronucleated cells from thiamethoxam-
treated mice were observed.

Table 27. Results of studies of genotoxicity with thiamethoxam

End-point Test object Concentration/dosea

(LED/HID)
Batch No.; 
purity (%)

Result Reference

In vitro

Gene mutation Salmonella typhimurium strains 
TA98, TA100, TA1535, TA1537; 
Escherichia coli WP2uvrA 
(± Aroclor 1254–treated rat liver 
S9), standard plate test

5000 µg/plate P.506006; 
98.6

Negative Hertner 
(1995a)

Gene mutation S. typhimurium strains TA98, 
TA100, TA102, TA1535, TA1537 
(± thiamethoxam-treated mouse 
liver S9), standard plate test

5000 µg/plate P.506006; 
98.6

Negative Deparade 
(1999)

Gene mutation Chinese hamster lung V79 cells 
hprt locus 

2220 µg/ml −S9

3330 µg/ml +S9

P.506006; 
98.6

Negative

Negative

Ogorek 
(1996a)

Chromosomal 
aberration 

Chinese hamster ovary cells 2270 µg/ml −S9

4540 µg/ml +S9

P.506006; 
98.6

Negative

Negative

Zeugin 
(1996)

Unscheduled 
DNA synthesis

Primary cultures of male 
Tif:RAIf rat hepatocytes

1665 µg/ml P.506006; 
98.6

Negative Ogorek 
(1996b)

Unscheduled 
DNA synthesis

Primary cultures of male 
Tif:MAG mouse hepatocytes

235 µg/ml P.506006; 
98.6

Negative Ogorek 
(2000)

In vivo

Micronucleus 
formation 

Male and female Tif:MAGf 
mice, bone marrow cells

1000 mg/kg bw 
(males), 1250 mg/kg 
bw (females) × 1 po, 
observations on males 
at 16, 24 and 48 h and 
on females at 16 h after 
dosing 

OP235005; 
99.4

Negative Hertner 
(1995b)

HID, highest ineffective dose; LED, lowest effective dose; po, by mouth (per os); S9, 9000 × g rat or mouse liver supernatant
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It is concluded from this battery of tests that thiamethoxam demonstrated no genotoxic or 
mutagenic activity and is considered unlikely to present a genotoxic hazard to humans.

2.5 Reproductive toxicity

(a) Multigeneration studies

Rats

Two multigeneration studies were conducted on thiamethoxam, the fi rst to comply with regula-
tions in Japan, the second to comply with regulations in the United States of America (USA).

In a two-generation study of reproduction in rats, groups of male and female Sprague-Daw-
ley-derived Tif:RAIf, SPF strain rats were administered thiamethoxam (batch No. P.506006; purity 
98.6%) continuously in the diet at a dose level of 0, 10, 30, 1000 or 2500 ppm throughout the two 
generations. These dietary concentrations were equal to 0, 0.4–1.5, 1.4–4.3, 45.6–144.0 and 117.6–
362.9 mg/kg bw per day for males and 0, 0.6–2.1, 1.8–6.4, 59.3–219.6 and 14.8–541.3 mg/kg bw per 
day for females.

The F
0
 generation comprised 30 males and 30 females in each dose group. They received the 

treated diet for 10 weeks before pairing and throughout mating, gestation, littering and lactation for 
two litters per generation. Litters were culled to four pups of each sex, where possible, on day 4 post-
partum. The F

1
 generation was selected from the fi rst litters of the F

0
 generation. Clinical signs, body 

weights, feed consumption, mating, gestation and parturition parameters, pup survival and develop-
mental or behavioural landmarks were recorded. A gross necropsy examination was performed on all 
pups not selected for mating. All parental animals were necropsied after weaning of the second litters 
and subjected to macroscopic examination and histopathology of the sex and target organs. Sperm 
analysis (motility, morphology and spermatid counts) was performed on 15 males per group of the 
F

0
 and F

1 
parental generations. Male and female mating and fertility indices, female gestation and 

parturition indices, and litter live birth, viability and lactation indices were calculated. Continuous 
data were analysed statistically using analysis of variance (ANOVA) and Dunnett’s t-test, quantal data 
by the chi-squared test followed by Fisher’s exact test, and non-parametric data by Kruskal-Wallace 
non-parametric ANOVA followed by the Dunnett test.

In an ancillary sperm cell parameter study, groups of 30 previously unmated male Sprague-
Dawley-derived rats (Tif:RAIf, SPF strain, age

 
6–7 weeks) were fed thiamethoxam in the diet for 10 

weeks at a nominal concentration of 0, 10, 30, 1000 or 2500 ppm. Body weight, feed consumption 
and clinical signs were recorded. After 10 weeks, the animals were killed and necropsied, the testes, 
epididymides, prostate and seminal vesicles (with coagulating glands) were weighed, and epididymis 
sperm cells and/or testis spermatids were evaluated for number, motility and morphology. Changes 
in procedure from the fi rst study were implemented to reduce and standardize the time for sperm col-
lection, to refi ne the technique for opening the cauda epididymis and to randomize the order in which 
sperm evaluations were performed to minimize between-day bias.

Analysis of representative diet samples demonstrated that thiamethoxam was stable in the diet 
for at least 5 weeks at room temperature. Homogeneity varied in the range −4% to +5% of nominal. 
Analysis of representative diet samples from 7 of 12 mixes showed the overall mean concentrations 
to be 9.6, 29.1, 1022 and 2590 ppm, in order of increasing concentration.

There were no treatment-related deaths or clinical signs of an adverse reaction to treatment. 
Body weight gain was signifi cantly reduced by 10.4% throughout the study in males at 2500 ppm. 
There was no signifi cant effect on weight gain in the other male groups or in any female group, either 
before mating or during gestation and lactation. Feed consumption was transiently reduced by 7.5% 
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in males at 2500 ppm during the fi rst 2 weeks of the fi rst premating treatment period, but not later. 
No other groups of either sex were affected.

There were no treatment-related effects on absolute or relative organ weights at any dose level. 
Statistically signifi cant, slightly higher relative weights of spleen, heart and liver in males at 2500 
ppm are considered to be related to slightly lower terminal body weights and not a direct effect of 
treatment.

At autopsy, there was no effect on the gross appearance of organs in male or female F
0
 parental 

animals at any dose level. There were no effects on the microscopic appearance of the reproductive 
organs of F

0
 males and females at 2500 ppm or in non-pregnant females and males that failed to 

mate. An increased incidence of minimal to marked hyaline change in renal tubule cells was observed 
in male rats at 1000 and 2500 ppm, and a slightly increased incidence of renal tubular casts was 
observed in males at 2500 ppm. Both fi ndings were attributed to the treatment.

Sperm analyses revealed no treatment-related changes in the concentration of spermatids in 
testes at any dose level. Sperm morphology was unaffected by treatment.

Sperm motility in all thiamethoxam-treated groups was reduced signifi cantly by approximately 
20%. However, variability, refl ected in large standard deviations, was high in all groups, indicating 
probable technical fl aws. In view of the absence of effects on spermatid concentration, histologi-
cal morphology, sperm morphology and fertility during both pairings and the absence of a dose–
response relationship for reduced motility, the toxicological relevance of these results is considered 
equivocal. One technical fl aw considered to have contributed to the variability between samples was 
poor standardization of the interval between sacrifi ce and sperm evaluation. A fl aw probably account-
ing for the signifi cant differences among groups was the conduct of sperm evaluations in group 
order rather than in randomized order. In a second sperm analysis study, reported below, procedural 
changes were implemented to reduce and standardize the time for sperm collection, to refi ne the 
technique for opening the cauda epididymis and to randomize the order in which sperm evaluations 
were performed to minimize between-day bias. This second sperm analysis study showed no effect 
of treatment on any sperm parameters, suggesting that these apparent changes in sperm motility were 
not an effect of treatment.

There were no treatment-related differences in reproductive parameters among the groups 
(Table 28). The number of animals that mated, the pregnancy incidence, the mean time to mating and 
the number of males and females that failed to mate or mated unsuccessfully were comparable in 
all treated and control groups for both the fi rst and second matings, with the exception of the group 
treated at 1000 ppm, which showed slightly lower insemination and pregnancy incidences on both 
occasions. There was no effect of treatment at any dose level, at either mating, on the duration of 
gestation or on gestation and parturition indices. 

In both F
1a

 and F
1b

, the numbers of litters were lower in the 1000 ppm group, but were unaf-
fected in either the lower or 2500 ppm dose groups, indicating that this was not a treatment-related 
response. A consequence was that a lower total number of pups was born, whereas the mean litter 
sizes were unaffected at the 1000 ppm dose level. Mean litter sizes at birth were slightly, but not 
signifi cantly, lower than the control group at 2500 ppm in the F

1a
 (13.6 versus 11.4) and F

1b
 (13.8 

versus 12.1) generations. In addition, the loss of one litter (nine stillborn pups) was responsible for 
an increased number of stillborn pups in the F

1b
 1000 ppm group. No similar observation was made 

in the F
1a

 1000 ppm group or in any other group in this study. Mean birth weight was unaffected 
by treatment at any dose level, but slightly reduced pup weight gain occurred in both F

1a
 and F

1b
 at 

2500 ppm during the last 2 weeks of lactation. Sex ratios, viability and lactation indices, clinical 
signs, achievement of physical/behavioural developmental landmarks and macroscopic fi ndings at 
necropsy were unaffected by treatment.

There were no treatment-related deaths or clinical signs in the F
1
 parental animals, although 

two rats at 2500 ppm and one at 10 ppm were killed in a moribund condition. The overall weight gain 
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of the selected F
1
 parental rats was unaffected by treatment. The weight gain in male rats was reduced 

at the end of the fi rst mating at 2500 ppm, but had recovered by the end of the second mating period. 
The early weight gain defi cit refl ects the lower starting weight in males of this group (Table 29). Feed 
consumption was also unaffected by treatment. Minimally higher apparent feed consumption at 2500 
ppm, occasionally observed throughout the treatment period, is considered likely to refl ect increased 
wastage. 

Organ weights of F
1
 parental rats are given in Table 30. Statistically signifi cant increases in 

relative (to body weight) spleen (10.5%) and liver (9.1%) weights were observed in male rats, but 
not in females. Absolute spleen and liver weights were not signifi cantly affected by treatment. Com-
bined weights of the testes were signifi cantly lower in 2500 ppm rats compared with controls, but 
microscopic examination showed no dose–response relationship in the incidences of tubular atrophy. 
Lower thymus weights occurred in females at 30, 1000 and 2500 ppm, but again there was no histo-
logical correlate, suggesting that the differences were incidental to treatment. The thymus histology 
of all female rats surviving to the study completion was subjected to morphometric assessment for 
atrophy and reported separately (Weber, 2000e). The analysis revealed mean percentages of thymic 
cortical area of approximately 65% in all dose groups. There was no statistically signifi cant differ-
ence compared with control; in addition, there was no indication of an increasing or decreasing dose-
related trend (Weber, 2000e).

The gross appearance of tissues and organs at autopsy in F
1
 parental rats was unaffected by 

treatment. No treatment-related histological lesions were observed in the reproductive organs of 
parental rats at 2500 ppm or in non-pregnant females and males that failed to mate. Tubular atrophy 
of the testes was increased in the treated groups, but the incidences were not dose related and were 

Table 28. Reproductive parameters: F
0
 parental animals 

Dietary concentration (ppm)

0 10 30 1000 2500

First mating

Females placed with males (n) 30 30 30 30 30

Males placed with females (n) 30 30 30 30 30

No. of days until evidence of mating 5.3 4.9 4.0 3.7 4.4

Total inseminated (n) 28 29 29 26 29

Total pregnant (n) 25 28 28 23 27

Pregnant females died or sacrifi ced moribund (n) 0 0 1 0 0

Duration of gestation (days) 22.1 21.8 22.2 22.0 22.0

Total delivering with liveborn pups (n) 25 28 27 23 27

Second mating

Females placed with males (n) 30 30 29 30 30

Males placed with females (n) 30 30 29 30 30

Days until evidence of mating 3.3 3.0 4.3 4.1 3.2

Total inseminated (n) 28 29 29 25 29

Total pregnant (n) 24 26 27 22 27

Duration of gestation (days) 22.2 22.0 22.1 21.9 22.2

Pregnant females died or sacrifi ced moribund (n) 0 0 0 0 0

Total delivering with liveborn pups (n) 24 26 27 22 27

From Doubovetzky (1998)
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Table 29. Body weight development: F
1
 parental animals 

Day Time point Parameter Dietary concentration (ppm)

0 10 30 1000 2500 

Males

134 Start premating Mean body weight (g) 162.0 153.2 163.3 161.6 147.8

204 End 1st premating Mean body weight (g) 470.2 469.5 456.9 453.6 437.9*

Cumulative body weight gain 
(g)

308.2 316.3 293.6 292.0 290.1

Body weight gain (% of control) — +2.6 −4.7 −5.3 −5.9

323 End 2nd postmating Mean body weight (g) 603.8 612.2 598.2 588.8 589.2

Cumulative body weight gain 
(g)

441.8 459.0 434.9 427.2 441.4

Body weight gain (% of control) — +3.9 −1.6 −3.3 −0.1

Females

134 Start premating Mean body weight (g) 146.5 134.3 141.7 142.3 134.7

204 End 1st premating Mean body weight (g) 294.1 281.4 284.4 288.9 279.0

Cumulative body weight gain 
(g)

147.6 147.1 142.7 146.6 144.3

Body weight gain (% of control) — −0.3 −3.3 −0.7 −2.2

334 End 2nd lactation Mean body weight (g) 372.5 357.2 358.7 371.3 369.0

Cumulative body weight gain 
(g)

226.0 222.9 217.0 229.0 234.3

Body weight gain (% of control) — −1.4 −4.0 +1.3 +3.7

From Doubovetzky (1998)

* P ≤ 0.05, ANOVA + Dunnett 

Table 30. Organ weights: F
1
 parental animals 

Organ Organ weighta

Males Females

Dietary concentration (ppm)

0 10 30 1000 2500 0 10 30 1000 2500

Carcass

- Absolute 582 593 578 575 573 350 335 341 342 339

Spleen

- Absolute 0.88 0.86 0.87 0.85 0.96 0.63 0.62 0.61 0.65 0.64

- Relative 15.19 14.50 15.03 14.96 16.79** 17.99 18.65 18.07 18.96 18.82

Liver

- Absolute 22.59 22.74 22.12 22.92 24.43 14.21 13.21 13.41 13.74 14.17

- Relative 388.54 382.82 382.77 396.94 423.72** 405.77 394.17 394.01 401.67 418.52

Testes/ovaries

- Absolute 4.48 4.42 4.24 4.41 4.08* 0.23 0.20** 0.22 0.22 0.23

- Relative 77.36 75.31 74.09 77.30 72.43 6.67 6.11 6.37 6.43 6.77

Thymus

- Absolute 0.45 0.44 0.40 0.41 0.41 0.32 0.29 0.28* 0.27** 0.26**

- Relative 7.72 7.41 6.98 7.22 7.18 9.19 8.77 8.08 7.80* 7.65**

From Doubovetzky (1998)

* P ≤ 0.05; ** P ≤ 0.01, ANOVA + Dunnett
a All absolute weights in grams; relative organ weights are % of body weight × 100.
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considered not to be of toxicological signifi cance. Treatment of males at 1000 or 2500 ppm produced 
increased incidences of casts and minimal to marked hyaline changes in the renal tubule similar to 
those observed in F

0
 male rats, which have no human signifi cance.

In view of the potential importance of tubular atrophy, this lesion was re-examined. The re-
examination involved additional histopathology of the testes from the F

0
 and F

1
 generation rats in 

order to discriminate between the minute focal tubular changes and diffuse tubular atrophy. In F
0
 rats, 

the incidence and severity of both fi ndings were similar in control and treated groups. In F
1
 rats, there 

was an increase in the incidence and severity of diffuse tubular atrophy in the group fed 1000 ppm, 
but not at higher or lower dose levels. The diffuse tubular atrophy of the testes at 1000 ppm, but not 
at higher or lower dose levels, is unlikely to be treatment related (Doubovetzky, 1999).

Sperm analyses revealed no treatment-related changes at any dose level in morphology or the 
concentration of spermatids in testes. Sperm motility at 10 and 2500 ppm was reduced signifi cantly 
by approximately 18%; however, variability, as refl ected by large standard deviations, was high in all 
groups and was probably attributable to technical fl aws in the method of sperm analysis, an issue that 
has been discussed above. In view of the absence of effects on spermatid concentration, histological 
morphology, sperm gross morphology and fertility during both pairings, the toxicological relevance 
of these results is considered equivocal, but led to a specifi c sperm analysis study, reported below. 
This study revealed no effect of treatment on any sperm parameters. 

There were no treatment-related effects on reproductive parameters at any dose level in F
1
 

parental rats. The number of rats that mated, the pregnancy incidence, the mean time to mating and 
the number of males and females that failed to mate or mated unsuccessfully were comparable in all 
treated and control groups at both mating periods, with the exception of the group treated at 30 ppm, 
which showed slightly lower insemination and pregnancy incidences on both occasions. There was 
no effect of treatment at any dose level, at either mating, on the duration of gestation or on gestation 
and parturition indices. 

Although F
2
 birth weights were unaffected, the weight gain of the F

2a
 pups was slightly reduced 

throughout lactation at 2500 ppm and minimally reduced during the latter part of lactation for F
2a

 and 
F

2b
 pups at 1000 and 2500 ppm (Table 31). The observed reduction in pup weight gain was at day 14 

after birth, there being no signifi cant differences at day 7. The pups start to consume the same diet 
as the dam from around day 11 after birth. This indicates that the effect is most likely occurring as a 
result of direct exposure of the pups to thiamethoxam via diet, rather than via milk while suckling. 
The effects represent general toxicity associated with the much higher dose (per unit body weight) 
received by pups during this period compared with that received by the adults and is thus interpreted 
as not indicative of a developmental effect.

Litter size at birth, mean birth weight, sex ratios, viability and lactation indices, clinical signs 
and macroscopic fi ndings at autopsy were unaffected by treatment at all dose levels. Whereas achieve-
ment of physical/behavioural developmental landmarks was also unaffected by treatment in the F

2a
 

groups, in the F
2b

 groups, the mean time to establishment of the surface righting refl ex was slightly, 
but signifi cantly, longer in pups at 2500 ppm (2.3 days) compared with the other groups, including the 
controls (2.1–2.2 days), possibly refl ecting lower body weights in this group (Doubovetzky, 1998).

In the second sperm cell study, the homogeneity of representative diet samples was shown by 
analysis to be acceptable and in the range from −7% to +6% of nominal. Analysis of representative 
diet samples showed the overall mean concentrations to be 0, 9.7, 31.8, 1044 and 2540 ppm. Overall 
achieved dose levels were 0, 0.5–0.7, 1.6–2.3, 53.4–74.8 and 141.5–174.7 mg/kg bw per day, respec-
tively. 

There were no treatment-related deaths or clinical signs of an adverse effect of treatment. 
Signifi cantly lower body weight gains occurred during weeks 1 through 3 at 2500 ppm, resulting in 
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a 14% reduction in weight at the end of treatment. Overall weight gain was unaffected by treatment 
at lower dose levels, although at 1000 ppm, transiently reduced weight gain was observed in week 2 
only. Feed consumption was slightly reduced at 2500 ppm during the fi rst 6 weeks of treatment.

There were no treatment-related effects on sex organ weights. Higher mean relative testis and 
right cauda epididymis weights at 2500 ppm are attributed to the reduced mean exsanguinated body 
weights of this group.

There was no effect on the gross appearance of organs at autopsy. There were no effects on the 
proportion of motile sperm, sperm morphology, concentration of spermatids in the testes or number 
of sperm cells per milligram cauda epididymis fl uid (Table 32). The standard deviations calculated 
for the number of motile epididymal sperm (4–12) were substantially lower than in the original study 
(14–21), suggesting that technical fl aws were the cause of the apparently reduced numbers of motile 

Table 31. Litter data: F
2a

 and F
2b

 litters 

Parameter Dietary concentration (ppm)

0 10 30 1000 2500 

F
2a

Number of litters 28 27 25 26 27

Total pups born 387 364 348 359 351

Mean live litter size 13.8 13.3 13.6 13.6 13.0

Live birth index 99.7 98.4 98.0 98.6 100.0

Viability index 97.4 96.6 96.8 99.2 97.7

Sex ratio (% females day 0) 52.6 50.6 54.5 48.0 53.8

Mean pup weight (g)

- Day 0 6.3 6.2 6.0 6.1 6.1

- Day 4 (pre-cull) 9.3 9.2 8.8 9.0 8.8

- Day 4 (post-cull) 9.5 9.4 9.0 9.1 8.9

- Day 7 15.5 15.0 14.5 14.7 14.4

- Day 14 31.5 30.5 30.2 30.0 28.9**

- Day 21 54.4 52.1 51.9 51.3* 48.7**

F
2b

Number of litters 28 25 21 28 25

Total pups born 396 360 301 387 353

Mean live litter size 14.1 13.8 14.1 13.8 13.9

Live birth index 99.7 96.1 98.3 99.5 98.6

Viability index 97.0 94.8 98.6 93.5 95.1

Sex ratio (% females day 0) 49.6 48.8 53.0 55.3 47.7

Mean pup weight (g)

- Day 0 6.3 6.1 6.1 6.0 6.2

- Day 4 (pre-cull) 9.2 9.2 9.2 8.8 8.6

- Day 4 (post-cull) 9.3 9.3 9.4 8.9 8.7

- Day 7 15.2 15.1 15.3 14.3 14.1

- Day 14 32.1 31.6 31.5 29.8 30.4

- Day 21 56.5 55.1 54.8 52.0* 52.0*

From Doubovetzky (1998)

* P ≤ 0.05; ** P ≤ 0.01 (ANOVA + Dunnett)
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sperm in the multigeneration study. Sperm motility values were consistent with other published data 
(Chapin et al., 1992) from rats (Doubovetzky, 1998).

The NOAEL for parental toxicity in the multigeneration study in rats was 30 ppm, equal to 
1.4 mg/kg bw per day for male rats, based on hyaline change and casts in renal tubules in males at 
1000 ppm, equal to 45.6 mg/kg bw per day. This observation has no human relevance. The relevant 
NOAEL for parental toxicity was 1000 ppm, equal to 45.6 mg/kg bw per day, based on signifi cantly 
reduced body weight gain at 2500 ppm, equal to 117.6 mg/kg bw per day, in F

0
 generation males. The 

NOAEL for reproductive toxicity in the multigeneration study in rats was 2500 ppm, equal to 117.6 
mg/kg bw per day for F

0
 males, the highest dose tested. The overall NOAEL for pups and developing 

offspring was 30 ppm, equal to 1.4 mg/kg bw per day for males, based on reduced body weight gains 
of pups during F

1
 lactation at 1000 ppm, equal to 45.6 mg/kg bw per day for males (Doubovetzky, 

1998).

It is concluded that thiamethoxam was not a selective reproductive toxin in this study.

In the second two-generation study of reproduction in rats, groups of male and female Sprague-
Dawley-derived Tif:RAIf, SPF strain rats were administered thiamethoxam (batch No. P.506006; 
purity 98.6%) continuously in the diet at dose levels of 0, 20, 50, 1000 or 2500 ppm throughout the 
two generations. These dietary concentrations were equal to the doses given in Table 33.

Table 32. Sperm parameters 

Parameter Dietary concentration (ppm)

0 10 30 1000 2500

Mean SD Mean SD Mean SD Mean SD Mean SD

Number used for evaluation 30 30 30 30 30

Total spermatids (×106/g testis) 59.6 9.6 58.2 10.7 55.0 10.8 57.5 10.0 55.8 12.9

% abnormal sperm 12.2 6.3 11.7 5.8 11.6 4.9 12.2 5.1 11.0 5.3

Total sperm/mg cauda liquid × 106 2.37 0.67 2.67 0.83 2.31 0.88 2.43 0.83 2.39 0.73

% motile sperm cells 73.1 12 75.5 4 73.0 7 73.5 7 74.5 8

From Doubovetzky (1998)

SD, standard deviation

Table 33. Overall mean dose of thiamethoxam received by rats in a two-generation study of 
reproduction with thiamethoxam 

Generation/sex Time Mean dose received (mg/kg bw per day)

Dietary concentration (ppm)

20 50 1000 2500

F0 males Weeks 1–27 1.2 3.0 61.7 155.6
F1 males Weeks 1–29 1.5 3.7 74.8 191.5
F1 satellite males Weeks 1–29 1.4 3.5 71.9 181.1
F0 females Weeks 1–10 1.7 4.3 84.4 208.8
F1 females Weeks 1–10 2.1 5.6 110.1 276.6
F0 females Gestation 1.2 3.1 62.2 158.9
F1 females Gestation 1.4 3.6 71.0 181.8
F0 females Postpartum 3.2 8.3 172.2 415.3
F1 females Postpartum 3.7 9.9 194.2 484.9

From Moxon (2004)
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The F
0
 generation comprised 26 males and 26 females in each dose group. The F

0
 generation 

received the treated diet for 10 weeks before pairing. The rats were allowed to rear the ensuing F
1A

 
litters to weaning. The breeding programme was repeated with F

1
 parents selected from the F

1A
 pups 

to produce the F
2A

 litters, after a 10-week premating period of exposure to thiamethoxam. In addition, 
14 males per group in the F

1
 generation were selected from the remaining pups and retained to gener-

ate histological data on the testis only (and referred to as satellite males). The growth of both parental 
generations, reproductive function, mating behaviour, conception, gestation, parturition, lactation 
and weaning and the growth and development of the pups were monitored and recorded.

There was no effect of thiamethoxam on the clinical condition of the F
0
 or F

1
 parent animals 

or the F
1
 satellite males.

Body weights were lower for the F
0
 males given 2500 ppm in comparison with the control 

group. This effect was accompanied by a reduction in feed consumption and feed utilization during 
weeks 1–4. The lower body weights of the F

0
 males given 1000 ppm were not statistically signifi -

cantly different from the control body weights (with one exception at week 4) and were not associated 
with any reduction in feed consumption; they were therefore considered to be of no toxicological 
signifi cance. No similar effects of 1000 or 2500 ppm thiamethoxam on body weight or feed con-
sumption were observed in the F

1
 males or in the F

0 
and F

1
 females during the premating period, 

gestation or postpartum. Nevertheless, feed consumption was statistically signifi cantly reduced in 
the 2500 ppm group in comparison with the control group for week 3 postpartum for the F

0
 females 

with litters. It was noted, however, that feed consumption was similar in the 2500 ppm and 20 ppm 
groups, suggesting that the reduction is more likely to refl ect normal intergroup variation than to be 
an effect of treatment.

Study of reproductive function indicated that there was no effect of thiamethoxam in either the 
F

0
 or F

1
 females on mean cycle length, the number of cycles in a 25-day period, the precoital interval, 

length of the gestation period or mating success (i.e. the production of at least one live pup on the 
day of littering).

For the F
0
 females, the proportion and percentage of successful matings were lower in the 20 

and 2500 ppm groups (18/26) in comparison with the control group (21/26), but were not statistically 
signifi cantly different. Also, there was no effect of thiamethoxam on the proportion of successful 
matings of the F

1
 females.

Up to fi ve whole-litter losses occurred in each group of the F
0
 and F

1
 generations. Four whole-

litter losses occurred in the F
0
 control group, whereas none occurred in the F

1
 control group. The 

incidence of litters affected was not dose related and was considered to be incidental to treatment 
with thiamethoxam.

There was no effect of thiamethoxam on the proportion or percentage of liveborn pups or on 
the proportion of litters with all pups born alive for either the F

1A
 or F

2A
 litters. No treatment-attrib-

utable effect on mean litter size or pup survival on day 1, 5, 8, 15 or 22 was observed for either the 
F

1A
 or F

2A
 litters.

With the exclusion of whole-litter losses, the proportions of F
1A

 and F
2A

 pups surviving in the 
50, 1000 and 2500 ppm groups were comparable with those of the control groups; the lowest percent-
ages of pups surviving in each generation were recorded for the 20 ppm groups. With the inclusion 
of whole-litter losses, the proportions of pups surviving in the 50, 1000 and 2500 ppm groups were 
higher than that in the control group for the F

1A
 generation and lower than that in the control group 

for the F
2A

 generation (where there were no whole-litter losses in the control group). In the absence 
of a dose–response relationship, the lower pup survival in the 20 ppm groups was considered to be 
unrelated to treatment.

There was no effect of thiamethoxam on the sex ratio, body weights or clinical condition of the 
F

1A
 or F

2A
 pups.
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On days 15 and 22, total litter weight of the F
1A

 pups was statistically signifi cantly lower in 
the 2500 ppm group in comparison with the control group. This was due to a slightly smaller litter 
size in the 2500 ppm group combined with a slightly lower pup body weight (rather than a slightly 
higher pup body weight typically associated with smaller litters). As the effect was not also observed 
earlier in postnatal development, it was concluded that the slightly lower total litter weight was due to 
the direct consumption of diet containing 2500 ppm by the pups, rather than a developmental effect. 
However, there were no statistically signifi cant differences in total litter weight for the F

2A
 pups.

There was no effect of thiamethoxam on the mean day of age when preputial separation or 
vaginal opening occurred.

Postmortem examination of organ weights of parental rats showed that there was no effect of 
thiamethoxam on the weight of the brain, right cauda epididymis, ovaries, prostate gland, seminal 
vesicles or uterus with cervix.

For the F
0
 males, relative (to body weight) adrenal and kidney weights were statistically signifi -

cantly greater in the 2500 ppm group in comparison with the control group; however, no statistically 
signifi cant differences in these relative organ weights were observed for F

0
 females, F

1
 males or F

1
 

females in any of the thiamethoxam-treated groups.

Liver weights were signifi cantly increased in F
0
 male rats of the 1000 ppm group, and relative 

liver weights were signifi cantly increased in F
1
 male and F

1
 female rats of the 2500 ppm group. No 

other statistically signifi cant liver differences were recorded. Kidney weight relative to body weight 
was signifi cantly increased in F

0
 males of the F

0
 generation, but not in the F

1
 generation.

Pituitary weights were signifi cantly increased in F
0
 females of the 1000 and 2500 ppm groups, 

but not in any other group.

The mean spleen weight was notably higher for the F
0
 males given 2500 ppm, but this was 

due to one male (number 120) with an enlarged spleen (weight 4.569 g). For the F
1
 males given 

2500 ppm, the relative (to body weight) spleen weight was statistically signifi cantly greater than in 
the control group.

Absolute and relative (to body weight) weights of the epididymides were unaffected by treat-
ment in the F

0
 groups. In the F

1
 generation, however, the absolute weight of the combined epididy-

mides was statistically signifi cantly greater in the 2500 ppm group than in the control group, and 
the relative weights of the combined epididymides were statistically signifi cantly greater than in the 
control group in both the 1000 and 2500 ppm groups.

Testis weights were unaffected by treatment in the F
0
 generation, but they were signifi cantly 

increased, relative to body weight, in the F
1
 20, 1000 and 2500 ppm groups, but not in the 50 ppm 

group. Comparison of the F
0
 and F

1
 control group testis weights would suggest that a reason for the 

signifi cantly higher relative weights in the F
1
 generation 20 and 1000 ppm groups was a particularly 

low control group testis weight (Table 34).

Sperm parameter data were analysed with and without the males listed in Table 35, which, 
upon gross examination, were found to have an abnormal testis and/or cauda epididymis and pre-
sented poor sperm samples. The data excluding the abnormal sperm samples are probably the more 
appropriate for evaluation, because the distribution of the males with gross abnormalities of these 
organs showed no dose–response relationship.

There was no effect of thiamethoxam on the number of sperm in the right testis of the F
0
 males, 

but for the F
1
 males given 50, 1000 or 2500 ppm, the total number of sperm and the number of sperm 

per gram of right testis were statistically signifi cantly lower than in the control group.

There was no effect of thiamethoxam on the number of sperm in the right cauda epididymis 
of the F

0
 males, but for the F

1
 males given 2500 ppm, the total number of sperm and the number of 

sperm per gram of right cauda epididymis were statistically signifi cantly higher than in the control 
group.
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There was no effect of thiamethoxam on the percentage of motile sperm in any treatment 
group.

For the F
0
 males, there was no effect of thiamethoxam on straight line, curvilinear or aver-

age path velocities. For the F
1
 males given 2500 ppm, the straight line, curvilinear and average 

path velocities were statistically signifi cantly lower in comparison with the control group (Table 36). 
There was no effect of thiamethoxam on straight path velocities.

Table 34. Organ weights (adjusted for fi nal body weight) in male rats of a two-generation dietary 
study of reproduction with thiamethoxam 

Organ Adjusted organ weight (g)

Dietary concentration (ppm)

0 20 50 1000 2500

F
0
 

Kidney 3.00 3.03 3.01 2.95 3.11*

Testis 4.13 4.03 4.25 4.04 4.18

Epididymis 1.638 1.545 1.619 1.582 1.674

F
1

Kidney 2.83 2.88 2.85 2.81 2.85

Testis 3.90 4.12* 4.01 4.13* 4.21**

Epididymis 1.584 1.617 1.615 1.656* 1.668*

From Moxon (2004)

* P < 0.05; ** P < 0.01 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided)

Table 35. Abnormal testis samples observed in a two-generation dietary study of reproduction in 
rats with thiamethoxam 

Dietary concentration (ppm) Male number Comments

F
0

0 8 Right cauda reduced, no sperm visible. 

Testis reduced, few sperm visible. 

20 34 Right cauda reduced, no sperm visible. 

Testis reduced, few sperm visible.

48 Right cauda reduced, no sperm visible. 

Testis reduced, few sperm visible.

1000 80 Right cauda reduced, no sperm visible. 

Testis reduced, few sperm visible.

101 Right cauda reduced, no sperm visible. 

Testis reduced, few sperm visible.

2500 109 Right cauda reduced, no sperm visible. 

Testis reduced, few sperm visible.

117 Right cauda reduced, few sperm visible. 

Testis reduced, few sperm visible. Sperm abnormal.

129 Mass on right cauda. Sperm abnormal.

F
1

2500 122 Right cauda reduced. Sperm abnormal.

From Moxon (2004) 
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Gross postmortem examination revealed no abnormalities in any tissue from the F
0
 or F

1
 rats 

that could be attributed to treatment with thiamethoxam. Furthermore, there was no signifi cant dif-
ference in the number of uterine implantation sites or postimplantation losses for either the F

0
 or F

1
 

rats.

Microscopic examination of the kidneys revealed increased tubule cell hyaline droplet forma-
tion in the majority of F

0
 males given 2500 ppm thiamethoxam and in a few given 1000 ppm. Similar 

fi ndings were observed in F
1
 males, except that the incidence in F

1
 males given 1000 ppm (17/26) was 

much higher than in the F
0
 generation (3/26). This type of change was not observed in males given 

20 ppm or 50 ppm in either generation or in any females. Other minor (i.e. minimal or slight) kid-
ney changes observed at an increased incidence in males given 2500 ppm were hyaline eosinophilic 
casts, tubular dilatation with granular eosinophilic casts at the cortico-medullary junction, tubule cell 
basophilia and interstitial mononuclear cell infi ltration. Slight increases in the incidences of hyaline 
eosinophilic casts and tubule cell basophilia compared with controls were also observed in F

1
 males 

given 1000 ppm.

Germ cell loss, recorded under four morphologies, according to degree and distribution, was 
observed in the testis of some treated and control males. As the four categories clearly represented 
variable degrees of a single pathological process, they were merged to a single fi nding (i.e. germ 
cell loss/disorganization with or without Sertoli cell vacuolation) for the purposes of tabulation and 
evaluation.

An increased incidence (14/26) of minimal germ cell loss/disorganization with or without 
Sertoli cell vacuolation was observed in the testis of F

1
 males given 2500 ppm compared with the 

control and lower dose groups (1/26 – 3/26). The change was extremely minor, affecting a few scat-
tered tubules, minimal change being defi ned as affecting an average of not more than 10 tubules per 
section for the four sections examined from each testis. It was characterized by variable germ cell 
loss ranging from complete depletion (i.e. Sertoli cell–only tubules) to minimal loss of a few germ 
cells in one segment of a tubule cross-section. In some instances, partial germ cell loss was associ-
ated with germ cell disorganization and Sertoli cell vacuolation, indicating a degenerative process. 
The change was not associated with any discernible reduction in epididymal sperm or increase in 
epididymal desquamated germ cells. The average total number of tubule cross-sections affected in all 
four sections per testis examined from affected males receiving 2500 ppm was 10.2, which represents 
approximately 0.4% of tubule cross-sections in four average testis sections. This calculation is based 
on an approximate count of tubule cross-sections in the four standard testis sections from a repre-
sentative control male conservatively estimated at 2500. The change was most frequently observed in 
regions adjacent to the rete testis.

A small number of F
0
 males given 20 ppm (2/26) or 2500 ppm (3/26) showed severe germ cell 

loss, affecting nearly all tubules, which amounted to nearly total atrophy of the tubules. These were 
considered to be spontaneous lesions, unrelated to treatment, because the incidence was low, unre-
lated to dose and not repeated in the F

1
 generation and the changes were identical to those observed 

in control rats of this strain (quoted in Moxon, 2004). 

Table 36. Sperm velocity in F
1
 parent males of a two-generation study of reproduction in rats 

with thiamethoxam 

Observation Dietary concentration (ppm)

0 20 50 1000 2500

Curvilinear velocity 305.0 297.2 302.4 297.7 289.6**

Average path velocity 123.9 122.1 123.1 120.4 116.2**

From Moxon (2004) 

** P < 0.01 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided)
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For the main study males, only one testis was available for histological examination, and so it 
was not possible to determine whether changes were unilateral or bilateral. For this reason, a satellite 
group of F

1
 males was used from which both testes were available. Minimal testicular tubule changes 

were observed as on the main study. However, a treatment-related increase in incidence of germ cell 
loss/disorganization with or without Sertoli cell vacuolation was confi ned to minimal bilateral change 
at 2500 ppm only. The average number of tubule cross-sections affected per testis in the four sections 
per testis examined from satellite males receiving 2500 ppm thiamethoxam that showed bilateral 
change was 9.1—that is, similar to the corresponding fi gure (10.2) from the main study F

1
 males and 

again representing approximately 0.4% of tubule cross-sections in the four sections examined.

Unilateral change (in the satellite groups) was observed at a low incidence and unrelated to 
dose in control and treated groups, suggesting that, in contrast to the bilateral change, this was a 
spontaneous lesion. As mentioned above, it was not possible to distinguish between unilateral and 
bilateral changes in the main study rats because only one testis was available for examination. There-
fore, the incidence of lesions reported for the main study rats represents a summation of spontaneous 
and treatment-related lesions.

The testicular histology data from main study F
1
 and satellite F

1
 males are summarized in Table 

37 and show the overall incidence of germ cell loss/disorganization with or without Sertoli cell vacu-
olation in both groups. When the incidences of change in both groups are added together, regardless 
of unilateral or bilateral status, the data confi rm that there is an increase at 2500 ppm thiamethoxam, 
with a clear no-effect level at 1000 ppm. Although the incidence was clearly increased at 2500 ppm, 
the nature and severity of the lesions were identical to those observed at a low incidence in control 
and lower dose group F

1
 animals and in all groups of F

0
 males.

No changes were detected in any other tissue from F
0
 or F

1
 rats that could be attributed to treat-

ment with thiamethoxam. Also, the numbers of small follicles in the ovaries of F
1
 females receiving 

2500 ppm thiamethoxam were comparable to the numbers observed in control females.

Postmortem examination of the F
1A

 or F
2A

 pups did not reveal any gross morphological changes 
or brain, spleen or thymus weight changes that could be ascribed to thiamethoxam treatment.

The NOAEL for parental toxicity in the second multigeneration study in rats was 50 ppm, equal 
to 3.0 mg/kg bw per day for male rats, based on hyaline change and casts in renal tubules in males at 
1000 ppm, equal to 61.7 mg/kg bw per day. This observation has no human relevance. The relevant 
NOAEL for parental toxicity was 1000 ppm, equal to 61.7 mg/kg bw per day, based on signifi cantly 
reduced body weight gain at 2500 ppm, equal to 155.6 mg/kg bw per day, in F

0
 generation males. 

The NOAEL for reproductive toxicity in the multigeneration study in rats was 1000 ppm, equal 
to 74.8 mg/kg bw per day for F

1
 males, based on minimal testicular germ cell loss or disorganiza-

Table 37. Incidence of rats with testicular tubules showing germ cell loss or disorganization, with 
or without Sertoli cell vacuolation 

Dietary concentration (ppm)

0 20 50 1000 2500 

Total number of F
1
 males (main study + 

satellites)
40 (26 + 14) 40 (26 + 14) 40 (26 + 14) 40 (26 + 14) 40 (26 + 14)

Main study: unilateral/bilateral status 
unknown

3/26 1/26 1/26 3/26 15/26

Satellites: unilateral 1/14 4/14 2/14 3/14 0/14

Satellites: bilateral 1/14 0/14 0/14 1/14 5/14

Total incidence 5/40 5/40 3/40 7/40 20/40

From Moxon (2004)
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tion, with or without Sertoli cell vacuolation (and unaccompanied by any reduction in epididymal 
sperm numbers), at 2500 ppm, equal to 191.5 mg/kg bw per day. These effects were not observed in 
the earlier study (Doubovetzky, 1998, 1999), a difference that could be attributed to a refi nement of 
the methods used in Moxon (2004) for opening the cauda epididymis and randomizing the order in 
which sperm observations were performed, in order to minimize between-day bias in the ancillary 
sperm cell parameter study, in which only F

0
 males were investigated.

The NOAEL for pups and developing offspring was 1000 ppm, equal to 74.8 mg/kg bw per 
day for males and 110.1 mg/kg bw per day for females, based on reduced body weight gains of pups 
during F

1
 lactation at 2500 ppm, equal to 191.5 mg/kg bw per day for males and 276.6 mg/kg bw per 

day for females (Moxon, 2004).

It is concluded that thiamethoxam was not a selective reproductive toxin in this study.

(b) Developmental toxicity 

Rats

Groups of 24 mated female Sprague-Dawley rats (Tif:RAIf, SPF strain, at least 8 weeks old, 
supplied by Ciba-Geigy Ltd, Switzerland) were treated orally, by gavage, with thiamethoxam (batch 
No. P.506006; purity 98.6%) in 0.5% aqueous carboxymethylcellulose at a dose level of 0, 5, 30, 
200 or 750 mg/kg bw from day 6 through 15 of gestation (day 0 = plug or sperm observed in vaginal 
smear). Mortality was recorded twice daily, and clinical signs and body weight were recorded daily. 
Feed consumption was measured throughout gestation. Dams were killed on day 21 and the fetuses 
delivered by caesarean section. The uterine tract and contents were removed and weighed. Gross 
examination was made of main organs of the thoracic and abdominal cavities, and ovaries (including 
corpora lutea count), uteri (implantation site count) and placentae were examined macroscopically. 
Fetuses were sexed, examined for external malformations and variations and then weighed. Approxi-
mately one half of the fetuses from each litter were examined for soft tissue malformations and vari-
ations after fi xation in Bouin’s solution and micro-dissection of the head, thoracic and abdominal 
viscera. The remaining fetuses were subjected to skeletal evaluation using Dawson’s technique and 
examined for skeletal malformations, anomalies and variations. A malformation was defi ned as a 
very rare, permanent structural change that may adversely affect fetal survival, development or func-
tion. A distinction was made between skeletal anomalies and skeletal variations. A skeletal anomaly 
is a rare, slight to moderate, permanent or reversible structural change that is not considered to impair 
fetal survival, development or function. A variation is a relatively frequent, transient structural devia-
tion from normal development that is considered not to have any detrimental effect on fetal survival, 
development or function. Variations occur regularly in fetuses from untreated rats. Continuous data 
were analysed statistically using ANOVA and Dunnett’s t-test, quantal data by the chi-squared test 
followed by Fisher’s exact test, and non-parametric data by Kruskal-Wallace non-parametric ANOVA 
followed by the Mann-Whitney U test.

Analysis of formulations demonstrated that thiamethoxam was stable in the vehicle and was 
homogeneously distributed (relative standard deviations in the range −4.0% to +5.0%). Analysis 
showed mean achieved concentrations to be 98.1%, 94.7%, 95.0% and 99.5% of the nominal values, 
in order of increasing dose level. 

No treatment-related deaths occurred, but one dam at 750 mg/kg bw per day was killed on 
day 9 for humane reasons. Transient hypoactivity, piloerection and, in two females, regurgitation 
of dosing material were the only clinical fi ndings related to treatment. Maternal body weight gain 
(uncorrected for the uterus and its contents) was moderately depressed during the treatment period at 
750 mg/kg bw per day, and body weight change was decreased (−46.5%) at this dose and minimally 
decreased (−15.8%) at 200 mg/kg bw per day over treatment days 6–15. No effects on body weight 
were observed at lower dose levels. Also, no signifi cant body weight reductions were observed when 
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maternal body weights corrected for uterine contents were compared for the treatment period. Feed 
consumption was depressed during the treatment period at 750 mg/kg bw per day.

Pregnancy incidence, mean number of corpora lutea, preimplantation loss, number of implan-
tation sites, early and late postimplantation losses, mean numbers of live fetuses and the sex ratio 
were unaffected by treatment at all dose levels (Table 38). A signifi cant reduction in the mean body 
weight of live fetuses occurred at 750 mg/kg bw per day. This was attributed to the maternal toxicity 
(reduced body weight gain) observed at this dose level.

In view of the possibly treatment-related thymus atrophy in the F
1
 females in one of the two-

generation rat studies described above (Doubovetzky, 1998; Weber, 2000e), the thymus weights of 

Table 38. Intrauterine data from rats treated with thiamethoxam in a developmental toxicity 
study 

Dose (mg/kg bw per day)

0 5 30 200 750

Dams with implants 22 23 23 22 23

Dams with viable fetuses 22 23 23 22 22

Dams with resorptions (%) 8 (33) 9 (38) 6 (25) 5 (21) 6 (25)

Dams with affected implantsa (%) 8 (33) 9 (38) 6 (25) 5 (21) 7 (29)

Corpora lutea/dam 15.5 ± 2.2b 14.7 ± 2.8 15.0 ± 2.2 16.0 ± 1.7 15.4 ± 2.8

Implants/dam 14.5 ± 3.2 13.5 ± 2.6 14.4 ± 2.1 14.9 ± 1.4 14.3 ± 3.9

Preimplantation lossc (%) 7.1 ± 16.5 8.3 ± 7.0 3.5 ± 6.8 6.7 ± 7.6 9.3 ± 19.5

Postimplantation lossd (%) 3.3 ± 4.9 3.1 ± 4.2 2.9 ± 5.3 2.2 ± 4.4 2.8 ± 5.3

Live fetuses/dam 14.0 ± 3.1 13.1 ± 2.7 14.0 ± 2.0 14.6 ± 1.6 13.9 ± 4.0

Dead fetuses/dam 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Resorptions/dam: early 0.5 ± 0.7 0.4 ± 0.5 0.4 ± 0.8 0.3 ± 0.6 0.4 ± 0.7

Resorptions/dam: late 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.2 0.0 ± 0.0

Malformed live fetusese (%) 0.0 ± 0.2 0.0 ± 0.0 0.1 ± 0.3 0.0 ± 0.0 0.0 ± 0.0

Affected implantsf (%) 3.7 ± 4.9 3.1 ± 4.2 3.6 ± 5.4 2.2 ± 4.4 2.8 ± 5.3

Sex ratio (% females) 48.9 57.0 ± 0.2 51.9 ± 1.0 46.4 ± 1.0 52.8 ± 1.0

Mean pup body weight (g) 5.3 ± 0.3 5.3 ± 0.3 5.2 ± 0.3 5.2 ± 0.3 4.8** ± 0.3

Reproductive tract weight (g) 99.0 ± 21.8 93.7 ± 15.8 98.3 ± 13.6 102.6 ± 11.4 90.2 ± 24.2

Uncorrected body weight (g) 360.1 358.9 358.5 354.8 335.4*

Corrected body weightg (g) 261.1 265.2 260.2 252.2 245.2*

Corrected body weight change: gestationh (g) 63.3 68.8 64.2 55.7 49.2

Uncorrected body weight change: treatment (g) 63.4 62.0 63.8 53.4** 33.9**

Corrected body weight change: treatmenti (g) 33.2 37.3 33.7 26.1 31.0

From Winkler (1996a)

* P ≤ 0.05; ** P ≤ 0.01 (two-tailed) 
a  Affected implants include dead fetuses, resorptions and malformed live fetuses.
b Mean ± standard deviation. Mean value determined for each female.
c 100 minus the percentage of corpora lutea that are refl ected in the implantation sites.
d 100 minus the percentage of implants that are viable at the time of intrauterine inspection.
e (Number of malformed live fetuses/total live fetuses) × 100.
f [(Dead fetuses + resorptions + malformed live fetuses)/total implants] × 100.
g Body weight (gestation day 21) − weight of reproductive tract plus contents.
h Body weight (gestation day 21 − gestation day 0) − weight of reproductive tract plus contents.
i Body weight (gestation day 21 − gestation day 7) − weight of reproductive tract plus contents.
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the fetuses were recorded (Doubovetzky, 2000). No specifi c effect on the prenatal development of the 
thymus was identifi ed.

The incidence and type of external, visceral and skeletal malformations were not affected 
by treatment at any dose level (Table 39). Increased incidences of skeletal anomalies and variants 
occurred at 750 mg/kg bw per day. Treatment-related anomalies were asymmetric sternebrae and 
irregular, poor or absent ossifi cation of the occipital bone. Other commonly occurring skeletal anom-
alies were present at similar incidences in all treated and control groups. Skeletal variants were 
recorded in all fetuses from all dose groups. Treatment-related increases in the incidence of skeletal 
variants occurring at 750 mg/kg bw per day were poor ossifi cation of sternebra 5, shortened 13th rib, 
absent ossifi cation of metatarsal 1, and poor or absent ossifi cation of one or more phalanges (com-
monly absence of proximal phalanges, incidences not shown in Table 39). These fi ndings are consid-
ered to represent a treatment-related delay of ossifi cation, secondary to reduced pup weight, in turn 
a refl ection of maternal toxicity. The incidences of skeletal variants were unaffected by treatment at 
dose levels lower than 750 mg/kg bw per day (Winkler, 1996a).

The NOAEL for maternal toxicity in rats was 30 mg/kg bw per day, based on slightly decreased 
body weight gain in dams, providing a lowest-observed-adverse-effect level (LOAEL) of 200 mg/kg 

Table 39. Incidence of malformations and treatment-related anomalies and variants in rats 
treated with thiamethoxam in a developmental toxicity study 

Dose (mg/kg bw per day)

0 5 30 200 750

Litters evaluated 22 23 23 22 22

Fetuses evaluated 309 302 322 321 305

Malformations

External malformations

- Runt fetus 1 0 2 0 0

- Mouth: agnathia 0 0 1 0 0

- Skin: generalized oedema 1 0 0 0 0

Visceral malformations

- Diaphragmatic hernia 0 0 0 0 1

Skeletal malformations

- Unossifi ed mandibula and os pubis 0 0 1 0 0

Total no. of fetuses with any malformation 1 0 2 0 1

Skeletal anomalies

Total no. (%) of fetuses with any anomaly 23 (14.9) 14 (9.3) 16 (10.1) 12 (7.2) 40 (26.7)

No. (%) of fetuses with:

- Asymmetric sternebra 6 4 (2.6) 3 (2.0) 2 (1.3) 3 (1.8) 11 (7.3)

- Irregular/absent ossifi cation of occipital bone 3 (1.9) 0 2 (1.3) 2 (1.2) 12 (8.0)*

Skeletal variants

Total no. (%) of fetuses with any variant 154 (100) 150 (100) 158 (100) 166 (100) 150 (100)

No. (%) of fetuses with:

- Poor ossifi cation of sternebra 5 0 0 1 (0.6) 0 10 (6.7)**

- Shortened 13th rib 13 (8.4) 5 (3.3) 4 (2.5)* 21 (12.7) 27 (18.0)*

- Absent ossifi cation of metatarsal 1 15 (9.7) 31 (20.7)* 24 (15.2) 16 (9.6) 51 (34.0)**

From Winkler (1996a)

* P < 0.05; ** P ≤ 0.01
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bw per day. The NOAEL for fetotoxicity was 200 mg/kg bw per day, based on mild reduction in mean 
fetal body weight at 750 mg/kg bw per day. Further evidence of fetotoxicity at this dose was increased 
incidences of skeletal anomalies (irregular or absent ossifi cation of the occipital bone) and skeletal 
variants (poor ossifi cation of sternebra 5, shortened 13th rib and non-ossifi cation of metatarsal 1). 
Thiamethoxam was not teratogenic in the developmental toxicity study in rats (Winkler, 1996a).

Rabbits

Groups of 19 mated female rabbits (Russian Chbb:HM strain, at least 3 months old) were 
treated orally, by gavage, with thiamethoxam (batch No. P.506006; purity 98.6%) in 0.5% aqueous 
carboxymethylcellulose from day 7 through day 19 of gestation (day 0 = plug or sperm in smear) at 
a daily dose level of 0, 5, 15, 50 or 150 mg/kg bw per day. Females were observed twice daily for 
mortality and once daily for clinical signs. Body weights were recorded daily. Feed consumption was 
recorded on days 4, 7, 12, 16, 20, 24 and 29. Dams were killed on day 29 and the reproductive tract 
plus contents removed by hysterectomy and weighed. Examinations were made of the main organs of 
the thoracic and abdominal cavities as well as ovaries, uteri and placentae, and the numbers of cor-
pora lutea were counted. In dams that died or were killed before scheduled autopsy, the number and 
location of implantation and/or abortion sites in the uterus were recorded. In dams killed at sched-
uled autopsy, the number and location of live and dead fetuses or early and late (embryonic or fetal) 
losses were recorded. Fetuses were numbered, tagged individually, weighed, sexed and examined for 
external malformations and variations. All fetuses were examined for thoracic/abdominal soft tissue 
or skeletal malformations, anomalies and variations. A distinction was made between skeletal anom-
alies and skeletal variations, as defi ned above (see section on rats). Approximately one half of the 
fetuses were examined for cranial soft tissue malformations. All fetal trunks and approximately half 
of the fetal heads per litter were assigned to skeletal assessment according to the staining technique of 
Dawson. Continuous data were analysed statistically using ANOVA and Dunnett’s t-test, quantal data 
by the chi-squared test followed by Fisher’s exact test, and non-parametric data by Kruskal-Wallace 
non-parametric ANOVA followed by the Mann-Whitney U test.

Analysis of dose formulations showed that the test article was stable in the vehicle and homo-
geneously dispersed (−2% to +3% mean concentration). Overall mean achieved concentrations were 
within the range 97.2–101.4% of the nominal value.

Three rabbits treated at 150 mg/kg bw per day died or were killed for humane reasons at the 
end of the treatment period or shortly thereafter. Treatment-related clinical signs at 150 mg/kg bw per 
day comprised a bloody discharge in the perineal area of 13 rabbits, including all those that died or 
were killed. Deaths and clinical signs of adverse effects of treatment were not apparent at lower dose 
levels. Overall mean body weight was markedly reduced by treatment at 150 mg/kg bw per day, due 
primarily to weight loss during the early part of the treatment period (Table 40). Weight gain reduc-
tion at 50 mg/kg bw per day during treatment was minimal and non-signifi cant. Weight gain recovery 
at 150 mg/kg bw per day was rapid in the post-treatment period on days 20–29 of gestation. Feed 
consumption was signifi cantly and dose-dependently reduced in the 50 and 150 mg/kg bw groups 
during the treatment period (days 7–12 and 12–16) and from days 16 to 20 in the 150 mg/kg bw per 
day group. A signifi cant, compensatory increase in feed consumption was recorded in the 150 mg/kg 
bw per day group in the post-treatment period (Table 40). Feed consumption and body weight gain 
were unaffected by treatment at lower dose levels.

At autopsy, the uterine contents of the three rabbits that died or were killed before schedule 
in the 150 mg/kg bw per day group were haemorrhagic, and one rabbit also showed a haemorrhagic 
vagina. There were no other treatment-related autopsy fi ndings.

Total resorption occurred in three rabbits at 150 mg/kg bw per day and in one rabbit at 50 mg/
kg bw per day. Therefore, there was a treatment-related reduction in the number of rabbits with live 
fetuses and a concomitant increase in postimplantation loss at 150 mg/kg bw per day. The mean pup 
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weights of both sexes were reduced as a result of treatment at 150 mg/kg bw per day. Gravid uterus 
weight, number of corpora lutea, preimplantation loss, number of implantation sites and number of 
dead fetuses were unaffected by treatment (Table 41).

No external or skeletal fetal malformations occurred in the study, and no treatment-related 
visceral malformations were evident. In the 0, 5, 15, 50 and 150 mg/kg bw per day groups, respec-
tively, there were 0, 1, 2, 0 and 1 fetuses with fl exure of the forepaw, probably due to restriction of 
movement within the uterus; it is not a malformation, and the incidence was not dose related. The 
distribution of visceral malformations did not indicate an effect of treatment at any dose level. Small 
gall bladder was noted in some groups, but the incidence was haphazard and did not show any dose–
response relationship. The fetal incidence of the skeletal anomaly fused sternebrae was increased at 
150 mg/kg bw per day, but not at lower dose levels. This is considered to be treatment related as a 
consequence of reduced birth weight, which is in turn a refl ection of maternal toxicity. The distribu-
tion of other skeletal anomalies did not indicate an effect of treatment. Skeletal variants occurred in a 
majority of fetuses from most litters in all treatment groups. The overall fetal incidences were 70.9%, 
78.4%, 79.4%, 79.5% and 75.6% in order of increasing dose level. One skeletal variation, absent 
ossifi cation of the medial phalanx of anterior digit 5, occurred at a fetal incidence of 8.9% at 150 mg/
kg bw per day, whereas the control group incidence was 0%. Although the observed incidence was 

Table 40. Mean body weight gain and feed consumption in rabbits treated with thiamethoxam in 
a developmental toxicity study 

Dose (mg/kg bw per day)

0 5 15 50 150

Mean body weight (g)

- Day 0 2733 2833 2840 2833 2718

- Day 7 2726 2854 2834 2819 2740

- Day 20 2778 2899 2873 2838 2667

- Day 29 2840 2998 3001 2952 2777

Mean body weight gain (g)

- Days 0–6 (pretreatment) −7 21 −6 −14 22

- Days 7–12 (treatment) −26 −23 −17 −30 −105**

- Days 12–16 (treatment) 57 69 73 47 38

- Days 16–20 (treatment) 21 −2 −17** 3 −6

- Days 20–24 (post-treatment) −2 19 20 24 28

- Days 24–29 (post-treatment) 64 81 108 91 83

- Overall (gestation period) 107 165 161 119 59

Feed consumption (g/day)

- Days 0–4 (pretreatment) 93.5 ± 14.4a 94.1 ± 19.1 91.6 ± 17.4 95.4 ± 10.0 98.3 ± 11.4

- Days 4–7 (pretreatment) 88.6 ± 11.2 97.9 ± 20.0 95.3 ± 12.6 92.0 ± 13.2 100.4 ± 17.3

- Days 7–12 (treatment) 88.7 ± 14.1 92.4 ± 15.1 88.5 ± 15.8 69.2** ± 9.9 21.4** ± 9.4

- Days 12–16 (treatment) 86.7 ± 13.6 91.2 ± 17.4 79.1 ± 20.7 64.2** ± 19.1 38.5** ± 21.0

- Days 16–20 (treatment) 96.3 ± 21.7 95.9 ± 20.2 88.5 ± 22.0 80.6 ± 20.6 56.8** ± 27.7

- Days 20–24 (post-treatment) 96.3 ± 28.7 99.2 ± 21.1 93.1 ± 17.2 100.9 ± 21.2 125.1* ± 16.6

- Days 24–29 (post-treatment) 93.4 ± 26.1 96.8 ± 20.4 100.3 ± 14.5 103.3 ± 23.9 121.6* ± 17.2

From Winkler (1996b)

* P ≤ 0.05; ** P ≤ 0.01
a ± standard deviation.
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within the historical control range of 0–9.2%, the fi nding may be an indication of treatment-related 
delayed ossifi cation (Table 42) (Winkler, 1996b).

The NOAEL for maternal toxicity in rabbits was 15 mg/kg bw per day, based on reduction in 
body weight gain and feed consumption during the treatment period in dams at 50 mg/kg bw per day. 
The NOAEL for fetotoxicity in rabbits was 50 mg/kg bw per day, based on increased postimplanta-
tion loss and reduction in fetal body weights at 150 mg/kg bw per day. Additional evidence of feto-
toxicity at this dose was increased incidences in fetuses of delayed ossifi cation, absent ossifi cation 
and anomalies (fused sternebrae) (Winkler, 1996b).

Table 41. Intrauterine data from rabbits treated with thiamethoxam in a developmental toxicity 
study 

Dose (mg/kg bw per day)

0 5 15 50 150

Does with implants 15 19 19 19 18

Does with live fetuses 15 19 19 18 12

Does with resorptions (%) 9 (47) 4 (21) 9 (47) 8 (42) 13 (68)

Does with affected implantsa (%) 10 (53) 8 (42) 10 (53) 10 (5.3) 16 (84)

Corpora lutea/doe 6.7 ± 1.2b 7.2 ± 1.2 7.2 ± 1.4 6.9 ± 1.3 7.1 ± 1.6

Implants/doe 4.7 ± 2.1 5.4 ± 1.2 5.9 ± 1.7 5.4 ± 2.0 5.4 ± 2.1

Preimplantation lossc (%) 32.6 ± 25.2 23.1 ± 21.7 17.5 ± 12.2 23.7 ± 18.4 25.1 ± 19.0

Postimplantation lossd (%) 21.0 ± 24.3 6.3 ± 16.1 9.9 ± 12.8 16.3 ± 25.9 45.6§ ± 35.4

Live fetuses/doe 3.7 ± 2.2 5.1 ± 1.5 5.4 ± 1.7 4.6 ± 2.2 3.0 ± 2.4

Dead fetuses/doe 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Resorptions/doe: early 1.0 ± 1.1 0.3 ± 0.6 0.5 ± 0.7 0.6 ± 1.0 2.4 ± 2.7

Resorptions/doe: late 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.2 0.2 ± 0.5 0.0 ± 0.0

Malformed live fetusese (%) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Affected implantsf (%) 1.0 ± 1.1 0.3 ± 0.6 0.6 ± 0.7 0.8 ± 1.1 2.4 ± 2.7

Sex ratio (% females) 43.6 50.5 54.9 46.5 51.1

Mean pup body weight (g)

- All 44.0 ± 4.3 41.5 ± 3.2 41.7 ± 2.9 42.1 ± 3.9 37.5** ± 4.5

- Males 44.4 ± 4.9 41.7 ± 3.6 43.0 ± 3.3 42.2 ± 4.1 38.8** ± 4.9

- Females 41.8 ± 2.0 40.9 ± 3.2 40.8 ± 3.2 41.1 ± 4.3 36.6** ± 5.4

Reproductive tract weight (g): all 226 ± 115 303 ± 82 316 ± 80 294 ± 99 210 ± 100

Corrected body weightg 2614 2695 2685 2658 2567

Corrected body weight change: gestationh −119 −138 −155 −175 −151

Corrected body weight change: treatmenti −112 −159 −149 −161 −173

From Winkler (1996b)
§ Not signifi cant (P = 0.386); ** P ≤ 0.01
a Affected implants include dead fetuses, resorptions and malformed live fetuses.
b Mean ± standard deviation. Mean value determined for each female.
c 100 minus the percentage of corpora lutea that are refl ected in the implantation sites.
d 100 minus the percentage of implants that are viable at the time of intrauterine inspection.
e (Number of malformed live fetuses/total live fetuses) × 100.
f [(Dead fetuses + resorptions + malformed live fetuses)/total implants] × 100.
g Body weight (gestational day 29) − weight of reproductive tract plus contents.
h Body weight (gestational day 29 − gestational day 0) − weight of reproductive tract plus contents.
i Body weight (gestational day 29 − gestational day 7) − weight of reproductive tract plus contents.
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2.6 Special studies

(a) Neurotoxicity

In a single-dose neurotoxicity study, groups of fasted Sprague-Dawley rats (Crl:CD® BR strain, 
10 of each sex per group, approximately 7 weeks old at dosing) were administered a single dose 
orally by gavage of thiamethoxam (batch No. 9600110; purity 98.7%) in 0.5% methylcellulose solu-
tion at a dose level of 0, 100, 500 or 1500 mg/kg bw. Records were made of morbidity and mortality 
twice daily, clinical observations daily and detailed physical examinations weekly. Body weights 
were recorded on the day prior to treatment and weekly thereafter. The rats were subjected to neu-
rological function tests and observations (functional observational battery [FOB]) and assessment 

of locomotor activity prior to treatment, on day 1 (approximately 2–3 hours after dosing) and 1 
and 2 weeks later. The tests were performed blind, under red light/white noise conditions. The FOB 
included home cage/hand-held and open-fi eld observations, response observations in a testing arena 
and performance measures (including grip strength, foot splay on landing, rectal temperature, tail 
fl ick latency and auditory startle response). At termination on day 16, whole-body perfusion fi xation 
was performed on six rats of each sex per group, and central and peripheral nervous system tissues 

Table 42. Fetal incidence and nature of malformations and treatment-related skeletal anomalies 
and variations in rabbits treated with thiamethoxam in a developmental toxicity study 

Dose (mg/kg bw per day)

0 5 15 50 150

Litters evaluated 15 19 19 18 12

Fetuses evaluated 55 97 102 88 45

Visceral malformations

Renal aplasia

Uretral aplasia

Gall bladder aplasia

Diaphragmatic hernia

1

1

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

Skeletal malformations 0 0 0 0 0

External malformations 0 0 0 0 0

Total no. of malformed fetuses (% fetal incidence)

(% litter incidence)

1 (1.8)

(6.7)

1 (1.0)

(5.3)

0 (0)

(0)

1 (1.1)

(5.6)

0 (0)

(0)

Visceral anomalies

Testicular hypoplasia, right

Small gall bladder

0

0

0

6

0

1

1

0

0

3

Skeletal anomalies

Total no. (%) of fetuses with any skeletal anomaly

No. (%) of fetuses with:

- Fused sternebrae 2 and 3

- Fused sternebrae 3 and 4

- Fused sternebrae 4 and 5

8 (14.5)

0

0

1 (1.8)

9 (9.3)

0

0

0

7 (6.9)

1 (1.0)

2 (2.0)

3 (2.9)

5 (5.7)

0

1 (1.1)

1 (1.1)

11 (24.4)

3 (6.7)

5 (11.1)*

2 (4.4)

Skeletal variations

Total no. (%) of fetuses with any skeletal variation

Absent ossifi cation of the medial phalanx

39 (70.9)

0

76 (78.4)

1 (1.0)

81 (79.4)

0

70 (79.5)

0

34 (75.6)

4 (8.9)

From Winkler (1996b)

* P ≤ 0.05
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(brain, four levels of spinal cord, pituitary, cervical and lumbar dorsal root ganglia, cervical and 
lumbar dorsal and ventral root nerves, Gasserian ganglia [or trigeminal ganglia, important in rats as 
the fi rst part of the pathway from whiskers to the brain], sciatic, tibial and sural nerves and eyes with 
optic nerves) were fi xed. Anterior tibialis and gastrocnemius skeletal muscles and gross lesions were 
also fi xed. The central and peripheral nervous system tissues from control and high-dose rats were 
prepared for microscopic evaluation. The remaining four rats of each sex per group were subjected 
to autopsy, their tissues and organs examined postmortem and the tissues discarded. Sections of all 
nerve tissues collected from control and high-dose groups were examined microscopically. As there 
was no histological evidence of neurotoxicity in high-dose rats of either sex, the intermediate- and 
low-dose groups were not examined.

Three females at 1500 mg/kg bw died within 24 hours of dosing. Treatment-related clinical 
signs were observed at 1500 mg/kg bw on the day of dosing only. The signs were partial closure of 
eyes in some rats of both sexes and, in females only, tremors, hypoactivity and coldness to the touch. 
All other rats survived to the end of the study without clinical signs of an adverse reaction to treatment. 
Body weight gain was signifi cantly reduced in males at 1500 mg/kg bw during the fi rst week after dos-
ing, but the animals gained more weight than the controls during the remainder of the study. 

Treatment-related effects in the FOB/locomotor activity tests were limited to the evaluation 
performed 2–3 hours after dosing. There were no effects at any dose level during the week 1 and week 
2 evaluations. At 2–3 hours after dosing, results of the home cage/hand-held observations revealed 
an increased incidence of moderate ease of removal from the home cage, active or rigid handling/
body tone, tremors and ptosis at 1500 mg/kg bw. In addition, a slightly drooped palpebral closure 
was noted at 500 and 1500 mg/kg bw. Slight lacrimation occurred in females at 1500 mg/kg bw, and 
mildly impaired respiration was observed in 1500 mg/kg bw rats and in one male at 500 mg/kg bw. 
A dark-coloured nasal discharge was seen in one male at 500 mg/kg bw and a further male at 1500 
mg/kg bw. Open-fi eld observations on the 1500 mg/kg bw rats revealed a longer latency to fi rst step, 
an increased incidence of a crouched-over posture in females, a mild to moderate impairment of gait, 
tremors and hypoarousal, and reduced rearing behaviour. A mild impairment of gait also occurred in 
one male at 500 mg/kg bw. Response and performance observations showed an increased incidence 
of uncoordinated landing in the righting refl ex test, lower mean rectal temperatures and signifi cantly 
higher mean forelimb grip strength values for males at 500 and 1500 mg/kg bw. The auditory startle 
response test required a signifi cantly higher mean input stimulus value for males at 1500 mg/kg bw. 
Automated measurement of locomotor activity showed signifi cantly lower activity during the fi rst 
15–20 minutes of testing at 500 and 1500 mg/kg bw. 

Gross pathological fi ndings in the three females that died prior to the scheduled end of the 
experiment revealed that all had dark-brown lobes of the liver and one had mottled dark-red lobes 
of the lung. In rats that survived to the end of the study, there were no treatment-related postmor-
tem fi ndings at any dose level. Microscopic examination of tissues from whole-body perfused rats 
revealed no treatment-related histological alterations in the tissues of the central and peripheral nerv-
ous systems. The lesions observed were of the type, incidence and severity anticipated in rats of this 
age and strain and occurred in both the control and high-dose groups.

In the absence of treatment-related neurohistological changes and persistent functional changes, 
the transient functional effects observed are considered to be signs of overt toxicity and/or signs of 
pharmacological overstimulation.

The NOAEL in the single-dose neurotoxicity study in rats was 100 mg/kg bw, based on tran-
sient behavioural changes at 500 mg/kg bw (Minnema, 1997).

In a subchronic neurotoxicity study, fi ve groups of 10 male and 10 female Sprague-Dawley 
rats (Crl:CD® BR strain, approximately 6 weeks old) were administered thiamethoxam (batch No. 
9600110; purity 98.7%) orally, in the diet, at concentrations of 0, 10, 30, 500 or 1500 ppm (males) 
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and 0, 10, 30, 1000 or 3000 ppm (females) for 13 weeks. These concentrations delivered mean doses 
equal to 0, 0.7, 1.9, 31.8 and 95.4 mg/kg bw per day (males) and 0, 0.7, 2.1, 73.2 and 216.4 mg/kg bw 
per day (females). Records were made of morbidity and mortality twice daily, clinical observations 
daily and detailed physical examinations weekly. Body weights were recorded 1 day before treat-
ment commenced and weekly thereafter. Feed consumption was measured weekly. Ophthalmoscopic 
examinations were performed prior to treatment and during week 13. The rats were subjected to a 
battery of neurological function tests and observations (FOB) and assessment of locomotor activity 
prior to treatment and during weeks 4, 8 and 13. The tests were performed blind, under red light/white 
noise conditions. The FOB included home cage/hand-held and open-fi eld observations, response 
observations in a testing arena and performance measures (including grip strength, foot splay on 
landing, rectal temperature, tail fl ick latency and auditory startle response). After at least 13 weeks 
of treatment, whole-body perfusion was performed on the fi rst six rats of each sex per group. Cen-
tral and peripheral nervous system tissues (brain, four levels of spinal cord, pituitary, cervical and 
lumbar dorsal root ganglia, cervical and lumbar dorsal and ventral root nerves, Gasserian ganglia, 
sciatic, tibial and sural nerves, eyes with optic nerves) were fi xed in formalin. Anterior tibialis and 
gastrocnemius skeletal muscles, kidneys and gross lesions were also fi xed. The central and peripheral 
nervous system tissues from control and high-dose animals were prepared for histological evalua-
tion as paraffi n-embedded 5 µm sections and/or plastic-embedded 1 µm sections, as appropriate. As 
there was no histological evidence of neurotoxicity in the high-dose rats of either sex, tissues of the 
low- and intermediate-dose groups were not examined. All remaining rats were subjected to autopsy. 
Kidneys and gross lesions were fi xed from non-perfused rats, but all other tissues were discarded.

Analysis of representative diet samples demonstrated acceptable homogeneity (variation 
between samples up to 14%), acceptable stability (stable for 7 days at room temperature) and accept-
able achieved concentrations (all within 10% of nominal concentrations, with some minor excep-
tions).

No deaths occurred, there were no treatment-related clinical signs of an adverse effect of treat-
ment, and body weight development and feed consumption throughout the study were unaffected by 
treatment at all dose levels. After 13 weeks of treatment, there was no evidence of ocular toxicity at 
any dose level. 

Neurobehavioural assessment of animals at all dose levels and at all time points revealed no 
treatment-related effects on any of the home cage/hand-held and open-fi eld observations, response 
observations in the testing arena or performance measures (grip strength, foot splay on landing, rectal 
temperature, tail fl ick latency and auditory startle response). Locomotor activity was also unaffected 
by treatment at all dose levels and at all time points.

There were no treatment-related gross pathological fi ndings. Microscopic examination of cen-
tral and peripheral nervous system tissues indicated that no treatment-related alterations were present 
in rats of the high-dose groups. Lesions that were observed were of the type, incidence and severity 
anticipated in rats of this age and strain, and they occurred in both the control and high-dose groups.

The NOAEL for systemic toxicity and neurotoxicity in the 13-week neurotoxicity study was 
1500 ppm, equal to 95.4 mg/kg bw per day, in males and 3000 ppm, equal to 216.4 mg/kg bw per 
day, in females, the highest doses tested, based on the absence of treatment-related effects at these 
doses (Minnema, 1998).

(b) Developmental neurotoxicity study in rats

In a postnatal developmental neurotoxicity study conducted according to OECD guideline 426 
(2003 draft), groups of 30 time-mated, pregnant female Alpk:APfSD (Wistar-derived) rats received 
thiamethoxam (batch No. 506006; purity 98.8%) in the diet at a concentration of 0, 50, 400 or 4000 
ppm, respectively, from gestation day 7 through postnatal day 22. These dietary concentrations deliv-
ered doses equal to 0, 4.3, 34.5 and 298.7 mg/kg bw per day during gestation and 0, 8.0, 64.0 and 
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593.5 mg/kg bw per day postpartum, assuming that the feed consumption of pups was zero. While 
this assumption is correct for postpartum life up to about day 11, it is not correct for days 11–22, 
during which solid food is taken. Pups were allocated to the F

1
 phase of the study on postpartum day 

5, separated from the dam on day 29 and allowed to grow to adulthood. 

Observations made on maternal rats were for clinical signs twice daily and for body weights 
and feed consumption immediately prior to administration of test diets on day 7, on days 15 and 22 
of gestation and on days 1, 5, 8, 12, 15 and 22 postpartum. Additionally, feed consumption was meas-
ured on day 1, and body weights were measured on the day of termination.

The maternal rats were subjected to a battery of neurological function tests (FOB) conducted 
blind on days 10 and 17 of gestation and days 2 and 9 of lactation The FOB included, but was not 
limited to, the following:

 assessment of signs of autonomic function (e.g. lacrimation, ptosis, pupillary function, • 
exophthalmus, salivation, piloerection, urination and defecation);

 description, incidence and severity of any convulsions, tremors or abnormal movements;• 

 description and incidence of posture and gait abnormalities;• 

 description and incidence of any unusual or abnormal behaviour, excessive or repetitive actions • 
and general signs of toxicity, including thin, dehydrated, altered muscle tone and altered fur 
appearance (including staining around the nose or mouth).

The offspring in each litter were examined as soon as possible after parturition was complete 
(day 1 postpartum) and always within 24 hours. On days 1 and 5 postpartum, the sex, weight and 
clinical condition of each pup were recorded, after which litters were standardized to eight randomly 
selected pups, although sexes were represented as equally as possible. Litters of seven or eight pups 
with at least three male and three female pups were used for selection of the F

1
 generation. Pups not 

selected for the F
1
 generation on day 5 postpartum were killed and discarded.

Postpartum observations for clinical signs were made on F
1
 pups at least once a day and any 

signifi cant fi ndings recorded until day 5, after which detailed clinical observations and body weights 
were recorded for the selected F

1
 rats on days 5, 12, 18, 22, 29, 36, 43, 50 and 57 postpartum and prior 

to termination on day 63 postpartum. The selected F
1
 pups were examined for specifi c developmental 

landmarks that included day of age on which vaginal opening occurred in females, from day 29, and 
when preputial separation occurred in males, from day 41. Body weights were recorded on these 
days. In addition, the selected pups were designated for FOB tests, as described for the maternal rats 
above, on days 5, 12, 22, 36, 46 and 61, motor activity testing on days 14, 18, 22 and 60 and auditory 
startle refl ex on days 23 and 61. The pups were also assessed for learning and memory. The test used 
a “Y”-shaped water maze with one escape ladder. The time taken by the pup to fi nd the escape ladder 
was recorded for each trial. The rats were given six trials on either day 21 or day 59. In addition, a 
straight “maze” (channel) was used to evaluate swimming speed. Each pup completed one trial in the 
straight channel immediately following the six trials in the “Y”-shaped water maze. Three days later, 
on day 24 or day 62, the pups were retested using the same procedures.

Gross postmortem examinations were conducted on parental females that failed to produce lit-
ters, females with litters not required for selection and, on day 29 postpartum, the parental female rats 
whose litters had been selected. Females with total litter loss were killed and discarded without exam-
ination. Gross postmortem examinations were also conducted on pups (one of each sex per litter, to 
give at least 10 of each sex per group) on day 12 and day 63. The brains of these rats were weighed, 
fi xed and stored. In addition, at least 10 rats of each sex per group were deeply anaesthetized by intra-
peritoneal injection of sodium pentobarbitone and killed by perfusion fi xation with formol saline. 
The rats were perfused with a volume of fi xative approximately equivalent to their estimated body 
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weight. Organs and tissues selected and fi xed, processed and examined from these rats were brain, 
eye (with optic nerve and retina), spinal cord (including cervical and lumbar swellings), spinal nerve 
roots (dorsal and ventral root fi bres) at cervical and lumbar swellings, dorsal root ganglia at cervical 
and lumbar swellings, proximal sciatic nerve, proximal tibial nerve, distal tibial nerve (tibial nerve 
calf muscle branches) and gastrocnemius muscle. In the fi rst instance, blocks from the control and 
high-dose rats were sectioned and stained. Subsequently, selected areas of the dorsal cortex, thalamus 
and hippocampus were processed from animals in the intermediate-dose groups.

Brain morphometric measurements were made using an image analyser at levels 2–5 in the 
brain and a section of cerebellum (Figure 3).

Figure 3. Planes of trimming cuts
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All analyses were carried out in SAS.1 Fisher’s exact tests were used for the proportion of whole- 
litter losses, proportion of pups born alive, proportion of pups surviving, proportion of litters with all 
pups alive, proportion of litters with all pups surviving, proportion of male pups and the developmen-
tal landmarks; ANOVA was used for most body weight analyses and for feed consumption data, motor 
activity measurements, startle response tests, swimming times, time to preputial separation or vaginal 
opening, brain weights and brain morphometry measurements; and analyses of covariance were used 
for mean pup body weights subsequent to day 1, litter-based body weights (separately for males and 
females) subsequent to day 5 and brain weight as a covariant of fi nal body weight. 

Among the parental rats, a number of females in each group were killed prior to the scheduled 
termination for the reasons given in Table 43. The female that failed to litter was found not to be 
pregnant.

No treatment-related clinical signs were seen either during general observations of the females 
or during the FOBs on days 10 and 17 of gestation and days 2 and 9 of lactation.

The body weights of the dams fed 4000 ppm thiamethoxam were statistically signifi cantly 
lower than those of controls on days 15 and 22 of gestation, by 4–5% (equivalent to approximately 
18% lower body weight gain from days 7 to 22 of gestation) (Table 44). This lower body weight was 
maintained from days 1 to 22 postpartum, although there was no effect of treatment on postpartum 
weight gain (Table 45). Feed consumption of the dams fed 4000 ppm thiamethoxam was also statisti-
cally signifi cantly lower than that of controls (by 17–20%) on days 7–22 of gestation, but this reduced 
feed consumption continued throughout the postpartum period.

Table 43. Distribution of parental females killed ahead of schedule in a developmental 
neurotoxicity study in rats treated with thiamethoxam 

Dietary concentration (ppm)

0 (control) 50 400 4000

Failed to litter 0 0 1

Total litter loss — 1 1 1

Insuffi cient pupsa 8 6 2 2

From Brammer (2003)
a Suffi cient pups = at least three males and three females in a litter of at least seven pups. 

Table 44. Intergroup comparison of maternal body weights during gestation (selected time 
points; adjusted mean values shown for day 15 onwards) in a developmental neurotoxicity study 
in rats treated with thiamethoxam

Day Dietary concentration (ppm)

0 (control) 50 400 4000

1 262.0 259.1 261.9 257.9

15 335.3 335.1 334.4 320.7**

22 417.0 415.6 417.8 394.9**

From Brammer (2003) 

** P < 0.01 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided)

1 SAS Institute Inc. SAS/STAT 9.1 user’s guide. Cary, NC, USA, SAS Institute Inc., 2004.
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There was no effect of treatment with thiamethoxam on the duration of gestation (mean of 22 
days in all groups) or on the proportion of male pups; the statistically signifi cant difference from 
control in the 400 ppm group was within the range of typical variability and was clearly unrelated to 
treatment (Table 46). There was no effect of maternal treatment with thiamethoxam on the clinical 
observations made on pups. The proportion of pups born live was comparable for all groups, and 
there was no effect of treatment on litter size on day 1. The whole-litter losses (in one female from 
each thiamethoxam-treated group) were considered to be unrelated to treatment.

The body weights of male and female pups born to dams fed 4000 ppm thiamethoxam were 
statistically signifi cantly lower than those of controls on day 1 (by approximately 8%) and day 5 (pre-
cull) (by approximately 12%), but there were no treatment-related effects on pup weights at lower 
doses or on total litter weight on day 1 or day 5 (pre-cull) at any dose.

In the selected F
1
 rats, no treatment-related clinical signs were observed, and there were no 

effects of treatment detected in the FOBs on days 5, 12, 22, 36, 46 and 61. Three rats were killed 
intercurrently due to clinical signs, all of which were considered to be incidental to treatment with 
thiamethoxam. Body weights in the 4000 ppm group were statistically signifi cantly lower than those 
of controls on day 5 (by approximately 12%) and remained lower than those of controls throughout 
the study (with a maximum effect on day 18 of 13%).

Preputial separation was delayed by an average of 1.5 days relative to the controls in the 4000 
ppm males, and the body weight on the day of preputial separation was lower than that of controls in 
this group, whereas there was no treatment-related effect on the day of vaginal opening.

Table 45. Intergroup comparison of maternal body weights postpartum (selected time points; 
adjusted mean values shown for day 15 onwards) in a developmental neurotoxicity study in rats 
treated with thiamethoxam 

Day Dietary concentration (ppm)

0 (control) 50 400 4000

1 314.6 313.1 313.2 291.7**

15 369.1 362.5 362.0 344.9**

29 353.1 350.2 353.2 352.4

From Brammer (2003)

* P < 0.05; ** P < 0.01 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided) 

Table 46. Litter size and viability in a developmental neurotoxicity study in rats treated with 
thiamethoxam 

Observation Dietary concentration (ppm)

0 (control) 50 400 4000

Proportion of litters with all pups born live 28/30 25/30 27/30 27/29

Proportion of male pups (day 1) 161/358 179/363 217/386** 189/380

% of male pups (day 1) 44.8 50.4 56.6** 50.0

Proportion of male pups (day 5) 158/344 166/336 204/362** 181/354

% of male pups (day 5) 45.7 50.8 56.7* 51.3

Mean litter size (day 1) 11.9 12.0 12.8 13.1

Mean litter size (day 5) 11.5 11.6 12.5 12.6

Proportion of pups surviving (days 1–5) 344/358 336/347 362/372 354/367

From Brammer (2003)

* P < 0.05; ** P < 0.01 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided) 
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Locomotor activity was unaffected by treatment. A statistically signifi cant difference from con-
trol values observed only on day 14 of the 50 ppm group was clearly not dose related.

There was no effect of maternal treatment with thiamethoxam on startle amplitude or the time 
to maximum amplitude of the F

1
 rats on day 23 or 61. Some statistically signifi cant differences from 

control (especially in the 400 ppm group) provided no evidence for any treatment-related effects 
(Tables 47 and 48).

There was no effect of maternal treatment with thiamethoxam on the ability to learn or on 
memory on days 21 and 24 and on days 59 and 62. Learning in all groups at both time points was 
demonstrated by a decreased time taken to complete the “Y”-shaped water maze task between trials 
1 and 6 in the learning phase (on day 21 or 59). Typically, the time taken to complete trial 6 was less 
than half the time taken on trial 1. Memory was demonstrated by the difference in time taken to com-
plete trial 1 between the learning and memory phases. For all groups at all time points, group mean 
time for trial 1 (memory phase) was much less than that for trial 1 (learning phase). A small number 
of isolated statistically signifi cant differences from the control group showed no consistent pattern 
and were therefore considered incidental to treatment.

Absolute (fresh) brain weight was lower than that of controls on days 12 and 63 in males and 
females of dams fed 4000 ppm thiamethoxam. There were no differences from control following 
adjustment for terminal body weight (Table 49). Post-perfusion on day 63, brain weight was lower 
than that of controls in males and females of dams fed 4000 ppm thiamethoxam and in females of 
dams fed 400 ppm thiamethoxam, but again, this effect was not apparent following adjustment for 
terminal body weight.

At autopsy, no gross effects of treatment were observed.

Table 47. Intergroup comparison of startle amplitude: selected time points in a developmental 
neurotoxicity study in rats treated with thiamethoxam 

Startle amplitude (V)

Males Females

Dietary concentration (ppm)

0 50 400 4000 0 50 400 4000

Day 23 repetitions 1–10 604.0 382.9* 405.3* 429.6 600.8 450.2 533.9 377.1*

Day 61 repetitions 11–20 715.8 846.2 1048.1* 930.9 896.8 932.7 844.8 810.0

Day 61 repetitions 21–30 664.6 746.2 970.5* 858.5 803.2 700.5 778.3 668.4

Day 61 repetitions 31–40 596.5 731.5 931.8** 761.5 685.0 748.3 766.5 626.8

From Brammer (2003)

* P < 0.05; ** P < 0.01 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided)

Table 48. Intergroup comparison of startle response: selected time points in a developmental 
neurotoxicity study in rats treated with thiamethoxam 

Time to maximum amplitude (ms)

Males Females

Dietary concentration (ppm)

0 50 400 4000 0 50 400 4000

Day 61 repetitions 21–30 25.0 22.2* 22.6 21.8* 22.5 22.7 23.4 23.7

Day 61 repetitions 41–50 23.5 23.3 24.2 23.6 21.7 22.3 22.5 24.2*

From Brammer (2003)

* P < 0.05 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided)
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A detailed microscopic examination of the nervous system revealed no effects of maternal 
treatment with thiamethoxam at doses up to 4000 ppm. Minimal demyelination was observed in the 
peripheral nerves in both control and treated rats. Although the incidence of this lesion showed both 
small increases and decreases in treated rats, this is a common spontaneous change in this age and 
strain of rat, and there were no consistent trends to suggest a relationship with treatment. The remain-
ing microscopic fi ndings were considered to be spontaneous and unrelated to treatment. 

Brain morphometry at day 12 did not reveal any treatment-related effects. A small number of 
statistically signifi cant differences in some morphometric parameters at 4000 ppm were not apparent 
after adjustment for body weight. These differences are therefore considered to be a consequence of 
the reduced birth weight and lower body weights seen in the 4000 ppm group. The only statistically 
signifi cant difference after adjustment for body weight was an increase in the width of the thalamus 
at level 5 in females in the 4000 ppm group. However, in the absence of differences in the adjusted or 
unadjusted values in males or in the thalamus measurements at other brain levels, this is considered 
to be incidental to maternal treatment with thiamethoxam. 

Brain morphometry at day 63 revealed a number of statistically signifi cant differences in males 
and females in the 4000 ppm group in several parameters at levels 3–5 prior to adjustment for body 
weight. Many of these were not apparent after adjustment for body weight, suggesting that they are 
a consequence of the reduced birth weight and lower body weights seen at this dose level. Never-
theless, following adjustment for body weight, the statistically signifi cant differences from control 
values described below remained. 

At 4000 ppm in males, there were decreases at level 5 in the width of the thalamus and in the 
width of the hippocampus. In females at 4000 ppm, there were decreases at level 4 in the width of the 
thalamus and in the total brain width and at level 5 in the width of the thalamus. The decrease in total 
width at level 4 can be accounted for by the decrease in thalamus width. There were no statistically 
signifi cant differences noted in these brain regions examined in the lower dose groups. 

In all the male groups and females at 4000 ppm, a statistically signifi cant difference from the 
control value was present, after adjustment for body weight, at level 3 in the height of the dorsal 
cortex parallel to the mid-sagittal line. The values for all treated groups were within the range of his-
torical control mean values (Table 50). In addition, there was no dose–response relationship. These 
differences are therefore considered to be incidental to treatment. 

There was a request to provide supplementary data on selected brain morphometry from pups 
of the 50 and 400 ppm dose levels of this experiment at days 12 and 63 (Brammer, 2007). This 

Table 49. Intergroup comparison of brain weights: F
1
 rats in a developmental neurotoxicity study 

in rats treated with thiamethoxam 

Brain weight (g)

Males Females

Dietary concentration (ppm)

0 50 400 4000 0 50 400 4000

Day 12

Absolute brain weight 1.15 1.16 1.13 1.10* 1.11 1.09 1.10 1.06*

Brain weight adjusted for body weight 1.15 1.14 1.12 1.13 1.10 1.08 1.10 1.09

Day 63

Absolute brain weight 2.07 2.02 2.04 1.99* 1.90 1.89 1.86 1.86

Brain weight adjusted for body weight 2.06 2.02 2.03 2.01 1.88 1.90 1.87 1.87

From Brammer (2003)

* P < 0.05 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided)
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involved examination of day 12 slides from brain level 4 (corpus callosum thickness and thalamus 
width) and the cerebellum (length and prepyramidal fi ssure – thickness of the molecular layer) and 
day 63 slides from brain levels 3 (dorsal cortex 2 thickness and piriform cortex thickness), 4 (dorsal 
cortex thickness, corpus callosum thickness, thalamus height and width, thalamus/cortex overall 
width and hippocampus, width of dentate gyrus) and 5 (dorsal cortex thickness and hippocampus 
overall width).

In day 12 males or females, a small number of brain morphometry parameters were statistically 
signifi cantly different from control at 4000 ppm thiamethoxam.

At 4000 ppm thiamethoxam only, the thickness of the molecular layer of the cerebellar prepy-
ramidal fi ssure was statistically signifi cantly lower than control (by 12.2%) in day 12 males, but not 
statistically signifi cant for adjusted mean (by 6.6%) (Table 51), and not in females. Adjusted mean 
cerebellum length was statistically signifi cantly lower by 7.0% compared with control at 400 ppm in 
males, but not at 4000 ppm (1.4%). These measures of the cerebellum are clearly quite variable at this 
growth stage, but a treatment-related effect at 4000 ppm cannot be excluded. 

Level 4 thalamus width was statistically signifi cantly lower in all three treated groups for 
females (Table 51), but there was no coherent dose–response relationship, and the magnitude of 
the differences was small (maximum 5.9% at 50 ppm). There was no difference in this thalamus 
 parameter in males at any dose level, and there were no differences in any related structures in the 

Table 50. Brain morphometry at postnatal day 63 in a developmental neurotoxicity study in rats 
treated with thiamethoxam 

Brain morphometry (mm) 

Males Females

Dietary concentration (ppm)

0 50 400 4000 0 50 400 4000

Level 3 dorsal cortex 1 (3AB) mean 1.58 1.35* 1.37* 1.40* 1.51 1.50 1.48 1.46

Adjusted mean 1.58 1.35* 1.37* 1.40* 1.54 1.51 1.48 1.42*

Historical control values range

High mean ± standard deviation 1.53 ± 0.11 1.46 ± 0.11

Low mean ± standard deviation 1.25 ± 0.16 1.31 ± 0.07

From Brammer (2003)

* P < 0.05 

Table 51. Intergroup comparison of brain morphometry (selected measurements/adjusted mean): 
F

1
 animals (day 12) in a developmental neurotoxicity study in rats treated with thiamethoxam 

Sex Parameter Brain morphometrya

Dietary concentration (ppm)

0 (control) 50 400 4000 

Males Cerebellum length (8L) 4.40 4.11* 4.09** 4.34

Males Cerebellum – prepyramidal fi ssure – thickness of molecular layer 
(8PPFM)

63.7 59.2 61.7 59.5

Females Level 4 – thalamus – width (4E) 7.64 7.19** 7.34 7.29*

From Brammer (2007)

* P < 0.05; ** P < 0.01 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided)
a  Units of measurement for brain morphometry are in millimetres (mm), except the cerebellum-preculminate fi ssure thickness and 
prepyramidal fi ssure thickness (8PCF1 to 8PPF0), which are in micrometres (µm).
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females, including level 5 thalamus width, level 4 thalamus height and level 4 thalamus/cortex over-
all width. These small differences are therefore considered not to be treatment related.

Corpus callosum thickness was not statistically signifi cant at any dose level. However, exami-
nation of this parameter in the intermediate-dose groups was requested, because the value in 4000 
ppm females was 15.5% lower than in controls. There were no statistically signifi cant differences 
from control in males at 4000 ppm or in the intermediate-dose groups on day 12. Considering the 
lack of any statistically signifi cant differences and the small differences from control in all additional 
measurements, it was concluded that there was no treatment-related effect on day 12 corpus callosum 
thickness.

In the day 63 brain morphometry data, there were a number of statistically signifi cant differ-
ences in males and females in the 4000 ppm group in several parameters at brain levels 3–5 prior 
to adjustment for body weight. Many of these were not apparent after adjustment for body weight, 
suggesting that they were a consequence of the reduced birth weight and lower body weights seen at 
this dose level (Brammer, 2003). Nevertheless, the overall pattern of lower values for a number of 
parameters (unadjusted for body weight) suggests that a treatment-related effect cannot be excluded 
at 4000 ppm. In contrast, additional analysis of the intermediate-dose groups (unadjusted for body 
weight) revealed only a very small number of differences from control, none of which was considered 
to be treatment related. Even after adjustment for body weight, most parameters were statistically 
signifi cantly different from the controls in the 4000 ppm group, particularly among males, whereas 
statistically signifi cant differences in the 400 and 50 ppm groups were few and not consistent with 
dose-related responses (Table 52).

In males, level 3 dorsal cortex 1 thickness was statistically signifi cantly lower than control 
in all three treatment groups. However, comparison of concurrent with historical control data from 
other developmental neurotoxicity studies suggested that the concurrent control data in this study 
were somewhat high (Table 53). Of greater importance, there was no semblance of a dose–response 
relationship, there was no difference in females and the values for the treated groups (1.35, 1.37 and 
1.40 mm for groups 2, 3 and 4) were all close to the mean of the historical controls for this parameter 
(1.34 mm).

Level 4 thalamus width values were statistically signifi cantly lower than control values in males 
at 400 and 4000 ppm. Once again, it may be argued that the control group value in this experiment 
was high in comparison with control group values from other experiments. In addition, no changes 
to related parameters, such as level 4 thalamus height or level 5 thalamus width, were observed at 
400 ppm in males. The level 4 thalamus width in females at 400 ppm, although statistically signifi -
cantly different from the concurrent control, was higher than the control value, not lower. Therefore, 
the small difference in level 4 thalamus width in males at 400 ppm (4.5%) was considered not to be 
treatment related.

Level 4 thalamus/cortex overall width was statistically signifi cantly lower than the control 
value at all three treatment levels in day 63 males. However, similar to the pattern described above 
for thalamus width, the concurrent control value was near the high end of the historical control data, 
and the mean of the historical control value (14.4 mm) was very close to the values for the 50 and 
400 ppm groups (14.14 and 14.18 mm, respectively). The actual differences from control values were 
small (4.6%, 4.3% and 5.0%, respectively) and showed no dose-related response. The weight of evi-
dence indicates that there was not a treatment-related effect for this parameter.

In females at day 63, level 3 dorsal cortex 2 thickness was statistically signifi cantly lower than 
the control in the 50 ppm group. In the absence of any dose–response relationship, this also was not 
considered to be treatment related.
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Table 52. Intergroup comparison of brain morphometry (selected measurements/adjusted mean): 
F

1
 animals (day 63) in a developmental neurotoxicity study in rats treated with thiamethoxam 

Parameter Brain morphometrya

Dietary concentration (ppm)

0 (control) 50 400 4000 

Males

Level 3 – dorsal cortex 1 – thickness (3AB) 1.58 1.35** 1.37** 1.40**

Level 3 – dorsal cortex 2 – thickness (3BB) 1.90 1.88 1.87 1.72**

Level 3 – piriform cortex – thickness (3CB) 1.52 1.51 1.49 1.38**

Level 4 – dorsal cortex – thickness (4AB) 1.53 1.46 1.46 1.36**

Level 4 – corpus callosum – thickness (4C) 0.45 0.41 0.44 0.38*

Level 4 – thalamus – height (4D) 5.61 5.35 5.55 5.07**

Level 4 – thalamus – width (4E) 8.94 8.70 8.58* 8.46*

Level 4 – thalamus/cortex – overall width (4F) 14.81 14.12* 14.18* 14.12

Level 4 – hippocampus – width dentate gyrus (4HB) 0.64 0.60 0.61 0.59*

Level 5 – thalamus width (5C) 8.10 8.03 7.93 7.51**

Level 5 – hippocampus – overall width (5EB) 1.56 1.54 1.61 1.45*

Females

Level 3 – dorsal cortex 1 – thickness (3AB) 1.54 1.51 1.48 1.41*

Level 3 – dorsal cortex 2 – thickness (3BB) 1.79 1.64** 1.71 1.70

Level 4 – dorsal cortex – thickness (4AB) 1.41 1.42 1.41 1.30*

Level 4 – thalamus – height (4D) 5.19 5.59* 5.40 5.25

Level 4 – thalamus – width (4E) 8.44 8.50 8.73* 8.04**

Level 4 – thalamus/cortex – overall width (4F) 14.44 14.40 14.73 13.55**

Level 5 – thalamus – width (5C) 7.86 7.64 7.74 7.31**

From Brammer (2007)

* P < 0.05; ** P < 0.01 (statistically signifi cant difference from control group mean; Student’s t-test, two-sided)
a  Units of measurement for brain morphometry are in millimetres (mm), except the cerebellum-preculminate fi ssure thickness and 
prepyramidal fi ssure thickness (8PCF1 to 8PPF0), which are in micrometres (µm).

Table 53. Ranges and mean values for historical control data: selected brain morphometry 
measurements in a developmental neurotoxicity study in rats treated with thiamethoxama 

Parameter Brain morphometry measurements (mm)

Minimum Maximum Mean Standard deviation

Day 63 – males

Level 3 – dorsal cortex 1 – thickness 1.22 1.53 1.34 0.09

Level 4 – corpus callosum – thickness 0.31 0.46 0.37 0.05

Level 4 – thalamus – width 8.27 8.86 8.59 0.18

Level 4 – thalamus/cortex – overall width 14.2 14.9 14.4 0.2

Day 63 – females

Level 3 – dorsal cortex 1 – thickness 1.22 1.46 1.32 0.08

Level 4 – corpus callosum – thickness 0.30 0.45 0.36 0.05

Level 4 – thalamus – width 8.19 8.71 8.41 0.16

Level 4 – thalamus/cortex – overall width 13.6 14.6 14.1 0.3

From Brammer (2007)
a  Ranges, means and standard deviations were calculated for those parameters where these historical control data are discussed in the text 

for males or females. Values are from control groups in developmental neurotoxicity studies conducted from 2001 to 2004 (Brammer, 
2003, 2007). 
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Level 4 thalamus width in females was statistically signifi cantly higher than the control value 
at 400 ppm and lower at 4000 ppm. At 400 ppm, this difference was small (3.2%) and opposite to the 
effect at the high dose and, as described for males, was considered not to be treatment related.

The NOAEL for maternal toxicity in this study of developmental neurotoxicity was 400 ppm, 
equal to 34.5 mg/kg bw per day, based on decreased body weight gain and feed consumption in dams 
throughout gestation and postpartum at 4000 ppm, equal to 298.7 mg/kg bw per day. The NOAEL 
for fetotoxicity in this study of developmental neurotoxicity was 400 ppm, equal to 64.0 mg/kg bw 
per day, based on reduced birth weight, reduced pup body weight gain and some evidence of delayed 
preputial separation at 4000 ppm, equal to 298.7 mg/kg bw per day. The NOAEL for developmental 
neurotoxicity was 4000 ppm, equal to 298.7 mg/kg bw per day, the highest dose tested, based on an 
absence of any quantitative histological or behavioural changes accompanying the small changes in 
brain morphometry (Brammer, 2007). 

(c) Other special studies

Special studies on thiamethoxam were performed to investigate the etiology of adenoma and 
adenocarcinoma formation in mouse liver during the 18-month carcinogenicity study (Bachmann, 
1998a). Special studies were also performed to investigate the renal tubule changes in rats. The 
results of these supplementary studies are summarized in Table 54.

 (i) Mouse liver tumours

The incidences of any hepatic tumours in mice after 18 months of exposure to thiamethoxam at 
0, 5, 20, 500, 1250 or 2500 ppm were, in males, 11, 7, 10, 19, 22 and 44 (out of 50) and, in females, 0, 
0, 0, 5, 9 and 29 (out of 50) (Bachmann, 1998b). Most were hepatocellular tumours. The incidences 
of primary hepatocellular adenomas in these same dose groups of 50 mice of each sex, respectively, 
were, for males, 9, 5, 8, 17, 21 and 39, and, for females, 0, 0, 0, 5, 8 and 28. In addition, hepatocel-
lular carcinomas were signifi cantly increased in males of the highest-dose group, with incidences of 
3, 3, 2, 4, 4 and 16, whereas in females, there were a few hepatocellular carcinomas in the two high-
est dose groups only: 0, 0, 0, 0, 2 and 3. Thus, any explanation for the induction of these tumours 
should account for their occurrence in both male and female Tif:MAGf(SPF) mice (but particularly 
in male mice) from a dietary exposure concentration of 500 ppm. The genetic toxicity database for 
this compound indicates that it is not a genetic toxin; therefore, other modes of action were to be 
investigated with, most probably, a dose below which tumours would not be expected to occur (i.e. a 
“threshold”). Modes of action are addressed in Appendix 1. Furthermore, there was no evidence for 
hepatocellular adenoma or carcinoma induction in rats receiving thiamethoxam in their diets at 0, 
10, 30, 500 or 1500 ppm for 2 years (Bachmann, 1998a). The numbers of hepatocellular adenomas 
in these groups (out of 49 or 50 of each sex) were, for males, 0, 1, 0, 1 and 1, and, for females, 0, 2, 
0, 2 and 2. The numbers of hepatocellular adenocarcinomas were also sporadic, being, for males, 0, 
0, 1, 1 and 0; and for females, 0, 0, 1, 0 and 0. Thus, any mode of action should also account for the 
species specifi city of the response.

A number of properties of thiamethoxam have been identifi ed, some of which appear to be 
time- and dose-related key events that characterize the emergence of liver cancer in thiamethoxam-
treated mice in a manner that resembles the cholesterol-lowering drugs, statins, which also induce 
liver tumours in mice. Thus, the mode of action of this pesticide may be thought to resemble that 
of the statins; however, the studies conducted so far provide no evidence for a statin-like inhibition 
of  3-hydroxy-3-methylglutaryl coenzyme A reductase activity, this being the rate-limiting enzyme 
in cholesterol biosynthesis (see below). Properties of thiamethoxam identifi ed in mice include per-
turbation of cholesterol biosynthesis, hepatotoxicity, cell death (both as single-cell necrosis and as 
 apoptosis) and a sustained increase in cell replication rates. These changes occur in a  dose-dependent 
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Table 54. Summary of special studies conducted on thiamethoxam

Study; test system; dose 
levels

NO(A)EL LO(A)EL Main effects Reference

In vivo liver biochemical 
parameters; male and 
female mice; 14 days 
of feeding; 0, 100, 500, 
2500 ppm

100 ppm 500 ppm Moderate induction of liver phase 
I and II xenobiotic metabolizing 
enzymes

Trendelenburg 
(1998)

In vivo hepatic cell 
proliferation; male and 
female mice; up to 
59 days of feeding; 0, 
100, 500, 2500 ppm

Proliferation: 100 
ppm (males), 500 
ppm (females)

Hepatotoxicity: 
< 100 ppm 
(males), 500 ppm 
(females)

Proliferation: 500 
ppm (males), 2500 
ppm (females)

Hepatotoxicity: 100 
ppm (males), 2500 
ppm (females)

2500 ppm: 

Hepatic glycogenesis and fatty 
change after 3+ days of treatment 

Increased liver weight at 2500 
ppm after 7+ days of treatment

Hepatic necrosis/apoptosis after 
27+ days of treatment

Hepatic deposition of lipogenic 
pigment after 59 days of treatment

Increased hepatocyte proliferation 
after 3+ days of treatment

Weber (1998)

Changes in plasma 
cholesterol levels during 
dietary feeding studies 

Mice: 0, 50, 200, 500, 
1250, 2500, 5000 ppm

Rats: 0, 1000, 3000 ppm

200 ppm for 
cholesterol 
reduction in mice

Reduction in 
plasma cholesterol 
in mice at 500 ppm 
and above

Sustained and dose-dependent 
reduction in plasma cholesterol in 
mice but not in rats

Green (2003b)

Comparative 
hepatotoxicity in 
weanling and adult mice; 
0, 500, 1250, 2500 ppm

Adults < 500 
ppm; weanlings 
500 ppm

Adults 500 ppm; 
weanlings 1250 
ppm

Signifi cant reduction in plasma 
cholesterol in adults at 500 ppm 
and above, in weanlings at 1250 
ppm and above; internal dose 
in weanlings approximately 2× 
adults; thus, weanlings are less 
sensitive to the hepatic effects of 
thiamethoxam

Green (2003c)

Hepatic cell proliferation 
and apoptosis in male 
mice fed thiamethoxam 
for up to 50 weeks; 0, 50, 
200, 500, 1250, 2500, 
5000 ppm

200 ppm 500 ppm General toxicity at 2500 and 
5000 ppm; time- and dose-related 
hepatotoxicity; increased AST 
and ALT at 1250 ppm and above, 
increased apoptosis and necrosis 
at 500 ppm and above; increased 
cell proliferation at 1250 ppm and 
above

Weber (2003)

Comparative toxicity 
of thiamethoxam and 
metabolites in two strains 
of mouse; 2500 ppm 
thiamethoxam; 2000 
ppm CGA 322704; 500 
ppm CGA 265307

Highest dose 
tested

N/A In contrast to the effects of 
thiamethoxam, CGA 322704 and 
CGA 265307 had no signifi cant 
effects on liver; both strains 
responded similarly

Noakes 
(2003a)

Sublobular assessment of 
hepatic cell proliferation; 
0, 200, 500, 1250 ppm

200 ppm 500 ppm Thiamethoxam induces increases 
in hepatocellular labelling at 500 
and 1250 ppm

Soames (2003)
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Study; test system; dose 
levels

NO(A)EL LO(A)EL Main effects Reference

Hepatotoxicity of 
metabolites fed for up 
to 50 weeks; 2500 ppm 
thiamethoxam; 2000 
ppm CGA 322704; 500 
ppm CGA 265307; 500, 
1000 ppm CGA 330050

Thiamethoxam: 
N/A; CGA 
330050: after 10 
weeks, 500 ppm; 
CGA 322704 and 
CGA 265307: 
highest doses 
tested

Thiamethoxam: 
2500 ppm, only 
concentration 
tested; CGA 
330050: after 10 
weeks, 1000 ppm

Thiamethoxam and CGA 330050 
induced signifi cant hepatic effects; 
CGA 322704 and CGA 265307 
had no signifi cant effects on liver; 
metabolite CGA 330050 has a 
key role in the mechanism of 
thiamethoxam hepatotoxicity

Green (2003d)

Role of nitric oxide in 
mouse hepatotoxicity

N/A N/A CGA 265307 inhibits nitric oxide 
synthase; this inhibition of the 
normal protective effect of nitric 
oxide exacerbates the liver toxicity 
induced by CGA 330050

Green (2003e)

Hepatic cell proliferation 
and apoptosis in female 
rats fed thiamethoxam 
for up to 50 weeks; 1000, 
3000 ppm

3000 ppm, 
highest 
concentration 
tested 

N/A No effect on hepatocyte 
proliferation detected, as 
measured by increased S-phase 
DNA synthesis or apoptosis

Noakes 
(2003b)

Biochemical parameters 
in rat liver after 1 and 10 
weeks; 1000, 3000 ppm 
thiamethoxam

N/A N/A No remarkable inducing effect on 
xenobiotic metabolizing enzymes; 
no effect on hepatic glutathione 
concentration or on activity of 
γ-glutamylcysteine synthetase

Waechter 
(2003)

Comparative metabolism 
in mice and rats in vivo 
and in mouse, rat and 
human liver fractions in 
vitro

N/A N/A Production of key metabolites in 
vivo much higher in mice than 
rats; induction of metabolism in 
mice over time, whereas reduction 
seen in rats; results in plasma 
concentrations of CGA 265307 
in mice after 10 weeks that are 
108-fold higher than in rats; a 
similar difference is seen in vitro, 
with rate conversions in mouse 
liver being much higher than 
those in rat liver fractions; the 
rate conversions in human liver 
were even lower than in rat liver, 
indicating that human metabolism 
of thiamethoxam to the key 
metabolites would be minimal

Green (2002)

Metabolism in rats and 
mice in dietary feeding 
studies

50 week mouse: 500, 
1250, 2500 ppm 
thiamethoxam

50 week rat: 1000, 3000 
ppm thiamethoxam

20 week mouse: 2500 
ppm thiamethoxam, 200 
ppm CGA 322704, 500 
ppm CGA 265307

1 week mouse: 1000 
ppm CGA 330050

N/A N/A Following administration of 
thiamethoxam, the plasma 
concentrations of parent were 
similar in rats and mice, but the 
concentrations of CGA 322704, 
CGA 265307 and CGA 330050 
were much higher in mice than in 
rats, with evidence for induction 
of metabolism in mice, but not 
rats; following administration of 
CGA 322704 to mice, the only 
major metabolite detected was 
CGA 265307; as CGA 3222704 
is not carcinogenic in the mouse, 
CGA 265307 is unlikely to be 
responsible for the carcinogenicity 
of thiamethoxam in the mouse; 

Green (2003a)

Table 54 (continued)
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Study; test system; dose 
levels

NO(A)EL LO(A)EL Main effects Reference

CGA 330050 is the only major 
metabolite identifi ed that occurs 
in signifi cantly greater quantities 
in mice than in rats and that is 
unique to thiamethoxam; it is 
therefore likely to have a key 
role in the carcinogenicity of 
thiamethoxam in the mouse

In vivo hepatic cell 
proliferation; male rats; 
28 days feeding; 0, 
10 000 ppm

10 000 ppm 
(~710.6 mg/
kg bw per day), 
highest dose 
tested

N/A No effect on hepatocyte 
proliferation detected, as 
measured by increased S-phase 
DNA synthesis

Persohn 
(1995)

In vitro cytotoxicity; 
rat/mouse hepatocytes; 
0, 10–5000 µmol/l (9 
concentrations)

5000 µmol/l 
(rat and 
mouse), highest 
concentration 
tested

N/A No cytotoxicity detected in either 
species

Bouis (1997)

In vivo acute hepatic cell 
damage; male mice; 500 
mg/kg bw

N/A 500 mg/kg bw Cytoplasmic condensation of 
mostly periportal hepatocytes at 
6 h, suppression of hepatocellular 
mitotic activity at 24 h after 
dosing

Weber (1999a)

In vivo hepatic cell 
apoptosis; male mice; 
up to 59 days of feeding, 
0, 100, 500, 2500 ppm; 
9 months of feeding, 0, 
2500 ppm 

100 ppm (~15.8 
mg/kg bw per 
day)

500 ppm Increase in apoptotic activity 
after 59 days, still present after 9 
months (data only at 2500 ppm)

Weber (1999b)

Immunohistochemical 
assessment of α

2u
-

globulin in the rat kidney 
upon administration 
of CGA 293343 for 
28 days, 90 days, 12 
months, 24 months 

N/A N/A Renal tubular hyaline change Weber 
(2000a,b,c,d)

LO(A)EL, lowest-observed-(adverse-)effect level; N/A, not applicable; NO(A)EL, no-observed-(adverse-)effect level 

manner and are seen in their entirety only at the dose levels at which tumour incidences are increased. 
At least some of them may therefore constitute key events in a mode of (carcinogenic) action, although 
it is perhaps diffi cult to understand a key role for interference with cholesterol metabolism. An impor-
tant question is whether they all occur at least at all dose levels (but not necessarily all examination 
times) at which tumour incidences are increased. It is, of course, possible that a key event acting 
in a minimal fashion at a lower dose level might be insuffi cient to trigger succeeding steps in the 
process. Generally, it is not possible to refer back to the standard toxicity studies on mice (3-month 
feeding study: Bachmann, 1996a; 18-month feeding study: Bachmann, 1998a) for support of the 
investigation results, because the required measurements and observations were not made. In spite of 
the statin-like properties, the inductions noted in liver phase I and phase II enzymes had similarities 
with those produced by phenobarbital (Trendelenburg, 1998). This similarity is possibly misleading, 
however, as the effect on these enzymes is small, and it has been suggested (Trendelenburg, 1998) 
that it is insuffi cient to account for the emergence of liver tumours.

Table 54 (continued)
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Several progressive steps in the hepatotoxicity of thiamethoxam in mice include an early-
stage mild hepatic dysfunction caused by the metabolite CGA 330050 (characterized by lowering 
of plasma cholesterol, induction of cytochrome P450 isoenzymes, decreased protein synthesis and 
glycogen and lipid accumulation), leading to hypertrophy, lymphocytic infi ltration and pigmentation 
of hepatocytes and Kupffer cells. These processes may be exacerbated by another specifi c thiame-
thoxam metabolite, CGA 265307. This metabolite does not seem to be hepatotoxic, but it is a com-
petitive inhibitor with arginine, the natural substrate of nitric oxide synthase in vitro (Green, 2003e). 
Nitric oxide has a regulatory role in liver in modulating the adverse effects of tumour necrosis factor 
alpha (TNFα) released from endothelial cells during chemical-induced hepatotoxicity. Consequently, 
there is likely to be exacerbation of cytotoxicity, single-hepatocyte necrosis and apoptosis, which are 
believed to lead to increased cell proliferation. Much of this (but not all) could constitute key events 
in a mode of action that fi nally leads to the formation of hepatic tumours. 

The hepatic changes preceding the emergence of tumours have been studied in experiments 
in which mice were fed diets containing 0–5000 ppm thiamethoxam for periods from 1 to 50 weeks 
(Trendelenburg, 1998; Weber, 1998, 2003; Green, 2003b,c; Noakes, 2003a). The results of these 
studies suggest the progression of changes shown in Table 55.

In this study of up to 50 weeks’ duration, hepatocellular neoplasms did develop in small num-
bers, even in controls, in weeks 40–50, but the higher incidences were observed only in the 79-week 
carcinogenicity study.

The results from these six reports are summarized below.

1–10 weeks: Liver dysfunction

The earliest stages of thiamethoxam’s effect on the mouse liver (within 1 week of dosing) are 
characterized by histological changes, including accumulation of glycogen and lipid in centrilobular 
regions of the liver. These histological changes are accompanied by several signifi cant biochemical 
changes, including those described below.

Protein synthesis: A statistically signifi cant reduction in plasma total protein was observed in 
male Tif:MAGf mice (females not studied) fed on diets containing 2500 ppm thiamethoxam for 2 and 
11 weeks, but with signs of recovery at 21 weeks. This reduction was not due to reduced albumin con-
centration and was not induced by the major metabolites, CGA322704 at 2000 ppm or CGA265307 
at 500 ppm (Noakes, 2003a). 

Cytochrome P450 induction: A signifi cant increase in hepatic cytochrome P450, principally of 
the 2B family, was seen in mice fed on diets containing 0, 100, 500 or 2500 ppm thiamethoxam for 
14 days (Trendelenburg, 1998). Thiamethoxam was found to be a moderate (up to 9-fold) inducer of 
mouse CYP2B isoenzymes and both 7-pentoxyresorufi n O-depentylase (PROD) and 7-benzyloxyre-
sorufi n O-debenzylase (BROD) activities. However, these moderate increases alone were considered 
insuffi cient to be causally linked to the development of liver cancer. The enzymatic changes found 
are summarized in Table 56.

Table 55. Successive changes in the livers of mice treated with thiamethoxam for up to 50 weeks 

Study week Observation

1–10 Liver dysfunction: Decreased protein synthesis, glycogen and lipid accumulation, reduced cholesterol, 
cytochrome P450 induction and hepatocellular hypertrophy 

10–50 Hepatotoxicity: Increased ALT/AST, pigmentation, infl ammatory cell infi ltration, hepatocellular 
hypertrophy, single-cell necrosis and increased apoptosis

20–50 Sustained increase in cell replication rates

From Trendelenburg (1998); Weber (1998, 2003); Green (2003b,c); Noakes (2003a)
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Differences in thiamethoxam metabolism in mice and rats in vivo and mice, rats and humans in 
vitro: Following dietary administration of thiamethoxam to mice and rats at 2500 ppm and 3000 ppm, 
respectively, for 1 or 10 weeks, quantitative differences were seen in the concentrations of metabo-
lites in plasma that increased with time of exposure. Over the duration of the study, there was evi-
dence of induction of the metabolism of thiamethoxam in mice, whereas a reduction in metabolism 
of thiamethoxam was observed in rats. After 10 weeks, the concentration of CGA 265307 in plasma 
was 108-fold higher in mice than in rats (Table 57).

Table 56. Summary of enzyme activities 

Assay Result

Protein content No effect in either sex at any dose in supernatant and cytosolic 
fractions

24% increase in females at 2500 ppm in microsomal fraction

Cytochrome P450 59% increase in males at 2500 ppm

52% increase in females at 2500 ppm

7-Ethoxyresorufi n O-deethylase No effect in males at all dose levels

45% increase in females at 500 ppm

157% increase in females at 2500 ppm

7-Pentoxyresorufi n O-depentylase 42% increase in males at 500 ppm

725% increase in males at 2500 ppm

51% increase in females at 100 ppm

103% increase in females at 500 ppm

711% increase in females at 2500 ppm

7-Benzyloxyresorufi n O-debenzylase 72% increase in males at 500 ppm

1021% increase in males at 2500 ppm

53% increase in females at 100 ppm

109% increase in females at 500 ppm

782% increase in females at 2500 ppm

Coumarin 7-hydroxylase 55% increase in males at 2500 ppm

No effect in females at any dose level

Regioselective and stereoselective 

hydroxylation of testosterone

Total oxidation rates increase in males by 41% due to increased 
hydroxylation at positions 2β, 6α, 6β, 15α and oxidation to 
androstenedione; total oxidation rates increase in females by 37% due 
to increased hydroxylation at positions 6α, 16α, 16β and oxidation to 
androstenedione

Lauric acid 11-hydroxylation 47% increase in males at 2500 ppm

104% increase in females at 2500 ppm

Lauric acid 12-hydroxylation No effect in males at any dose level

No effect in females at any dose level

Uridine diphosphate-glucuronosyltransferase 33% increase in males at 2500 ppm

31% increase in females at 2500 ppm

Glutathione S-transferase 61% increase in males at 2500 ppm

198% increase in females at 2500 ppm

Epoxide hydrolase 50% increase in males at 2500 ppm

133% increase in females at 2500 ppm

Cyanide-insensitive peroxisomal-β-oxidation No effect in males at any dose level

No effect in females at any dose level

From Trendelenburg (1998)
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The species differences seen in vivo were refl ected in the in vitro rate comparisons (Figures 4–7).

The mean rate for the conversion of thiamethoxam to CGA 265307 via CGA 322704 was 
54-fold lower in rat liver than in mouse liver, and via CGA 330050 was 87-fold lower in rat liver than 
in mouse liver.

The rates for each of the metabolic transformations of thiamethoxam by its major pathways 
were signifi cantly lower in microsomal preparations from human liver than from mouse liver. The 
mean rate for the conversion of thiamethoxam to CGA 265307 via CGA 322704 was 371-fold lower 
in human liver than in mouse liver, and the conversion via CGA 330050 was 238-fold lower in 
human liver than in mouse liver. The remarkably high Michaelis-Menten constant (K

m
) values seen 

in human livers for the metabolism of thiamethoxam to CGA 322704 and CGA 330050 suggest that 
metabolism of thiamethoxam by these pathways in humans would be minimal at expected exposure 
levels (Green, 2002). A proposed interconversion pathway for thiamethoxam and these metabolites 
is shown in Figure 8.

The trends in metabolism in mice and rats fi rst observed over the early weeks of exposure to 
thiamethoxam persisted in subsequent studies in which the metabolism of thiamethoxam was investi-
gated in blood and liver samples from mice and rats following dietary administration of thiamethoxam 
and its major metabolites CGA 322704, CGA 265307 and CGA 330050 for up to 50 weeks. 

Following administration of thiamethoxam to mice at 500, 1250 or 2500 ppm, the dose– 
response relationship was approximately linear over the dose range tested, with no evidence of satu-
ration of metabolic pathways at higher dietary dose levels (Table 58).

Following administration of thiamethoxam to mice at 2500 pm in the diet, the concentrations 
of thiamethoxam and its metabolites in plasma and liver were similar. Plasma concentrations are 
therefore a reasonable refl ection of the concentrations in liver, the target organ for carcinogenicity in 
the mouse. 

Following administration of thiamethoxam to mice and rats at 2500 ppm and 3000 ppm in the 
diet, respectively, the concentration of thiamethoxam in plasma was similar in the mouse and the rat, 
demonstrating that the internal dose of the test substance was similar. As the concentration of thia-
methoxam in plasma refl ects the concentration in liver, the absence of liver tumours in rats suggests 
that parent thiamethoxam is not responsible for the liver tumours seen in mice. 

Table 57. Concentration of thiamethoxam and its metabolites in plasma in rats and mice fed on 
diets containing thiamethoxam for up to 50 weeks 

Concentrations (µg/ml)

Mouse Rat

Dietary concentration (ppm)

2500 3000

Weeks on diet

1 10 50 1 10 50

Thiamethoxam 11.82 14.86 9.71 7.01 19.21 7.91

CGA 322704 2.54 5.31 3.38 0.96 0.63 1.20

CGA 265307 1.98 7.05 4.20 0.09 0.05 0.05

CGA 330050 0.86 1.50 1.12 0.14 0.10 0.12

From Green (2003a)
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Figure 8. Proposed metabolic pathway of thiamethoxam in the mouse and rat (Green, 2002)
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Table 58. Concentration of thiamethoxam and its metabolites in plasma in mice fed on diets 
containing thiamethoxam for 10 and 50 weeks 

Concentration (µg/ml)

Dietary concentration (ppm)

500 1250 2500 500 1250 2500

Weeks on diet 

10 50

Thiamethoxam 3.78 8.63 14.86 2.26 5.54 9.71

CGA 322704 1.08 2.63 5.31 0.80 1.99 3.38

CGA 265307 1.68 3.62 7.05 1.48 3.31 4.20

CGA 330050 0.53 0.91 1.50 0.40 0.85 1.12

From Green (2003a)

The concentrations of the three metabolites CGA 322704, CGA 265307 and CGA 330050 in 
plasma were considerably higher (8-fold, 140-fold and 15-fold higher, respectively, after 10 weeks) 
in mice than in rats. The increase in plasma concentration of CGA 265307 after 1 week and 10 weeks 
in mice indicates that there is induction of the pathway(s) leading to the formation of this metabolite 
in this species. The differences in concentrations of CGA 265307 and CGA 330050 between mice 
and rats are suffi cient to suggest that they may account for the species differences in carcinogenicity. 
These fi ndings are also consistent with the study (above) in which the rate constants for this pathway 
were measured in vitro in rat, mouse and human liver fractions (Green, 2002).
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Metabolite CGA 322704 (clothianidin) has been tested in rodent carcinogenicity studies; 
however, tumour incidences were not increased in either mice (CD-1 strain) or rats at levels up to 
3000 ppm and 2000 ppm, respectively (Federal Register, 2003). The possibility that different mouse 
strains respond differently to thiamethoxam was investigated; however, no difference was seen in the 
metabolism of thiamethoxam, CGA 322704 or CGA 265307 in TifMAGf and CD-1 strains, so it is 
considered unlikely that the differences in the carcinogenicity of thiamethoxam and CGA 322704 
were due to the use of different strains of mouse (Green, 2003a).

The evidence suggesting liver enzyme induction in mice, but not in rats, was investigated fur-
ther. After treatment of female Tif:RAIf (SPF) rats with thiamethoxam, some of the investigated bio-
chemical and immunochemical liver parameters were slightly increased, whereas others decreased. 
However, the observed changes gave no indication for any remarkable inducing effect of thiame-
thoxam on the hepatic phase I and phase II xenobiotic metabolizing enzymes. In addition, treatment 
did not affect the hepatic glutathione concentration or the activity of γ-glutamylcysteine synthetase, 
the rate-limiting enzyme in glutathione biosynthesis (Waechter, 2003). This is in contrast to similar 
studies in the mouse, in which thiamethoxam was a moderate inducer of hepatic xenobiotic metaboliz-
ing enzymes and caused an increased hepatic glutathione concentration as well as an increased activity 
of γ-glutamylcysteine synthetase (Trendelenburg, 1998).

Plasma cholesterol changes: The earliest and most signifi cant change in mice fed on diets con-
taining thiamethoxam is a marked reduction in plasma cholesterol levels. This was demonstrated in 
a study by Noakes (2003a), in which blood cholesterol levels were statistically signifi cantly reduced 
by 4%, 38% and 35%, respectively, in male Tif:MAGf mice (females not studied) fed diets contain-
ing 2500 ppm thiamethoxam for 2, 11 and 21 weeks. The early reduction in plasma cholesterol level 
was confi rmed in a separate experiment by Green (2003b), in which plasma cholesterol level was 
reduced 31% in mice receiving 2500 ppm thiamethoxam for 4 weeks. Return to control diet in this 
second Green (2003b) experiment for another 2 or 4 weeks non-signifi cantly changed the cholesterol 
concentration in comparison with the controls by +19% and −8%, respectively. Even after just 1 week 
on diets containing thiamethoxam at 1250 and 2500 ppm, plasma cholesterol levels were reduced in 
weanling mice by 15% and 21%, respectively, but not at 500 ppm (+4.5%), whereas 1 week on the 
500, 1250 or 2500 ppm diets reduced plasma cholesterol levels in adult mice by 22%, 32% and 28%, 
respectively (Green, 2003c). Other studies showed that the effect on cholesterol was persistent and 
occurred at all dietary concentrations associated with increases in liver tumour incidence in mice. 
Dietary administration of thiamethoxam to Tif:MAGf mice at 0, 50, 200, 500, 1250, 2500 or 5000 
ppm for up to 50 weeks statistically signifi cantly reduced plasma cholesterol levels at all sampling 
times (10, 20, 30, 40 and 50 weeks) in the 5000 ppm group and at most sampling times in the 2500 
and 1250 ppm groups. Cholesterol level was also signifi cantly reduced in the 500 ppm group at 10 
and 20 weeks by 30% and 28%, respectively, but not at later times. Cholesterol was not reduced at 
any sampling time in the 200 or 50 ppm groups (Green, 2003b). The mechanism by which cholesterol 
is reduced in mice has not been established. Based on the assumption that thiamethoxam was acting 
like statins, the effect of thiamethoxam on 3-hydroxy-3-methylglutaryl coenzyme A reductase, the 
rate-limiting enzyme in cholesterol synthesis, was investigated, but the enzyme was not inhibited 
in mice treated with 2500 ppm thiamethoxam diets for 20 weeks, and neither thiamethoxam nor its 
metabolites CGA265307 and CGA330050 at 300 µmol/l for 20 minutes inhibited the enzyme in vitro 
(Green, 2003b). These concentrations were of the order 10-fold higher than the normal substrate 
concentrations.

In comparisons of the activity of thiamethoxam with those of some of its metabolites, it was 
found that the concentration of plasma cholesterol in mice was not induced by CGA 322704 at 2000 
ppm or by CGA 265307 at 500 ppm given for up to 20 weeks, whereas 2500 ppm thiamethoxam 
reduced the values at 1, 10 and 20 weeks by 19%, 38% and 35%, respectively. In contrast, the metab-
olite CGA 330050 reduced plasma cholesterol levels after 1, 4 or 10 weeks by 14%, 18% and 16%, 
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respectively, at 500 ppm and by 16%, 25% and 19%, respectively, at 1000 ppm (Green, 2003b). This 
same study showed that feeding 1000 or 3000 ppm thiamethoxam to rats for up to 50 weeks did not 
lead to cholesterol level reductions at 1, 10, 20, 30, 40 or 50 weeks.

In considering whether this effect on circulating cholesterol concentrations might constitute a 
key event in hepatocarcinogenesis in mice, it is necessary to recall the effects of thiamethoxam on this 
parameter in rats in 28-day (Bachmann, 1995) and 90-day (Bachmann, 1996b) studies. There were 
statistically signifi cant increases in cholesterol concentrations of 22%, 26% and 43%, respectively, in 
the 28-day study in male rats given diets containing 1000, 2500 or 10 000 ppm thiamethoxam and of 
70% in female rats given 10 000 ppm thiamethoxam. In the 90-day study, 5000 ppm thiamethoxam 
was associated with increases in cholesterol of 22% in males and 24% in females.

There is strong evidence that changes in lipid metabolism in rodents lead to an increase in 
liver tumours. A large number of drugs have been developed in recent years for the control of lipids 
(triglycerides and cholesterol) and the prevention of coronary heart disease. These fall into two main 
classes: the hypolipidaemic drugs, such as the fi brates, and the more recent statins. Both classes 
have been evaluated in rodent carcinogenicity studies during their development, and the majority of 
drugs in each class cause liver cancer, particularly in mice, but also in rats (MacDonald et al., 1988; 
Gerson et al., 1989; Newman & Hulley, 1996; von Keutz & Schluter, 1998). Thiamethoxam is not 
a peroxisome proliferator, and it has minimal effects on plasma triglycerides in vivo. In specifi cally 
lowering plasma cholesterol, its mode of action might resemble that of the statin family of cholester-
ol-lowering drugs. Changes in cholesterol biosynthesis and/or metabolism are early events, but it is 
unclear whether they constitute key events in the mode of action of thiamethoxam as a mouse liver 
carcinogen.

10–50 weeks: Hepatotoxicity 

At this stage of continuous dosing in mice (15 examined per group), frank signs of hepato-
toxicity were seen (Noakes, 2003a; Weber, 2003), and the statistically signifi cant changes described 
below were observed.

Plasma cholesterol changes: As described above, reductions in plasma cholesterol were sus-
tained throughout this period.

Plasma clinical chemistry changes: The median AST activity was increased at 2500 ppm in 
weeks 20 and 40 (but not week 10, 30 or 50) and at 5000 ppm in all weeks from 10 to 50. The 
median ALT activity was signifi cantly increased at 1250 ppm in weeks 40 and 50 (but not at  earlier 
times) and at 2500 and 5000 ppm in all weeks from 10 to 50. No changes were observed in the 
activity of  alkaline phosphatase (Weber, 2003). On the basis of the dose levels at which the activi-
ties of these plasma enzymes are affected, it would appear that this is not a key event in mouse liver 
 carcinogenesis.

Hepatocellular hypertrophy: Hepatocellular hypertrophy incidences and/or mean severity (in 
parentheses) were statistically signifi cantly increased from the control group value of 0/15 to 7/15 
(1.00), 12/15 (1.17) and 12/15 (1.67), respectively, at weeks 30, 40 and 50 for the 2500 ppm group 
and to 12/15 (1.75), 13/15 (2.15), 14/15 (2.00), 13/15 (2.23) and 14/15 (1.50) at weeks 10, 20, 30, 40 
and 50 for the 5000 ppm group. This change was characterized by enlarged centrilobular/midzonal 
hepatocytes with increased amounts of cytoplasmic glycogen, fat and smooth endoplasmic reticu-
lum (Weber, 2003). The increase in hepatocellular hypertrophy was confi rmed in a separate study in 
which male TifMAGf mice were given diets containing 0 or 2500 ppm thiamethoxam for up to 20 
weeks. The incidences (and severity) at week 10 were 0/12 at 0 ppm and 7/12 (1.14) at 2500 ppm and, 
at week 20, 1/11 (2.00) at 0 ppm and 7/12 (1.29) at 2500 ppm. In this same experiment, neither of the 
metabolites CGA 322704 (2000 ppm) and CGA 265307 (500 ppm) induced hypertrophy at any time 
up to 20 weeks (Noakes, 2003a).
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Pigmentation: Pigmentation was statistically signifi cantly increased in incidence and/or mean 
severity at 500 ppm (week 50), at 2500 ppm (from weeks 20 to 50) and at 5000 ppm (all time 
points). Yellow/brown pigment granules in the cytoplasm of centrilobular hepatocytes characterized 
this lesion. Occasionally, pigmented Kupffer cells were observed (Weber, 2003). The pigment was 
not identifi ed. This increase in pigmentation at 2500 ppm was confi rmed in a separate study after 20 
weeks of exposure, in which the incidences were 1/11 in the 0 ppm group and 5/12 in the 2500 ppm 
group (Noakes, 2003a). The pigment could possibly have been haemosiderin or lipofuscin. In the 
absence of effects on blood cells, the latter is more likely.

Hepatic single-cell necrosis: Hepatic single-cell necrosis was increased signifi cantly in inci-
dence and/or mean severity at 500 ppm in week 40, at 1250 ppm in weeks 20, 30, 40 and 50 and at 
2500 and 5000 ppm in weeks 10, 20, 30, 40 and 50. Hepatocellular necroses affected single cells or 
small groups of cells with mainly centrilobular localization and were often accompanied by infl am-
matory cells (Weber, 2003).

Infl ammatory cell infi ltration: Infl ammatory cell infi ltration was increased signifi cantly in inci-
dence and/or mean severity at 500 ppm in week 50, at 1250 ppm in weeks 40 and 50, at 2500 ppm in 
weeks 20, 40 and 50 and at 5000 ppm in weeks 30, 40 and 50 (Weber, 2003). 

Hepatocellular apoptosis: Hepatocellular apoptosis, as assessed by standard histology, was 
increased in incidence and/or mean severity at 1250 ppm thiamethoxam in weeks 20 and 30 and 
at 2500 ppm and 5000 ppm in weeks 10, 20, 30, 40 and 50. Hepatocellular apoptoses affected sin-
gle cells or small groups of cells with mainly centrilobular localization. Quantitative assessment 
of the extent of apoptosis using terminal deoxynucleotidyl transferase-mediated 2′-deoxyuridine 
5′-triphosphate (dUTP) nick end labelling (TUNEL) (Gavrieli, Sherman & Ben Sasson, 1992) area 
density showed an increase at 500 ppm in weeks 30 and 40, at 1250 ppm in weeks 30 and 40, at 2500 
ppm in weeks 30, 40 and 50 and at 5000 ppm in weeks 10, 20, 30, 40 and 50 (Weber, 2003). Largely 
consistent with these data, Noakes (2003a) did not show any increase in TUNEL in TifMAGf mice 
treated for up to 20 weeks with thiamethoxam at 2500 ppm, CGA 322704 at 2000 ppm or CGA 
265307 at 500 ppm.

These hepatic manifestations of effects of thiamethoxam, all time points combined, are sum-
marized in Table 59.

In vitro study of cytotoxicity in primary hepatocyte cultures from rats and mice failed to dem-
onstrate any effect of thiamethoxam or the metabolite CGA 256084 at concentrations of up to 5000 
µmol/l (Bouis, 1997).

Table 59. Intergroup comparison of selected microscopic fi ndings in the liver: total incidence 
across all time points in mice treated with thiamethoxam 

Finding Dietary concentration (ppm)

0 50 200 500 1250 2500 5000

Hepatocellular hypertrophy 0 1 0 2 5 35* 66*

Hepatocellular necrosis 9 11 13 27* 44* 66* 71*

Infl ammatory cell infi ltration 18 21 18 31* 33* 51* 47*

Hepatocellular apoptosis 0 0 1 6* 28* 51* 63*

Pigmentation 0 1 1 4 8* 38* 57*

Fatty change 30 37 38 52* 61* 57* 12*

From Weber (2003) 

* P < 0.05 (statistically signifi cant difference from control group mean)
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20–50 weeks: Sustained increased cell replication rate 

An increased median 5-bromo-2′-deoxyuridine (BrdU) labelling index was observed at 1250 
ppm in week 40, at 2500 ppm in weeks 30, 40 and 50 and at 5000 ppm in weeks 10, 30, 40 and 50. 
These increases were determined across the whole liver lobule (Weber, 2003). These observations 
were confi rmed in a separate study after 20 weeks of exposure to 2500 ppm, but no increase was 
observed after 10 weeks (Noakes, 2003a). When the increases in cell replication rates were meas-
ured specifi cally in centrilobular hepatocytes, the region of the liver in which single-cell necrosis 
and apoptosis were concentrated, a statistically signifi cant increase in cell replication rates was also 
observed in the 500 ppm dose group. The labelling indices (%) increased from 0.15 ± 0.10 in the 
control group to 0.36 ± 0.31 at 500 ppm and 0.48 ± 0.45 at 1250 ppm. There was no increase (0.10 
± 0.07) at 200 ppm (Soames, 2003). The metabolites CGA 322704 at 2000 ppm and CGA 265307 
at 500 ppm did not increase BrdU labelling after 10 or 20 weeks (Noakes, 2003a). An assessment 
of DNA replicative synthesis in male rats fed thiamethoxam for 28 days failed to demonstrate any 
signifi cant change in the numbers of proliferating cell nuclear antigen–positive hepatocyte nuclei at 
dietary concentrations up to 10 000 ppm (Persohn, 1995).

Hepatocellular neoplasia developed to some degree in TifMAGf mice even in the small groups 
in the comparatively short 50-week dietary experiments with thiamethoxam. At week 40, there were 
0, 0, 0, 1, 1, 2 and 1 hepatocellular neoplasms in the 0, 50, 200, 500, 1250, 2500 and 5000 ppm 
groups, respectively, whereas at 50 weeks, the numbers were 2, 1, 1, 0, 2, 3 and 4, respectively. Most 
were adenomas, but some carcinomas were also reported.

Carcinogenicity and toxic properties of metabolites: Both the hepatic tumours and the events 
described above were seen in the Tif:MAGf mouse. The long-term studies with thiamethoxam metab-
olite CGA 322704 (tested as clothianidin) used another strain, believed to be the CD-1 mouse, in 
which no carcinogenesis in liver or elsewhere was observed. In order to investigate possible strain 
effects on the outcome of these studies, both male Tif:MAGf mice and male CD-1 mice were fed on 
diets containing 0 or 2500 ppm thiamethoxam for 1, 10 or 20 weeks. The end-points monitored in 
this study were identical to those in the 50-week studies: namely, liver biochemistry, histopathology, 
apoptosis (TUNEL) and cell replication rates (Noakes, 2003a).

Decreases in plasma cholesterol levels were seen at all time points after exposure to the metab-
olite CGA 322704. At 10 and 20 weeks, aminotransferase activities were increased, and the his-
topathological changes noted at these time points in the 50-week mouse study were observed. An 
increase in cell replication rates was seen at 20 weeks. The magnitude of the changes seen in this 
study was comparable to those seen in the 50-week mouse study. All of these changes were seen in 
both Tif:MAGf and CD-1 mice to a similar degree. Thus, the events, at least some of which may be 
key to a mode of action, are not mouse strain specifi c.

Two other thiamethoxam metabolites investigated in these studies, CGA 330050 and CGA 
265307, were dosed to Tif:MAGf mice at levels selected to mimic systemic exposure to these metab-
olites following high-dose feeding levels of thiamethoxam. These were 500 and 1000 ppm for CGA 
330050 and 500 ppm for CGA 265307. The dose levels of CGA 330050 induced the same changes 
in the livers of mice as those seen after dietary administration of thiamethoxam. Plasma cholesterol 
levels were reduced signifi cantly, and the histopathological examination of the livers revealed an 
increase in hypertrophy, single-cell necrosis, apoptosis and increased cell replication at 10 weeks. 
Plasma cholesterol was statistically signifi cantly reduced at week 1 by 14% and 16% in the 500 and 
1000 ppm groups, respectively, whereas at weeks 4 and 10, there were statistically signifi cant reduc-
tions only in the 1000 ppm group of 25% and 31%, respectively. Hepatocellular hypertrophy inci-
dences were 0/12 in all groups at 1 week, but after 10 weeks, they were 0/12, 0/12 and 11/12 (8/12 
being of minimal severity) in the 0, 500 and 1000 ppm groups, respectively. Single-cell necrosis/
apoptosis did not occur at 1 week, but at 10 weeks, the incidences were 2/12, 2/12 and 6/12 (higher, 
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but not signifi cant) in the 0, 500 and 1000 ppm CGA 330050 groups. However, BrdU labelling of 
hepatocyte nuclei was statistically signifi cantly increased after 10 weeks at 1000 ppm. The percent-
ages in the 0, 500 and 1000 ppm groups were 0.20 ± 0.11, 0.36 ± 0.24 and 0.57 ± 0.61, respectively. 
Therefore, CGA 330050 is seen to play a role in the development of hepatic lesions (Green, 2003d).

CGA 265307 (dosed at 500 ppm in the diet, a dose level selected to mimic systemic exposure 
to this metabolite following a feeding level of 2500 ppm thiamethoxam) did not induce any of the 
hepatic lesions seen in thiamethoxam-treated mice when tested in a 20-week study alongside thiame-
thoxam and CGA 322704 (Noakes, 2003a).

The metabolic relationships of these metabolites (CGA 322704, CGA 330050 and CGA 
265307) to each other are shown in Figure 8 above. It is possible for CGA 265307 to be produced 
from thiamethoxam by two routes, one of which is found in mouse (via CGA 330050), whereas the 
other pathway can occur in both mice and rats (via CGA 322704).

It is proposed that the key events in a mode of (carcinogenic) action of thiamethoxam in mice 
are as follows:

1. Exposure to thiamethoxam, its absorption and metabolism in the liver, in which metabolites CGA 
322704 and CGA 330050 are produced, both of which are further metabolized to CGA 265307. 
There are signifi cant quantitative species differences in the metabolism of thiamethoxam.

2. Hepatocellular toxicity induced by CGA 330050 and exacerbated by CGA 265307, seen as 
increases in hepatocellular single-cell necrosis and apoptosis. Changes in plasma aminotransferase 
activities are not seen at all critical doses.

3. Sustained cell proliferation in the liver of mice. Adenomas develop from these proliferating cell 
populations by a non-genotoxic process that has not been identifi ed.

Metabolism to the critical metabolites proceeds in mice to an extent that far exceeds that in rats 
in vivo. Experiments with mouse, rat and human hepatocytes in vitro indicate close similarities of rat 
and human hepatocytes and the dissimilarity of mouse hepatocytes. The species differences are not 
absolute, all metabolites being found in rats as well as in mice, but the quantitative differences are 
of paramount importance in the induction of toxic and neoplastic effects. As thiamethoxam does not 
induce hepatocellular neoplasms in rats, it is reasonable to conclude that the compound will not do 
so in exposed humans either.

 (ii) Effects on kidney in rats

Subchronic and chronic studies with thiamethoxam in rats indicated the kidney to be a target 
organ in males. Histopathologically, renal tubular hyaline change was observed at high doses (≥ 250 
ppm) in subchronic studies. In the chronic study, increased incidences of regenerative changes in 
renal tubules (12-month interim sacrifi ce) and chronic nephropathy (24-month terminal sacrifi ce) 
were the main fi ndings at high doses (≥ 500 ppm) in male animals. The morphological appearance of 
the predominant fi nding “renal tubular hyaline change” in subchronic studies as well as its exclusive 
treatment-related induction in the kidney of male rats suggested this effect to be an α

2u
-globulin neph-

ropathy. The sponsor of the compound also suggested that the chronic nephropathy that was observed 
and that seemed to be exacerbated by treatment was also dependent upon α

2u
-globulin. This assump-

tion is unlikely to be correct, as chronic progressive nephropathy is a separate entity and is not male 
rat specifi c, although it has a tendency to be more common in males than in females. 

A number of studies were conducted with the objective of providing evidence for α
2u

-globulin 
involvement in the renal pathology observed, but there seems to have been little consideration of 
chronic progressive nephropathy as a component of the renal lesions. Chronic progressive nephropa-
thy develops as a naturally occurring disease of rats that is particularly pronounced in males (Elema 
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& Arends, 1975). Not only is it a degenerative disease, but it is also highly regenerative, in that cell 
proliferation is increased in many of the affected tubules. It is important to recognize that this disease 
is not the result of any chemical treatment, and it is necessary to distinguish its regenerative aspects 
from preneoplasia (atypical hyperplasia) (Hard & Seely, 2005). Incidence and severity can be infl u-
enced by a number of factors, which include strain, sex (Elema & Arends, 1975), diet (Rao, 2002) 
and hormonal status (Baylis, 1994; Tanaka et al., 1995), in addition to chemical treatment. Chronic 
progressive nephropathy begins at about 2 months of age, when some rats develop basophilic renal 
tubules with a thickened basement membrane. Progression involves an increase in the number of 
tubules affected, tubule degeneration and atrophy and an ongoing renal tubule cell proliferation in 
which mitotic fi gures may be frequent (Hard & Seely, 2005). By the time that end-stage (grade 8) 
chronic progressive nephropathy is reached, there are virtually no normal tubules remaining, and 
death from renal failure is highly probable. In these advanced stages of this disease and in the same 
areas of the kidney, there is the development of atypical hyperplasia. Atypical hyperplasia is distin-
guished from foci of regeneration by the absence of thickening of the tubule basement membranes 
and the observation of more disorganization and crowding, sometimes with stratifi cation, of tubule 
epithelial cells. In untreated rats, it does not commonly develop to extreme stages within 2-year stud-
ies. Exacerbation of chronic progressive nephropathy currently has no identifi ed biochemical events 
equivalent to those that occur in α

2u
-globulin nephropathy, and the process is not easily investigated 

by experiment. However, this process is becoming more widely recognized as a potential mode of 
action by which chemicals may infl uence the incidence of kidney tumours in rats (although this was 
not an issue with thiamethoxam). Clearly, chronic progressive nephropathy does occur in untreated 
rats, its severity does increase with advancing age, and it is exacerbated by exposure to some chemi-
cals in comparison with untreated rats. Importantly, however, it has no human counterpart (Hard, 
Johnson & Cohen, 2009) and therefore should not be taken into consideration in human health risk 
assessment.

In the 90-day dietary study in rats (Bachmann, 1996b), chronic lesions of the renal tubules 
were already apparent and were at a higher incidence in the higher dose group rats of both sexes. In 
the 0, 25, 250, 1250, 2500 and 5000 ppm groups, respectively, the incidences in groups of 10 male 
rats were 0, 1, 3, 6, 10 and 9 and, in female rats, 4, 5, 7, 7, 9 and 10. Pairwise comparison of the inci-
dences would indicate 250 ppm as a NOAEL in male rats, but, as mentioned above, the lesion has no 
human signifi cance, and so it may be discounted.

With regard to α
2u

-globulin nephropathy, there have been extensive investigations and a large 
number of publications pointing to it being male rat specifi c and—again—of no human signifi cance. 
It is emphasized once more that, in the context of thiamethoxam, the issue is only of non-neoplastic 
renal lesions that are treatment related. There is no requirement to formulate a mode of action for 
tumour induction. The key events considered key to an α

2u
-globulin-associated nephropathy are as 

follows: 

 increase in the number and size of hyaline droplets in the renal cortex;• 

 identifi cation of the protein accumulating in hyaline droplets as • α
2u

-globulin;

 reversible binding of thiamethoxam or a metabolite to • α
2u

-globulin;

 a characteristic sequence of histopathological changes in shorter-term studies (necrosis in the • 
tubule epithelium, exfoliation of cells into proximal tubule lumen, granular cast formation and 
linear mineralization of the papillary tubules);

 sustained regenerative tubule cell proliferation or foci of tubule hyperplasia.• 

It may not be necessary to consider all of these events, but at least the early ones should be mani-
fest.
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The incidences of hyaline change in groups of 10 rats treated with 0, 25, 250, 1250, 2500 or 
5000 ppm thiamethoxam, respectively, in the 90-day study were, in males, 1, 0, 4, 8, 10 and 10 and, 
in females, 0 in all groups. Furthermore, in males, the severity of the hyaline lesion was scored, on 
average, in these same groups, respectively, as 1.0, 0, 1.3, 1.5, 1.7 and 2.3. Thus, while there are 
no specifi c data on number and size of the hyaline droplets, a dose-related severity increase was 
recorded by the pathologist. It is signifi cant that there was no report of hyaline droplets in the kidneys 
of female rats in this experiment (Bachmann, 1996b) and, furthermore, that there was no mention of 
them in mice, although kidneys were examined (Bachmann, 1996a).

Four retrospective immunohistochemical studies (with a specifi c anti-α
2u

-globulin antibody) 
were performed with the intention of identifying and quantifying the renal accumulation of α

2u
-

globulin in male rats. These studies used material from a 28-day study, a 3-month study, and the 
12-month and the 24-month terminations of a carcinogenicity and chronic toxicity study in rats with 
thiamethoxam. The results showed the treatment-related increase in renal α

2u
-globulin accumulation 

in male rats (Weber, 2000a,b,c,d), particularly after 28 days and 3 months of treatment. Another 
important diagnostic tool for altered α

2u
-globulin in hyaline droplets is the presence of crystalline 

material, but this is better seen if Mallory-Heidenhain stain is used, which was not the case in these 
studies. It was concluded that the renal changes observed in male rats treated with high doses of thia-
methoxam represent a mild α

2u
-globulin nephropathy. As such, it is a male rat–specifi c lesion that has 

no human relevance and should not be considered in risk assessment of this compound.

3. Toxicology of metabolites

Clothianidin (the E-isomer of CGA 322704) was evaluated at this Meeting of the JMPR.

The acute toxicity of CGA 322704 has been investigated in a rat LD
50

 assay and in a bacterial 
mutation assay. No other investigations were submitted; however, the carcinogenicity of this com-
pound has been evaluated previously by regulatory authorities (Federal Register, 2003). No indica-
tion of carcinogenicity was observed in CD-1 mice.

In an acute oral toxicity study conducted according to OECD guideline 401 (1987), groups 
of fi ve male and fi ve female fasted Wistar HanIbm:WIST strain rats were each administered CGA 
322704 technical (batch No. RV-2793/6; purity 99%) suspended in 0.5% methylcellulose solution in 
aqueous 0.1% polysorbate 80, at a dose volume of 10 ml/kg bw by gavage, as a single oral dose of 0, 
1500 or 2000 mg/kg bw. Mortality, clinical signs and body weight changes were recorded. Autopsies 
were performed on rats at termination on day 14.

There were no deaths during the study. Tremor, piloerection and hunched posture were observed 
in all rats in the 2000 mg/kg bw group on the day of treatment, but all rats appeared normal by day 1. 
No remarkable clinical observations were seen among animals in the 0 and 1500 mg/kg bw groups. 
Body weights and body weight changes of rats in all groups were not affected by treatment. Autopsy 
examinations did not reveal any treatment-related abnormalities. 

The acute oral LD
50

 of CGA 322704 in male and female rats was greater than 2000 mg/kg bw 
(Cantoreggi, 1998).

There was no evidence of mutagenic activity in a bacterial reverse mutation assay performed 
over a dose range of up to 5000 µg/plate. The assay was performed in the presence and absence of 
an exogenous metabolic activating system (S9 mix) prepared in the standard way from male rats 
treated with Aroclor 1254 and using Salmonella typhimurium strains TA98, TA100, TA102, TA1535 
and TA1537 and Escherichia coli WP2uvrA. At the highest dose, the numbers of revertants per plate 
were reduced in S. typhimurium TA102 and E. coli WP2uvrA in the presence of S9 mix (Deparade, 
1998).



657

THIAMETHOXAM 565–676 JMPR 2010

4.  Observations in humans

As a new compound, there is little information on exposure of workers to thiamethoxam, and 
none on exposure of the general population. There have so far been no reported incidents of adverse 
reactions during the manufacture or formulation of thiamethoxam. Twelve cases of adverse reactions 
related to thiamethoxam are recorded in the Syngenta adverse effects database up to July 2009. The 
symptoms reported were rash, pruritus, erythema and dermal irritation, all of which were transitory.

Comments

Biochemical aspects

In rats given [14C]thiamethoxam labelled in either the thiazole or oxadiazine ring as a single 
oral dose of 0.5 or 100 mg/kg bw, the radiolabel was rapidly and completely absorbed, based on the 
recoveries in excreta. The time to reach maximum concentrations in plasma was 1–4 hours. Distri-
bution to the tissues was generally non-selective, but resulted in higher concentrations in liver and 
blood. Tissue residues in rats amounted to 0.3% of the total applied dose after 7 days.

The depletion from the tissues followed fi rst-order kinetics, with half-lives in all tissues in the 
range of 2–6 hours, independent of the dose level, the site of the label and the sex of the rats. Seven 
days after oral administration of 0.5 mg/kg bw, the tissue residues were very low. The absorbed mate-
rial was rapidly excreted from rats, predominantly in the urine. The routes of elimination and the uri-
nary pattern of the rapidly excreted thiamethoxam and its metabolites were complex and independent 
of the route of administration, the dose level, pretreatment with non-radiolabelled thiamethoxam, the 
site of the label and the sex of the animals.

In rats, about 20–30% of the dose was biotransformed, whereas 70–80% was eliminated as 
unchanged thiamethoxam. Within 24 hours, about 90% of the dose was excreted via kidneys with 
recovery in urine, and about 4% via the bile with recovery in faeces; total faecal recovery was about 
5%. In mice, 30–60% of the dose was biotransformed and eliminated mainly in urine, but faecal 
elimination accounted for about 19%.

Twenty-two metabolites were isolated from the excreta of rats and identifi ed. The quantita-
tively most important metabolite was CGA 322704 (clothianidin), which accounted for about 10% 
of the dose. The individual contributions of all the other metabolites did not exceed 1% of the dose. 
Plasma concentrations of two of these minor metabolites, CGA 330050 and CGA 265307, were 
15- to 140-fold higher in mouse than in rat. The major reaction involved in the biotransformation 
of thiamethoxam is cleavage of the oxadiazine ring to the corresponding nitroguanidine compound. 
Minor pathways are reduction of the nitroguanidine group, yielding a hydrazine, followed by either 
acylation or further reduction to a guanidine derivative, hydrolysis of the guanidine group to the cor-
responding urea, demethylation of the guanidine group and substitution of the chlorine of the thiazole 
ring by glutathione. Cleavage between the thiazole and oxadiazine ring occurs to a small extent and is 
mediated by either glutathione or oxidative dealkylation. The glutathione derivatives are prone to fur-
ther degradation. Both the thiazole and oxadiazine moieties are susceptible to oxidative attack. These 
minor pathways proceed to small molecules and ultimately, probably, to carbon dioxide. The small 
molecules generated may enter the general metabolism. Metabolic degradation of thiamethoxam in 
mice proceeded via the same pathway as in rats. All major and almost all minor metabolites found in 
rat excreta were also detected in mouse excreta.

In vitro comparisons of thiamethoxam metabolism in mouse, rat and human liver microsomal 
preparations clearly support the signifi cantly higher generation of CGA 330050 and CGA 265307 
in mice compared with rats and additionally demonstrate that human liver microsomes metabolize 
thiamethoxam in a manner quantitatively similar to and not exceeding that of rats.



658

THIAMETHOXAM 565–676 JMPR 2010

Toxicological data

The acute toxicity of thiamethoxam is low, the oral LD
50

 being 1563 mg/kg bw in rats and 871 
mg/kg bw in mice. Signs of toxicity at high doses included tonic or clonic convulsions, ptosis and 
reduced locomotor activity. The acute dermal LD

50
 of thiamethoxam in rats was greater than 2000 

mg/kg bw. The 4-hour acute inhalation LC
50

 of thiamethoxam in rats was greater than 3.72 mg/l (the 
mean achieved concentration). Thiamethoxam was not irritating to rabbit skin or rabbit eyes. Thiame-
thoxam was not a skin sensitizer in the Magnusson & Kligman maximization test in guinea-pigs.

The short-term oral toxicity of thiamethoxam administered via the diet was evaluated in mice, 
rats and dogs. These consisted of 4-week range-fi nding studies in rats followed by 13-week toxicity 
studies in rats and dogs and a 52-week toxicity study in dogs. A 13-week range-fi nding study was 
also conducted in mice.

The liver was identifi ed as a target organ in mice and rats. Treatment for 13 weeks induced 
liver hypertrophy, infl ammatory cell infi ltration and pigmentation of hepatocytes and Kupffer cells 
in both rodent species. In mice, single-cell necrosis and apoptosis occurred in parallel with these 
alterations.

The kidney was identifi ed as a target organ in rats, but not in mice or dogs. Both sexes were 
affected, but there was a difference between the sexes in both morphology and sensitivity. In males, 
nephrotoxicity was characterized by tubular epithelial hyaline droplet accumulation, acute and 
chronic tubule lesions, basophilic proliferation and cast formation. The pattern of effects in male 
rat kidneys resembled α

2u
-globulin nephropathy, which is generally accepted to be a phenomenon 

exclusively found in males of some strains of rats. Immunohistochemical studies on kidneys from 
male rats exposed to thiamethoxam for 28 days or 3, 12 or 24 months with a specifi c anti-α

2u
-globulin 

antibody identifi ed treatment-related increases in renal α
2u

-globulin accumulation, particularly after 
28 days and 3 months of treatment. It was concluded that the renal changes observed in male rats 
treated with thiamethoxam represent a mild α

2u
-globulin nephropathy, which is male rat specifi c and 

has no human relevance. Renal lesions in females were confi ned to an increased incidence of chronic 
tubular lesions and an increase in the severity of nephrocalcinosis. Other observations, particularly 
basophilic proliferation, tended to be increased in all groups of females at 28 days and may represent 
the beginnings of chronic progressive nephropathy. However, such observations were not repeated 
after 3 (or 12) months of exposure. Therefore, the NOAELs of human relevance in rats were derived 
on the basis of effects in organs other than male kidney in the repeated-dose toxicity studies after 28 
days and 3 months of treatment as well as in the 2-year study.

Other target organs and changes in rats were fatty changes in the adrenal cortex, enhanced 
haemosiderosis or extramedullary haematopoiesis in the spleen and follicular epithelial hypertro-
phy in the thyroid gland. Thymic and splenic atrophy in dogs and alterations suggestive of delayed 
 maturation of the gonads in dogs and female mice occurred at doses causing substantial growth 
retardation. 

The NOAELs derived from short-term studies in which thiamethoxam was administered orally 
were as follows:

 The NOAEL in the 90-day dietary study in mice with thiamethoxam was 100 ppm (equal to 14.3 • 
mg/kg bw per day), based on raised platelet counts at 1250 ppm (equal to 176 mg/kg bw per 
day) in females. Minimal lymphocytic infi ltration and hepatocyte hypertrophy were observed in 
males at 100 and 1250 ppm; in the absence of any other hepatic changes, these were considered 
an adaptive response or an early sign of mouse-specifi c hepatotoxicity.

 The NOAEL in the 28-day dietary study in rats was 100 ppm (equal to 8.0 mg/kg bw per day), • 
based on increased plasma cholesterol concentrations at a dose level of 1000 ppm (equal to 81.7 
mg/kg bw per day). The male rat–specifi c kidney effects have no human relevance, and therefore 
they are not considered for the NOAEL.
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 The NOAEL in the 90-day dietary study in rats was 250 ppm (equal to 17.6 mg/kg bw per day in • 
males), based on reduced body weight gain and histological fi ndings in the adrenals at 1250 ppm 
(equal to 84.9 mg/kg bw per day). Observation of hyaline droplet accumulation in the kidneys of 
male rats was considered indicative of α

2u
-globulin involvement, which is male rat specifi c and 

has no human signifi cance.

 The NOAEL in the 90-day oral toxicity study in dogs was 250 ppm (equal to 8.23 mg/kg bw per • 
day), based on prolonged thromboplastin times in both sexes at 1000 ppm (equal to 32 mg/kg 
bw per day).

 The NOAEL in the 52-week oral toxicity study in dogs was 750 ppm (equal to 21 mg/kg bw • 
per day), based on prolonged thromboplastin times and reductions in testis weights at 1500 ppm 
(equal to 42 mg/kg bw per day).

Long-term toxicity and carcinogenicity studies were performed in mice and rats. The main 
target organs were the liver in mice and female rats and the kidneys in male rats. In rats, the principal 
fi ndings were increased incidences of renal tubule regenerative lesions, which were considered to 
represent the sequelae of the rat-specifi c nephropathies observed in short-term studies. Minor and 
morphologically different changes occurred in the spleen of both rats and mice.

The NOAEL in the 78-week dietary study in mice was 20 ppm (equal to 2.63 mg/kg bw per 
day), based on hepatotoxic effects (i.e. increased liver weights, hepatocellular hypertrophy, pigment 
deposition, infl ammatory cell infi ltration and single-cell necrosis) at 500 ppm (equal to 63.8 mg/kg 
bw per day). Thiamethoxam was tumorigenic in mice and induced hepatocellular adenomas in male 
and female mice at a dose level of 500 ppm and hepatocellular adenocarcinomas in male mice at 
2500 ppm (equal to 354 mg/kg bw per day).

Special studies on thiamethoxam (the EZ-isomer mixture, as used in all toxicity studies) were 
performed to investigate the etiology of adenoma and adenocarcinoma formation in mouse liver 
during an 18-month oncogenicity study. The hypothesis investigated was that the mouse specifi city 
in this response is due to a very large species difference in metabolism of thiamethoxam, as dem-
onstrated by 15-fold and 140-fold higher plasma concentrations of CGA 330050 and CGA 265307, 
respectively, in mice than in rats following 10 weeks of dosing with thiamethoxam. This large differ-
ence is supported by in vitro comparison of thiamethoxam metabolism by microsomal preparations 
from mouse, rat and human liver. Although these metabolites also occur with rat microsomes, their 
concentrations are very much lower than in mice. The data also suggested that humans were likely to 
be even less susceptible than rats to the hepatic effects of thiamethoxam. The mode of action proposed 
for development of these tumours is based on the hepatotoxicity of the metabolite CGA 330050 in 
particular, with CGA 265307 exacerbating its effect, and the subsequent sustained cell proliferation 
of mouse hepatocytes, leading to the development of a higher incidence of hepatocellular tumours. 
Not all elements for a mode of action have been identifi ed, but the available data support the conten-
tion of a low risk to humans with regard to both hepatotoxicity and carcinogenicity and the absence 
of any genotoxic involvement. An alternative metabolic pathway to CGA 265307 in both mice and 
rats is via CGA 322704. The E-isomer of CGA 322704 was evaluated at the present Meeting, and it 
was concluded that it is not carcinogenic in mice or rats.

The NOAEL in the 78-week dietary study in mice for non-hepatic effects is 1250 ppm (equal 
to 162 mg/kg bw per day), based on reductions in body weight and effects on spleen and stomach at 
2500 ppm (equal to 354 mg/kg bw per day).

The NOAEL in the 104-week dietary study in rats was 1000 ppm (equal to 50.3 mg/kg bw 
per day in females), based on foci of cellular alteration in the liver and increased severity of splenic 
haemosiderosis at 3000 ppm (equal to 155 mg/kg bw per day). Increased incidences of renal chronic 
tubular lesions and basophilic proliferation were observed exclusively in male rats at 500 ppm (equal 
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to 21.0 mg/kg bw per day). These renal lesions were considered to represent the outcome of α
2u

-
globulin-mediated nephropathy, which is widely acknowledged as male rat specifi c and not relevant 
in human risk assessment, and therefore they were not used to identify the NOAEL.

Thiamethoxam was tested for genotoxicity and mutagenicity in an adequate range of assays, 
both in vitro and in vivo. In none of these assays was there any evidence of genotoxic or mutagenic 
potential.

The Meeting concluded that thiamethoxam is unlikely to be genotoxic.

On the basis of the absence of genotoxicity in vivo, the absence of carcinogenicity in rats and 
the mode of action by which liver tumours arise in mice, the Meeting concluded that thiamethoxam 
is unlikely to pose a carcinogenic risk at human dietary exposure levels.

Hyaline change and casts in renal tubules were observed in male rats in the multigeneration 
studies at 1000 ppm (equal to 45.6 mg/kg bw per day). This observation has no human relevance. 
Therefore, the relevant NOAEL for parental toxicity is 1000 ppm (equal to 45.6 mg/kg bw per day), 
based on signifi cantly reduced body weight gain at 2500 ppm (equal to 117.6 mg/kg bw per day in 
F

0
 generation males). The overall NOAEL for reproductive toxicity in the multigeneration studies 

in rats was 1000 ppm (equal to 74.8 mg/kg bw per day for F
1
 males), based on minimal testicular 

germ cell loss or disorganization, with or without Sertoli cell vacuolation (and unaccompanied by 
any reduction in epididymal sperm numbers), at 2500 ppm (equal to 191.5 mg/kg bw per day). These 
effects were not observed in the fi rst study, a difference that could be attributed to a refi nement of the 
methods used for sperm observations between the fi rst and second studies. The overall NOAEL for 
offspring was 30 ppm (equal to 1.4 mg/kg bw per day for the males), based on marginal reductions in 
body weight gains of F

2a
 and F

2b
 pups during lactation at 1000 ppm (equal to 45.6 mg/kg bw per day 

for males) in the fi rst of the two studies.

The NOAEL for maternal toxicity in the developmental toxicity study in rats was 30 mg/kg bw 
per day, based on slightly decreased body weight gain in dams, providing a LOAEL of 200 mg/kg bw 
per day. The NOAEL for fetotoxicity was 200 mg/kg bw per day, based on mild reduction in mean 
fetal body weight at 750 mg/kg bw per day. Further evidence of fetotoxicity at this dose was increased 
incidences of skeletal anomalies (irregular or absent ossifi cation of the occipital bone) and skeletal 
variants (poor ossifi cation of sternebra 5, shortened 13th rib and non-ossifi cation of metatarsal 1).

The NOAEL for maternal toxicity in the developmental toxicity study in rabbits was 15 mg/
kg bw per day, based on reduction in body weight gain and feed consumption during the treatment 
period in dams at 50 mg/kg bw per day. The NOAEL for fetotoxicity in rabbits was 50 mg/kg bw per 
day, based on increased postimplantation loss and reduction in fetal body weights at 150 mg/kg bw 
per day. Further evidence of fetotoxicity at this dose was increased incidence of delayed and absent 
ossifi cation as well as an increased incidence of fused sternebrae in fetuses.

The Meeting concluded that thiamethoxam can cause fetotoxicity and skeletal anomalies (mal-
formations and variants), but only at maternally toxic doses.

An acute neurotoxicity study, a 13-week neurotoxicity study and a developmental neurotoxic-
ity study were conducted in rats. A comprehensive set of neurotoxicity end-points was investigated in 
these studies, including an evaluation of potential to induce neurobehavioural or neuromorphological 
changes. The studies did not show any specifi c neurotoxicity after repeated exposure of adult rats or 
any specifi c developmental neurotoxicity in the offspring, including at doses causing maternal toxic-
ity. Acute administration of thiamethoxam at dose levels approaching the LD

50
 produces a range of 

transient neurobehavioural effects, including tonic or clonic convulsions, ptosis and reduced locomo-
tor activity. The NOAEL in the single-dose neurotoxicity study in rats was 100 mg/kg bw, based on 
transient behavioural changes at 500 mg/kg bw. The NOAEL for systemic toxicity and neurotoxic-
ity in the 13-week neurotoxicity study was 1500 ppm (equal to 95.4 mg/kg bw per day) in males 
and 3000 ppm (equal to 216.4 mg/kg bw per day) in females, the highest doses tested, based on the 
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absence of treatment-related effects at these doses. The NOAEL for systemic toxicity in a study of 
developmental neurotoxicity was 400 ppm (equal to 34.5 mg/kg bw per day), based on decreased 
body weight gain and feed consumption in dams throughout gestation and postpartum, as well as 
reduced birth weight, reduced pup body weight gain, some evidence of delayed preputial separation 
and small changes in brain morphometry, but without any quantitative histological or behavioural 
changes, at 4000 ppm (equal to 298.7 mg/kg bw per day). The NOAEL for developmental neurotox-
icity was 4000 ppm (equal to 298.7 mg/kg bw per day), the highest dose tested. 

The Meeting concluded that thiamethoxam is not a neurotoxin in mammals at the tested dose 
levels, although it is a member of the neonicotinoid chemical class, the biological effects of which in 
target species are mediated primarily by an interaction with nicotinic acetylcholine receptor sites.

No information on medical surveillance or poisoning incidents was available.

The Meeting concluded that the existing database on thiamethoxam was adequate to character-
ize the potential hazards to fetuses, infants and children.

Toxicological evaluation

The Meeting established an acceptable daily intake (ADI) of 0–0.08 mg/kg bw on the basis 
of a NOAEL of 250 ppm (equal to 8.23 mg/kg bw per day) in a 90-day study of toxicity in dogs, 
based on prolonged thromboplastin time. A safety factor of 100 was applied. This ADI is protective 
of the hepatotoxic and hepatocarcinogenic effects observed in mice, which were not observed in rats 
because of marked species differences in metabolism. It is also protective of the marginally toxic 
effects observed in a multigeneration study in rats at 46 mg/kg bw per day.

A number of blood chemistry and haematology parameters in dogs were considered as a basis 
for the ADI, but the only consistently altered parameter was measures of blood coagulation. Other 
end-points that received consideration included feed consumption reduction in a gavage study of 
developmental toxicity in rabbits. Renal changes observed in rats arose by processes not relevant for 
risk assessment at human dietary exposure levels.

An acute reference dose (ARfD) of 1 mg/kg bw was established on the basis of a NOAEL of 
100 mg/kg bw in a single-dose study of neurotoxicity in rats. A safety factor of 100 was applied. The 
transient functional changes in rats appeared to be mild signs of overt toxicity rather than neurotoxic-
ity. The neurotoxicity study was supported by a single-dose study of toxicity in mice, in which clini-
cal signs of toxicity were observed at 500 mg/kg bw, the lowest dose tested.

The metabolite of thiamethoxam, CGA 322704 (clothianidin), was evaluated separately by the 
present Meeting.

Levels relevant to risk assessment 

Species Study Effect NOAEL LOAEL

Mouse Ninety-day range-
fi nding study of 
toxicity

Toxicity 100 ppm, equal to 14.3 mg/kg 
bw per day

1250 ppm, equal to 176 mg/kg 
bw per day

Eighteen-month 
study of toxicity and 
carcinogenicity

Toxicitya 20 ppm, equal to 2.63 mg/kg 
bw per day

500 ppm, equal to 63.8 mg/kg 
bw per day

Carcinogenicityb 20 ppm, equal to 2.63 mg/kg 
bw per day

500 ppm, equal to 63.8 mg/kg 
bw per day

Rat Single-dose study of 
neurotoxicity

Toxicity 100 mg/kg bw 500 mg/kg bw
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Species Study Effect NOAEL LOAEL

Ninety-day study of 
toxicity

Toxicityc 250 ppm, equal to 17.6 mg/kg 
bw per day

1250 ppm, equal to 84.9 mg/kg 
bw per day

Twenty-four-month 
studies of toxicity and 
carcinogenicity

Toxicityc 1000 ppm, equal to 50.3 mg/
kg bw per day

3000 ppm, equal to 155 mg/kg 
bw per day

Carcinogenicity 3000 ppm, equal to 155 mg/
kg bw per dayd

—

Two-generation study 
of reproductive toxicity 
(1)

Reproductive 
toxicity

2500 ppm, equal to 117.6 mg/
kg bw per dayd

—

Parental toxicityc 1000 ppm, equal to 45.6 mg/
kg bw per day

2500 ppm, equal to 117.6 mg/
kg bw per day

Offspring 
toxicity

30 ppm, equal to 1.4 mg/kg 
bw per day

1000 ppm, equal to 45.6 mg/kg 
bw per daye

Two-generation study 
of reproductive toxicity 
(2)

Reproductive 
toxicity

1000 ppm, equal to 74.8 mg/
kg bw per day

2500 ppm, equal to 191.5 mg/
kg bw per day

Parental toxicityc 1000 ppm, equal to 61.7 mg/
kg bw per day

2500 ppm, equal to 155.6 mg/
kg bw per day

Offspring 
toxicity

1000 ppm, equal to 74.8 mg/
kg bw per day

2500 ppm, equal to 191.5 mg/
kg bw per day

Developmental toxicity 
study

Maternal toxicity 30 mg/kg bw per day 200 mg/kg bw per day

Embryo and fetal 
toxicity

200 mg/kg bw per day 750 mg/kg bw per day 

Rabbit Developmental toxicity 
study

Maternal toxicity 15 mg/kg bw per day 50 mg/kg bw per day

Embryo and fetal 
toxicity

50 mg/kg bw per day 150 mg/kg bw per day

Dog Ninety-day study of 
toxicity

Toxicity 250 ppm, equal to 8.23 mg/kg 
bw per day

1000 ppm, equal to 32 mg/kg 
bw per day

a Mouse particularly susceptible to hepatotoxicity, based on the mode of action of thiamethoxam.
b No carcinogenicity relevant to humans based on mode of action considerations of tumorigenic effects in mice.
c Toxicity relevant to humans, not including nephrotoxicity specifi c for male rats.
d Highest dose tested.
e Marginal LOAEL.

Estimate of acceptable daily intake for humans

0–0.08 mg/kg bw 

Estimate of acute reference dose

1 mg/kg bw 

Information that would be useful for the continued evaluation of the compound

 Results from epidemiological, occupational health and other such observational studies of 
human exposure

Critical end-points for setting guidance values for exposure to thiamethoxam

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Rapid and extensive, > 90%

Distribution Distributed throughout the body; higher concentrations in liver and 
blood
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Potential for accumulation None

Rate and extent of excretion High, > 90% within 24 h

Metabolism in animals 22 metabolites identifi ed in rats

Toxicologically signifi cant compounds (animals, 
plants and environment)

Parent; CGA 330050; CGA 322704 (clothianidin)

Acute toxicity

Rat, LD
50

, oral 1563 mg/kg bw 

Mouse, LD
50

, oral 871 mg/kg bw

Rat, LC
50

, inhalation > 3.7 mg/l (4 h) 

Rat, LD
50

, dermal > 2000 mg/kg bw 

Rabbit, dermal irritation Not irritating 

Rabbit, ocular irritation Not irritating 

Guinea-pig, dermal sensitization Not sensitizing (Magnusson & Kligman test)

Short-term studies of toxicity

Target/critical effect Coagulation in dogs

Lowest relevant oral NOAEL 8.23 mg/kg bw per day (3-month study in dogs)

Lowest relevant dermal NOAEL 60 mg/kg bw per day (liver, 4-week study in rats)

Lowest relevant inhalation NOAEC No data

Long-term studies of toxicity and carcinogenicity

Target/critical effect Liver, spleen, stomach (mice) 

Lowest relevant NOAEL 2.63 mg/kg bw per day (18- month study in mice)

Carcinogenicity Carcinogenic in mice, but unlikely to pose a risk at human dietary 
exposure levels, based on the proposed mode of action

Genotoxicity

Not genotoxic

Reproductive toxicity

Reproductive target/critical effect Preweaning weight gain

Lowest relevant reproductive NOAEL 74.8 mg/kg bw per day (rat)

Developmental target/critical effect Rat: Not teratogenic; reduced live birth weight, delayed ossifi cations

Rabbit: Reduced pup body weight, delayed ossifi cations and 
increased incidences of skeletal abnormalities

Lowest relevant developmental NOAEL 50 mg/kg bw per day (rabbit)

Neurotoxicity/delayed neurotoxicity

No signs of neurotoxicity

Other toxicological studies

Mechanistic studies relevant to hepatotoxicity and 
hepatocarcinogenicity in mice and renal toxicity in rats

Medical data

No reports of toxicity in workers exposed during manufacture or 
use
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Summary

Value Study Safety factor

ADI 0–0.08 mg/kg bw Ninety-day study of toxicity in dogs 100

ARfD 1 mg/kg bw Neurotoxicity study in rats supported by a single-dose 
toxicity study in mice

100
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Appendix 1: Application of the IPCS conceptual framework for cancer risk assessment

(IPCS framework for analysing the relevance of a cancer mode of action for humans) 

A1.  Hepatocarcinogenesis in mice 

A1.1 Introduction

All information relating to a mode of action has been summarized in this document, so refer-
ence will be made to the relevant paragraphs rather than redescribing the data in this section. The 
analytical approach applied to the postulated mode of action is based on the methods developed by 
the International Programme on Chemical Safety (IPCS) (Sonich-Mullin et al., 2001; Boobis et al., 
2006). The incidences of any hepatic tumours in mice after 18 months of exposure to thiamethoxam 
at 0, 5, 20, 500, 1250 or 2500 ppm were, in males, 11, 7, 10, 19, 22 and 44 in groups of 50 and, in 
females, 0, 0, 0, 5, 9 and 29 in groups of 50 (Bachmann, 1998b). Most were hepatocellular tumours. 
The incidences of primary hepatocellular adenomas in these same dose groups of 50 mice of each 
sex were, respectively, for males, 9, 5, 8, 17, 21 and 39; and, for females, 0, 0, 0, 5, 8 and 28. In addi-
tion, hepatocellular carcinomas were signifi cantly increased in males of the highest-dose group, with 
incidences of 3, 3, 2, 4, 4 and 16, whereas in females, there were a few hepatocellular carcinomas 
in the two highest dose groups only: 0, 0, 0, 0, 2 and 3. Thus, any explanation for the induction of 
these tumours should account for their occurrence in both male and female Tif:MAGf(SPF) mice 
(but particularly in male mice) from a dietary exposure concentration of 500 ppm. Some other neo-
plasms were also occasionally observed, but they tended to show a random distribution with dose. At 
the same dose level and higher, there were also a number of non-neoplastic lesions in the liver that 
were statistically signifi cantly increased. These included pigment deposition (lipofuscin and haemo-
siderin), foci of cellular alteration, hepatocellular hypertrophy, single-cell necrosis and infl ammatory 
cell infi ltration. 

There was no evidence for hepatocellular adenoma or carcinoma induction in rats receiving 
thiamethoxam in their diets at 0, 10, 30, 500 or 1500 ppm (males) or 0, 10, 30, 1000 or 3000 ppm 
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(females) for 2 years (Bachmann, 1998a). The numbers of hepatocellular adenomas in these groups 
(of 49 or 50 of each sex) were, for males, 0, 1, 0, 1 and 1; and, for females, 2, 0, 2 and 2. The numbers 
of hepatocellular adenocarcinomas were also sporadic, being, for males, 0, 0, 1, 1 and 0; and, for 
females, 0, 0, 1, 0 and 0. Thus, any mode of action should also account for the species specifi city of 
the response. There were, furthermore, no treatment-related tumour fi ndings in any other organ, and, 
in liver, there was no dose-related increase in non-neoplastic lesions in rats, except for an increase in 
clear cell foci, which are probably indicative of excess glycogen accumulation, in females, and only 
at a dose level of 3000 ppm.

The genetic toxicity database for thiamethoxam indicates that it is not a genetic toxin; there-
fore, modes of action were investigated with, most probably, a dose below which tumours would not 
be expected to occur (i.e. a “threshold”). 

A1.2 Postulated mode of action (theory of the case)

Thiamethoxam is metabolized to a metabolite (CGA 330050) in mice that is hepatotoxic, and 
its action is exacerbated by a subsequent metabolite (CGA 265307) that is a competitive inhibitor 
in the activity of nitric oxide synthase, which plays a role in ameliorating the effects of hepatotoxic 
substances (Green, 2003e). This pathway occurs, but is of much less importance in rats, in which 
CGA 265307 is generated via CGA 322704. This second pathway also occurs in mice. The induced 
hepatotoxicity is followed by regenerative hepatocellular hypertrophy and proliferation. Neoplasia 
develops from foci of these altered cells.

A1.3 Key events

1. Thiamethoxam is metabolized via two major pathways, one of which occurs in both mice and rats 
(→ CGA 322704 → CGA 265307), whereas the other appears less likely to occur at expected 
exposure levels, on kinetic grounds, except in mice (→ CGA 330050 → CGA 265307). The 
relative rate of metabolism of thiamethoxam in mice versus rats is about 54:1 for the fi rst pathway 
and about 87:1 for the second pathway.

2. The actively toxic metabolite, CGA 330050, induces the same changes in mouse liver as 
thiamethoxam itself. CGA 265307 does not seem to be toxic, but it is a competitive inhibitor 
with arginine, the natural substrate of nitric oxide synthase. Nitric oxide modulates the adverse 
effects of TNFα released from endothelial cells during chemical-induced hepatotoxicity. Thus, 
hepatotoxicity is enhanced by CGA 265307. In the absence of hepatotoxicity, there would be no 
effect of this metabolite. The expression of hepatotoxicity during weeks 1–10 includes general 
perturbation of hepatocyte metabolism, such as lowering of plasma cholesterol, induction of 
cytochrome P450, decreased protein synthesis, and glycogen and lipid accumulation.

3. During weeks 8–50, there is development of hepatocellular hypertrophy, lymphocytic infi ltration 
and pigmentation of hepatocytes and Kupffer cells, single-cell necrosis and apoptosis, and blood 
chemistry changes.

4. In the latter part of this period (weeks 20–50), there is a sustained increase in cell replication rates 
among centrilobular hepatocytes.

5. Hepatocellular neoplasms begin to develop (even in controls) in weeks 40–50, but higher 
incidences in treated groups are observed only at the end of the 18-month experiment.

A1.4 Concordance of dose–response relationships

All of the features considered to contribute to the key events occurred in dose–response rela-
tionships; however, some of the studies contributing this information included multiple sampling 
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times, and therefore it is diffi cult to separate concentration and time effects. What is critical to the 
proposed mode of action, however, is that the key events should be observed at 500 ppm or lower. 

After 14 days of treatment with a 2500 ppm diet, there were small, non-signifi cant increases in 
absolute and relative liver weights of male and female mice in one study (Trendelenburg, 1998). In 
contrast, in another study (Weber, 1998), there were no statistically signifi cant liver weight increases 
at 2500 ppm after 7, 13, 27 or 59 days in male mice, whereas there were statistically signifi cant 
increases after 7 and 27 days in female mice at 2500 ppm, but not lower doses. In the 18-month study, 
relative (to body weight) liver weights were insignifi cantly increased after 35 weeks only in females 
at 2500 ppm, but by week 79, the relative liver weights were signifi cantly increased in females from 
500 ppm and in males from 1250 ppm. Absolute liver weights were signifi cantly increased in both 
male and female mice at 79 weeks from 1250 ppm (Bachmann, 1998b).

Trendelenburg (1998) also found that after 14 days of treatment with a 2500 ppm diet, there 
were small, non-signifi cant increases in hepatic cytochrome P450 in male and female mice at 2500 
ppm, but not at 500 ppm. 7-Ethoxyresorufi n O-deethylase (EROD), PROD and BROD activities were 
all signifi cantly increased in female mice at 2500 and 500 ppm, and PROD activity was also signifi -
cantly increased in female mice at 100 ppm. In male mice, however, PROD and BROD activities 
were signifi cantly increased only at 2500 ppm. Other activities of hepatic enzymes were signifi cantly 
altered only at 2500 ppm (e.g. testosterone hydroxylations or oxidations, particularly in females, and, 
in males and females, uridine diphosphate-glucuronosyltransferase, glutathione S-transferase and 
epoxide hydrolase activities) (Trendelenburg, 1998).

In a study of BrdU labelling in the livers of mice, the labelling indices were increased in male 
mice at 2500 ppm after 3, 7 and 59 days and at 500 ppm at day 13. There was no effect in males at 
100 ppm. In females, there were signifi cant increases in labelling index at days 7 and 59 (but not at 
day 3 or 27) in the 2500 ppm group, but there was no effect at 500 ppm at any time (Weber, 1998). 
BrdU labelling of liver cells was also measured after treatment of mice with 0, 50, 200, 500, 1250, 
2500 or 5000 ppm for up to 50 weeks (Weber, 2003). In this study, the lowest dose at which BrdU 
labelling was signifi cantly increased was 1250 ppm after 40 weeks, but not at shorter times or at 50 
weeks. However, labelling was measured over the entire liver lobules in this study. When the observa-
tions were restricted to those regions in which necrosis and apoptosis were concentrated, a signifi cant 
increase in cell replication rates was also observed at 500 ppm (Soames, 2003).

Apoptotic activity was demonstrated using the TUNEL staining method. TUNEL-positive 
objects were signifi cantly increased at all doses from 50 ppm at 40 weeks and from 500 ppm at 30 
weeks. The increase was dose related from 500 ppm (Weber, 2003). 

In the same 59-day study mentioned above (Weber, 1998), there were clearly dose-related 
increases in the incidence of enlarged centrilobular and midzonal hepatocytes with increased 
amounts of glycogen, lipids and, to a lesser extent, smooth endoplasmic reticulum. These changes 
were observed in males across all doses and with an increased severity at day 59, and, in females, 
there was an increase in incidence and severity at 2500 ppm. Pigment granules were observed in 
centrilobular hepatocytes and in Kupffer cells in male and female mice at 2500 ppm after 59 days. 
Dose-related increases in incidence and severity of fatty change were observed in the later multiple 
sampling time study with doses up to 5000 ppm (Weber, 2003; see above); however, the hepatocytic 
vacuolation and glycogen deposition were not observed.

Following 7 days of treatment, plasma cholesterol concentrations were signifi cantly reduced in 
adult male mice at doses of 500 ppm (the lowest tested) and higher (Green, 2003c) (in contrast, they 
tended to be raised in rats of 1- and 3-month studies and were unaffected in dogs). Serial blood chem-
istry measurements in male mice over 50 weeks indicated increased AST and ALT activities at 2500 
and 5000 ppm at specifi c sampling times from 10 to 50 weeks, while combining all sampling times 
resulted in increases of both liver toxicity indicator enzymes from 1250 ppm. Microscopic changes 
(mainly fatty change) occurred from 500 ppm in this experiment (Weber, 2003).
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Combining all sample time points showed a dose-related increase in apoptosis in the liver from 
500 ppm, whereas the BrdU labelling index for all time points combined increased from 1250 ppm 
(Weber, 2003).

In the 18-month study, relative (to body weight) liver weights were insignifi cantly increased after 
35 weeks only in females at 2500 ppm, but by week 79, the relative liver weights were  signifi cantly 
increased in females from 500 ppm and in males from 1250 ppm. Absolute liver weights were signifi -
cantly increased in both male and female mice at 79 weeks from 1250 ppm. Increased microscopi-
cally observable hepatotoxicity was recorded in males and females of the 2500 ppm group at week 
35 and from 500 ppm at week 79. Hepatocellular neoplasms were increased in a dose-related manner 
in male and female mice at week 79 from 500 ppm.

A1.5 Temporal association

In the mouse strain and metabolite comparison study with observations in which Tif:MAGf 
and CD-1 mice were fed thiamethoxam (2500 ppm), CGA 322704 (2000 ppm) or CGA 265307 (500 
ppm) for 1, 10 and 20 weeks (Green, 2003d; Noakes, 2003a), few effects were noted after 1 week, 
whereas they did occur after 10 and/or 20 weeks. Thiamethoxam-associated hepatic effects observed 
early in treatment of both Tif:MAGf and CD-1 mice were increases in: 

 hepatocellular hypertrophy incidence and/or severity after 10 and 20 weeks; • 

 hepatocellular necrosis incidence and/or severity after 10 and 20 weeks; • 

 infl ammatory cell infi ltration incidence and/or severity after 20 weeks (but not after 10 weeks); • 

 hepatocellular apoptosis incidence and/or severity after 10 and 20 weeks in CD-1 mice, but only • 
after 10 weeks in TifMAGf mice; 

 pigmentation incidence and/or severity after 10 and 20 weeks, but only in CD-1 mice;• 

 cell proliferation (BrdU immunohistochemistry) in TifMAGf mice at week 20 and in CD-1 mice • 
at weeks 10 and 20. 

Apoptosis was not observed in either strain in the Noakes (2003a) study, and none of these effects 
was observed following parallel treatment with either CGA 322704 or CGA 265307. The use of two 
strains demonstrated that the effects were not strain specifi c, but that CD-1 mice seemed to be more 
susceptible than the TifMAGf mice that were used in the carcinogenicity study with thiamethoxam. 

Sustained increases in cell proliferation (240%), measured specifi cally in centrilobular hepa-
tocytes (the region of the liver in which single-cell necrosis and apoptosis were concentrated), were 
observed in male mice at 500 ppm at 40 weeks.

A1.6 Strength, consistency and specifi city of association of tumour response with key events

The relative rates of thiamethoxam metabolism in mice versus rats in vitro are about 54:1 for 
thiamethoxam → CGA 322704 → CGA 265307 and about 87:1 for thiamethoxam → CGA 330050 
→ CGA 265307. CGA 322704 (clothianidin) is not carcinogenic, and, although CGA 330050 has 
not been tested for carcinogenicity, it is known to be as hepatotoxic as thiamethoxam itself. Thus, the 
kinetics favours the generation of much larger quantities of the toxic metabolite in mice than in rats, 
consistent with the species difference in the hepatotoxicity and carcinogenicity of thiamethoxam.

A comparison of the hepatotoxicity of thiamethoxam metabolites CGA 322704, CGA 265307 
and CGA 330050 administered in the diet for up to 20 weeks to TifMAGf mice (Green, 2003d) 
demonstrated that only CGA 330050 induced the same changes as thiamethoxam; no changes were 
observed following CGA 322704 or CGA 265307 administration at any time. Plasma cholesterol was 
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reduced after 1 and 10 weeks of CGA 330050 treatment at 500 and 1000 ppm; hepatocellular hyper-
trophy, single-cell necrosis/apoptosis and cell replication rates were increased after 10 weeks, and 
plasma AST and ALT activities were increased at weeks 10 and 20. In contrast, feeding Tif:RAIf rats 
with CGA 330050 at 500 or 1000 ppm for 1 week reduced plasma cholesterol levels and the plasma 
aminotransferase activities.

A1.7 Biological plausibility and coherence

The mode of action proposed for the induction of liver tumours in mice but not rats is largely 
supported by the available data, but there appear to be some inconsistencies in the details of the dose–
response relationships. Thus, evidence of hepatotoxicity involving all dose levels at which tumour 
incidences were signifi cantly increased was a relatively late-occurring observation, whereas it was 
frequently necessary to combine all sample time results in order to demonstrate a signifi cant effect 
considered to be key to the proposed mode of action.

A1.8 Other modes of action

A number of properties of thiamethoxam have been identifi ed, some of which appear to be 
time- and dose-related key events that characterize the emergence of liver cancer in thiamethoxam-
treated mice in a manner that resembles that of the cholesterol-lowering drugs, statins, which also 
induce liver tumours in mice. Thus, it might be postulated that thiamethoxam has a statin-like mode 
of action; however, the studies conducted so far provide no evidence for a statin-like inhibition of 
3-hydroxy-3-methylglutaryl coenzyme A reductase activity, this being the rate-limiting enzyme in 
cholesterol biosynthesis. Thus, the cholesterol-lowering effect seen in a number of thiamethoxam 
studies in mice might have no mechanistic signifi cance for neoplasia. 

Furthermore, the phenobarbital-like inductions noted in liver phase I and phase II enzymes 
may be misleading, as the effects on these enzymes are small and probably insuffi cient to account for 
the emergence of liver tumours (Trendelenburg, 1998).

Finally, there is no evidence for any genotoxic or mutagenic action of thiamethoxam or its 
metabolites; therefore, there is no basis for proposing a genotoxic mode of action.

A1.9 Uncertainties, inconsistencies and data gaps

The weight of the evidence suggests that the mode of action for thiamethoxam-induced liver 
tumours in mice is based on the hepatotoxicity of its metabolite CGA 330050, the effects of which 
are increased by CGA 265307. The other major metabolic pathway produces the non-toxic CGA 
322704, from which CGA 265307 is produced. This reasoning seems persuasive, but there are some 
weaknesses in the dose–response relationships for hepatotoxicity. They are not as strong as they 
could be, given that the increase in tumour incidence is observed at 78 weeks from a dose level of 500 
ppm. Certain key events occur rather late on the time scale, raising the question as to whether they are 
truly part of the neoplastic process. It is also questionable whether the procedure of combining data 
from all sampling times is a legitimate way of demonstrating that there are dose-related responses 
during preneoplasia consistent with the neoplastic outcome.

A1.10  Assessment of postulated mode of action

A case has been proposed to explain the induction of hepatocellular neoplasms in mice 
exposed to thiamethoxam. Some weaknesses have been described above, among them being the 
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rather  unusual statistical technique of combining data from all observation times in order to demon-
strate a signifi cant effect in properties and the late appearance of others (at all relevant dose levels) 
considered to be key events in the mice. The temporal and dose-related occurrence of key events in 
mice is summarized in Figure A1 and Table A1.

Human relevance analysis

1. Is the weight of evidence suffi cient to establish a mode of action in animals?

There are many elements in the toxicology of thiamethoxam that are consistent with a mode of action 
based on large quantitative differences in metabolism between mice and rats and the hepatotoxicity 
of a particular metabolite produced in mice. If it is accepted that hepatotoxicity is the basis for the 
neoplasia, then a reasonable case has been made for this mode of action in rodents. 

2. Can human relevance of the mode of action be reasonably excluded on the basis of fundamental, 
qualitative differences in key events between experimental animals and humans?

Limited studies (Green, 2002) comparing the metabolism of thiamethoxam in vitro by liver micro-
somal preparations indicate that human microsomes are capable of producing both CGA 330050 and 
CGA 265307. Therefore, the human relevance of the proposed mode of action cannot be ruled out on 
qualitative differences in the key events.

3. Can human relevance of the mode of action be reasonably excluded on the basis of fundamen-
tal, quantitative differences in either kinetic or dynamic factors between experimental animals and 
humans?

Limited human in vitro metabolism studies (Green, 2002) suggest that humans are more similar to rats 
or even less capable than rats, compared with mice, in producing the active metabolite CGA 330050. 
Thus, the relative rates of thiamethoxam metabolism in mice versus rats in vitro (based on maximum 
rate [V

max
]/K

m
 ratios) are about 54:1 for thiamethoxam → CGA 322704 → CGA 265307 and about 

87:1 for thiamethoxam → CGA 330050 → CGA 265307. Similar comparisons of mouse versus 
human show that the overall relative metabolic rate ratios for these pathways are 371:1 and 238:1, 
respectively. The relative rate ratios for the critical conversion of thiamethoxam to CGA 330050 are 
mouse:rat 10.6:1 and mouse:human 25.6:1. Rats do not develop tumours following treatment with 
thiamethoxam. Thus, mice appear to be particularly sensitive to this mode of action. Because of the 
threshold nature of the mode of action and the unique sensitivity of mice, it is concluded that humans 
are unlikely to be at risk for developing tumours following exposures to thiamethoxam.

4. Statement of confi dence, analysis and implications

There are, as described above, some weaknesses in the proposed mode of action, in that there may 
be perceived to be differences in the dose levels at which key events are observed and those at 
which tumours emerge; however, the differences are not substantial, and it may be that they are no 
more than manifestations of the differences occurring between experiments conducted at different 
times and under different conditions. The analysis suggests that there is not any absolute difference 
between mice on one hand and rats and humans on the other. The crucial difference is quantitative, 
and the dose levels required to produce liver toxicity and cancer by thiamethoxam exposure would 
not be reached at human dietary levels of exposure, indeed, in any of these species, but particularly in 
humans. Furthermore, the absence of any evidence for genotoxicity of thiamethoxam indicates that a 
non-linear dose–response model for tumours applies to mice. 
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Figure A1. The dose–response relationship for hepatocellular changes over 10–50 weeks (a–d) 
compared with the liver tumour incidence over 80 weeks (e)
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Table A1. Comparison of mode of action data relevant to hepatotoxicity and 
hepatocarcinogenicity in mice

Dietary concentration (ppm)

0 (control) 5 20 100 500 1250 2500 

Males

Proliferation — — — None Weak — Signifi cant 
(3 days)

Enzyme induction — — — None Very weak — Signifi cant

Tumour incidence 
(hepatic neoplasia)

11/50 (22%) 7/50 (14%) 10/50 (20%) — 19/50 (38%) 22/50 (44%) 44/50 (88%)

Historical incidence: mean (range)

Hepatocellular adenoma  22.14% (10–34%)

Hepatocellular adenocarcinoma 10.51% (0–16%)

Females

Proliferation — — — Very weak Weak — Signifi cant 
(7 days)

Enzyme induction — — — Very weak Some — Signifi cant

Tumour incidence 
(hepatic neoplasia)

0/50 (0%) 0/50 (0%) 0/50 (0%) — 5/50 (10%) 9/50 (18%) 29/50 (58%)

Historical incidence: mean (range)

Hepatocellular adenoma  3.2% (0–16%)

Hepatocellular adenocarcinoma 0.38% (0–2%)
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