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Introduction

The toxicological monographs and monograph addenda contained in this volume were
prepared by a WHO Core Assessment Group 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 9-18 September 2008.

Six of the substances evaluated by the WHO Core Assessment Group (azoxystrobin,
chlorantraniliprole, mandipropamid, prothioconazole, spinetoram and spirotetramat)
were evaluated for the first time. Six compounds (buprofezin, hexythiazoz, flusilazole,
procymidone, profenofos) 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 Production
and Protection Paper 193. 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 2008, Part I,
Residues, in the FAO Plant Production and Protection Paper series.

The toxicological monographs and addenda contained in this volume are based on
working papers that were prepared by temporary advisers before the 2008 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 preparation and editing of this volume was made possible by the technical and
financial contributions of the lead institutions of the International Programme on Chemical
Safety (IPCS), which supports the activities of the JMPR. 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 Central Unit of the IPCS concerning the legal status of any
country, territory, city or area or of its authorities, nor concerning the delimitation of its
frontiers or boundaries. The mention of specific companies or of certain manufacturers’
products does not imply that they are endorsed or recommended by the IPCS 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
compounds included in this volume should be addressed to: Joint WHO Secretary of the
Joint FAO/WHO Meeting on Pesticide Residues, International Programme on Chemical
Safety, World Health Organization, 20 Avenue Appia, 1211 Geneva, Switzerland.
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AZOXYSTROBIN

First draft prepared by
P.V. Shah’ and David Ray’
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Explanation

Azoxystrobin is the ISO approved name for methyl (£)-2-{2-[6-(2-cyanophenoxy)pyrimidin-
4-yloxy]phenyl}-3-methoxyacrylate, (IUPAC), for which the CAS No. is 131860-33-8. Azoxystrob-
in is a f-methacrylate compound that is structurally related to the naturally occurring strobilurins,
which are compounds derived from some fungal species. Azoxystrobin is a broad-spectrum, systemic
fungicide that acts by inhibiting electron transport in pathogenic fungi. It has the ability to provide
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protection against the fungal diseases caused by Ascomycota, Deuteromycota, Basidiomycota and
Oomycota groups.

Azoxystrobin has not been evaluated previously by JMPR and was evaluated by the pres-
ent Meeting at the request of the Fortieth Session of the Codex Committee on Pesticide Residues
(CCPR). All pivotal studies with azoxystrobin were certified as complying with good laboratory
practice (GLP).

Figure 1. Chemical structure of azoxystrobin

Evaluation for acceptable daily intake

Unless otherwise stated, studies evaluated in this monograph were performed by GLP-certified
laboratories and complied with the relevant Organization for Economic Co-operation and Develop-
ment (OECD) and/or United States Environmental Protection Agency (EPA) test guideline(s).

1.1  Biochemical aspects: absorption, distribution and excretion
Rats
The absorption, distribution, and elimination of azoxystrobin was studied after oral dosing of

azoxystrobin radiolabelled with '“C as shown in Figure 2.

Figure 2. Position of the radiolabel on azoxystrobin used in pharmacokinetic studies in rats

CN

A Denotes position of pyrimidinyl ring label
QO Denotes position of phenylacrylate ring label

® Denotes position of cyanophenyl ring label

Studies using whole-body autoradiography were conducted using azoxystrobin labelled with
1C in either the cyanophenyl, pyrimidinyl or phenylacrylate ring (see Figure 2). The excretion and
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tissue distribution of radioactivity was investigated for 48 h in male and female rats given a single
dose of azoxystrobin at 1 mg/kg bw by gavage. Treated rats were housed in metabolism cages to
facilitate the collection of urine, faeces, exhaled air and volatiles. One male and one female rat
receiving azoxystrobin radiolabelled in each position were killed at 24 h and 48 h after dosing. Each
carcass was frozen and sectioned in preparation for whole-body radiography.

About 89% and 86% of the administered dose of ['*C]pyrimidinyl-labelled azoxystrobin was
excreted within 48 h in the urine and faeces of male and female rats, respectively. Most of the radioac-
tivity was excreted in the faeces, with < 17% in the urine. The male and female rats treated with ['*C]
phenylacrylate-labelled azoxystrobin excreted about 80% and 97% of the administered dose within
48 h, respectively. Most of the radioactivity was excreted via the faeces with < 21% in the urine. At
48 h, males and females, excreted approximately 0.01% of the administered dose as carbon dioxide
trap and approximately 0.01% as volatile metabolites. The male and female rats treated with ]"*C]cy-
anophenyl-labelled azoxystrobin excreted about 95% and 98% of the administered dose within 48 h,
respectively. Most of the radioactivity was excreted via the faeces, with < 16% in the urine. At 48 h,
males and females excreted small amounts of radioactivity as carbon dioxide (< 0.3%) and as volatile
metabolites (0.01%). For all radiolabels, the distribution of radioactivity was similar in males and
females, as shown by whole-body autoradiography. At 24 h, most of the radiolabel was present in the
alimentary canal, moderate amounts in the kidneys and small amounts in the liver. Forty-eight hours
after dosing, the whole-body autoradiography results showed a marked reduction in radioactivity.

The results of these studies indicated that there were no significant differences between the
rates and routes of excretion or tissue distribution of azoxystrobin labelled in one of three positions.
No sex-related difference in excretion profile was evident. Minor differences in excretion were pri-
marily due to the small numbers of rats used in the study. No significant differences in the amount of
radioactivity recovered in the exhaled air and as volatiles were observed between the three radiolabels
or between sexes. On the basis of the results of this study, other studies of excretion and tissue reten-
tion were conducted using only pyrimidinyl-labelled azoxystrobin (Lythgoe & Howard, 1993a).

In toxicokinetic studies, groups of male and female Alpk: APfSD rats (five to eight per group,
depending on experiment) were given azoxystrobin (purity, 99%) with or without pyrimidinyl label
as a single dose at 1 or 100 mg/kg bw by gavage or as 14 repeated doses of 1 mg/kg bw per day. Bil-
iary metabolites were assessed using rats with cannulated bile ducts given a single dose at 100 mg/
kg bw by gavage. The vehicle was polyethylene glycol (PEG 600) at 4 ml/kg bw. Treated rats were
housed in stainless steel metabolism cages for 7 days. Urine was collected at 6 h, and urine and faeces
were collected separately at 12, 24, 36, 48 h and at 24 h intervals until 7 days after dosing. At each col-
lection, cages were rinsed with water and cage-washing collected together with the urine. At the end of
the study, cages were thoroughly rinsed with ethanol/water (1 : 1 v/v) and retained for radiochemical
analysis. Carbon dioxide and volatiles were trapped. After 7 days, various organs and tissues were re-
moved and analysed for radioactivity. Recovery of radioactivity in selected tissues and excreta of rats
treated with azoxystrobin at a single lower or higher dose and after repeated doses of azoxystrobin
for 7 days is shown in Table 1.

For rats receiving a single lower dose (1 mg/kg bw), total excretion of radioactivity (urine,
faeces, and cage wash) was 93.75% and 91.44% for males and females, respectively over the 7 days.
Most (> 85%) of the urinary and faecal excretion took place during the first 36 h after dosing. In
these rats, about 83.2% and 72.6% of the administered dose was excreted in the faeces of males
and females within 7 days, respectively, and about 10.2% and 17.9% of the administered dose was
excreted in the urine of the males and females within 7 days, respectively. Approximately 0.34%
and 0.31% of the administered dose was found in the carcass and tissues within 7 days after dosing
in males and females, respectively. For rats at this dose (1 mg/kg bw), the highest concentrations
of radiolabel were found in the liver (mean for males and females, 0.009 pg equivalents/g) and in
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the kidneys (males, 0.027 pg equivalents/g; and females, 0.023 pg equivalents/g). At termination,
the total concentration of radioactivity in blood was 0.004 pg equivalents/g for males and females.
Less than 0.6% of the administered dose was recovered in the expired air (Jones, 2004; Lythgoe &
McAsey, 1995, 1993).

For rats receiving the single higher dose (100 mg/kg bw), total excretion of radioactivity (urine,
faeces, and cage wash) was 98.29% and 97.22% for males and females, respectively, over the 7 days.
Most (> 82%) of the urinary and faecal excretion took place during the first 48 h after dosing. At this
dose, about 89.37% and 84.53% of the administered dose was excreted in the faeces of the males
and females within 7 days, respectively, and about 8.54% and 11.54% of the administered dose was
excreted in the urine of the males and females within 7 days, respectively. Approximately 0.33%
and 0.33% of the administered dose was found in the carcass and tissues within 7 days after dosing
in males and females rats, respectively. At this higher dose, the highest concentrations of radiolabel
were found in the kidneys (males, 1.373 pg equivalents/g; and females, 1.118 pg equivalents/g) and
in the liver (males, 0.812 ug equivalents/g; and females, 0.714 pg equivalents/g). At termination,
the total concentration of radioactivity in blood was 0.389 ug equivalents/g for males and 0.379 pg
equivalents/g for females (Lythgoe & Howard, 1995, 1993b).

Eight male and female rats were given 14 consecutive daily oral doses of unlabelled azox-
ystrobin at 1 mg/kg bw followed by a single oral dose of ["*C]pyrimidinyl-labelled azoxystrobin at
1 mg/kg bw. For the repeated doses, about 89.1% and 86.5% of the administered dose was excreted
in the faeces of the males and females rats within 7 days, respectively, and about 12.5% and 17.0% of
the administered dose was excreted in the urine of the males and females rats within 7 days, respec-
tively. In males and females, excretion of radioactivity was rapid, with > 96% being excreted during
the first 48 h. Approximately 0.62% and 0.39% of the administered dose was found in the carcass
and tissues within 7 days after dosing in male and female rats, respectively. For the repeated dose,
the highest concentrations of azoxystrobin-derived radioactivity were found in the kidneys (males
and females, < 0.04 nug equivalents/g). The concentrations found in the liver were 0.02 and 0.01 pg
equivalents/g for males and females, respectively. At termination, the total concentration of radioac-
tivity in blood was 0.01 ug equivalents/g for males and females (Lythgoe & Howard, 1993c¢).

Bile-duct cannulated rats were given azoxystrobin radiolabelled in either the pyrimidinyl, cy-
anophenyl or phenylacrylate rings at 100 mg/kg bw by gavage. Comparison of the rates and routes

Table 1. Recovery of radioactivity in tissues and excreta of rats given *C-labelled azoxystrobin
orally

Sample analysed Recovery (% of administered dose)

Single lower dose Repeated lower dose Single higher dose

Male Female Male Female Male Female
Expired air NP NP NP NP NP NP
Tissues 0.11 £<0.01 0.08 £<0.01 Approx.0.12  Approx. 0.08  Approx. 0.07  Approx. 0.05
Carcass 0.23£0.02 0.23 £0.06 0.50 = 0.08 0.31+0.05 <0.26 <0.27
Body, total 0.34 0.31 0.62 0.39 0.33 0.33
Cage wash 0.33+0.13 0.93 £0.58 0.50+0.5 0.10+0.1 0.38+0.13 1.15+0.78
Urine 10.19 £ 1.53 17.89 +3.50 1250 £ 3.4 17.00 £2.7 854+1.03 11.54+1.42
Faeces 83.24+1.52 72.62 +5.40 89.10+5.9 86.5+1.7 89.37+3.99 84.53+1.98
Excreta; total 93.75 91.44 102.1 103.6 98.29 97.22
Total recovery 94.1 91.75 102.72 103.99 98.61 97.54

From Lythgoe & Howard (1993a, 1993b) and Lythgoe & McAsey (1993)
NP, not performed in the studies of excretion/distribution.
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of excretion and the profile of the metabolites showed (as previously) that there were no significant
differences in the metabolism of the three differently labelled forms, thus indicating that there was
minimal cleavage of the ether linkages between the aromatic rings. Experiments designed to identify
metabolites were therefore conducted in bile-duct cannulated rats given ["*C]pyrimidinyl labelled
azoxystrobin by gavage. In the bile-duct cannulated rats, excreta, bile, and cage wash were collected
at 6, 12, 24, 36, and 48 h and stored at —20 °C. Samples of bile, faeces and urine were collected be-
tween 0 h and 48 h and pooled. Samples for males and females were separated. Urine and faeces
were collected at up to 168 h after dosing from rats given the single dose (higher or lower) and from
rats receiving repeated doses for 14 days, and were used for quantification of metabolites. Some
bile samples were enzymatically digested using cholylglycine hydrolase at 30 units/ml, pH 5.6 at
37 °C overnight. Metabolites were identified using various analytical techniques, such as thin-layer
chromatography (TLC), high-performance liquid chromatography (HPLC), proton nuclear magnetic
resonance spectroscopy (NMR) and mass spectrophotometry (MS).

On the basis of biliary excretion data for rats given a single dose of either ["*C]pyrimidinyl-,
["*C]phenylacrylate-, or ['*C]cyanophenyl-labelled azoxystrobin at 100 mg/kg bw, 74.4% (males)
and 80.7% (females) of the pyrimidinyl-derived radioactivity was excreted in the bile after 48 h. For
the cyanophenyl-derived radioactivity, 56.6% and 62.5% was excreted in the bile of males and fe-
males, respectively. For the phenylacrylate-derived radioactivity, 64.4% (males) and 63.6% (females)
was excreted in the bile. Quantitatively, there were no significant differences in biliary excretion
between males and females.

Azoxystrobin was found to undergo extensive metabolism in rats. A total of 15 metabolites
were detected in the excreta and subsequently identified. Seven additional metabolites were detected
but not identified. None of the unidentified metabolites represented more than 4.9% of the admin-
istered dose. The quantitative data for the various metabolites in the faeces, urine and bile of rats
receiving a single dose of azoxystrobin at 100 mg/kg bw are shown in Table 2. The mass balance for
the study of metabolite identification indicated that a substantial percentage of the administered ra-
diolabel (45.6—73.6%) was unaccounted for, although the studies of excretion showed total recovery
0f'91.75-103.99%, with 72.6—-89.3% being in the faeces. The percentage of unaccounted-for radiola-
bel was especially notable in the groups receiving a single lower dose and a repeated lower dose. The
study authors indicated that the variable efficiency in recovery could be explained by the fact that, for
metabolite identification, faecces were extracted with acetonitrile which allowed partitioning of the
parent compound when it was present in the faeces (i.e. rats receiving the higher dose). For the groups
receiving a single lower dose or repeated lower dose (where quantities of the parent compound were
minimal), most of the faecal radiolabel was associated with polar metabolites that would not be pres-
ent in the acetonitrile extract. The resulting concentration of radiolabel in the extract would, there-
fore, be very low. For the group receiving the higher dose, greater amounts of parent compound were
left unabsorbed, thereby resulting in greater amounts of parent compound available for partitioning
into the acetonitrile extract.

The glucuronide conjugate (metabolite V) was the most prevalent biliary metabolite in both
males (29.3%) and females (27.4%). Metabolite I (parent compound) was not detected in the bile.
Each of the other biliary metabolites accounted for between 0.9% and 9.0% of the administered dose.
In the bile-duct cannulated rats, about 15.1% and 13.6% of the faecal radioactivity was metabolite I
(parent compound) in male and female rats, respectively. No parent compound was detected in the
urine of bile-duct cannulated male and female rats. The predominant metabolite in the urine of the
bile-duct cannulated rats was unidentified metabolite 2, which accounted for about 1.8% and 2.0% of
the administered dose in male and female rats, respectively.

There was no evidence for a dose-influencing metabolism, but a sex-specific difference in
biotransformation was observed, with females producing more metabolites than did males. Biotrans-
formation was unaffected by dose. The study authors suggested that absorption was dose-dependent.
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The oral absorption at 1 mg/kg bw was nearly complete (100%) since no parent compound was
detected. The oral absorption at the higher dose (100 mg/kg bw) was estimated to be approximately
74-81% since about 19-26% of the parent compound was detected. However, it is difficult to esti-
mate the true oral absorption value owing to poor recoveries after extraction, especially at the lower
dose.

The proposed metabolic pathway for azoxystrobin in rats is shown in Figurel. There were two
principal metabolic pathway: hydrolysis to the methoxyacid, followed by glucuronide conjugation to
give metabolite V; and glutathione conjugation of the cyanophenyl ring followed by further metabolism
via a number of intermediates (VI, VII, and VIII) to the mercapturic acid metabolite IX. Azoxystrobin
was also hydroxylated at the 8 and 10 positions on the cyanophenyl ring followed by glucuronide con-
jugation (metabolites II, III, IVa and IVb). There were several minor pathways involving the acrylate
moiety, resulting in formation of the metabolite XIII and XIV. Three metabolites (X, XII, and XV)
arising via the cleavage of the ether linkages were identified (Lappin & Gledhill, 1994).

In an additional metabolism study, ['*C]cyanophenyl-labelled azoxystrobin was given to bile-
duct cannulated and non-cannulated rats at a dose of 100 mg/kg bw. Samples of urine, faeces and
bile were collected for up to 72 h. The purpose of this study was to reevaluate certain plant and goat
metabolites that were previously not identified in rats and further elucidate the metabolic pathway of
azoxystrobin in rats.

Table 2. Identification and distribution of metabolites in bile-duct cannulated rats given
azoxystrobin as a single dose at 100 mg/kg bw by gavage

Metabolite Recovery (% of administered dose)

Males Females

Faeces Bile Urine Total Faeces Bile Urine Total
I (azoxystrobin) 15.1 — — 15.1 13.6 — — 13.6
I — 6.5 — 6.5 0.1 6.8 0.3 7.2
11 — — 0.1 0.1 — 1.7 — 1.7
IVA+IVA # — 6.8 — 6.8 — 9.0 0.3 9.3
IVb+1Vb?® — — — — 0.1 1.4 0.2 1.7
v — 29.3 0.1 29.4 — 27.4 1.7 29.1
VII+XI? — 7.0 — 7.0 — 1.6 0.3 1.9
VIII = XIV # — 32 0.1 33 — 6.1 0.3 6.4
IX — 4.5 — 4.5 0.1 24 0.4 2.9
X — — — — — 4.8 0.4 52
XIIT — 2.8 Trace 2.8 — 0.9 Trace 0.9
XV 0.2 4.1 0.3 4.6 0.2 1.5 0.4 2.1
Unidentified No. 1 — 4.4 — 4.4 — 2.1 — 2.1
Unidentified No. 2 — 2.5 1.0 35 — 1.3 1.8 3.1
Unidentified No. 3 — 1.1 0.2 1.3 — 1.1 0.4 1.5
Unidentified No. 4 — — — — — — 0.1 0.1
Unidentified No. 5 — — 0.1 0.1 — 1.3 0.3 1.6
Unidentified No. 6 0.1 — 0.1 0.2 0.1 4.4 — 4.5
Total identified 15.4 72.2 2.0 89.6 14.2 73.8 6.9 95.0

From Lappin & Gledhill (1994)
* Metabolites could not be fully resolved by high-performance liquid chromatography (HPLC) and individual quantitation
was not possible.
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Three further metabolites, previously detected in either plants or goats, were identified.

The IUPAC names of the selected metabolites are given in Table 3. Compound 13, resulting
from cleavage of the diphenyl ether link, was detected in the bile and urine as the glucoronide conju-
gate at a concentration of up to 1.8% of the administered dose. Compound 20 was also detected in the
bile and urine at a concentration of up to 1.3%. Compound 35 was detected in the urine, faeces and
bile at a concentration of up to 0.6%. Compounds 24 and 30 were not detected (Joseph et al., 1995).

2. Toxicological studies

2.1  Acute toxicity

The acute toxicity of azoxystrobin is summarized in Table 4.

Table 3. IUPAC names of the selected metabolites of azoxystrobin reevaluated in a study in rats

Compound No. Code No. IUPAC name

13 R71395 2-hydroxybenzonitrile
20 R400050

24 R400753

30 R402173

35 R402987

2-[6-(2-cyanophenoxy) pyrimidin-4-yloxy] benzoic acid

{2-[6-(2-cyanophenoxy) pyrimidin-4-yloxy] phenyl}acetic acid
Methyl 2-{2[6-(2-cyanophenoxy)pyrimidin-4-yloxy] phenyl}-glycolate

2-{2-[6-(2-cyanophenoxy) pyrimidin-4-yloxy] phenyl}glycolic acid

From Joseph et al. (1995)
IUPAC, International Union of Pure and Applied Chemistry

Table 4. Acute toxicity of azoxystrobin

Species Strain Sex Route LD, LC, (mg/l)  Reference
(mg/kg bw)
Mice CD-1 Males and  Oral > 5000 — Robinson
females (1991b, 1995b)
Rats Wistar Males and Oral > 5000 — Robinson,
(Crl: (W) BR) ~ females (1991a, 1995a)
Rats Wistar Males and  Dermal > 2000 — Robinson
(Crl: (WI) BR) females (1991c¢, 1995¢)
Rat Wistar Males and  Inhalation — Females: Parr-Dobrzanski
Alpk: APfSD females (4 h, nose-only) 0.698 (1992, 1995)
Males: 0.962
Rat Wistar Inhalation — >4.7 Pinto (1997)
Alpk:APfSD
Rabbits New Zealand Females Dermal irritation ~ Slight irritation — Robinson
White (1991d, 1995d)
Rabbit New Zealand Ocular irritation  Slight irritation Robinson
White (1991f, 1995¢)
Guinea-pig Dunkin-Hartley Dermal Not sensitizing Robinson
sensitization (1991g, 1995f1)
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Figure 3. Proposed metabolic pathway of azoxystrobin in rats
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(a)  Oral toxicity

Mice

Groups of five male and five female young adult CD-1 mice were given azoxystrobin (purity,
95.2%) as a single dose at 0, or 5000 mg/kg bw by gavage in corn oil. Treated mice were subjected
to gross necropsy after 14 days. Two male mice died owing to dosing accidents and were replaced.
There were no treatment-related mortalities. Clinical observations were confined to slight piloerec-
tion and slight urinary incontinence in some mice. All clinical signs had regressed by day 6. There
were no significant treatment-related clinical signs, necropsy findings or changes in body weight. The
oral median lethal dose (LD, ) for azoxystrobin in mice was > 5000 mg/kg bw for males and females
(Robinson, 1991b, 1995b).

Rats

Groups of five male and five female young adult Wistar rats (Crl:(WI)BR) rats were given
azoxystrobin (purity, 95.2%) as a single dose at 0 and 5000 mg/kg bw by gavage in corn oil. Treated
rats were subjected to gross necropsy after 14 days. One female rat died on day 2 from a dosing ac-
cident and was replaced. The female that died on study day 2 had excess watery fluid in the thoracic
cavity consistent with inappropriate administration of the test material. All rats lost weight initially,
due to pre-dose fasting, but most had exceeded their initial weight by day 8, and continued to gain
weight until the end of the study. There were no significant treatment-related clinical signs, necropsy
findings or changes in body weight. There were no treatment-related deaths. The oral LD, of azox-
ystrobin in rats was > 5000 mg/kg bw for males and females (Robinson, 1991a, 1995a).

(b)  Dermal toxicity

Rats

Five male and five female young adult Wistar (Crl:(WI)BR) rats were exposed dermally to
azoxystrobin (purity, 95.2%) at 2000 mg/kg bw as a paste in corn oil applied to approximately 10%
of the (shaved) body surface area. The test substance was maintained in contact with the skin for
24 h using an occlusive dressing. The rats were observed for 14 days. Body weights were recorded at
intervals throughout the study. All rats were subjected to a post-mortem examination at termination.
Slight skin irritation (slight erythema) was observed during the study, but there were no significant
signs of systemic toxicity and none of the rats died. All rats lost weight initially, but all had exceeded
their initial weights by day 6. Post-mortem examination did not reveal any treatment-related patho-
logical effects. The dermal LD, of azoxystrobin in rats was > 2000 mg/kg bw for males and females
(Robinson, 1991c, 1995¢).

(¢)  Exposure by inhalation

Rats

In a study of acute toxicity after inhalation, groups of five male and five female young adult
Wistar rats (Alpk:APfSD) were exposed nose-only to azoxystrobin (purity, 96.2%) for 4 h at a con-
centration of 0.2, 0.5, or 0.8 mg/l. One additional group of five male rats was exposed to azoxystrobin
at 1.0 mg/l. the rats were then observed for 14 days. The mean measured particulate concentrations
were 0, 0.257,0.511, 0.767 or 1.010 mg/1, which were chemically analysed as 0, 0.242, 0.481, 0.717
or 0.968 mg/l. Atmospheres generated had mean aerodynamic particle sizes of 1.13, 1.17, 1.35 and
1.17 um. No mortality was observed at 0.2 mg/l. Mortality occurred at 0.5 mg/l (one male and one
female), 0.8 mg/l (one male and three females) and 1.0 mg/l (three males). Most rats exposed to
azoxystrobin at 0.5, 0.8, or 1.0 mg/l developed slow deep breathing, auditory hypoesthaesia, and
breathing irregularities during and up to 4 days after exposure. In addition, many rats had a splayed
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gait and reduced splay reflex immediately after exposure. Surviving rats showed rapid recovery, and
all treatment-related clinical signs had disappeared by day 7. Body weight was reduced in surviving
rats in all groups after exposure, but by day 8 most rats were gaining weight and had exceeded their
initial weights. All rats that died during exposure had dark red or mottled lungs. No other treatment-
related effects were observed.

The median lethal concentration (LC, ) of azoxystrobin at 4 h in rats was calculated to be
0.698 mg/1 for females and 962 mg/1 for males (Parr-Dobrzanski, 1992, 1995).

In a second study of acute toxicity after inhalation, groups of five male and five female young
adult Wistar rats (Alpk: APfSD) were exposed nose-only to azoxystrobin technical grade active in-
gredient (purity, 96.2%) for 4 h at a target concentration of > 3.7 mg/l. The rats were then observed
for 14 days. The mean measured particulate concentration was 4.7 mg/l. Atmospheres generated had
mean aerodynamic particle size of 14.7 um. The range of particles size was too large for a study of
toxicity after inhalation. No mortality was observed during the study. After exposure, some rats had
wet fur, piloerection and hunched posture, which subsided by day 4. Body weights of four male and
four female rats were increased by day 8 and these rats continued to gain weight until the end of the
study. No other treatment-related effects were observed at gross necropsy.

The LC, of azoxystrobin technical grade active ingredient at 4 h in rats was > 4.7 mg/l for
males and females (Pinto, 1997).

(d)  Dermal irritation

In a study of primary dermal irritation, six young adult female New Zealand White rabbits
were dermally exposed to 0.5 g of azoxystrobin (purity, 95.2%), moistened with distilled water, for
4 h. The treated area was covered by an occlusive dressing. The application site was washed after
removal of the dressing and dermal irritation was assessed after 30—60 min and then daily for up to
seven days. Very slight erythema and oedema were present for three days after dosing in one rabbit,
and for 1 h in another. No other signs of irritation were observed. The Meeting concluded that azox-
ystrobin was a slight dermal irritant in rabbits given a single application for 4 h. The mean erythema
and mean oedema scores over the first 3 days were calculated to be 0.2 and 0.2, respectively (Robin-
son, 1991d, 1995d).

(e)  Ocular irritation

In a study of primary eye irritation, 0.1 ml of azoxystrobin (purity, 95.2%), was instilled into
the conjunctival sac of one eye of each of six young adult female New Zealand White rabbits. The
initial pain reaction was assessed immediately after treatment. Irritation was scored by the method
of Draize at 1-2 h, and 1, 2, and 3 days after exposure. The test material induced slight to moder-
ate erythema and slight chemosis in all rabbits within 1 h, but the effects resolved within 48 h after
treatment. Additional signs of irritation included slight mucoid and Harderian discharge and partial
haemorrhaging of the nictitating membrane. These effects had completely regressed 2 days after dos-
ing. The Meeting considered that azoxystrobin was slightly irritating (class 3 on a 1-8 scale) to the
eyes of rabbits (Robinson, 1991e, 1995¢).

(f)  Sensitization

In a study of dermal sensitization with azoxystrobin (purity, 95.2%) mixed with corn oil, young
male and female Dunkin-Hartley guinea pigs were tested using the maximization method of Magnus-
son & Kligman. For the main study, 10 female guinea-pigs were assigned to a control group, and 10
female guinea-pigs to the treatment group. In this study, the test concentrations chosen were 10% for
intradermal induction, 64% for topical induction, and 37% or 67% for the challenge. Skin reactions
at the challenge sites were observed at 24 h and 48 h after removal of the patch. No mortalities or
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clinical signs of toxicity were observed in the study. Challenge of previously induced guinea-pigs
with a 67% or a 30% w/v preparation of azoxystrobin in corn oil caused light brown staining at some
challenge sites, but this did not obscure the assessment of any erythematous response that may have
been present. There were no signs of dermal reactions in any guinea-pigs in the induction or chal-
lenge phase. In a study designed to provide a positive control, challenge of previously induced guin-
ea-pigs with a 10% w/v dilution of a 40% w/v aqueous formaldehyde solution elicited an extreme
skin sensitization response. The Meeting concluded that azoxystrobin was not a dermal sensitizer in
guinea-pigs, as determined by the maximization method (Robinson, 1991g, 1995f).

2.2 Short-term studies of toxicity
Rats

In a 21-day study of dermal toxicity after repeated doses, groups of five male and five female
Wistar (Alpk:AP{SD) rats received dermal applications of azoxystrobin (purity, 96.2%) at a dose of
0, 200, 500 or 1000 mg/kg bw per day formulated in deionized water, for 6 h/day, for a total of 21
days over a 30-day period. The hair was clipped from the back of each rat before the first applica-
tion, then periodically as required. The application site was then wrapped in occlusive gauze bandage
covered by a patch of plastic film and secured with polyvinylchloride (PVC) tape for 6 h. After the
exposure, the gauze and tape were removed and the application site was cleansed free of any residual
test material, using a clean swab of cotton wool soaked in warm water, and dried. The control group
received distilled water applied with the same method. The rats were observed twice per day for signs
of mortality, morbidity, toxicity, and the presence of dermal irritation. Dermal reactions at the ap-
plication site were scored daily (before dosing) using the Draize score. Body weight was measured
before dosing then daily thereafter. Food consumption was calculated on a daily basis. Blood was
taken at the end of the study, and the standard test parameters were examined. At the end of the study,
all rats were examined grossly post mortem. Testes, kidneys and liver were weighed. The adrenals,
brain, kidneys, liver, testes, epididymides, treated skin, and untreated skin were removed and exam-
ined microscopically. This study was conducted in accordance with GLP regulations.

No mortality was observed and there were no significant treatment-related clinical abnormali-
ties. There were no treatment-related effects on body weight, food consumption, organ weights, clinical
biochemistry, or haematology. There were no treatment-related pathological abnormalities. Abdominal
scabs and scabs at the edge of the application area were observed in all groups of females and were at-
tributed to the bandaging method and were not of toxicological significance.

The no-observed-adverse-effect level (NOAEL) for systemic toxicity and dermal irritation
with azoxystrobin was 1000 mg/kg bw per day (the highest dose tested). A lowest-observed-adverse-
effect level (LOAEL) was not identified (Robinson, 1994).

In a 90-day study of toxicity, groups of 12 male and 12 female Wistar-derived (Alpk: APfSD)
rats were given diets containing azoxystrobin (purity, 95.2%) diet at a concentration of 0, 200, 2000
or 4000 ppm (equal to 0, 20.4, 211.0 or 443.8 mg/kg bw per day for males and 0, 22.4, 223.0 or
448.6 mg/kg bw per day for females) for 13 weeks. The groups given diets at 4000 ppm were initially
given diets at 6000 ppm, but this concentration was reduced after 15 days owing to reduced food
consumption and a marked reduction in growth. After 5 days on control diet, this group was subse-
quently fed diets containing azoxystrobin at 4000 ppm for the rest of the study. Diets were prepared at
the initiation of the study and stored frozen. Stability, homogeneity and dietary concentrations were
confirmed analytically. Rats were inspected daily for signs of toxicity and mortality, with detailed
cage-side observations done weekly. Body weight and food consumption were measured weekly. At
termination, blood was taken for haematological and clinical chemistry analysis. Urine analysis and
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ophthalmoscopic examinations were performed during the week of termination. All rats that died
and those that were sacrificed on schedule were given gross pathological examinations and selected
organs were weighed. Selected tissues were collected for histological examination.

Diets were stable for 64 days at room temperature. The test article homogeneity results were
within the acceptable range (0.8 to +1.4% deviation from the mean). The analysis of test substance
concentration indicated that the measured concentrations of azoxystrobin ranged from 92% to 111%
of the target concentrations.

No mortality occurred during the study. Distended abdomen was seen in males and females at
2000 and 4000 ppm, consistent with local gastrointestinal disturbances and reduced nutritional status.
At termination, males (11 out of 12) and females (10 out of 12) in the group at 4000 ppm appeared
to be of small size compared with rats in the control group or at 200 ppm. No other treatment-related
clinical signs of toxicity were observed. Final body weights of males and females at 4000 ppm were
reduced by 32% and 18%, respectively, and final body weights of males and females at 2000 ppm
were reduced by 18% and 11%, respectively. Food consumption and food efficiency were reduced in
males and females at 4000 ppm, particularly during weeks 1-2 or weeks 1-4. However, by the end of
the study, food efficiency of females at 4000 ppm was not significantly reduced compared with that
of controls.

The results of ophthalmological examination of rats at 4000 ppm were comparable to those
for rats in the control group. Minimal reductions in haemoglobin, mean corpuscular volume (MCV),
and mean corpuscular haemoglobin (MCH) were observed only in females at 4000 ppm. Minor but
statistically significant reductions in MCV at 200 and 2000 ppm and MCH at 2000 ppm were ob-
served in females. Leukocyte count was statistically significantly increased in females at 4000 ppm.
Platelet counts were slightly decreased in males and females at 4000 ppm. Clotting parameters were
not affected. The changes in haematological parameters were small; these changes were therefore
not considered to be toxicologically significant. Changes in clinical chemistry parameters such as
reduced cholesterol (males), glucose (females), decreased triglycerides (males and females), and
decreases in some plasma enzyme activities (males and females) were observed at 4000 ppm. All
these findings were less marked in the groups at 2000 ppm and were absent in the groups at 200 ppm.
The total urinary protein of males at 4000 ppm was reduced. Blood was present in the urine of males
in the control group and in a number of male and female rats at 2000 and 4000 ppm. Increases in
liver and kidney weights adjusted for body weight in rats at 2000 and 4000 ppm were attributable to
treatment with azoxystrobin. Changes in organ weights were accompanied by histopathological find-
ings in two males at 4000 ppm. Treatment-related effects in these males included marked elevations
in total bilirubin, cholesterol, triglycerides, and plasma enzyme activities. The effect on the liver of
these two rats was observed microscopically as proliferation of the intrahepatic bile duct/ductiles and
oval cells. Hepatocellular hyperplasia and an enlarged hepatic lymph node were observed in one of
the two males. There was a reduction in renal tubular basophilia in males at 4000 ppm.

The LOAEL was 2000 ppm, equal to 211.0 mg/kg bw per day, on the basis of decreased body
weights and body-weight gains in males and females. The NOAEL was 200 ppm, equal to 20.mg/kg
bw per day (Milburn, 1992, 1997).

Dogs

In a 90-day study of toxicity, groups of four male and four female beagle dogs were given
capsules containing azoxystrobin (purity, 96.2%) at a dose of 0, 10, 50, or 250 mg/kg bw per day
for 92 or 93 days. Equal numbers of dogs in each group were treated for each number of days. The
dogs were inspected twice per day for clinical or behavioural abnormalities. A detailed physical
examination was performed before the start of treatment and at termination. Eyes were examined
by indirect ophthalmoscopy at week 1 and before termination. Body weight and food consumption
were measured weekly. Blood for measurement of haematological and clinical chemistry parameters
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was collected from all dogs before the test, and after 4, 8 and 13 weeks of treatment. Urine analysis
was performed on all dogs at termination. At the end of the study, a complete gross post mortem was
done. The adrenals, brain, kidneys, liver, epididymides, testes and thyroid glands were weighed. The
organs specified were examined microscopically.

No dogs died during the study. Treatment-related clinical observations in males and females in-
cluded increases in salivation at dosing and increased incidence of salivation, fluid faeces, vomiting,
and regurgitation primarily in dogs at 250 mg/kg bw per day (statistical analysis was not performed).
All males and three of the females at 250 mg/kg bw per day exhibited salivation and/or salivation at
dosing. Isolated occurrences of salivation/salivation at dosing were seen in one female at 50 mg/kg
bw per day and one male in each group at 50 and 10 mg/kg bw per day. The incidence of salivation
and gastrointestinal findings at 10 mg/kg bw per day was minimal. There was a dose-related increase
in the incidence of fluid faeces, which was prominent in dogs at 250 mg/kg bw per day. Minor in-
creases were seen in the incidence of regurgitation and vomiting in males and females at 250 mg/kg
bw per day. The Meeting considered that these clinical signs were treatment-related but not relevant
for the identification of a NOAEL, being judged to be secondary to local gastrointestinal irritation/
disturbances and bolus dosing (capsule).

The weekly body weights of males and females differed statistically significantly from those
of dogs in the control group for most weeks at 250 mg/kg bw per day and in females at 50 mg/
kg bw per day, although values were within 9% of controls (p < 0.05 or 0.01). Total body-weight
gains were 34% and 38% lower than those of dogs in the control groups for males and females,
respectively, at the highest dose. Haematological alterations in one or both sexes at 250 mg/kg bw
per day were small, sporadic compared with values for concurrent controls and/or pre-treatment
values and not toxicologically relevant. Clinical chemistry parameters that were altered statisti-
cally significantly for one or more weeks in males and females at the highest dose compared
with those in dogs in the control group included plasma cholesterol (13—26% increase), triglyc-
erides (42—89% increase), alkaline phosphatase activity (24—87% increase), and plasma albumin
(7.9-11.6% decrease). Cholesterol was increased in males at the intermediate and lowest dose
(17-25%). These results were accompanied by increased absolute liver weight in females at the
intermediate and lowest dose (6.3% and 9.3%, respectively), and are consistent with an adverse
effect on liver and possibly biliary function. The lack of histopathological correlates and of a
clear dose- and time-related response in some cases indicated that the clinical and liver-weight
changes were an adaptive response in the liver of dogs at the lowest and intermediate doses. Other
clinical chemistry changes did not appear to be treatment-related (plasma sodium, creatinine,
and total protein). There were no treatment-related effects on gross or microscopic pathology,
food consumption, ophthalmology, or urine analysis. In the absence of histological changes, the
increased thyroid weight found in females at the highest dose (37%) was of uncertain toxicologi-
cal significance.

The LOAEL was 250 mg/kg bw per day on the basis of treatment-related changes in clinical
chemistry parameter (cholesterol, triglycerides and alkaline phosphatase) associated with increases
in absolute liver weights and decreases in body weights and body-weight gains in males and females.
The NOAEL was 50 mg/kg bw per day. The study author identified a NOAEL of 10 mg/kg bw per
day, probably on the basis of gastrointestinal findings seen at the next higher dose and above (Allen,
1993; 1995a, 1995b).

In a 1-year study of oral toxicity, groups of four male and four female beagle dogs were given
capsules containing azoxystrobin (purity, 96.2%) at a dose of 0, 3, 25, or 200 mg/kg bw per day for
52 weeks. The dogs were inspected twice per day for morbidity or mortality, with clinical signs being
checked daily. Thorough examinations were given weekly. Body weights were recorded weekly and
food consumption was measured daily. Eyes were examined by indirect ophthalmoscopy at weeks
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13, 26, 39 and before termination. Clinical examinations, including cardiac and pulmonary ausculta-
tion, were conducted at weeks 13, 26, 39, and before termination. Blood was collected from all dogs
before the test, and during weeks 4, 13, 26 and 52 for measurement of haematological and clinical
parameters. Urine analysis was performed on all dogs before the test, at week 26 and at termination.
At the end of the study, a complete gross post mortem was done. The adrenals, brain, epididymides,
kidneys, liver, thyroid and parathyroid, and testes/ovaries were weighed. The organs specified were
examined microscopically.

No dogs died before the scheduled termination date. There were no effects on body weight
or food consumption related to the administration of azoxystrobin. There were no treatment-related
findings noted at the veterinary or ophthalmic examinations. The most notable treatment-related
clinical observation was an increase in the incidence of fluid faeces in males and females at 200 mg/
kg bw per day: there were 414 occurrences in 4 out of 4 males and 115 occurrences in 4 out of 4
females compared with 3 occurrences in 2 out of 4 males and 6 occurrences in 2 out of 4 females
in the control group (statistical analysis was not performed). Females at the highest dose had minor
increases in salivation (21 occurrences in 3 out of 4 females at the highest dose compared with 0
out of 4 in the control group) and salivation at dosing (80 occurrences in 3 out of 4 females at the
highest dose, compared with 0 out of 4in the control group), although the combined frequency was
similar to that of males in the concurrent control group. The Meeting considered that these clinical
signs were treatment-related, but not relevant for the identification of a NOAEL, being judged to
be secondary effects attributable to local gastrointestinal irritation/disturbances and bolus dosing
(capsule).

Minor changes in MCV, MCH, prothrombin time, leukocyte count, neutrophils, kaolin-cephalin
time, platelets, lymphocytes, and monocytes were observed; however, these changes in haematologi-
cal parameters were not considered to be toxicologically significant, being small in magnitude, with-
out a dose—response relationship and transient in nature. Treatment-related clinical chemistry changes
at 200 mg/kg bw per day (p < 0.05 or 0.01) for one or more weeks included increased concentrations
of plasma cholesterol (males and females, 14-48%), triglycerides (males and females, 65—-124%,),
alkaline phosphatase activity (males and females, 17-156%), gamma-glutamyl transferase activity
(females, 74—112%) and lowered plasma albumin (males, 9.4—-13%). Males at the intermediate dose
had increased concentrations of cholesterol (23—-27%) and triglycerides (65%). These results suggest
that azoxystrobin has an effect on liver and possibly biliary function. Minor and/or transient altera-
tions (p <0.05 or 0.01) in total plasma protein, bilirubin, calcium, phosphorus, urea, potassium, and
sodium concentrations were observed in one or both sexes. Clinical chemistry changes observed in
males and females lacked histopathological correlates There was a small decrease in absolute brain
weight in males at the highest dose (6.5%, p <0.05) that is of uncertain biological significance. This
small decrease in absolute brain weight was of unknown etiology and uncertain biological signifi-
cance: it was not correlated with any histopathological findings, and the relative-to-body brain weight
was not clearly affected. There was a dose-related increase in liver weight in males at the highest dose
(15%, p <0.01) and in females at the intermediate (12%, p <0.05) and highest dose (19%, p <0.01).
Increases in liver weights seen in females at the intermediate dose were considered to be an adaptive
response because liver-enzyme parameters were not affected and no liver pathology was seen. There
were no treatment-related effects on urine analysis and gross or microscopic pathology in male or
female dogs.

The NOAEL was 25 mg/kg bw per day on the basis of alterations in clinical chemistry
parameters and increases in liver weights seen at the LOAEL of 200 mg/kg bw per day, the highest
dose tested. The study author identified the no-observed-effect level (NOEL) as 3 mg/kg bw per day
(Allen, 1994), although the sponsor contended that there were no adverse effects were identified in
the study (Syngenta, 2007).
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2.3 Long-term studies of toxicity and carcinogenicity
Mice

In a study of carcinogenicity, groups of 55 male and 55 female C57BL/10JfAP/Alpk mice were
given diets containing azoxystrobin (purity, 96.2%) at a concentration of 0, 50, 300, or 2000 ppm
(equal to 0, 6.2, 37.5, or 272.4 and 0, 8.5, 51.3, or 363.3 mg/kg bw per day for males and females,
respectively) for 104 weeks. Additional groups of five males and five females were used as micro-
biological sentinels and fed either control diet or diet containing azoxystrobin at 2000 ppm. Prepared
diets were stored at room temperature. Stability, homogeneity and dietary concentrations were con-
firmed analytically. The mice were inspected daily for mortality and morbidity. Changes in clinical
condition or behaviour were recorded daily. Body weights were measured weekly for the first 12
weeks, then every 2 weeks thereafter and at termination. Food consumption was measured weekly
for the first 12 weeks, then every 4 weeks thereafter until termination. Water consumption was not
measured. An ophthalmoscopic examination was not done. Blood was collected from 11 males and
11 females per group at weeks 53, 79 and at termination. Differential leukocte counts and erythrocyte
morphology were performed on mice in the control group and mice at 2000 ppm. Clinical chemistry
and urine analysis were not performed. All mice that died and those that were sacrificed on schedule
were subjected to gross pathological examination and selected organs were weighed (adrenals, brain,
kidneys, liver and testes/ovaries). Tissues were collected for histological examination.

Azoxystrobin was homogenously distributed in the diet and was stable in the diet for 56 days
storage at room temperature. The measured test concentrations were within the range of 10% of the
target concentrations except for one diet containing azoxystrobin at 2000 ppm that was 117% of the
target concentration.

At the end of the study, the survival of males was 58%, 61%, 60% and 63% (control, lowest,
intermediate and highest dose, respectively). The survival of was similar at 47%, 38%, 45% and 56%
(control, lowest, intermediate and highest dose, respectively). No effects were observed on mortality,
clinical signs, haematology, or gross or microscopic pathology. Mean body weights of males at
2000 ppm were significantly (p < 0.01) lower (5—12%) than those of mice in the control group from
week 2 and continuing until the end of the study. Final body weights of males at the highest dose were
94% those of the controls. Body weights of males at 300 ppm were also statistically significantly
lower compared with those of the controls at weeks 2, 3, 35, and 61-83; however, final body weights
gave evidence for recovery (101% of mice in the control group). No differences in body weights were
observed for males at 50 ppm when compared with mice in the control group. Females at 2000 ppm
had significantly (p < 0.01 at week 8 only, p < 0.05) lower mean body weights (2—7%) compared
with those of the controls from study week 3 and continuing until the end of the study. Final body
weights of females at the highest dose were 93% those of females in the control group. Although
food consumption was similar in treated and control groups, overall food utilization was significantly
(p <0.01) lower in males and females at the highest dose during weeks 1-12 (the only interval
for which food utilization values were calculated). Absolute kidney weights of males at 2000 ppm
were significantly (p < 0.05) less than those of the controls. Absolute kidney weights of females at
2000 ppm were slightly lower than those of the controls (not significant). No significant differences
in adjusted kidney weights (organ weight adjusted for body weight) were observed in males and
females at 2000 ppm. Absolute liver weights were not affected at any dose tested. However, adjusted
liver weights were increased compared with those of mice in the control group for males (14%) and
females (18%) at the highest dose. In the absence of any histopathological findings, the Meeting
considered that these changes in liver weights were adaptive. The changes in kidney weights were not
considered to be adverse because there were no histological findings in the kidney. No evidence of
carcinogenicity was observed at the doses tested.
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The LOAEL for systemic toxicity was 2000 ppm, equal to 272.4 mg/kg bw per day, on the
basis of reduced body weights in males and females. The NOAEL for systemic toxicity was 300 ppm,
equal to 37.5 mg/kg bw per day (Moxon, 1995a).

Rats

In a combined long-term study of toxicity and carcinogenicity, groups of 52 male and 52 female
Alpk:APfSD rats were given diets containing azoxystrobin, (purity, 96.2%) at a concentration of 0,
60, 300 or 750 ppm/1500 ppm (males/females), equal to 0, 3.6, 18.2, and 34.0 mg/kg bw per day
for males and 0, 4.5, 22.3, and 117.1 mg/kg bw per day for females, for 104 weeks. An additional
12 males and 12 females per group were designated for interim sacrifice at week 52. Owing to
excessive mortality, the highest dose was reduced to 750 ppm, equal to 34 mg/kg bw per day, in males
from week 52 and the rats in this group designated for interim sacrifice were retained with the main
study. Additional groups of seven males and seven females were used as microbiological sentinels
and fed either control diet or diet containing azoxystrobin at 1500/750 ppm. Diets were prepared in
batches of 30 or 60 kg throughout the study. Stability, homogeneity and dietary concentrations were
confirmed analytically. the rats were inspected twice per day for mortality and morbidity. Changes in
clinical condition and behaviour were recorded daily. Detailed clinical observations were recorded
weekly. Body weights were measured weekly for the first 14 weeks, then every 2 weeks for the rest of
the study. Food consumption was measured for the first 14 weeks, at week 16, and every fourth week
thereafter. Water consumption was not measured. An ophthalmoscopic examination was performed
before treatment and at week 54. The eyes of rats in the control group and the group at the highest
dose were examined before termination. Blood was collected at weeks 14,27, 53, 78 and week 105 of
treatment. Urine was collected at weeks 13, 26, 52, 78 and 104. Haematological parameters examined
were erythrocyte count, leukocyte count, haematocrit (erythrocyte volume fraction), haemoglobin
concentration, platelet count, differential leukocyte count and cell morphology. Standard clinical
chemistry and urine analysis parameters were examined. At weeks 53 or 105, the designated rats were
necropsied and examined histopathologically. Liver, kidney, brain, testes, ovaries, and adrenals were
removed and weighed. All tissues were examined histologically, except oral and nasal cavities, which
were stored. The common bile duct and intraduodenal bile duct were taken from all rats with bile-
duct distension from approximately week 39 and from all rats killed or found dead from week 53.

Azoxystrobin was uniformly distributed in the diet and was stable at room temperature for 66
days. The measured test concentrations ranged from 91.2% to 110.7% of the nominal values. Overall
mean achieved dietary concentrations were within + 2.0% of the nominal concentrations.

Distended abdomens were observed in males starting from week 17, with 5, 0, 5, and 15 rats
affected in the control group, and at 60, 300, and 1500/750 ppm, respectively. Hunched posture was
observed in males in a dose-related manner, with 3, 11, 12, and 17 rats affected, respectively. There
was an apparent increased incidence of opaque eyes in males (0, 4, 2, and 5 rats in the control group,
and at 60, 300 and 1500/750 ppm, respectively). No treatment-related clinical signs were observed
in females at any dose.

By week 52, survival rates of the males receiving the diets containing azoxystrobin at 0, 60,
300, or 1500 ppm were 97%, 100%, 98%, and 86%, respectively, prompting the dose reduction for
the group receiving the highest dietary concentration. Survival rates at week 104 for the control
group, and at the lowest, intermediate and highest dose were 37%, 38%, 29%, and 30%, respectively,
for males and 45%, 62%, 62%, and 68%, respectively, for females. The lower survival rate for fe-
males in the control group did not develop until after week 100.

Males at the highest dose had statistically significantly lower body weights (92-95%) com-
pared with those of males in the control group beginning at week 2 and continuing until week 101
(except for week 87, when no difference occurred). Females at the highest dose had statistically sig-
nificantly lower body weights (87-94%) than the controls beginning at week 2 and continuing until

AZOXYSTROBIN 3-34 JMPR 2008



19

study termination. Food consumption was significantly lower (95%) in males at the highest dose at
weeks 1-20, 48, and 96 when compared that for controls. Food consumption for females at the high-
est dose was significantly less (91-96%) than that of females in the control group at weeks 1, 3—11,
13-36, 44, 56, and 68. Food utilization was significantly (p < 0.01) reduced in males at the highest
dose for each of the intervals calculated: weeks 14, 5-8, 9-12, and 1-12. Females at the highest
dose had significantly (p < 0.01) reduced food utilization compared with that of controls for weeks
1-4 and 1-12.

Several haematological parameters for rats at the intermediate and highest dose were occasion-
ally statistically significantly different than the values for rats in the control group, but no dose- or
treatment-related pattern was observed. Reduction in the activity of alkaline phosphatase, plasma
alanine aminotransferase and aspartate aminotransferase was observed at various time-points and
doses. These changes were considered not to be toxicologically relevant since they were small in
magnitude and lacked any clear dose-response relationship.

Several urinary parameters for the treated groups were occasionally significantly different from
the values for controls, but there were no dose- or treatment-related trends apparent for males or
females. At weeks 52—54 there was a dose-related increase in the number of males with minute lens
opacity, with 1, 2, 5, and 7 rats affected in the groups at 0, 60, 300, and 1500 ppm, respectively. No
treatment-related ophthalmoscopic findings were observed in females at weeks 52—54 or in males or
females at weeks 103—104. Adrenal weights were statistically significantly lower than those of con-
trols in females at 1500 ppm at week 53. At terminal sacrifice, males and females at the highest dose
had significantly lower adrenal gland weights (84% of values for controls) and kidney weights (83%
and 89% of values for controls, respectively) compared with controls. Absolute liver weights were
increased in females at the highest dose at week 53, but not at terminal sacrifice. In the common bile
duct of males at the highest dose, there were significant increases (p < 0.01) in the rates of distension
(13 out of 47), cholangitis (13 out of 47), thickening of the wall (11 out of 47), and epithelial hyper-
plasia (9 out of 47); these lesions were not observed in rats in the control group (0 out of 34) or males
and females in any other group receiving azoxystrobin.

There was no evidence of carcinogenic activity in this study. Among female rats, there was a
significant dose-related decrease in the incidence of benign fibroadenomas of the mammary gland
with 10 out of 52, 3 out of 52, 2 out of 52 (p <0.05), and 1 out of 52 (p <0.01) affected in the control
group, and at 60, 300, and 1500 ppm, respectively.

The NOAEL was 300 ppm, equal to 18.2 mg/kg bw per day, on the basis of reduced body
weights, food consumption and food efficiency, and bile-duct lesions (males only) seen at the LOAEL
of 750 ppm, the highest dose tested (equal to 34.0 mg/kg bw per day). The study author identified a
NOEL of 300 ppm, equal to 18.2 mg/kg bw per day (Milburn, 1995).

2.4  Genotoxicity

Azoxystrobin gave mixed responses in a battery of assays for genotoxicity. Negative results
were obtained in the Ames test, and tests for unscheduled DNA synthesis (UDS) and for micronu-
cleus formation in vivo. Azoxystrobin gave a weak positive response in two studies in mammalian
cells (mouse lymphoma cells and human lymphocytes). The latter findings suggest that azoxystrobin
has a clastogenic potential in vitro since the increased occurrence of small colonies in the mouse
lymphoma cell assay is considered to be indicative of chromosome aberrations rather than of point
mutations. However, azoxystrobin has shown to give negative results in assays for chromosomal
damage (i.e. clastogenicity) in vivo and for general DNA damage at high doses of 2000 mg/kg bw or
above. The Meeting concluded, therefore, that the clastogenic effects seen in vitro are not expressed
in the whole animal. Furthermore, long-term studies have not shown any evidence of carcinogenicity
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in mice or rats. Based on the overall weight of evidence, the Meeting concluded that azoxystrobin is
unlikely to be genotoxic.

2.5  Reproductive toxicity

(a)  Multigeneration studies

Rats

In a two-generation study of reproductive toxicity, groups of 26 male and 26 female Alpk: APfSD
(Wistar-derived) rats were given diets containing azoxystrobin (purity, 96.2%) at a concentration of
0, 60, 300, or 1500 ppm. The average achieved intake of azoxystrobin during the premating interval
for the F and F, generations was as follows: 0 6.4, 32.3, or 165.4 mg/kg bw for males and 0, 6.8,
33.8, or 175.0 mg/kg bw per day for females. All rats were mated on a 1 : 1 ratio. All rats were ex-
posed continuously to diets containing the test material throughout the study. Diets were prepared
in batches of 60 kg and stored at room temperature. Stability, homogeneity and dietary concentra-
tions were confirmed analytically. The rats were inspected daily for clinical observations, mortality,
and morbidity. Physical examinations were performed weekly. Body weights were recorded weekly
during the mating period. Females were weighed on days 1, 8, 15, and 22 of gestation, and days 1,
5, 11, 16, 22 and 29 of lactation. Food consumption was measured weekly throughout the mating

Table 5. Results of studies of genotoxicity with azoxystrobin

End-point Test system Concentration or dose Purity (%) Result Reference
In vitro
Reverse mutation®  S. typhimurium strains 100-5000 pg/plate £59, 97.2 Negative  Callander (1992)
(Ames test) TA98, TA100, TA1535 in DMSO
and TA1537
E. coli WP2P, WP2P uvrA
Forward mutation® Mouse lymphoma L5178Y 8-60 ug/ml (test 1) 96.2 Weakly Callander & Clay
cells 34-80 pg/ml (test 2) positive (1993); Fox &
Callander (1995)
26-80 pg/ml (test 3)
1S9, in DMSO
Chromosomal Human lymphocytes 1-20 pg/ml (-S9) 95.2 Weakly Fox & Mackay
aberration® 25-200 pg/ml (+S9) positive (1992, 1995a)
In vivo
Micronucleus C57 BL/6JfBL10/AlpK 5000 mg/kg bw 97.2 Negative  Jones & Mckay
formation® mice (single oral dose) (1992);
(male and female) Fox & Mackay
(1995b)
Unscheduled DNA Hepatocytes from 1250 and 2000 mg/kg ~ 97.2 Negative  Lane & Kennelly
synthesis male Aldereley Park bw (single oral dose) (1992); Fox &
(Alpk:AP{SD) rats Mackay (1995c)

S9, 9000 x g supernatant from livers of male rats.
 Precipitation at concentrations of 2500 and 5000 pg/plate.
® Higher concentrations were limited by cytotoxicity.

¢Groups of five males and five females per dose. Azoxystrobin administered via gavage in corn oil. Bone marrow col-
lected at 24 h and 48 h. Clinical signs after dosing included tiptoe gait, piloerection, diarrhoea and urinary incontinence
on day of dosing.
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period and for females during gestation and lactation. Estrous cycles were monitored with vaginal
smears taken during the mating period and until mating was confirmed. The duration of gestation was
calculated. Females were allowed to deliver normally and rear young to weaning on day 29. Litters
were examined after delivery and pups were sexed, examined for gross abnormalities and the number
of stillborn and live pups recorded. Litters were then examined daily for survival. The number, sex
and weight of pups were recorded on postnatal days 1, 5, 11, 16, 22, and 29. All parental (F ) and F,
rats and those found dead and killed in extremis were necropsied and examined macroscopically. All
pups that were not selected for the next generation were killed on postnatal day 29. Selected male and
female pups received a full examination post mortem. Selected tissues (liver, uterus, cervix, vagina,
ovaries, mammary glands, testes, epididymides, prostate, seminal vesicle and pituitary gland) were
examined histopathologically. Liver, epididymides, and testes/ovaries were weighed.

The analytical data indicated that the mixing procedure for the diets was adequate and that the
variation between nominal and actual dietary concentrations received was within 10% of the nominal
values.

There were no treatment-related clinical signs of toxicity or increases in mortality noted at any
dose. However, one F  male and one F| male from the groups at 1500 ppm were sacrificed in a mori-
bund condition and exhibited treatment-related distention of the common bile duct. At 1500 ppm,
systemic toxicity in the F and F, adults (males and females) was apparent as reduced adjusted body
weights (3—12%, p < 0.01 or 0.05) and food consumption (5-14%, p < 0.05 or 0.01) during the
pre-mating intervals. At 1500 ppm, gestational body weights were reduced (within 5% of values
for controls) for F and F, females. In addition, treatment-related increases in liver weights adjusted
for final body weights were noted in the F  and F males and females (15-38%, p < 0.01 or 0.05) at
1500 ppm. Treatment-related distention of the common bile duct was also noted in 3 and 11 of the F
and F males at 1500 ppm, respectively, on examining grossly. Treatment-related histopathological
lesions of the common bile duct in the adult males at the highest dose were characterized as epithe-
lial hyperplasia of the intraduodenal portion, cholangitis, ulceration of the dilated region, and small
basophilic deposits in the lumen. Treatment-related increases in severity of proliferative cholangitis
were also observed in the livers of the F and F| males at 1500 ppm. Males and female in the F,a and
F,a at 1500 ppm had treatment-related increases in the adjusted (for final body weight) liver weights
(10-13%, p < 0.01).

No treatment-related clinical signs of toxicity were observed in pups of either generation.
Treatment-related reductions in adjusted (for initial weight) pup body weights were observed in the
F,a and F,a pups at 1500 ppm (8-21%, p < 0.05 or p < 0.01). Treatment-related increases in the ad-
justed mean liver weights were noted in the F a and F,a males and females at 1500 ppm (10-13%,
p < 0.01). There were no treatment-related macroscopic or microscopic findings in the F a or Fa lit-
ters. None of the reproductive parameters were affected at any of the dietary concentrations tested.

The LOAEL for systemic toxicity was 1500 ppm, equal to165.4 mg/kg bw per day, on the
basis of reduced adjusted body weight, feed consumption, feed utilization, an increased in adjusted
liver weights and histopathology (males). The NOAEL for systemic toxicity was 300 ppm, equal to
32.3 mg/kg bw per day. The NOAEL for offspring toxicity was 300 ppm, equal to 32.3 mg/kg bw
per day, on the basis of reduced pup body weight and increased liver weights seen at the LOAEL of
1500 ppm, equal to 165.4 mg/kg bw per day. The NOAEL for reproductive toxicity was > 1500 ppm,
equal to > 165.4 mg/kg bw per day, the highest dose tested (Moxon, 1994b, 1995b, 1997).

(b)  Developmental toxicity

Rats

In a study of developmental toxicity, groups of 24 female Alpk: APfSD rats were given azox-
ystrobin (purity, 95.2%) at a dose of 0, 25, 100 or 300 mg/kg bw per day by gavage in corn oil (dosing
volume, 1 ml/100 g bw) from day 7 to 16 of gestation, inclusive. Stability, homogeneity and dose
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concentrations were confirmed analytically. All rats were observed daily for clinical signs of toxicity,
mortality and moribundity. Maternal body weights were recorded on days 1, 4, 7-16, 19 and 22 of
gestation. Food consumption was determined at 3-day intervals until day 22 of gestation. On day 22
of gestation, all surviving dams were sacrificed and subjected to gross necropsy. Examinations at sac-
rifice comprised uterine weight, number and positions of implantations; corpora lutea in each ovary,
individual fetal weights, percentage preimplantation loss, percentage postimplantation loss, early and
late intrauterine deaths. All fetuses were weighed, sexed, and examined for external malformations/
variations. Each fetus was examined viscerally by fresh dissection and the sex was verified. The fe-
tuses were then eviscerated and fixed in 70% industrial methylated spirits. After approximately 24 h,
the brain was examined for macroscopic abnormalities and the carcasses were stained with Alizarin
Red S for evaluation of the skeleton.

Analysis of the dosing solution indicated that the test material was homogenously distributed
and was stable for 25 days. The achieved concentrations were within 4% of the nominal values.

Three rats at 300 mg/kg bw per day were found dead after receiving two daily doses and one
rat was killed in extremis. Severe signs of toxicity were observed in another 12 rats. Dosing of the
remaining rats in this group was suspended. These rats were able to recover and continue to scheduled
termination. The remaining 12 rats at the highest dose did not start treatment and no assessment of
developmental toxicity was made at this dose. Gross necropsy of rats at the highest dose that were
found dead revealed red areas and thin walls in the stomach or jejunum. In the groups at the inter-
mediate dose, two animals showed haemorrhagic areas in the stomach at terminal necropsy; these
findings were considered to be likely to be related to local irritation caused by the administration of
azoxystrobin by gavage.

At 100 mg/kg bw per day, minimally reduced body weights (< 2%) were observed (p < 0.05),
although body-weight gain and food consumption were not affected. Clinical signs during dosing
included diarrhoea (42%), urinary incontinence (17%) and salivation between days 9 and 16 (71%).
At 25 mg/kg/bw per day, salivation was observed in 29% of rats between days 11 and 16. The Meet-
ing considered that these clinical signs were treatment-related but not relevant for the identification
of a NOAEL, being considered to be secondary effects caused by local gastrointestinal irritation/
disturbances and bolus dosing by gavage in corn oil.

In the conceptus, no significant adverse developmental effects were observed. General reduced
ossification was seen at all doses, the incidence of which was not statistically different between the
controls group and groups receiving azoxystrobin. There was, however, a statistical increase (6.9%
vs 2.6%, p < 0.05) in the rats with a PES score of 6 at 100 mg/kg bw per day vs controls. Since this
possible minimal increase in reduced ossification was not supported by increases in other related
end-points, and was not statistically different from controls, the Meeting considered that it was not
of toxicological significance.

The NOAEL for maternal and developmental toxicity was 100 mg/kg bw per day, the highest
dose tested. The study author concluded that the NOAEL for maternal and developmental toxicity
was 25 mg/kg bw per day, considering that minimal reduction in ossification was a treatment-related
effect (Moxon, 1994a).

Rabbits

In a study of developmental toxicity, groups of 20 pregnant New Zealand white rabbits were
given azoxystrobin (purity, 96.2%) at a dose of 0, 7.5, 20, or 50 mg/kg bw per day by gavage in corn
oil (dosing volume, 2 ml/kg bw) on days 8-20 of gestation, inclusive. Test substance formulations
were prepared daily. Stability, homogeneity and dose concentrations were confirmed analytically. All
rabbits were observed twice per day for mortality or clinical signs of toxicity. Maternal body weights
were recorded on days 0 and 4 of gestation and daily on days 8-20, and on days 23, 26 and 30 of
gestation. Food consumption was measured on days 8, 11, 14, 17, 20, 23 and 26 of gestation. On
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day 30 of gestation, all surviving does were killed and subjected to gross necropsy. The uterus and
ovaries were excised and the number of corpora lutea on each ovary was recorded. Gravid uteri were
weighed, opened, and the location and number of viable and nonviable fetuses, early and late resorp-
tions, and the total number of implantations were recorded. All fetuses were weighed and examined
for external malformations/variations. Each fetus was examined viscerally by fresh dissection and
the sex determined. The brain from each fetus was examined by mid-coronal slice. All carcasses were
eviscerated and processed for skeletal examination.

The analytical data indicated that the mixing procedure for the dosing solution was adequate
and that the variation between nominal and actual doses received by the rabbits was acceptable (with-
in 3% of nominal values).

There were two, four, three and seven deaths in the control group and at 7.5, 20 and 50 mg/kg
bw per day, respectively. One rabbit at 50 mg/kg bw per day was found dead; the other deaths resulted
from premature termination after abortion or deterioration in clinical condition, usually between days
12 and 20 of gestation. The following clinical observations were reported: blood on tray, sporadic in
two, one, two, six rabbits in the control group and at 7.5, 20 and 50 mg/kg bw per day, respectively;
general coat staining, two, two, three, five rabbits in the control group and at 7.5, 20 and 50 mg/kg
bw per day, respectively; diarrhoea, two, four, seven, seven rabbits in the control group and at 7.5,
20 and 50 mg/kg bw per day, respectively. While these occurrences were observed in a dose-related
manner, their toxicological significance is uncertain. At the start of dosing, slight loss of body weight
for all groups including the controls was observed. The loss in body weight was more severe at 20 and
50 mg/kg bw per day than in the control group. Five rabbits at 50 mg/kg bw per day showed progres-
sive bosy-weight loss from which they did not recover and were therefore killed. However, two, three
and two rabbits were killed for similar reasons in the control group and at 7.5 and 20 mg/kg bw per
day, respectively. Food consumption data were inconclusive owing to food wastage and other factors.
Some rabbits showed very little food consumption. The number of rabbits showing negligible food
consumption during the dosing period was five, six, eight and nine in the control group and at the
lowest, intermediate and highest dose, respectively. No dose-related adverse effects were noted during
necropsy, either in rabbits that died during the study, or in rabbits sacrificed at the end of the study.

The incidence of fetuses with major defects was 8, 0, 2 and 13 in the control group and at 7.5,
20 and 50 mg/kg bw per day, respectively. At the highest dose, nine fetuses (8.6%) from two litters
(16.7%) had open eye, the majority being bilateral. One fetus at the highest dose had cleft palate.
Other effects were of low occurrence, were not dose-related, and were not associated with treatment.
These effects included internal hydrocephaly, encephalocoele, fenestration in parietal, reduced pul-
monary artery, enlarged aorta. Many of these effects occurred in the control group only. Fused stern-
ebrae (third and fourth, or fourth and fifth) was noted in the group at the highest dose. The occurrence
was statistically (p <0.01) above control values and involved twelve fetuses from four litters. Most of
the affected fetuses were from the litters with open eye. While these changes were considered to be
compound-related, their biological significance was uncertain.

Owing to excessive food wastage, maternal death and other unidentified factors, the Meeting
did not consider that the results of this study were appropriate for the identification of an acceptable
daily intake (ADI) or an acute reference dose (ARfD).

The NOAEL for maternal toxicity was 7.5 mg/kg bw per day on the basis of decreased body
weights, clinical signs of toxicity and marked reduction in food consumption seen at the LOAEL of
20 mg/kg bw per day and above. The NOAEL for developmental toxicity was 20 mg/kg bw per day on
the basis of fused sternebrae, open eyes and cleft palates seen at 50 mg/kg bw per day (Moxon, 1994c).

In a second study of developmental toxicity, groups of 21 female New Zealand White rabbits

were given azoxystrobin (purity, 96.2%) at a dose of 0, 50, 150 or 500 mg/kg bw per day by gavage in
corn oil (dosing volume, 1 ml/kg bw) from days 8 to 20 of gestation, inclusive. Rabbits in the control
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group received the appropriate volume of corn oil only. All other experimental details were similar to
those for the study of developmental toxicity by Moxon (1994c, described above).

The analytical data indicated that the mixing procedure for was adequate and that the variation
between nominal and actual doses given to the rabbits was acceptable (within 3% of nominal values).
None of the intercurrent deaths in the study was considered to be associated with the administration
of azoxystrobin. The occurrence of intercurrent deaths was one, two, one, and two in the control
group and at 50, 150 and 500 mg/kg bw per day, respectively. One rabbit at 500 mg/kg bw per day
was killed on day 11 and was found to have an intussusception of the colon and severe body-weight
loss. This death was not considered to be treatment-related. Two rabbits in the group at 150 mg/kg bw
per day were killed; one was killed on day 21 of gestation after abortion and other rabbit on day 17 of
gestation because of excessive body-weight loss starting from day 8 of gestation.

Clinical signs included diarrhoea and/or staining in the genital areain 1, 7, 15, and 18 rabbits in
the control group and at 50, 150 and 500 mg/kg bw per day, respectively, beginning generally around
days 9 and 10 of gestation. No other treatment-related signs were observed. The Meeting considered
that these clinical signs were treatment-related but not relevant for the identification of a NOAEL,
being considered to be secondary effects caused by local gastrointestinal irritation/disturbances and
a bolus dosing by gavage in corn oil.

At 150 mg/kg bw per day and 500 mg/kg bw per day, significant (p < 0.01) but transient reduc-
tions (—33%, —51%, respectively) in food consumption were observed during the first 3 days of dos-
ing. At 500 mg/kg bw per day, decreased body-weight gain (—45%) was observed during the dosing
period. Slight reductions in body weights were observed on days 9—12 at 50 and 150 mg/kg bw per
day; however, the decrease in body weights did not occur in a dose-related manner. No treatment-
related increases in gross lesions were observed.

No dose-related or statistically significant increases in external or visceral anomalies were
observed. Although skeletal anomalies, mainly variations, were common in all groups (including
concurrent controls), there were no statistically significant increases, nor were there any trends in
dose—response observed. The LOAEL for developmental toxicity was > 500 mg/kg bw per day. The
NOAEL for developmental toxicity was 500 mg/kg bw per day.

The NOAEL for maternal toxicity was 150 mg/kg bw per day on the basis of decreased body-
weight gain seen at the LOAEL of 500 mg/kg bw per day. The NOAEL for developmental toxicity
was 500 mg/kg bw per day, the highest dose tested. The study author identified the NOAEL for ma-
ternal toxicity as 50 mg/kg bw per day owing to marginal decreases in body weight, diarrhoea and
food consumption at 150 mg/kg bw per day (Moxon, 1995¢).

A technical review by Lewis (1995) evaluated the results of the two studies of developmental
toxicity in rabbits, described above. Lewis (1995) cites several studies in pregnant and non-pregnant
rabbits carried out to determine a suitable vehicle for the administration of azoxystrobin and also the
appropriate volume of the vehicle, and concludes that the results of the first study of developmental
toxicity (Mowon, 1994) in rabbits given azoxystrobin at a dose of 50 mg/kg bw per day were invalid
owing to difficulty in selecting appropriate doses with respect to acceptable maternal toxicity, lack
of any clear dose—response relationship, and variability in response within the experimental groups.
This review also states that the evaluation of these data suggested that the dosing vehicle, corn oil,
used at 2 mg/kg bw may have contributed to the pattern of observed effects.

2.6  Special studies
(a)  Acute neurotoxicity:

In a study of acute neurotoxicity, three groups of 10 male and 10 female Alpk: ApfSD rats were
given a single dose of azoxystrobin (purity, 96.2%) at 0, 200, 600 or 2000 mg/kg bw by gavage in corn
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oil (dosing volume, 10 ml/kg bw) and observed for the following 14 days. All the rats were evaluated
in functional observational battery (FOB) and motor activity tests on days —7, 1 (2 h after dosing;
time of peak effects), 8 and 15. All rats were observed before the study start and daily throughout
the study for any changes in clinical condition. Body weights and food consumption were measured
weekly throughout the study. Five males and females in the control group and at the highest dose
were perfused in situ and evaluated for microscopic neuropathology.

Measurements of dosing solutions indicated that dosing solutions were homogeneous, were
stable for at least 8 days and that the rats received appropriate doses.

At doses of 200 mg/kg and higher, diarrhoea/signs of diarrhoea were observed at 2 h after
dosing in males and females. Tip-toe gait and hunched posture at 2 h were also observed in rats re-
ceiving azoxystrobin but not in rats in the control group (no dose—response relationship observed).
No apparent dose-related increase in incidence of clinical signs was evident. Recovery from all
of these findings was usually apparent by day 2. The Meeting considered that the diarrhoea was
treatment-related but not relevant for the identification of a NOAEL, this effect being considered as
a secondary effect caused by local gastrointestinal irritation/disturbances. No treatment-related ef-
fects on survival, food consumption, motor activity, brain weight/dimensions, or gross/microscopic
pathology were observed. Body weights of males at 2000 mg/kg bw were slightly decreased (2.9%
and 2.6% at day 8 and 15). Statistically significantly decreased body weight in the males at 200 mg/
kg bw was observed on day 15. However, a dose-response relationship was not evident and the
decrease was considered to be incidental. There was no effect on the amount of food consumed in
males or females at any dose.

Statistically significant increases in landing foot splay on day 8 in females at 600 and 2000 mg/
kg bw were noted (23.7% and 20.5% higher than controls, respectively; on day 1, females at 600
and 2000 mg/kg bw had non-statistically significantly increased values of 11.8% and 12.5%, re-
spectively). The findings of hunched posture, tip-toe gait and increased landing-foot splay were not
considered indicative of neurotoxicity owing to the lack of any effect on the day of dosing (only
marginal non-significant increase seen) and to lack of a clear dose—response relationship and the as-
sociation with marked gastrointestinal disturbance. There were no effects on brain weight, length or
width. There were no treatment-related macroscopic or histopathological changes, including in the
nervous system.

The NOAEL for systemic toxicity was 2000 mg/kg bw. No LOAEL was identified. The NOAEL
for neurotoxicity was > 2000 mg/kg bw (Horner, 1994 and 1996).

(b)  Short-term study of neurotoxicity:

In a short-term study of neurotoxicity, groups of 12 male and 12 femaleAlpk:AP{SD rats were
given diets containing azoxystrobin (purity, 96.2%) at a concentration of 0, 100, 500 or 2000 ppm
(equal to 0, 8.0, 38.5 or 161 mg/kg bw per day in males and 0, 9.1, 47.9 or 201.5 mg/kg bw per day in
females) for 13 weeks. All rats were evaluated in FOB and motor activity tests in weeks —1, 5, 9 and
14. All rats were observed before the study start and daily throughout the study for any changes in
clinical condition. Body weights and food consumption were measured weekly throughout the study.
Six male and six female rats from the control group and at the highest dose were perfused in situ and
evaluated for microscopic neuropathology.

Analysis of the dietary preparations showed that diets were stable at room temperature for 56
days and the test article was homogeneously distributed in the diet. The overall mean dietary concen-
trations were within 8% of the nominal values.

There were no deaths or treatment-related changes in clinical condition observed during the
study. At 2000 ppm, mean body weights of males were statistically significantly decreased through-
out the study (at week 13, 12.6% less than controls). Mean body weights of females were slightly
decreased (at week 13, 5.1% less than controls; significant only at week 2). Cumulative body-weight
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gains were 18% lower (males) and 10% lower (females) than those of the controls. Food consump-
tion was statistically significantly lower than those of the controls in males (5.4% to 15.4%) but not
females. Food utilization in males at 2000 ppm was statistically significantly decreased during weeks
1-4 (9.7%) and 1-13 (11.7%) and was non-significantly less in females during the same periods
(11.8% and 14.4%, respectively).

There were no consistent indications of treatment-related neurotoxicity (clinical signs, qualita-
tive or quantitative neurobehavioral effects, brain weight/ dimensions, or gross/microscopic pathol-
ogy). Statistically significant decreases in landing foot splay in males (week 5: 19%, 16.4% and
24.1%, for the lowest to the highest dose, respectively; week 9, 18% at the highest dose), forelimb
grip strength (males: week 5, 14.3%, 14.3% and 19%, for the lowest to the highest dose, respectively;
and females, week 14, 12.9%, highest dose), hind-limb grip strength in males (week 5, 13.3%, 15.3%
and 12.9%, for the lowest to the highest dose, respectively) and motor activity in females (21%, week
9) weer noted but not considered to be treatment-related owing to lack of a dose-response relation-
ship, inconsistency of observations at different time-points, variability of pre-treatment values and/or
small magnitude of response. Brain weight and length were unaffected by treatment. There were no
macroscopic or treatment-related microscopic findings at the end of the study.

The LOAEL for systemic toxicity was 2000 ppm, equal to 161 mg/kg bw per day, on the basis
of decreased body weight/body-weight gain and food utilization in males and females (marginal in
females). The NOAEL was 500 ppm, equal to 38.5 mg/kg bw per day. The NOAEL for neurotoxicity
was > 2000 ppm, equal to > 161 mg/kg bw per day (Rattray, 1994, 1996).

(c)  Studies on metabolites

No studies on metabolites were submitted by the sponsor.

3. Observations in humans

No observations in humans were provided by the sponsor.
Comments

Biochemical aspects

In an autoradiography study in rats, groups of one male and one female were given azox-
ystrobin labelled with *C in either the cyanophenyl, pyrimidinyl or phenylacrylate ring as a single
dose at 1 mg/kg bw by gavage. The results of this study indicated that the position of the radiolabel
had no significant effect on the rates and routes of excretion or tissue distribution of azoxystrobin,
therefore, further metabolism studies were conducted using azoxystrobin labelled in the pyrimidinyl
position. In studies in rats given a single oral dose of radiolabelled azoxystrobin, 73—89% of the
administered dose was recovered in the faeces and 9-18% in the urine (1 and 100 mg/kg bw) after
7 days. The extent of oral absorption at 1 mg/kg bw was nearly complete since no parent compound
was found in the excreta. At least 74—81% of the administered dose was absorbed at 100 mg/kg bw,
based on recoveries of radioactivity in the bile and urine. Between 82% and 96% of the administered
dose was excreted within the first 48 h. Regardless of the dose administered, residues remaining in
the carcass (including organs and tissues) were between 0.31% and 0.62% of the administered dose
after 7 days. The highest concentrations were found in the liver (0.009-0.72 pg equivalents/g) and
in the kidneys (0.023—1.12 pg equivalents/g) at 7 days. No significant quantities of radiolabel were
detected in exhaled air. In a study of biliary excretion, about 57-74% of the administered dose was
recovered in the bile within 48 h after administration of a single dose at 100 mg/kg bw by gavage. No
parent compound was detected in the bile.
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Systemically absorbed azoxystrobin was extensively metabolized. The mass balance for the
metabolism study indicated that a substantial percentage (45.6—73.6%) of the radiolabel was unex-
tracted, although the excretion studies showed a total recovery of 91.8-104%, with 72.6-89.3% be-
ing in the faeces. Fifteen metabolites were identified in the excreta and seven additional metabolites
were detected but not identified ( < 4.9% of the administered dose). The major metabolites of azox-
ystrobin in the bile, urine and faeces resulted from hydrolysis followed by glucuronide conjugation.
Azoxystrobin was also hydroxylated at the 8 and 10 positions on the cyanophenyl ring, followed by
glucuronide conjugation. A minor pathway involving the cleavage of the ether linkage was identified.
Approximately 15-32% of the unchanged azoxystrobin was detected in the faeces of bile-duct can-
nulated rats and rats at the highest dose. Absorption, distribution, excretion and metabolite profiles
were essentially similar in males and females, but sex-specific differences in biotransformation were
observed, with the number of metabolites produced being greater in females than in males.

Toxicological data

Azoxystrobin has low acute toxicity when administered by the oral, dermal or inhalation
routes. The LD, in rats treated orally was > 5000 mg/kg bw. The LD in rats treated dermally was
> 2000 mg/kg bw. The LC, in rats treated by inhalation (nose only) was 0.7 mg/l. Azoxystrobin was
slightly irritating to the eyes and skin of rabbits. Azoxystrobin was not a skin sensitizer as determined
by the Magnusson & Kligman (maximization) test in guinea-pigs.

In short-term studies in rats and dogs and long-term studies in mice and rats, the major toxicolog-
ical findings included decreased body weight and body-weight gains, often accompanied by decreased
food consumption and utilization. The major target organs in rats were the liver, kidney and bile duct
as shown by changes in organ weights, histopathology, and clinical chemistry parameters. Changes in
liver weights, often accompanied by changes in clinical chemistry, were also observed in dogs and mice.
Kidney-weight changes in mice were not accompanied by any histopathological findings.

In a 90-day dietary study of toxicity in rats, decreased body weights and body-weight gains
were seen at 2000 ppm (equal to 221.0 mg/kg bw per day) and 4000 ppm (equal to 443.8 mg/kg bw
per day). At 4000 ppm, decreased food consumption, food utilization, changes in clinical chemis-
try parameters, increased liver and kidney weights, hepatocellular hyperplasia and enlarged lymph
nodes, and reduction in total urinary protein were seen in males. The no-observed-adverse-effect
level (NOAEL) was 200 ppm, equal to 20.4 mg/kg bw per day.

In a 90-day and a 1-year study in dogs, clinical observations included increased salivation at
dosing, and increased incidences of salivation, vomiting, regurgitation and fluid faeces, beginning
in week 1 and occurring throughout the study in some cases. These signs were considered to be
treatment-related; however, they were not considered to be relevant for identification of a NOAEL
for systemic toxicity because these effects were secondary to local gastrointestinal irritation/distur-
bances and bolus dosing (capsules). In a 90-day study of toxicity in dogs, decreases in body weights
were observed in males and females at 250 mg/kg bw per day, the highest dose tested. Changes in
liver weights and in clinical chemistry parameters were observed at the intermediate and the highest
dose, indicating adverse effects on the liver and possibly on biliary function. The changes in the liver
at 50 mg/kg bw per day were small and without histological correlates, therefore, the Meeting con-
sidered that they were not toxicologically relevant. In a 90-day study in dogs, the NOAEL was 50 mg/
kg bw per day on the basis of alterations in clinical chemistry (cholesterol, triglycerides and alkaline
phosphatase activity), and decreases in body weights seen at the LOAEL of 250 mg/kg bw per day,
the highest dose tested. Similar findings were observed in a 1-year study of toxicity in dogs but were
mainly confined to the highest dose of 200 mg/kg bw per day. In a 1-year study of toxicity in dogs,
the NOAEL was 25 mg/kg bw per day on the basis of changes in clinical chemistry and increases in
liver weights seen at 200 mg/kg bw per day. The overall NOAEL in dogs was 50 mg/kg bw per day
on the basis of the similarity of effects in the two studies in dogs.
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The carcinogenic potential of azoxystrobin was studied in mice and rats. In a study of carci-
nogenicity in mice, reduced body weights were observed at 2000 ppm, equal to 272.4 mg/kg bw per
day. The NOAEL was 300 ppm, equal to 37.5 mg/kg bw per day. There were no treatment-related
neoplastic findings in the bioassay in mice.

In a long-term combined study of toxicity and carcinogenicity in rats, the highest dose of
1500 ppm, equal to 108.6 mg/kg bw per day, was excessively toxic in males and was reduced to
750 ppm, equal to 34 mg/kg bw per day, after 1 year. Reduced body weights, food consumption, and
food-conversion efficiency was observed in males and females at the highest dose tested. In the com-
mon bile duct of males at the highest dose only, there were significant increases in the incidences of
distension, cholangitis, thickening of the wall, and epithelial hyperplasia. The NOAEL was 300 ppm,
equal to 18.2 mg/kg bw per day. There were no treatment-related neoplastic findings in rats.

Azoxystrobin gave a mixed response in a battery of tests for genotoxicity. It gave a weak posi-
tive response in two studies in mammalian cells (mouse lymphoma cells and human lymphocytes).
The latter findings suggest that azoxystrobin has a clastogenic potential in vitro since the increased
occurrence of small colonies observed in the mouse lymphoma-cell assay is considered to be in-
dicative of chromosome aberrations rather than of point mutations. However, azoxystrobin has been
shown to give negative results in assays for chromosomal damage in vivo (i.e., clastogenicity) and for
general DNA damage at high doses of 2000 mg/kg bw or above. Therefore, the Meeting concluded
that the clastogenic effects seen in vitro are not expressed in the whole animal.

The Meeting concluded that azoxystrobin is unlikely to be genotoxic.

In view of the lack of evidence for a genotoxic potential in vivo and the absence of carcinoge-
nicity in rats and mice, the Meeting concluded that azoxystrobin is unlikely to pose a carcinogenic
risk to humans.

In a two-generation study of reproductive toxicity in rats, reproductive parameters were not
affected at the highest dose tested (1500 ppm, equal to 165.4 mg/kg bw per day). The NOAEL for
parental systemic toxicity was 300 ppm, equal to 32.3 mg/kg bw per day, on the basis of reduced
adjusted body weight, feed consumption, feed utilization, and an increase in liver weights and the
frequency of histopathological findings in the liver (males only). Offspring toxicity was manifested
as a decrease in pup body weights, and a decrease in adjusted mean liver weights was observed in
pups of both generations at 1500 ppm, equal to 165.4 mg/kg bw per day. The NOAEL for offspring
toxicity was 300 ppm, equal to 32.3 mg/kg bw per day.

In a study of developmental toxicity in rats, treatment at the highest dose (300 mg/kg bw per
day) was terminated as this dose was toxic; at this dose, three rats died and one was killed in extremis
after two doses. Clinical signs of diarrhoea, salivation and urinary incontinence were seen at 25 and/
or at 100 mg/kg bw per day. The Meeting considered these effects to be treatment-related but not
relevant for the identification of a NOAEL for systemic toxicity, being considered to be secondary to
local gastrointestinal irritation/disturbances and dosing by gavage. There were no effects on fetuses
at any doses tested. The NOAEL for maternal and developmental toxicity was 100 mg/kg bw per day,
the highest dose tested.

Two studies of developmental toxicity in rabbits were available. The results of the first study
were considered to be invalid because of the adverse effects of administration of high volumes of
corn oil as a vehicle. Several special studies were conducted in pregnant and non-pregnant rabbits
to evaluate the influence of the type and volume of vehicle used for administration by gavage. The
results of these studies showed that corn oil at volumes greater than 2 ml/kg bw was harmful. The
NOAEL for maternal toxicity in rabbits was 150 mg/kg bw per day (identified in the study using the
lowest volume of corn oil for dosing) on the basis of decreased body-weight gain seen at the LOAEL
of 500 mg/kg bw per day. There were no effects on fetuses. The NOAEL for developmental toxicity
in rabbits was 500 mg/kg bw per day, the highest dose tested.
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Azoxystrobin was not embryotoxic, fetotoxic or teratogenic at doses of up to 300 and 500 mg/
kg bw per day in rats and rabbits, respectively.

The Meeting concluded that azoxystrobin is not teratogenic.

In a study of acute neurotoxicity in rats, no treatment-related effects on motor activity
parameters, brain measurements (weight, length and width) or neurohistopathology were observed
at doses of up to and including 2000 mg/kg bw. Increased incidences of transient diarrhoea, tip-toe
gait, hunched posture and landing-foot splay were observed in all groups receiving azoxystrobin,
although these effects were not dose-related. They were considered to be treatment-related but not
relevant for identification of a NOAEL for systemic toxicity, being considered to be secondary to
local gastrointestinal irritation/disturbances and bolus dosing by gavage. The NOAEL for systemic
toxicity was 2000 mg/kg bw, the highest dose tested. In a short-term study of neurotoxicity in rats,
no treatment-related changes in mortality, clinical signs, FOB, motor activity, brain measurements
(weight, length, and width), gross necropsy, or neurohistopathology were observed at doses of up
to 2000 ppm, equal to 161 mg/kg bw per day, the highest dose tested. The NOAEL for systemic
toxicity was 500 ppm, equal to 38.5 mg/kg bw per day, on the basis of decreased body weight and
body-weight gain and food utilization in males and females seen at the LOAEL of 2000 ppm, equal
to 161 mg/kg bw per day.

Azoxystrobin was not considered to be neurotoxic on the basis of the available data.

No significant adverse effects were reported in personnel working in plants producing azox-
ystrobin.

The Meeting concluded that the existing database on azoxystrobin was adequate to character-
ize the potential hazards to fetuses, infants and children.

Toxicological evaluation

The Meeting established an ADI of 0—0.2 mg/kg bw based on a NOAEL of 300 ppm (equal to
18.2 mg/kg bw per day) in a 2-year study of carcinogenicity in rats, identified on the basis of reduced
body weights, food consumption and food efficiency, and bile-duct lesions seen at 750 ppm (equal to
34 mg/kg bw per day) and above, and using a safety factor of 100.

The Meeting concluded that it was unnecessary to establish an ARfD for azoxystrobin because
no toxicity could be attributable to a single exposure in the available database, including a study of
developmental toxicity in rats and rabbits and a study of acute neurotoxicity in rats. The mortality
seen in the study of developmental toxicity in pregnant rats at 300 mg/kg bw per day was associ-
ated with gross local gastrointestinal pathology and was not seen in pregnant rabbits. The Meeting
considered that clinical signs observed in dogs and rats were related to local gastrointestinal effects
seen after bolus dosing by gavage in rats or bolus dosing (capsules) in dogs, since these signs were
not seen in the dietary studies. Therefore, the Meeting considered that these effects were not relevant
for the establishment of an ARfD.

Levels relevant to risk assessment

Species Study Effect NOAEL LOAEL

Mouse 104-week study Toxicity 300 ppm, equal to 2000 ppm, equal to
of toxicity and 37.5 mg/kg bw per day 272.4 mg/kg bw per day
carcinogenicity®

Carcinogenicity 2000 ppm, equal to
272.4 mg/kg bw per day*
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Species Study Effect NOAEL LOAEL
Rat Two-year study Toxicity 300 ppm, equal to 750 ppm, equal to
of toxicity and 18.2 mg/kg bw per day 34 mg/kg bw per day®
carcinogenicity® Carcinogenicity 750 ppm, equal to —
34 mg/kg bw per day®
Multigeneration study of  Parental toxicity 300 ppm, equal to 1500 ppm, equal to
reproductive toxicity® 32.3 mg/kg bw per day 165.4 mg/kg bw per day®
Offspring 300 ppm equal to 1500 ppm, equal to
toxicity 32.3 mg/kg bw per day 165.4 mg/kg bw per day*
Developmental toxicity®  Maternal 100 mg/kg bw per day® _
toxicity
Embryo and 100 mg/kg bw per day* _
fetal toxicity
Rabbit Developmental toxicity®  Maternal 150 mg/kg bw per day 500 mg/kg bw per day®
toxicity
Embryo and 500 mg/kg bw per day® _

fetal toxicity

* Dietary administration.
®Gavage administration.

¢ Highest dose tested.

Estimate of acceptable daily intake for humans
0-0.2 mg/kg bw per day
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 hu-
man exposure

Critical end-points for setting guidance values for exposure to azoxystrobin

Absorption, distribution, excretion, and metabolism in mammals

Rate and extent of oral absorption Rapid and nearly complete absorption

Distribution Widely distributed in tissues

Potential for accumulation Low, no evidence of significant accumulation

Approximately 82—90% (73—89% in faeces and 9-18% in urine)
within 48 h

Rate and extent of excretion

Metabolism in animals Extensive; metabolic pathways include hydrolysis followed by
glucuronide conjugation and minor pathway included cleavage

of the ether

Toxicologically significant compounds (animals,
plants and environment)

Azoxystrobin
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Acute toxicity

Rat, LD, , oral
Rat, LD, , dermal
Rat, LC_, inhalation

50°

Rabbit, dermal irritation
Rabbit, ocular irritation

Guinea-pig, dermal sensitization
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> 5000 mg/kg bw

> 2000 mg/kg bw

0.7 mg/l , dust (4 h exposure, nose only)
Slight irritation

Slight irritation

Not a sensitizer (Magnusson & Kligman test)

Short-term studies of toxicity

Target/critical effect

Lowest relevant oral NOAEL
Lowest relevant dermal NOAEL
Lowest relevant inhalation NOAEL

Body-weight effects

20.4 mg/kg bw per day (90-day study in rats)
1000 mg/kg bw per day; highest dose tested
No data

Genotoxicity

Unlikely to be genotoxic

Long-term studies of toxicity and carcinogenicity

Target/critical effect
Lowest relevant NOAEL

Carcinogenicity

Liver-weight increases and bile-duct lesions
18.2 mg/kg bw per day (2-year study in rats)

Not carcinogenic in mice and rats

Reproductive toxicity

Reproduction target/critical effect
Lowest relevant reproductive NOAEL
Developmental target/critical effect

Lowest relevant developmental NOAEL

No toxicologically relevant effects
165.4 mg/kg bw per day (rats; highest dose tested)
No developmental toxicity in rats and rabbits

100 mg/kg bw per day (rats; highest dose tested)

Neurotoxicity/delayed neurotoxicity

Acute neurotoxicity

No sign of specific neurotoxicity

Mechanistic data

No studies were submitted

Medical data
No significant adverse health effects reported
Summary
Value Study Safety factor
ADI 0-0.2 mg/kg bw per day ~ Rat, 2-year study of toxicity 100
ARfD Unnecessary — —
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Explanation

Buprofezin is the ISO approved name for (£27)-2-tert-butylimino-3-isopropyl-5-phenyl-1,3,5-
thiadiazinan-4-one (IUPAC), CAS No. 69327-76-0. Buprofezin is an insecticide that acts by the
inhibition of chitin synthesis.
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Buprofezin was previously evaluated by the JMPR in 1991 when an acceptable daily intake
(ADI) of 0-0.01 mg/kg bw per day was established based on a no-observed-adverse-effect level
(NOAEL) of 0.9 mg/kg bw per day identified in a 2-year study in rats and with a safety factor of
100. The JMPR in 1999 considered that the establishment of an acute reference dose (ARfD) was
unnecessary. Buprofezin was re-evaluated by the present Meeting as part of the Codex Committee on
Pesticide Residues (CCPR) periodic re-evaluation programme. New studies not previously evaluated
by the Meeting included several studies of acute oral toxicity, irritation, sensitization and genotoxic-
ity, metabolism studies in rats and a two-generation study in rats.

The more recent studies complied with good laboratory practice (GLP), but many of the older
reported studies were performed before the widespread use of GLP.

Figure 1. Chemical structure of buprofezin

o
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Evaluation for acceptable daily intake

1. Biochemical aspects

1.1  Absorption, distribution, metabolism and excretion

The absorption, metabolism, distribution and excretion of [phenyl-'*C]buprofezin (radiochem-
ical purity, > 97%; specific activity, 0.074 or 0.833 GBg/mmol) were investigated in fasted male
Sprague-Dawley rats given single oral doses of buprofezin at 10 or 100 mg/kg bw. Additionally, bile-
duct cannulated rats were given buprofezin at a dose of 10 mg/kg bw. Neither a GLP nor a quality
assurance statement was included.

Irrespective of the dose administered, excretion was complete within 2—3 days after adminis-
tration (Table 1), with 22-25% found in the urine and 70—74% in the faeces. In the bile-duct cannu-
lated rats, 33.2% of the administered dose was excreted in the bile.

Absorption peaked at 9 h after administration and excretion was biphasic with half-lives of
13 h and 60 h (Table 3). C_  was approximately proportional to the dose administered, suggesting
that absorption was not saturated in this dose range. Within 2 h, buprofezin was widely distributed
into the organs, with the highest concentrations of radiolabel measured in adipose tissue, kidney, liver
and urinary bladder at most of the time-points between 2 h and 96 h (Table 4). At 10 mg/kg bw, in the
liver only, more than 1 pg equivalents/g were found at 96 h. In the group at the lower dose, elimina-
tion from the thyroid was slower than from other organs. At the higher dose, concentrations of radio-
label in many organs were higher than proportional to the administered dose at several time-points
but not at study termination. There was no evidence for accumulation of radiolabel in any organ. The
results of the organ analysis were essentially confirmed by whole-body autoradiography performed
at the same time-points as organ analysis.

The metabolism of buprofezin was studied in rat liver homogenates and in urine, faeces and
bile in vivo. Hydroxylation with consecutive methylation of the phenyl ring, oxidation of sulfur
with consecutive ring opening of the thiadiazinane ring and conjugation reactions with sulfate and
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glucuronic acid were the main metabolic routes. Besides the conjugates, the metabolites buprofezin
(BF1), buprofezin sulfoxide (BF10), isopropylphenylurea (BF12), 4-hydroxybuprofezin (BF2),
dihydroxy-buprofezin (C), hydroxy-methoxy-buprofezin (BF27) and 2-hydroxyisopropylphenylurea
(BF13) (only in vitro) were identified (Figure 2) (Sugimoto, 1982).

In a supplementary study, previously not-analysed polar metabolites detected in male rats giv-
en buprofezin at a dose of 10 or 100 mg/kg bw (Sugimoto, 1982) were further characterized. This
lead to the identification of these metabolites as glucuronic acid and/or sulfuric acid conjugates of
4-aminophenol (BF22, K) (0.2% in urine at 10 mg/kg bw) and 4-hydroxyacetanilide (BF23) (4.1%
of administered dose in the urine and 2.7% of the administered dose in the faeces at 10 mg/kg bw)
(Figure 2) (Uchida, 1988).

Table 1. Cumulative excretion of radiolabel in male rats given a single oral dose of radiolabelled
buprofezin

Dose (mg/kg bw)  Time after administration (days) Recovery (% of administered dose)

Urine Faeces Expired Total

10 0.5 11.87 24.11 0.05 36.03
1 18.91 63.23 0.16 82.3

2 21.28 72.46 0.19 93.93

3 21.69 73.58 0.20 95.47

4 2191 73.95 0.21 96.07

100 0.5 12.10 15.14 0.07 27.31
1 18.81 41.75 0.15 60.71

2 24.00 67.01 0.19 91.20

3 24.68 69.95 0.20 94.83

4 25.20 70.45 0.21 95.86

From Sugimoto (1982)

Table 2. Recovery of radiolabel in the blood of male rats given a single oral dose of radiolabelled

buprofezin

Time after administration (h) Concentration of radiolabel (ug equivalents/g)

Dose (mg/kg bw)

10 100
0.5 0.122 0.976
1 0.169 1.476
2 0.268 2.594
4 0.485 6.154
6 0.941 9.442
9 1.164 13.818
12 1.080 12.553
15 0.933 10.142
24 0.576 5.930
48 0.375 4.084
96 0.245 2.472

From Sugimoto (1982)
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Table 3. Blood pharmacokinetic parameters in male rats given a single oral dose of radiolabelled
buprofezin

DOSe (mg/kg bW) tmax (h) cmax (ug/ml) t]/Z e(9-24h) (h) t1/2 €(24-96) (h)

10 9 1.164 13 60
100 9 13.282 13 60
From Sugimoto (1982)

Table 4. Recovery of radiolabel from organs of male rats given a single oral dose of radiolabelled
buprofezin

Organ/tissue Dose(mg/kg bw) Ratio of recovery, 100 mg/kg
bw: 10 mg/kg bw

Concentration of radiolabel (ug equivalents/g or ml)

10 100

Time after administration (h) Time after administration (h) Time after administration (h)

2 5 9 24 96 2 5 9 24 96 2 5 9 24 96

Adipose 0.8 4.0 42 1.7 0.1 236 868 1147 460 1.6 31 21 28 27 14
Adrenal 0.4 2.3 1.6 05 0.1 106 435 47.0 71 1.0 26 19 30 14 13
Blood 0.1 0.8 1.0 05 02 26 94 137 60 25 21 12 13 12 10
Bone 0.1 0.4 0.7 0.1 0.0 24 6.8 6.2 1.7 03 17 16 9 14 8
Brain 0.3 0.5 03 0.1 0.0 55 125 104 1.2 03 21 25 37 16 12
Eye ball 0.2 0.2 02 0.1 0.0 1.5 52 53 1.0 02 9 27 23 13 11
Heart 0.3 0.7 06 02 0.1 6.9 129 14.7 24 05 21 18 23 11 10
Intestine NA NA NA NA 03 NA NA NA NA 38 NA NA NA NA 11
Kidney 1.2 2.3 25 07 03 167 358 33.6 81 21 14 16 13 12 8
Liver 49 112 84 32 12 443 703 855 259 8.0 9 6 10 8 7
Lung 0.4 0.8 0.7 04 0.1 5.7 18.6 14.8 3.8 09 16 23 20 11 9
Muscle 0.2 0.3 04 0.1 0.0 3.7 9.6 9.1 1.5 04 21 28 24 17 16
Pancreas 0.6 1.2 1.3 03 00 151 328 314 64 04 24 28 25 21 16
Salivary gland 0.4 0.6 0.6 02 0.0 5.1 148 148 28 04 14 24 24 15 10
Spleen 0.3 0.6 06 03 0.1 69 328 133 30 06 23 51 22 12 12
Testis 0.2 0.4 03 0.1 0.0 3.7 8.6 8.2 1.0 03 23 21 25 11 11
Thymus 0.2 0.5 04 02 00 40 109 113 1.7 03 24 23 27 11 17
Thyroid 0.4 0.9 07 06 05 106 221 17.6 55 07 26 24 24 9 1

Urinary bladder 5.3 97 143 21 01 538 492 707 157 16 10 5 5 8 11

From Sugimoto (1982)
NA, not analysed.

The absorption, distribution, metabolism and excretion of [phenyl-*C]buprofezin (radiochem-
ical purity, > 97%; specific activity, 0.798 GBg/mmol) was investigated in male and female CD rats.
Groups of five male and five female rats were given a single dose of radiolabelled buprofezin at
10 mg/kg bw or 100 mg/kg bw by oral gavage. Urine and faeces were collected at 6 h, 24 h and there-
after every 24 h until terminal sacrifice at 168 h. After sacrifice, organs were retained for radioactivity
analysis. An additional group of three male and four female rats were bile-duct cannulated and given
a single dose of radiolabelled buprofezin at 10 mg/kg bw. Urine, faeces and bile were collected for
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24 h. A statement of GLP compliance was not included in the study report but a statement of quality
assurance was provided.

At both doses, most of the radioactivity was excreted in the faeces within 48 h; urinary ex-
cretion accounted for 20-22% in males and 13—15% in females (Table 5). Excretion initially was
slightly faster in males than in females and was completed after 168 h in males and females.

At both doses in males and females, the highest concentrations of radiolabel were found in
blood cells, the thyroid and the liver (Table 6). Maximal concentrations in these organs were 0.36 pg
equivalents/g at the lower dose and 2.3 ug equivalents/g at the higher dose. Less than 0.7% of the
administered dose was recovered in the body at terminal sacrifice of rats at either dose.

In the bile-duct cannulated rats, only 2.6—5.5% of the administered dose was found in the urine
(Table 7); this is about one quarter of the amount found in non-cannulated rats. In the bile, approxi-
mately 30—40% of the administered dose was excreted within 24 h. Therefore, there was evidence for
enterohepatic recirculation of buprofezin. Since the concentration of radiolabel in the gastrointestinal
tract of females was higher than in males, absorption in females might be slower than in males.

Thin-layer chromatography (TLC) of samples of urine and bile indicated a high degree of con-
jugation, while acid hydrolysis of faecal extracts revealed unchanged buprofezin (BF1), 4-hydroxy-
buprofezin (BF2) and possibly dimethoxy-buprofezin (BF20, A-15) (Caley & Cameron, 1988).

Table 5. Recovery of radiolabel in rats given a single dose of radiolabelled buprofezin by oral
gavage

Time interval Concentration of radiolabel (mean % of administered dose)

Dose (mg/kg bw)

10 100

Urine Faeces Total Urine Faeces Total

M F M F M F M F M F M F
0-24h 18.5 10.8 60.7 53.5 79.2 64.4 18.1 11.8 574 485 75.5 60.3
0-48 h 20.1 126 71.0 760 91.1 88.5 20.6 13.7 69.3 73.0  90.0 86.7
0-168 h 20.9 134 728 79.1 94.8 934  21.7 146 727 85.1 95.2 100.2

From Caley & Cameron (1988)

F, females; M, males

Table 7. Distribution of radiolabel in bile-duct cannulated rats given a single dose of radiola-
belled buprofezin at 10 mg/kg bw by oral gavage

Tissue/body fluid Recovery of radiolabel (% of administered dose)
Males Females

Bile 29.8 38.2

Urine 5.5 2.6

Faeces 34.0 19.0

Gastrointestinal tract 16.6 27.5

Liver 1.0 1.5

Carcass 3.8 32

Total 90.9 94.5

From Caley & Cameron (1988)
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Table 6. Recovery of radiolabel at 168 h from organs of rats given a single dose of radiolabelled
buprofezin by oral gavage

Organ Dose (mg/kg bw)

10 100

Males Females Males Female

ng %of png %of png %of g % of

equivalents/g dose  equivalents/g dose  equivalents/g dose  equivalents/g dose
Bone 0.023 — 0.017 — 0.207 — 0.128 —
Fat 0.031 — 0.028 — 0316 — 0252 —
Skeletal muscle 0.024 — 0.017 — 0.229 —  0.205 —
Brain 0.014 0.001 0.016 0.001 0.228 0.002  0.190 0.001
Heart 0.032 0.002  0.030 0.001 0.531 0.002 0.443 0.001
Liver 0.313 0.182  0.360 0.151 2.198 0.128 2.053 0.091
Lung 0.048 0.004 0.054 0.003 0.528 0.003  0.547 0.005
Spleen 0.034 0.001 0.034 0.001 0.441 0.001  0.328 0.001
Kidney 0.068 0.007 0.074 0.007 0.618 0.007 0.532 0.004
Testes/ovaries 0.014 0.002  0.042 0.000 0.095 0.001 0.304 0.000
Uterus — — 0.032 0.001 — — 0.283 0.001
Thyroid 0.155 0.000 0.359 0.000 1.831 0.000 2.342 0.001
Stomach + contents 0.010 0.003 0.013 0.002 0.071 0.003  0.070 0.001
Intestine + contents 0.027 0.033  0.036 0.034  0.230 0.029 0.195 0.018
Plasma 0.026 — 0.031 —  0.365 — 0377 —
Blood cells 0.150 — 0.140 — 2278 —  1.855 —

From Caley & Cameron (1988)

— Not calculable, according to the study report

In an accumulation study, two groups of 27 young male rats were given diets containing techni-
cal buprofezin (purity, 99%) at a concentration of 200 or 1000 ppm. At 2 and 4, days and 1, 2, 4, §,
12, 16 and 24 weeks, three rats were sacrificed and buprofezin content of the organs was analysed.
The limit of detection (LOD) in the organs was 0.1 ppm. No statements of compliance with GLP or
quality assurance were provided.

At 200 ppm, buprofezin was found occasionally at very low concentrations that were slightly
above the LOD. In adipose tissue from day 4 onwards, concentrations of buprofezin were up to ap-
proximately 1 ppm. In the groups at 1000 ppm, concentrations of buprofezin in the liver were up to
approximately 1 ppm and in adipose tissue up to approximately 10 ppm. There was no evidence for
accumulation of buprofezin, but since only buprofezin was analysed, no conclusion about the me-
tabolite profiles in the tissues can be drawn (Sugaya & Uchida, 1980).

To study the metabolism of buprofezin in rats, five males were given a single oral dose of
[phenyl-"“C]buprofezin (radiochemical purity, 99%; specific activity, 0.601 GBg/mmol) at 100 mg/
kg bw. Urine and faeces were collected until terminal sacrifice at 72 h after dosing; metabolites in
organs were analysed at study termination. The study complied with GLP.

Renal excretion was virtually complete within 48 h and accounted for 12.9% and faecal excre-
tion for 79.1% of the administered dose; less than 0.8% remained in the body. The highest concen-
trations of residual radioactivity were found in kidney (1 pg equivalents/g), blood, thyroid and liver
(7 ug equivalents/g).
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Of the administered dose, 60.7% could be allocated to individual metabolites and no uniden-
tified individual metabolite exceeded 3.7% (Table 8). The metabolic pathways include phenyl-ring
hydroxylation, oxidation of the t-butyl group and thiadiazinane ring-opening with intensive conjuga-
tion of metabolites. Buprofezin and BF27 were identified after extraction of facces and BF9, BF10,
BF12, BF13 after hydrolysis of unextractable faecal metabolites. BF13 and BF23, BF28 conjugates
were identified as urine residues after sulfatase cleavage. Figure 2 depicts the metabolic scheme in
the rat (Huang & Smith, 1997).

In a supplemental metabolism study designed to identify early metabolites in the organs, a
single oral dose of 100 mg/kg bw [phenyl-"*C]buprofezin (radiochemical purity, not specified; spe-
cific activity, 1.13 GBg/mmol) was given to 12 male Sprague Dawley rats. Groups of four rats were
killed at 3, 6 and 72 h and metabolites in the liver, kidney, heart and plasma and the content of the
gastrointestinal tract were identified. Faeces and urine were collected throughout the study and analy-
sed for metabolites. To investigate immediate early metabolism, rat liver microsomes were incubated
with 2 umol/l of [phenyl-“C]buprofezin and after 10 and 30 min, respectively, the metabolites were
extracted and investigated. The study complied with GLP.

Apart from a range of previously identified rat metabolites, the liver homogenates were found
to contain the metabolites tert-butylhydroxy-buprofezin (BF4), phenylbiuret (BF11) and thiobiuret
(BF25) (Table 9). In the in-vivo study, newly identified metabolites included BF4 in liver kidney,
heart and the gastrointestinal tract, BF11 was found in liver and kidney and BF25 in the liver only
(Yoshizane, 2008).

Conjugates are not shown; structures in brackets were not found in rats but are proposed inter-
mediates; BF26 was found in plants.

1.2 Effects on engymes and other biochemical parameters

No information was available.

2. Toxicological studies
2.1  Acute toxicity

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

Table 8. Identification of metabolites in rats given a single oral dose of radiolabelled buprofezin

Metabolite Recovery (% of administered dose)
Urine Faeces

Buprofezin (BF1) ND 454

Dione metabolite (BF9) ND <0.1
Buprofezin sulfoxide (BF10) ND 0.1
Isopropylphenylurea (BF12) ND 0.1
4-Hydroxyisopropylphenylurea (BF13) 0.5 <0.1
4-Hydroxyacetanilide (BF23) 2.5 ND
Hydroxy-methoxy-buprofezin (BF27) ND 7.2
2-[3-Isopropyl-3-[methylsulfonylmethyl(phenyl)carbamoyl]ureido]- 0.3 4.6

2-methylpropionic acid (BF28)
From Huang & Smith (1997)
ND, not detected
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Table 9. Recovery of metabolites found in male rat liver microsomes in vitro® and in organs® of
rats given a single oral dose of radiolabelled buprofezin

Metabolite Recovery (% of total radioactive residue)

Microsomes  Liver  Kidney Heart  Gastrointestinal tract

Buprofezin (BF1) 39.22 12.2 17.03  30.25 47.34
4-Hydroxybuprofezin (BF2) 28.22 8.02 8.25 14.6 0.09
Tert-butylhydroxy-buprofezin (BF4) 10.99 7.97 1.42 2.06 0.68
Dione metabolite (BF9) 0.04 0.11 ND ND ND
Phenylbiuret (BF11) 0.04 0.27 0.14 ND ND
Isopropylphenylurea (BF12) ND 0.56 ND ND 0.03
Thiobiuret (BF25) 0.17 0.09 ND ND ND
2-Amino-2-methylpropyl-2-methylethy ND ND. ND ND ND

I-4-Phenyl-allophanate (BF26)

Hydroxy-methoxy-buprofezin (BF27) ND 2.60 10.69  25.82 1.42
Others 8.05 8.82 13.76 14.2 2.34
From Yoshizane (2008)

ND, not detected
@ After incubation with [phenyl-'*C]buprofezin for 10 min

b Rats killed and samples taken 3 h after a single oral dose of [phenyl-'*C]buprofezin at 100 mg/kg bw

Table 10. All identified rat metabolites of buprofezin

Metabolite References

BF1 buprofezin Sugimoto (1982); Caley & Cameron (1988);
Huang & Smith (1997); Yoshizane (2008)

BF2 4-hydroxybuprofezin Sugimoto (1982); Caley & Cameron (1988);
Yoshizane (2008)

BF4 tert-butylhydroxy-buprofezin Yoshizane (2008)

BF9 dione metabolite Huang & Smith (1997); Yoshizane (2008)

BF10  buprofezin sulfoxide Sugimoto (1982); Huang & Smith (1997)

BF11  phenylbiuret Yoshizane (2008)

BF12  isopropylphenylurea Sugimoto (1982); Huang & Smith (1997);
Yoshizane (2008)

BF13  4-hydroxyisopropylphenylurea Sugimoto (1982); Huang & Smith (1997)

BF20  dimethoxy buprofezin Caley & Cameron (1988)

BF22  4-aminophenol Uchida (1988)

BF23  4-hydroxyacetanilide Uchida (1988); Huang & Smith (1997)

BF25  thiobiuret Yoshizane (2008)

BF27  hydroxy-methoxy-buprofezin Sugimoto (1982); Huang & Smith (1997);
Yoshizane (2008)

BF28  2-[3-isopropyl-3-[methylsulfonylmethyl(phenyl) carbamoyl] Huang & Smith (1997)
ureido]-2-methylpropionic acid

C dihydroxy buprofezin Sugimoto (1982)
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Figure 2. Proposed metabolic pathway of buprofezin in rats
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(a)  Oral administration

Groups of 10 male and 10 female ICR mice were given buprofezin (purity, > 99.5%) as a single
oral dose at 2500, 5000 or 10000 mg/kg bw by gavage.

No mice died at any dose. Female mice at 2500 mg/kg bw and above and males at 10 000 mg/
kg bw showed reduced locomotor activity within the first 2 days after dosing, and males also had
loose stool (Ebino & Shirasu, 1981a).

Groups of 10 male Golden hamsters were given buprofezin (purity, > 99%) as a single dose at
7692 or 10000 mg/kg bw by oral gavage.

No hamsters died at either dose and no clinical signs of toxicity were observed (Tsuchiya &
Sugimoto, 1979a).

Groups of 10 male and 10 female Fischer rats were given buprofezin (purity, >99.5%) as a single
dose at 1412, 1765, 2206, 2758 or 3447 mg/kg bw by oral gavage. In all treated groups, decreased
locomotor movement and lacrymation were observed. At doses of > 1765 mg/kg bw, duodenum
ulceration and duodenum oedema were observed. At > 1765 mg/kg bw, mortality was observed and
the median lethal dose (LD, ) was calculated to be 2198 mg/kg bw in males and 2355 mg/kg bw in
females (Ebino & Shirasu, 1981b).

Groups of five male and five female Sprague-Dawley rats were given buprofezin (purity, 99.6%)
as a single dose at 1000, 1400, 1960, 2744 or 3842 mg/kg bw by oral gavage in the first of a two-part
experiment. The study was performed according to GLP requirements.

Clinical signs in all treated groups consisted of decreased locomotor activity, orbital and nasal
discharge within 3 to 6 h after dosing. Tremor, lacrymation and loose stool were also seen between
6 h and 1 day. One male at the highest dose died.

In the second part of the experiment, groups of five male and five female Sprague-Dawley rats
were given a single dose of buprofezin at 2959, 3846, 5000, 6500 or 8450 mg/kg bw. The LD in this
experiment was 3847 mg/kg bw in males and 2278 mg/kg bw in females (Komatsu, 1996).

Groups of 10 male and 10 female Sprague-Dawley rats were given buprofezin (purity, > 99%)
as a single dose at 1021, 1429, 2000, 2800, 3920 or 5488 (males only) mg/kg bw by oral gavage.

Clinical signs in treated rats included decreased locomotor activity, lacrymation, urine inconti-
nentia and diarrhoea and at necropsy duodenal ulcers were also found. The LD, was 1635 mg/kg bw
in males and 2015 mg/kg bw in females (Tsuchiya & Sugimoto, 1982).

Two male Japanese albino rabbits were given buprofezin (purity, > 99%) as a single dose at
5000 mg/kg bw by oral gavage.

No clinical signs of toxicity and no mortality were observed (Tsuchiya & Sugimoto, 1979b).
(b)  Intraperitoneal administration

Groups of 10 male and 10 female ICR mice were given buprofezin (purity, > 99.5%) as a single
intraperitoneal dose at 2500, 5000 or 10 000 mg/kg bw.

No mice died at any dose. Males at 5000 mg/kg bw and above and females at 10 000 mg/kg bw
had swollen livers (Ebino & Shirasu, 1981a).

Groups of 10 male and 10 female Fischer rats were given buprofezin (purity, > 99.5%) as a
single intraperitoneal dose of 2500, 5000 or 10 000 mg/kg bw.
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No mortalities were observed. At all doses, male and female mice had swollen livers and
kidneys and males also had lung petechia (small haemorrhagic spots) (Ebino & Shirasu, 1981b).

(¢)  Dermal application

Groups of 10 male and 10 female Fischer rats were given buprofezin (purity, > 99.5%) as a
single dermal application at 1000, 2000 or 5000 mg/kg bw.

No clinical signs of toxicity or mortalities were observed (Ebino & Shirasu, 1981b).

(d)  Subcutaneous application

Groups of 10 male and 10 female ICR mice were given buprofezin (purity, > 99.5%) as a single
subcutaneous dose at 2500, 5000 or 10 000 mg/kg bw.

No mice died at any dose. Apart from an intermittent decrease in body weight in two males and
eight females at 10 000 mg/kg bw, no treatment-related findings were recorded (Ebino & Shirasu,
1981a).

Groups of 10 male and 10 female Fischer rats were given buprofezin (purity, > 99.5%) as a
single subcutaneous dose at 2500, 5000 or 10 000 mg/kg bw.

No mortalities or clinical signs of toxicity were observed (Ebino & Shirasu, 1981b).

(e)  Exposure by inhalation

Groups of 10 male and 10 female Fischer rats were exposed for 4 h to buprofezin (purity,
99.6%) at a dose of 3.57 or 4.57 mg/1.

All rats showed blood-like red staining around the nose. One female rat in the group at the
higher dose was found dead on day 2 (Tsuda, 1984).

()  Dermal and ocular irritation

Six male New Zealand White rabbits were exposed dermally to 0.5 g of buprofezin (purity,
99.3%) in 0.5 ml of 0.9% saline for 4 h. The study was conducted according Japanese GLP require-
ments.

No clinical signs of toxicity and no mortalities were observed (Blaszcak, 1986b).

Six male New Zealand White rabbits were given 42.5 mg of ground buprofezin (purity, 99.3%)
in the right eye for 24 h; the eye was then washed. The study was conducted according Japanese GLP
requirements.

Within the first hour after application, signs of conjunctival irritation and iridial changes were
observed. In five rabbits, clinical signs had resolved within 24 h and in one rabbit within 72 h (Blasz-
cak, 1986a).

(g¢)  Dermal sensitization

In a maximization test in female Hartley Albino guinea-pigs, buprofezin showed an equivocal
potential for skin sensitization. In the challenge phase of the study, very minor initial signs of a der-
mal response, which was greater than that shown by the concurrent controls but which did not reach
score 1 of the applied scoring system, were recorded in 50% of the guinea-pigs. In the re-challenge
phase, 30% of the guinea-pigs also showed very minor signs of dermal reaction (Blaszcak, 1987).

Buprofezin (purity, 99.9%) was tested in a local lymph node assay (LLNA) that complied with
GLP requirements. Groups of five female CBA/JNCrj mice were given 25 ul of buprofezin at a con-
centration of 6.25%, 12.5% or 25.0% topically for three consecutive days.
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Since stimulation was very low at all concentrations and did not follow a dose-response
relationship the Meeting concluded that buprofezin gave negative results in the LLNA (Inagaki,
2006b).

2.2 Short-term studies of toxicity
Rats

Groups of five male and five female CD rats were exposed to buprofezin (purity, 99%) at a
dose of 0, 100, 300 or 1000 mg/kg bw per day by dermal application for at least 6 h per day for
24 days. An additional five males and five females in the control group and at the highest dose
served as reversibility groups. Rats were observed twice per day for clinical signs of toxicity, and
body weights and feed consumption were recorded regularly. Haematology, clinical chemistry and
urine analysis investigations were performed towards the end of the study. At terminal sacrifice,
macroscopic examination of the organs was performed and selected organs were weighed and
prepared for histology. The study complied with GLP.

In females at the highest dose, absolute and relative kidney weights were increased at study ter-
mination in the main study group but not in the reversibility group. In three males at the highest dose,
focal necrosis with inflammatory infiltrate in the liver was observed; in all other groups of males or
females, the incidence of this finding was one or zero. In males at the highest dose, there was more
hyperkeratosis in the skin than in males in the control group.

Table 11. Acute toxicity of buprofezin

Species Strain Sex  Route LD, LC,, (mg/l) Purity (%) Reference
(mg/kg bw)
Mouse ICR M/F  Oral > 10 000 — >99.5 Ebino & Shirasu (1981a)
Mouse ICR M/F  Intraperitoneal >10 000 — >99.5 Ebino & Shirasu (1981a)
Mouse ICR M/F  Subcutaneous > 10 000 — >99.5 Ebino & Shirasu (1981a)
Hamster  Golden- M Oral > 10 000 — >99.0 Tsuchiya & Sugimoto
(1979a)
Rat Fischer M Oral 2198 — >99.5 Ebino & Shirasu (1981b)
Rat Fischer F Oral 2 355 — >99.5 Ebino & Shirasu (1981b)
Rat Fischer M/F  Subcutaneous > 10 000 — >99.5 Ebino & Shirasu (1981b)
Rat Fischer M/F  Intraperitoneal > 10 000 — >99.5 Ebino & Shirasu (1981b)
Rat Fischer M/F  Dermal >10 000 — >99.5 Ebino & Shirasu (1981b)
Rat SD M Oral 3847 — 99.6 Komatsu (1996)
Rat SD F Oral 2278 — 99.6 Komatsu (1996)
Rat SD M Oral 1 635 — >99.0 Tsuchiya & Sugimoto
(1982)
Rat SD F Oral 2015 — >99.0 Tsuchiya & Sugimoto
(1982)
Rabbit Japanese M Oral > 5000 — >99.0 Tsuchiya & Sugimoto
albino (1979b)
Rat Fischer M/F  Inhalation — >4.57 99.6 Tsuda (1984)

F, female; M, male; SD, Sprague-Dawley
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Since the findings in this study were not clearly treatment-related and of questionable toxico-
logical relevance, the NOAEL was 1000 mg/kg bw per day (Willoughby, 1995).

Groups of 10 male and 10 female Jcl:SD rats were fed diets containing buprofezin (purity,
>99%) at a concentration of 0, 40, 200, 1000 or 5000 ppm (equal to 0, 3.4, 13.0, 68.5 and 316.2 mg/
kg bw per day in males and 0, 4.1, 16.3, 81.8 and 362.2 mg/kg bw per day in females, respectively)
for 13 weeks. The rats were observed twice per day for clinical signs of toxicity, and body weights
were recorded weekly and feed intake was noted twice per week. Ophthalmological examinations
were done at week 12 and urine analysis, haematology and clinical chemistry parameters were inves-
tigated at study termination. Organs were weighed and macroscopically and histologically examined.
This study complied with GLP.

There were no deaths and no treatment-related clinical signs in any group. In males, feed intake
was statistically significantly reduced at 200 ppm and above, beginning from week 2 at 200 ppm and
from week 1 at higher doses. In females, feed intake was lower at 5000 ppm. In males and females at
5000 ppm, body weights were statistically significantly lower than those of the controls from the first
week of treatment. At study termination, body weights were lower by 9% and 14% in males and fe-
males, respectively. In the urine of male rats, increased numbers of round epithelial cells were found
at 1000 and 5000 ppm. In males, concentrations of haemoglobin, hematocrit (erythrocyte volume
fraction) and erythrocyte and monocyte counts were statistically significantly reduced at 5000 ppm
and activated partial thromboplastin time was prolonged. For females, all except rats at the highest
dose and rats in the control group had increased erythrocyte counts and in all rats treated with bupro-
fezin MCV and MCH were lowered. In females at the highest dose, activated partial thromboplastin
time was prolonged and neutrophil counts were reduced at dietary concentrations of 200 ppm and
above.

In males at 200 ppm and above and in females at 5000 ppm, glucose concentrations were
statistically significantly reduced. Triglyceride concentrations were lowered at 5000 ppm in males
and females, and cholesterol, phospholipids and blood urea nitrogen increased. In females at the
highest dose, cholinesterase activity was slightly reduced. In females at 1000 ppm and above, a-and
B-globulins were increased, as was albumin at 5000 ppm. Albumin and a- and -globulins were in-
creased in males at 5000 ppm and y-globulins were lowered.

At 5000 ppm in males and females, thyroids and livers were enlarged and livers had a dark
brownish appearance. In males at 5000 ppm, caeca were enlarged and kidneys appeared dark
brownish in colour. Treatment-related organ-weight changes included increases in absolute and
relative liver and thyroid weights and decreases in absolute and relative spleen weights in males
and females at 5000 ppm (Table 12). Liver weights in females were also increased at 1000 ppm.
In males and females at 5000 ppm, absolute heart and lung weights were statistically significantly
decreased but not the relative weights, while relative brain weights were increased but not absolute
brain weights.

In the livers of males and females at 5000 ppm, hepatocellular hypertrophy, enlarged hepa-
tocellular nuclei and nucleoli, focal infiltration of small round cells and, additionally, in females
single-cell and focal hepatocellular necrosis and focal infiltration of small round cells were observed
(Table 13). The thyroids of males and females at dietary concentrations of 1000 ppm and above
showed thickening and hyperplasia of follicular epithelial cells. In males at 200 ppm and above, fatty
changes of the proximal tubular epithelium in the kidney were seen without a clear dose—response
relationship.

The NOAEL was 40 ppm, equal to 3.4 mg/kg bw per day, on the basis of decreased feed intake
in males and mild clinical chemistry changes at 200 ppm (Watanabe, 1986).
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Table 12. Body weights, absolute organ weights and relative organ weights for rats given diets

containing buprofezin for 13 weeks

Dietary Body Organ weights
concentration weight (g) -
(ppm) Liver

Spleen Thyroid

Absolute (g) Relative (%) Absolute (g) Relative (%) Absolute (g) Relative (%)

Males
0 536 16.702 3.11 0.958 0.18 0.021 0.0039
40 533 15.139 2.83* 0.869 0.16 0.023 0.0042
200 519 14.597* 2.82% 0.896 0.17 0.022 0.0042
1000 517 16.490 3.19 0.866 0.17 0.025 0.0048*
5000 484%* 21.995%* 4.54%* 0.738** 0.15% 0.043%* 0.0088**
Females
0 272 7.825 2.88 0.549 0.20 0.016 0.0060
40 269 7.377 2.75 0.520 0.19 0.016 0.0058
200 266 7.467 2.80 0.511 0.19 0.016 0.0060
1000 258 8.270 3.22% 0.479 0.19 0.017 0.0067
5000 238** 10.539%* 4.44%* 0.413%* 0.17%* 0.038%* 0.0159%*
From Watanabe (1986)
*p<0.05
** p<0.01

Table 13. Histological changes in rats given diets containing buprofezin for 13 weeks

Dietary concentration (ppm)

Incidence of histological changes

Males (n = 10) Females (n = 10)

0 40 200 1000 5000 O 40 200 1000 5000

Liver

Single-cell necrosis

Focal necrosis

Hepatocellular hypertrophy
Enlargement of hepatocellular nuclei
Enlargement of hepatocellular nucleoli
Focal infiltration of small round cells
Fat-loaded hepatocytes

Kidney

Fatty change of proximal tubular epithelium
Thyroid

Thickening/hyperplasia of follicular epithelial cells

o o0 o 2 10 o 0 o0 0 10

0 0 0 0 10 0 0 0 2 8
0 0 0 0 7 0 0 0 1 7
0 0 0 0 0 I 0 1 0 5
0 1 0 0 5 o 1 2 3 2
3 4 6 7 8 8 2 7 4 2

From Watanabe (1986)
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Dogs

Groups of four male and four female beagle dogs were given capsules containing buprofezin
(purity, 99%) at a dose of 0, 2, 10, 50 or 300 mg/kg bw per day for 13 weeks. Clinical signs, feed
consumption and body-weight development were recorded regularly, haematology, blood chemistry
and urine analysis were noted periodically and ophthalmology was performed towards the end of the
study. After terminal sacrifice, organ weights were recorded and organs were examined macroscopi-
cally and histologically. The study complied with GLP.

Subdued behaviour was observed in one male at 50 mg/kg bw per day and in virtually all dogs at
300 mg/kg bw per day 1 h after treatment and persisted throughout the day. This observation was made
predominantly in the early part of the first week of treatment, but also at other time-points throughout
the study. During the course of the study, the incidence of this finding clearly decreased. Subdued
behaviour was also seen occasionally in two females at 2 mg/kg bw per day. In virtually all dogs at
300 mg/kg bw per day, slight ataxia (unsteadiness on feet) was observed 1 h after treatment and per-
sisted for about 5 h. This observation was made early in the first week of treatment resolving in females
in the first week but persisting with a lower incidence throughout the first nine weeks in one male. Two
males and two females at the highest dose showed abdominal distension usually 1 h after treatment,
which usually persisted for 4 h. This effect was also seen in one male in week 2 of treatment.

Dogs at the highest dose had slightly lower feed intake when compared to the pre-treatment pe-
riod and to that of the controls and body-weight gains were statistically significantly decreased (Table
14). Prothrombin time in females at the highest dose was statistically significantly extended and the
activity of alkaline phosphatase (ALP) was increased in males at 50 mg/kg bw per day and in males
and females at the highest dose (Table 15). At the highest dose, alanine aminotransferase (ALT)
activity was also slightly but statistically significantly increased. In all males receiving buprofezin,
absolute and relative liver weights were increased. The effect was statistically significant for males
and females at 50 and 300 mg/kg bw per day (Table 16). In males at doses of 50 mg/kg bw per day
and above, absolute and relative thyroid weights were increased and in females the relative weights of
the thyroid were increased at the highest dose. Absolute and relative kidney weights were increased in
males at the highest dose; only the relative kidney weight was increased statistically significantly in
females. On histological examination, homogeneity of hepatocellular cytoplasm was seen in all dogs
at 300 mg/kg bw per day and in three males and three females at 50 mg/kg bw per day. Additionally,
in all dogs at 300 mg/kg bw per day and in one female at 50 mg/kg bw per day, eosinophilic bodies
in the hepatocellular cytoplasm were found.

The NOAEL in this study was 10 mg/kg bw per day, on the basis of increased ALP activity and
liver- and thyroid-weight increases at 50 mg/kg bw per day (Broadmeadow, 1986).

Table 14. Mean terminal body-weight gain in dogs given capsules containing buprofezin for
13 weeks

Dose (mg/kg bw per day) Body-weight gains + standard deviation (kg)

Males Females
43+0.5 3.8+0.6
2 38+04 34+0.5
10 3.7+0.6 32+0.5
50 35+£04 3.4+03
300 32+0.7* 2.0 £ 1.4%*
From Broadmeadow (1986)
*p<0.05
** p<0.01

BUPROFEZIN 35-80 JMPR 2008



50

Table 15. Mean activity of alkaline phosphatase in dogs given capsules containing buprofezin for

13 weeks
Dose Alkaline phosphatase activity + standard deviation (U/1)
(mg/kg bw per day)
Males Females
Week -1 Week 6 Week 12 Week -1 Week 6 Week 12
0 105+ 18 76 +17 68 +17 98 + 18 72+ 16 57+ 12
2 121 £ 19 90 + 12 82+6 119 +£25 85+17 92 +39
10 110+ 18 94 + 17 94 + 15 108 £ 19 85+ 12 83+ 11
50 103 +11 113 £20%* 129 + 30* 107 £22 96+ 17 97 +21
300 105+ 24 232 +43%* 293 4+ 62%** 101 +£12 218 £41** 281 + 129**
From Broadmeadow (1986)
*p<0.05
** p<0.001

Table 16. Relative organ weights in in dogs given capsules containing buprofezin for 13 weeks

Dose (mg/kg bw per day) Body weight (kg) Relative organ weight + standard deviation (% of body weight)

Liver Kidney Thyroid (x 1000)
Males
0 144 3.1£0.2 0.41 £0.02 54+1.6
2 13.7 34+£0.3 0.41+0.02 6.1+0.6
10 13.7 38+04 0.44 +0.02 6.9+1.3
50 13.6 43 +0.6* 0.45+0.03 9.0 £0.7**
300 12.9 52 +0.7*%* 0.51 £0.04** 11.3£0.6%*
Females
0 133 3.1+0.2 0.43 £0.04 6.7+13
2 12.9 3.0+0.2 0.42 £0.02 7.6+1.7
10 12.8 33+0.1 0.43 +0.03 72+0.9
50 13.2 3.7+0.2% 0.42 +0.04 7.6+0.5
300 11.6 5.0 £ 0.5%* 0.53 +£0.03* 9.2+ 1.4%
From Broadmeadow (1986)
*p<0.01
** p <0.001

Groups of six male and six female beagle dogs received oral capsules containing buprofezin
(purity, > 99.3%) at a dose of 0, 2, 20 or 200 mg/kg bw per day for 2 years (107 weeks). Clinical
signs of toxicity, feed consumption, body-weight development, ophthalmology, haematology, blood
chemistry parameters and urine analysis were recorded regularly. After terminal sacrifice, organ
weights were recorded and organs were examined macroscopically and histologically. A statement of
quality assurance was included.

BUPROFEZIN 35-80 JMPR 2008



51

No treatment-related clinical signs of toxicity were observed. Terminal body-weight gain
was low in males and females at the highest dose but statistically significant only in females
(Table 17). This effect in males was attributable to decreased body-weight gains in the first 6
months of administration and in females in the second year of the study. A trend in absolute
liver-weight increases was seen in males at the intermediate dose and above and in all females
receiving buprofezin, becoming statistically significant in females at the intermediate dose and
above. Relative liver weights were increased in all treated females and in males at the highest dose
(Table 17). Relative thyroid weights were increased in males and females at the highest dose. An
elongated activated partial thromboplastin time in males at the highest dose only at week 26 and
at study termination was considered to occur by chance. In males and females at the intermediate
and the highest dose, ALP activity was statistically significantly increased when compared to
that in dogs in the control group (Table 18). An electrophoretic isoenzyme analysis showed that
hepatic ALP isoenzyme contributed most to the increased ALP activity. In the second year of
treatment, the activity of ALT was also increased in dogs with high ALP activity. Unchanged
bromosulfonphthalein retention time in all dogs receiving buprofezin indicated normal liver
function. In males and females at 200 mg/kg bw per day, fluctuations in thyroxine concentrations
with a trend to lower concentrations was observed. Many male and female dogs at the intermediate
dose and the highest dose, but none at the lowest dose or in the control group, were found to
have slight bile-duct hyperplasia. Slight hepatocellular hypertrophy was found in males at the
intermediate dose and at the highest dose. Four and thee females at the intermediate and the highest
dose, respectively, had mammary hyperplasia while this change was only seen in one dog in the
control group and one dog at the lowest dose.

The NOAEL was at 2 mg/kg bw per day on the basis of liver-weight increases and correlating
histological changes and clinical chemistry changes at 20 mg/kg bw per day (Cummins, 1982).

Table 17. Mean terminal body-weight gain and organ weights" in dogs given capsules containing

buprofezin for 2 years
Dose (mg/kg bw per day) Body-weight gain (kg) Liver weight Thyroid weight
Absolute (g) Relative (%) Absolute (g) Relative (% x 1000)
Males
0 3.8+£1.7 422 £ 62 3.4+0.7 1.01+0.38 8.0+25
2 3.7+09 416 £ 63 34+04 1.10+£0.25 89+1.7
20 34+0.7 489 +71 39405 1.19+0.14 9.6+1.1
200 25+1.1 484 +47 43+04%*  130+£032 11.4+£22%*
Females
0 45+14 367 +£42 2.8+0.1 094+021 72+1.0
2 39+£1.0 414 £42 34+£04* 1.05+£0.33 8.6+25
20 42+09 458 £ 76* 3.7£0.3%%  126+041 102+25
200 2.5+ 1.2%* 477 £90** 44+ 0.6%¥*  1.35+£045 124 +£3.4%*
From Cummins (1982)
*p<0.05
** p<0.01
*** p <0.001

* + standard deviation
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Table 18. Mean activity of alkaline phosphatase in dogs given capsules containing buprofezin for

2 years

Dose (mg/kg bw per day) Alkaline phosphatase activity (U/l = standard deviation)
Week —1 Week 4 Week 52 Week 102

Males
0 111+ 14 94 + 16 72 +33 45+ 10
2 137 +39 119 £28 83 £22 57+ 19
20 121 +4 125 £ 17* 134 + 44%* 108 + 27%*
200 110+ 14 240 + 121** 362 + 239%* 310 + 372%*
Females
0 102 £ 26 78+ 17 57+ 10 56+ 16
2 100 =7 83+ 14 87+ 25 68 £ 26
20 132 +38 159 + 49%* 200 + 70** 166 + 46**
200 112 +23 210 + 66** 404 + 147** 288 + 52%*
From Cummins (1982)
*p <0.05
#* 1 <0.01

2.3 Long-term studies of toxicity and carcinogenicity
Mice

Groups of 80 male and 80 female ICR (Crj:CD-1) mice were fed diets containing buprofezin
(purity, 99.5%) at a concentration of 0, 20, 200, 2000 or 5000 ppm (equal to 0, 1.8, 17.4, 190 and
481 mg/kg bw per day in males and 0, 1.9, 17.9, 191 and 493 mg/kg bw per day in females) for 2
years (104 weeks). Ten males and ten females were killed at 52 weeks for evaluation of toxicity. In
all mice, clinical signs of toxicity, body-weight gains, feed and water consumption were regularly
recorded. Haematological, clinical-chemistry and urine parameters were investigated at 52 weeks and
at study termination. At study termination, organ weights were measured and histology on selected
organs was performed. A statement of quality assurance was given.

There were no treatment-related clinical signs or mortalities in any of the treated groups. In
males and females at 5000 ppm, body weights were slightly (females, 5—-10%; and males, approxi-
mately 5%) but statistically significantly reduced from week 6 (males) and week 9 (females) onwards.
A very slight trend to reduced body weight was also observed at 2000 ppm in males and females.
These effects were not more statistically significant by the end of the study (Table 19). No changes in
feed consumption in any group were observed.

Urine analysis showed a minor but statistically significant decrease (1-2%) in specific gravity
at 52 and 104 weeks in males and females. In females at 2000 and 5000 ppm, more mice showed
low urinary ketone-body levels. Haematology showed that mice at the highest dose at 104 weeks had
statistically significantly increased platelet numbers (males, 19%; and females, 25%). In females at
the highest dose at 52 weeks, but not at 104 weeks, erythrocytes, erythrocyte volume fraction and
haemoglobin concentrations were statistically significantly reduced by 5-8%. Females in the groups
at 2000 ppm and 5000 ppm at 52 weeks and males at 5000 ppm at 104 weeks had statistically signifi-
cantly increased cholesterol concentrations.

At 52 weeks, absolute and relative liver weights were increased in males at 200 ppm and above
and in females at 2000 ppm and above (Table 19). At 104 weeks, liver-weight increases were statistically
significant only in males at the highest dose. Absolute and relative adrenal weights were also increased
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in males at 52 weeks, but not at 104 weeks. In males and females at the highest dose, cloudy and
dark-coloured livers and in males atrophic/softened testis were found with increased incidences. The
only clearly treatment-related non-neoplastic histological changes were hypertrophic and hyperplastic
alterations in the livers of males and females at 2000 ppm and above (Table 20). In female mice,
the incidence of liver adenoma at 2000 and 5000 ppm was increased above the historical mean but
was within the range for historical controls (historical controls: mean, 5.4%; range, 1.3—12.5%), but
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Table 19. Liver-weight changes® in a 2-year study in mice given diets containing buprofezin

Dietary 52 weeks 104 weeks
concentration
(ppm) Body Absolute liver ~ Relative liver Body weight ~ Absolute liver  Relative liver
weight (g)  weight (g) weight (%) (2) weight (g) weight (%)
Males
0 51.5+51  238+0.24 4.65+0.53 475+76 3.32+1.57 7.30 +4.00
20 51.8+34 248+0.33 479 +£0.57 48.7+5.9 3.69 £2.07 7.44 £3.74
200 545+44 291 +0.44%* 5.36 +0.80* 484+73 335+1.43 7.08 £3.33
2000 509+43  2.80+0.40* 5.50 £ 0.70* 48.0+4.8 3.73 +1.67 7.82 +£3.39
5000 499+42 334+0.70%* 6.64 £0.94%**  46.5+6.2 4.40 £2.24% 9.57 +4.02*
Females
0 50.1+72 1.90+0.29 3.83 +£0.63 482+9.2 244 +1.14 5.36 +3.54
20 509+74 2.05+0.25 4.13£1.06 46.0£9.6 2.04+0.52 457+ 1.41
200 493+68 1.95+031 3.98+0.57 46.5+7.0 2.22+0.61 4.87+1.70
2000 49.1+47 228+0.31% 4.64£039%*  464+6.3 2.79 £1.08 6.02+2.11
5000 463 £6.1  2.52+£035%%F 548 £0.72%*%* 445+49 2.74 £ 0.60 6.20 +1.41
From Yoshida (1983)
*p <0.05
** p <0.01
**x p <0.001

2 + standard deviation

Table 20. Incidence of non-neoplastic and neoplastic liver lesions in a 2-year study in mice given
diets containing buprofezin

Liver lesions

Dietary concentration (ppm)

Males (n = 80)

Females (n = 80)

0 20 200 2000 5000 0 20 200 2000 5000
Non-neoplastic
Centrilobular hepatocellular swelling 3 0 10* 13%%* 4 3 15%%* 12*
Diffuse hepatocellular swelling 9 9 10 14 42%% 2 1 1 24%%
Hepatocellular hyperplasia 12 17 17 13 27** 5 7 9% 8*
Neoplastic
Adenoma 13 12 16 11 17 2 2 1 8*
Carcinoma 14 11 11 18 15 0 4 4
From Yoshida (1983)
*p <0.05
** p <0.01
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there was no dose-related increase in incidence between 2000 and 5000 ppm. In these two groups,
the incidence of liver carcinoma was also increased and was greater than the historical mean and
also slightly above the range for historical controls (historical controls: mean, 1.0%; range, 0-3.8%).
However, the incidence of carcinoma in concurrent controls was also at the upper bound of the range
for historical controls and therefore there was no dose—response relationship in this study.

The NOAEL for toxicity was 200 ppm, equal to 17.4 mg/kg bw per day, on the basis of tran-
siently increased liver-weight gains and histological changes in the liver at 2000 ppm in males and
females. The NOAEL for carcinogenicity was 5000 ppm, equal to 481 mg/kg bw per day, the highest
dose tested (Yoshida, 1983).

Rats

Groups of 55 male and 55 female Jcl:SD rats were fed diets containing buprofezin (purity,
> 99.0%) at a concentration of 0, 5, 20, 200 or 2000 ppm (equal to 0, 0.26, 0.90, 8.71 or 89.46 mg/
kg bw per day in males and 0, 0.33, 1.12, 11.19 or 114.71 mg/kg bw per day in females) for 2 years
(104 weeks). Five males and five females per group were killed at 26 weeks, and ten males and ten
females per group were killed at 52 weeks. Clinical signs of toxicity, body-weight gains and feed
consumption were recorded regularly. Haematological, clinical-chemistry and urine parameters were
investigated at 26, 52 weeks and at study termination. Phenolsulfonphthalein (PSP, phenol red) excre-
tion into the urine after intramuscular administration and bromosulfonphthalein (BSP) excretion into
serum after intravenous administration were analysed in rats in the control group and in the group at
the highest dose before study termination. At weeks 26 and 52 for the interim sacrifice groups and
at study termination, organ weights were recorded and histological investigations on selected organs
were performed. The study complied with GLP.

No treatment-related changes in clinical parameters or mortality were seen in any group re-
ceiving buprofezin. Body weight in males and females at the highest dose were slightly lower than
in controls, statistically significant only in the first 5 weeks of treatment in males and throughout the
study with the exception of the period from month 7 to 13 in females, respectively. In males, bw were
lower by 2-4% and in females by 5-10%. Feed intake was not significantly affected by treatment in
any group. No treatment-related changes in haematological parameters and PSP and BSP excretion
were found. In clinical chemistry, statistically significant and dose related decreases in serum glucose
levels were seen in females at 20 ppm and above but not in males or females at any other time-point.
In males at 2000 ppm, ALT and AST activity were consistently lower by 25-30% than in control, the
effect being statistically significant at 6 and 24 months. At terminal sacrifice, the livers of a few males
and females had a dark brownish appearance. Absolute and relative liver weights were increased in
males and females at the highest dose at all time-points. Absolute and relative thyroid weights were
increased in females at the highest dose at 26 and 52 weeks and, although not statistically signifi-
cantly, at study termination (Table 21). In males and females at 2000 ppm, increased incidences of
hepatocellular hypertrophy were seen at all sacrifice time-points (Table 22). This effect was accom-
panied by proliferation of the smooth endoplasmic reticulum in hepatocytes. Focal hepatocellular
necrosis was also increased at 52 and 104 weeks in females, and in males and females at 2000 ppm.
More hyperplastic hepatocellular nodules were found in males and females at study termination.
At 2000 ppm, males and females exhibited very high incidences of thickened and/or hyperplastic
thyroid follicular epithelia. Increased incidences of cardiac-muscle necrosis were seen in males and
females at 2000 ppm group at 52 weeks. At study termination, the incidence of this effect was high
in all groups, including controls. No dose-related increases in tumour incidences were observed (Wa-
tanabe et al., 1982).

After a change in diagnostic criteria and histopathology terminology in the late 1980s, the
histology slides of the 2-year feeding study in rats (Watanabe et al., 1982) were re-examined in the
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early 1990s (Todhunter & Goodman, 1995). Particularly affected by this criteria change were the
liver lesions previously termed “hyperplastic nodules”. Under the new classification standards, some
of these lesion were re-classified as “hepatocellular adenoma” or “foci of cellular alteration”. The
study complied with GLP.

At 2000 ppm, males and females showed increased incidences of centrilobular hepatocellular
hypertrophy and females also showed a slightly higher incidence of adenoma and eosinophilic foci
(Table 23). The increase in liver adenoma was statistically not significant, not found in males and not
accompanied by an increase in liver carcinoma it was judged accidentally. With regard to the thyroid,
F-cell hypertrophy was seen in males at 200 ppm and in males and females at 2000 ppm. C-cell hy-
perplasia was increased statistically significantly at 2000 ppm in males and females (Table 24)

The NOAEL was 20 ppm, equal to 0.9 mg/kg bw per day, on the basis of slight increases in the
incidence of thyroid F-cell hypertrophy at 200 ppm.

2.4  Genotoxicity

The genotoxic potential of buprofezin was investigated in a battery of studies of genotoxicity in
vitro and two studies of micronucleus formation in mice in vivo (Table 29). All studies in vitro gave
clearly negative results with and without metabolic activation.

One out of two studies of micronucleus formation in mice gave equivocal results and one gave
negative results. In the first study, groups of six male and female BDF1 mice were given buprofezin
at a dose of 0, 6400, 8000 or 10 000 mg/kg bw by gavage. In a first experiment, bone-marrow smears
were taken from mice at 0 or 10 000 mg/kg bw at 12, 48 or 72 h after dosing, while in a second
experiment bone-marrow smears were taken from mice at 0, 6400 and the 8000 mg/kg bw at 24 h

Table 21. Relative liver and thyroid weights in a 2-year study in rats fed diets containing
buprofezin

Dietary concen- Relative (to body weight) weight [%]
tration (ppm)

26 weeks 52 weeks 104 weeks
Liver Thyroid? Liver Thyroid* Liver Thyroid*
Males
0 2.59 +£0.25 3.65+1.13 243 +0.24 4.17+£1.11 2.69 + 069 5.18+2.26
5 2.52+£0.11 3.82+0.44 2.28+0.15 3.70+1.14 2.71 +£0.45 479 +1.25
20 2.83£0.16 3.60 =1.89 241+£0.14 3.73£0.97 2.83£0.88 4.88+1.23
200 2.52+0.19 3.34+£0.59 2.57+0.18 3.94 +£0.58 2.74 £0.66 499 +1.71
2000 3.13£0.17*¥* 459 +0.71 2.99 +0.24*%*% 471 +1.38 3.33£0.93* 10.13 £ 11.60
Females
0 248 £0.18 475 +1.04 247+0.17 5.20£0.67 2.58+£0.43 5.52£2.88
5 2.66 +0.34 5.02 +0.84 2.57+0.29 5.04+1.14 2.43+£0.27 4.75+1.58
20 2.55+0.17 5.67+0.89 245+0.16 543 £1.15 2.63 £0.45 541+1.17
200 2.51+£0.13 5.14 £1.55 2.52+0.18 6.20 +1.43 2.71+£0.35 5.13+£1.31
2000 3.16 £0.22¥*  8.06+ 1.53*%* 331 +0.34%* 6.69+1.63* 322+0.61*% 697+2.29
2% 1000
From Watanabe et al. (1982)
*p <0.05
** p <0.01
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Table 22. Incidence of non-neoplastic lesions in a 2-year study in rats fed diets containing

buprofezin

Non-neoplastic lesion Incidence of lesion

Dietary concentration (ppm)

Males Females

0 5 20 200 2000 0 5 20 200 2000
26 weeks
No. of rats examined 5 5 5 5 5 5 5 5 5 5
Enlargement of hepatocytes 0 0 0 0 2 0 0 0 0 3
Thickening and/or hyperplasia of thyroid follicular 0 0 0 1 5 0 0 0 1 5
epithelium
Necrosis of cardiac muscle 1 0 1 0 0 1 0 0 1 0
52 weeks
No. of rats examined 10 10 10 10 10 10 10 10 9 10
Enlargement of hepatocytes 0 0 0 0 4 2 0 0 0 10
Focal necrosis of hepatocytes 0 1 0 1 1 0 0 0 2 4
Enlargement of hepatocellular nuclei 0 0 1 1 0 0 0 0 0 8
Thickening and/or hyperplasia of thyroid follicular 0 0 0 2 0 0 0 0 10
epithelium
Necrosis of cardiac muscle 1 1 2 0 3 0 0 0 1 4
104 weeks
No. of rats examined 20 14 19 17 24 19 18 18 15 13
Enlargement of hepatocytes 1 0 0 0 7 0 0 0 0 2
Focal necrosis of hepatocytes 1 3 7 0 2 1 5 2 4
Enlargement of hepatocellular nuclei 5 6 8 4 6 6 6 6 6
Hyperplastic nodules of hepatocytes 1 1 4 0 0 2 2 3 5
Thickening and/or hyperplasia of thyroid follicular 0 1 0 1 24 0 0 0 0 9
epithelium
Proliferation of parafollicular cells 2 1 0 3 19 0 0 0 0 10
Necrosis of cardiac muscle 11 9 15 5 19 7 11 14 10 7

From Watanabe et al. (1982)

only. In a confirmatory experiment, bone-marrow smears were taken from mice at 0, 6400, 8000 or
10 000 mg/kg bw at 24 h after dosing. In a further experiment, groups of male and female mice re-
ceived four doses of buprofezin at 0 or 10 000 mg/kg bw on four consecutive days and bone-marrow
smears were taken 12, 24, 48 and 72 h after administration of the last dose.

The ratio of polychromatic erythrocytes (PCE) to total erythrocytes (TE) was only slightly
decreased in the experiment with repeated doses. Therefore, buprofezin was not excessively toxic to
the bone marrow.

A statistically significant increase in the frequency of micronucleated PCE (MN-PCE) was
found in all males receiving buprofezin and in females at 10000 mg/kg bw in the first and second
experiments (Table 26). In the confirmatory experiment and in the experiment with repeated doses
for 4 days, no evidence for micronucleus formation was identified. In view of the minor increase in
the frequency of MN-PCE and its non-reproducibility, the Meeting concluded that this finding was
not treatment-related (Sasaki, 1983).
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Table 23. Incidence of liver lesions at study termination in a 2-year study in rats fed diets
containing buprofezin, as originally classified and after re-examination

Liver lesion Incidence of liver lesions (%)

Dietary concentration (ppm)

Original report Re-examination

0 5 20 200 2000 O 5 20 200 2000
Males
No. of rats examined 40 40 40 40 40 39 37 39 40 40
Adenoma 0.0 0.0 0.0 0.0 0.0 2.6 2.7 7.7 0.0 10.0
Carcinoma 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 2.5

Adenoma/carcinoma combined 0.0 0.0 0.0 0.0 0.0 5.1 2.7 7.7 0.0 12.5

Hyperplastic nodules 5.0 25 125 2.5 17.5% — — — — —
Hyperplastic foci 20.0 250 250 250 25.0 — — — — —
Centrilobular hypertrophy — — — — — 0.0 0.0 0.0 0.0 27.5%
Diffuse hypertrophy — — — — — 5.1 54 7.7 5.0 17.5%
Eosinophilic foci — — — — — 205 135 128 15.0 17.5
Homogenous basophilic foci — — — — — 2.5 54 128 2.5 0.0
Tigroid basophilic foci — — — — — 7.7 243 7.7 2.5 10.0
Females

No. of rats examined 39 40 40 40 40 39 39 40 40 39
Adenoma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.7
Carcinoma 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Adenoma/carcinoma combined 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.7

Hyperplastic nodules 0.0 7.5 5.0 10.0*  15.0* — — — — —
Hyperplastic foci 154 250 15.0 17.5 27.5% — — — — —
Centrilobular hypertrophy — — — — — 0.0 0.0 0.0 0.0 35.9%
Diffuse hypertrophy — — — — — 12.8 2.6 7.5 10.0 15.4*
Eosinophilic foci — — — — — 103 103 125 225 28.2
Homogenous basophilic foci — — — — — 2.5 5.1 5.0 7.5 0.0
Tigroid basophilic foci — — — — — 0.0 2.5 100 15.0* 5.1

From Watanabe et al. (1982); Todhunter & Goodman (1995)
*p <0.05
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Table 24. Incidence of thyroid lesions in rats fed diets containing buprofezin, according to the
re-examination report at termination in a 2-year study

Thyroid lesion Incidence of lesion (%)

Dietary concentration (ppm)

Males Females

0 5 20 200 2000 O 5 20 200 2000
No. of rats examined 36 35 38 39 39 37 36 40 33 39
F-cell adenoma 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.0 2.6
F-cell carcinoma 0.0 0.0 0.0 2.6 0.0 2.7 0.0 0.0 00 26
Adenoma/carcinoma combined 0.0 0.0 0.0 2.6 2.6 2.7 0.0 0.0 00 5.1
F-cell hypertrophy 16.7 314 316 487* o4.1* 8.1 5.6 25 121 51.3*
F-cell hyperplasia 0.0 0.0 0.0 0.0 5.1 0.0 0.0 0.0 0.0 2.6
C-cell adenoma 8.3 5.7 5.3 2.6 0.0 5.4 2.8 0.0 3.0 0.0
C-cell carcinoma 0.0 0.0 2.6 2.6 5.1 0.0 0.0 0.0 0.0 0.0
Adenoma/carcinoma combined 8.3 5.7 7.9 5.1 5.1 5.4 2.8 0.0 3.0 0.0
C-cell hyperplasia 3.1 629 737 641 84.6* 595 556 600 66.7 82.1*

From Todhunter & Goodman (1995)
*p <0.05

Table 25. Incidences of thyroid lesions in rats fed diets containing buprofezin, according to the
original report at termination in 2-year study

Thyroid lesion Incidence of lesion (%)

Dietary concentration (ppm)

Males Females

0 5 20 200 2000 O 5 20 200 2000

No. of rats examined 40 40 40 40 39 39 39 40 40 40
Follicular epithelial thickening/hyperplasia 2.5 25 0.0 7.5 82% 00 00 00 25 43%*

From Watanabe et al. (1982)
*p <0.05

In the second study, groups of five male Slc/ICR mice were given two doses of buprofezin
at 0, 500, 1000 or 2000 mg/kg bw by gavage on two consecutive days. Mitomycin and colchicine
were used as positive controls for substances known to provoke micronucleation. In a confirmatory
experiment, mice were given two doses of buprofezin at 0 or 2000 mg/kg bw by gavage on two
consecutive days. Bone-marrow smears were prepared for staining with acridine orange 24 h after
the last dose. Immature erythrocytes and micronuclei were identified as red and yellowish green
fluorescence-emitting bodies, respectively. In a further experiment, the mechanism of DNA damage
was investigated with an anti-kinetochore antibody (CREST) and DNA-propidium staining .

The ratio of immature erythrocytes to total erythrocytes was only slightly decreased at the
highest dose in both experiments. The Meeting therefore concluded that buprofezin was not excessively
toxic to the bone marrow. In both experiments, a statistically significant increase in micronucleated
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Table 26. The frequency of micronucleated polychromatic erythrocytes as a percentage of
polychromatic erythrocytes in bone-marrow smears from BDF 1 mice given buprofezin

by gavage
Dose (mg/kg Frequency of micronucleated polychromatic erythrocytes (% of polychromatic erythrocytes)
b%) Time after dosing (h)
12 24 48 72 12 24 48 72
Males Females
Single dose: first experiment
0 0.07 0.12 0.23 0.18 0.17 0.10 0.15 0.18
10 000 0.18 0.27* 0.23 0.10 0.08 0.30* 0.20 0.10
Single dose: second experiment
0 — 0.03 — — — 0.10 — —
6 400 — 0.15% — — — 0.13 — —
8000 — 0.20%* — — — 0.08 — —
Single dose: confirmatory experiment
0 — 0.10 — — — 0.02 — —
6400 — 0.07 — — — 0.03 — —
8000 — 0.17 — — — 0.03 — —
10 000 — 0.03 — — — 0.05 — —
Repeated doses
0 0.18 0.15 0.10 0.08 0.10 0.08 0.12 0.07
10 000 0.26 0.15 0.14 0.01 0.23 0.16 0.14 0.15
From Sasaki (1983)
*p<0.05
**p<0.01

Table 27. Frequency of micronucleated immature erythrocytes and kinetochore-positive
micronuclei in Slc/ICR mice given two doses of buprofezin by gavage

Test substance Dose Micronucleated immature erythrocytes Kinetochore-positive
(mg/kgbw) (% of immature erythrocytes) micronuclei
(% of all micronuclei)
First experiment ~ Confirmatory experiment
Buprofezin 0 0.15 0.11 24.0
500 0.12 — —
1000 0.18 — —
2000 2.02%* 0.34%* 31.6
Mitomycin 3 6.95%* 4.65%* 14.6*
Colchicine 1 — 1.90%* 61.2%*
From Inagaki (2006¢)
*p<0.05
** p<0.01
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immature erythrocytes was observed at the highest dose. While the aneugenic substance colchicine
significantly increased the percentage of the kinetochore-positive micronuclei, the highest dose of
buprofezin showed a slight and statistically not significant increase in kinetochore-positive micronuclei
(Inagaki, 2006c).

In a published study, Syrian hamster embryo cells were exposed to buprofezin at a concen-
tration of 12.5-100 umol/l and the induction of morphological transformation of colonies, DNA
repair-synthesis and micronuclei were investigated. To separate a putative aneugenic potential from
clastogenic potential, kinetochore-positive micronuclei were stained with an anti-kinetochore se-
rum (CREST). As control substances for aneugenic or clastogenic effects, respectively, the known
aneugenic compound diethylstilbestrol (DES) and the clastogenic compound nitroquinoline-N-oxide
(NQO) were included. As control substance for morphological transformation of Syrian hamster
embryo cell colonies, praziquantel (PRZ) was used. The cloning efficiency and survival of cells
treated with buprofezin were slightly lowered at all doses in a non-dose-related manner. Treatment
with buprofezin did not induce DNA repair-synthesis at any dose. A clear response to treatment
with buprofezin was seen in the form of increased transformation frequency, increase in micronuclei
and kinetochore-positive micronuclei was seen at the highest concentration of 100 umol/l, equal to
30.5 pug/ml (Table 28) (Herrera et al., 1993).

In another published study, buprofezin was tested for its potential to induce chromosomal ab-
errations in male mice given a single oral dose of a 25% formulation. At doses of 1.4 and 2.8 g/kg
yes bw (corresponding to active ingredient, 350 and 700 mg/kg bw), an increase in the frequency of
abnormal metaphase chromosomes of up to twofold was seen. Because the test material was a for-
mulation with unknown ingredients, the increase in metaphase abnormalities was not interpretable
because it was not necessarily related to treatment with buprofezin (Fahmy & Abdalla, 1998).

In conclusion, buprofezin was tested for genotoxicity in an adequate range of studies in
vitro and for micronucleus formation in vivo. In the submittestudies, there was no evidence for
genotoxicity in vitro; however, in the published non-GLP study (Herrera et al., 1993), micronuclei
were induced in cultured cells by an aneugenic mechanism, rather than by chromosomal breakage.

Table 28. Frequency of micronucleated immature erythrocytes and kinetochore-positive
micronuclei in Syrian hamster embryo cells treated with buprofezin

Test substance Concentration  Transformation Micronuclei per 2000  Kinetochore-positive
(umol/1) frequency (%) cells? micronuclei (%)

DMSO 0.1% <0.12 22.0+4.6 12
Buprofezin 12.5 0.17 29.7+6.7 57
25 0.19 32.0 +6.6* 58
50 0.18 31.3+1.5%* 50
100 0.80 51.3 £5.5%** 70
PRZ 50 0.18 — —
NQO 1 — 64.7 £ 12.7%** 22
DES 30 — — 69

From Herrera et al. (1993)

DES, diethylstilbestrol; DMSO, dimethyl sulfoxide; NQO, nitroquinoline-N-oxide; PRZ, praziquantel
* Three independent experiments

*p<0.05

** p <0.025

** p <0.005
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In the experiments on micronucleus induction in immature erythrocytes of bone marrow of mice
in vivo, conflicting results were obtained. One study reported statistically significantly increased
incidences in two experiments, but the numerical results were very different and were nd ot fully
supported by the equivocal results of an earlier study in which the doses administered were five times
higher. Furthermore, the suggestion of an aneugenic effect in vitro in the published study was not
confirmed in vivo.

2.5  Reproductive toxicity
(a)  Multigeneration studies

Rats

Groups of 30 male and 30 female Wistar-Imachi rats (age 3 weeks) were fed diets containing
buprofezin (purity, 99.1%) at a concentration of 0, 10, 100 or 1000 ppm, equal to 0, 0.6-0.8, 6.0-8.1
or 62.5-86.5 mg/kg bw per day in males and 0, 0.8-0.9, 7.9-8.9 or 82.6-85.2 mg/kg bw per day in fe-
males. All rats were exposed throughout the study, beginning 13 weeks before mating. After mating,
dams were allowed to produce two litters (F a and F b). For developmental investigations, ten dams
per group underwent caesarian section on day 21 of gestation. To produce F, parents, the remaining
dams were allowed to rear F b pups. F,a and F b generations were treated with buprofezin in the same
way as the F a and F b generations. Feed and water intake and body weights were recorded weekly
and clinical signs were recorded daily. The reproductive parameters fertility, duration of gestation,
litter size, live and dead pups and postnatal development of pups were recorded. Upon caesarian sec-
tion, implantation and pup developmental parameters were investigated. All rats in this study under-
went a gross pathology examination. A statement of quality assurance was provided.

No clinical signs of toxicity attributable to treatment with burofezin were observed at any
dose. F, and F, but not F| males and females at 10, 100 or 1000 ppm had statistically significantly
lowered body weight in the first weeks of treatment (up to approximately 17% in males at the high-
est dose and approximately 10% in females, respectively). Only in males at 1000 ppm did this effect
persist throughout the study, although with a clear trend for recovery. At all other doses, the low body
weights returned to normal values within 2-6 weeks. F and F| females had also slightly lower body
weights at days 0 or 4 of lactation at all doses. Thereafter, body weights increased to normal. Feed
and water intake was not affected by treatment.

Fertility parameters were not affected in males or females receiving buprofezin. The viability
index at postnatal day 4 was lower in the F a generation at 10 and 1000 ppm, but comparable to val-
ues for controls in the other generations. The body-weight gains in male and female F a, F b, F a and
F,b pups decreased statistically significantly from postnatal day 4 to postnatal day 21 in the group
at 1000 ppm when compared with values for the controls. At postnatal day 21, mean group body
weights in this group were 10-18% lower than values for the controls. The incidences of skeletal
and visceral variations and malformations were similar in all groups. With the exception of F males,
absolute and relative liver weights were increased in males and females at the highest dose in the F,
F and F, generations.

The NOAEL for parental toxicity was 100 ppm, equal to 6.0-8.1 mg/kg bw per day, on the
basis of decreased body-weight gain in males at 1000 ppm. The NOAEL for reproductive effects was
1000 ppm, equal to 62.5-86.5 mg/kg bw per day, the highest dose tested. The NOAEL for pup devel-
opment was 100 ppm, equal to 6.0-8.1 mg/kg bw per day, on the basis of reduced pup body-weight
gain during lactation at 1000 ppm (Takeshima, 1982).

In a supplemental study, groups of 25 male and 25 female Wistar-Imachi rats (age 3 weeks)
were fed diets containing buprofezin (purity, 99.1%) at a concentration of 0, 10, 100 or 1000 ppm,
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equal to 0, 0.6, 6.4 or 65.6 mg/kg bw per day in males and 0, 0.9, 8.9 or 82.8 mg/kg bw per day in
females All rats were exposed throughout the study, beginning 13 weeks before mating. The design of
this study was the same as that of the previous study (Takeshima, 1982), except that only one genera-
tion (F,a and F b) was produced and no caesarian sections for fetal examinations were performed.

No treatment-related effects on body-weight development, feed intake, clinical condition or
fertility were observed. As in the first study, body-weight gains of male and female F a and F b pups
decreased statistically significantly from postnatal day 4 to postnatal day 21 in the group at 1000 ppm
when compared with values for the controls. At postnatal day 21, mean group body weights were
12-17% lower than those of the controls. Relative liver weights in male and females of the F | genera-
tion were slightly increased.

The NOAEL for parental and reproductive effects was 1000 ppm, equal to 65.6 mg/kg bw per
day, the highest dose tested. The NOAEL for pup development was 100 ppm, equal to 6.4 mg/kg bw
per day, on the basis of reduced pup body-weight gain during lactation at 1000 ppm (Takeshima,
1985).

In a third study of reproductive toxicity, groups of 26 male and 26 female Wistar-Imachi rats
(age 3 weeks) were fed diets containing buprofezin (purity, 99.0%) at a concentration of 0, 10, 100 or
1000 ppm, equal to 0, 0.64—0.75, 6.46—7.42 or 66.0—73.97 mg/kg bw per day in males and 0, 0.92—
1.02, 9.21-10.2 or 93.11-99.57 mg/kg bw per day in females. All rats were exposed throughout the
study, beginning 10 weeks before mating. Only one filial generation in F| and F, were produced. Feed
intake and bodyweights were recorded weekly and clinical signs were recorded daily. Fertility, dura-
tion of gestation, litter size, live and dead pups and postnatal development of pups were recorded. All
rats underwent a gross pathology examination and selected organs were examined histologically. The
study complied with GLP.

There were no treatment-related effects on clinical parameters, body weights, feed intake, fer-
tility or litter data at any dose. Pup body-weight gains of males and females decreased statistically
significantly from postnatal day 7 to postnatal day 21 in the group at 1000 ppm. At postnatal day 21,
mean group body weights were approximately 10% lower in rats at 1000 ppm than in the control
group. Statistically significant increases in absolute and relative organ weights at 1000 ppm were
found in the kidney of males of both generations (Table 30). Other organ-weight changes in males
and females were either only significant as absolute or relative weights or found in one generation
only and therefore judged not to be relevant. There were no histological correlates accompanying the
slight organ-weight changes.

The NOAEL for parental toxicity was 100 ppm, equal to 6.46 mg/kg bw per day, on the basis
of very slight organ-weight changes. The NOAEL for reproductive effects was 1000 ppm, equal to
66.0 mg/kg bw per day, the highest dose tested. The NOAEL for offspring toxicity was 100 ppm,
equal to 6.46 mg/kg bw per day, on the basis of reduced pup body-weight gain at 1000 ppm during
lactation (Toyohara, 1997).

(b)  Developmental toxicity

Rats

Groups of 22 one-to-one paired and pregnant Sprague Dawley CD rats received buprofezin
(purity, 99.0%) at a dose of 0, 50, 200 or 800 mg/kg bw per day in 2% gum arabic by oral gavage on
days 615 of gestation. The rats were examined daily for clinical condition and mortalities, and body
weight, feed intake and water consumption were recorded regularly. On day 20 of gestation, fetuses
were delivered by caesarean section and uterine examination was performed. Fetuses were examined
for external, skeletal and visceral abnormalities. The study complied with GLP.
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Table 30. Organ weight changes in parental rats given diets containing buprofezin in a study of
reproductive toxicity

Organ Weight Organ-weight change (% of values for controls)
Males Females
0 10 100 1000 0 10 100 1000

F, generation

Absolute 100.0 110.6* 103.8 114.9**  100.0 96.0 98.3 111.3%**

Liver
Relative 100.0 106.5* 101.8 110.6%* 100.0 944 95.1 106.9
Kid Absolute 100.0 107.1* 105.6 111.7%* 100.0 107.5%* 104.5 104.1
idne
4 Relative 100.0 103.6 103.9 108.2%%* 100.0 105.7** 101.3 99.7
Absolute 100.0 109.6* 101.9 109.6* 100.0 101.6 106.3 115.6%*
Adrenals

Relative 100.0 107.1 100.0 107.1 100.0 99.5 103.2 110.4*
F, generation

Absolute 100.0 107.4* 1042  107.9* 100.0 98.4 95.1 102.2

Liver
Relative 100.0 103.6 99.8 103.4 100.0 99.7 93.7 98.8
Kid Absolute 100.0 106.8** 108.6** 110.2**  100.0 100.7 98.2 94.7
idne
4 Relative 100.0 102.8 103.9 105.7**  100.0 102.4 96.8 92.2%
Absolute 100.0 105.1 105.1 111.9¥*  100.0 98.7 98.7 107.9%
Adrenals )
Relative 100.0 101.8 100.9 108.0 100.0 100.8 97.9 105.0
From Toyohara (1997)
*p<0.05
** p<0.01

Thirteen rats at the highest dose showed several signs of ill-health: loose faeces, lethargy,
hunched posture, thin appearance, piloerection and partially closed eyelids. The first appearance of
these effects was on day 10 of gestation. One rat in this group was killed in extremis with gastrointes-
tinal disturbances. No treatment-related clinical signs were seen in rats at the other doses.

From day 7 to day 10 of gestation, females at the highest dose did not gain body weight and
thereafter they gained body-weight at approximately at the same rate as in the other groups but
remained consistently 8-9% lower in weight than the controls (Table 31). From day 7 of gestation
onwards, feed intake was statistically significantly reduced and water intake increased in the group
at the highest dose. Increased water consumption was also observed in rats at 200 mg/kg bw. On
final necropsy, two dams in the group at the highest dose (but none in the other groups) had bilateral
hydroureter. No other treatment-related changes were observed in dams.

Four dams in the group at the highest dose had total litter losses, presumably as early
postimplantation losses. If these rats were not included, the postimplantation losses were still high
and fetal body weights were statistically significantly low when compared with those of the controls
(Table 32). In the group at the highest dose, there were more fetuses with a space between body-wall
and organs, subcutaneous oedema and retarded ossification (Table 33). The incidence of retarded
ossification was also slightly increased at 200 mg/kg bw per day.

The NOAEL for both maternal and fetal toxicity was 200 mg/kg bw per day on the basis of
decreased body-weight gains in dams, total litter losses and delayed fetal development as shown by
retarded ossification and low fetal body weight at 800 mg/kg bw per day (Tesh et al., 1987).
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Table 31. Group mean body weights during gestation in a study of developmental toxicity in rats
given buprofezin by gavage

Dose (mg/kg bw per day)

Mean body weights (g)

Day of gestation

0 7 8 9 10 11 12 14 15 16 18 20
0 211 244 250 254 260 267 272 285 294 305 334 363
50 211 248 251 256 261 268 273 286 297 309 337 366
200 212 248 253 259 266 272 278 290 298 308 332 362
800 211 245  245% 245% 244% 249*% 254% 267* 274* 283* 304* 331*

From Tesh et al. (1987)
* p<0.001

Table 32. Litter data for dams killed on day 20 of gestation in a study of developmental toxicity in

rats given buprofezin by gavage

Dose No. of Total litter  No. of live No. of Implantation Fetal weight (g)
(mg/kg bw per day)  pregnantrats  losses fetuses resorptions  losses (%)
Pre- Post-

0 22 13.9+1.7 0.7+0.9 7.0 5.0 3.40 +0.06

50 22 14.1+2.1 09+09 7.6 5.8 3.41+0.06
200 21 13.7+2.1 1.0+1.0 6.1 7.1 3.34£0.06
800 21 4% 10.5+£57%  45+£2.1%% 99 30.2%%  —

800" 17 0 129425 22+1.5 10.1 14.7*  3.04 £ 0.07%**
From Tesh et al. (1987)

*p<0.05

** p<0.01

**% p <0.001

2 Derived from 18 litters.

® Derived from surviving rats bearing live fetuses.

Table 33. Incidence of fetal findings in a study of developmental toxicity in rats given buprofezin

by gavage
Dose No. of litters  No. of  Incidence of finding (%)
(mg/kgbw  examined fetuses
per day)
Body-wall ~ Subcutaneous Incomplete ossification First thoracic
organ oedema vertebral
space Interparietal Sternebrae centrum absent
bone (third)
0 22 153 1.3 15.1 39.9 52 1.3
50 22 159 0.7 9.9 42.1 6.9 1.3
200 21 143 2.8 21.5 60.8%*® 14.0 0.7
800 17 112 18.5%° 45.4%%a T4, 1¥%%0 25.9%%%a 10.7%a
From Tesh et al. (1987)
*p<0.05
** p<0.01
**¥ p<0.001

2Qutside range for historical controls.

® Within range for historical controls.
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Rabbits

Groups of 17 artificially inseminated and pregnant New Zealand White rabbits received bupro-
fezin (purity, 99.0%) at a dose of 0, 10, 50 or 250 mg/kg bw per day in 2% gum arabic by oral gavage
on days 6—19 of gestation. The rabbits were examined daily for clinical condition and mortalities,
and body weight, feed intake and water consumption were recorded regularly. On day 29 of gestation,
fetuses were delivered by caesarean section and uterine examination was performed. Fetuses were
examined for external, skeletal and visceral abnormalities. The study complied with GLP.

In the group at 10 mg/kg bw per day, one rabbit died and another was killed in extremis. The rea-
sons were not treatment-related gastrointestinal and respiratory tract disturbances. In the first 4 days of
treatment, rabbits at the highest dose lost weight; thereafter they gained body weight at approximately at
the same rate as did rabbits in the other groups but remained consistently 4—7% lighter than the controls
(Table 34). In this group, feed intake on days 6—12 of gestation was approximately 35% lower than that
of the controls; thereafter it increased to more than that of the controls. Water intake was not affected.

One rabbit at 50 mg/kg bw per day aborted on day 25 of gestation and two rabbits at 250 mg/
kg bw per day showed total litter losses. Since this was within the range for historical controls (two
litter losses in 1 out of 28 historical control groups, and one litter loss in 3 out of 28 historical control
groups) a link with treatment is questionable. No other litter parameters were affected by treatment
(Table 35). One fetus in rabbits at the intermediate dose and one in rabbits at the highest dose had
agenesis of one kidney. A supplemental position paper provided by the company including additional
historical data shows that this finding is occasionally induced by untreated carrier males (Yoshizane,
2008). Two fetuses in the group at the highest dose had enlarged aortic arches. No other dose-related
effects on fetuses were observed (Table 36).

The NOAEL for maternal toxicity was 50 mg/kg bw per day on the basis of reduced body-
weight gain at 250 mg/kg bw per day. The NOAEL for fetal toxicity was 50 mg/kg bw per day on the
basis of an increased incidence of enlarged aortic arches in fetuses at 250 mg/kg bw per day (Tesh
etal., 1986).

2.6 Special studies

(@)  Thyroid function

In rats, the thyroids of males and females given buprofezin at dietary concentrations of
1000 ppm and above in a 90-day feeding study (Watanabe, 1986) and at 2000 ppm in a 104-week
feeding study (Watanabe et al., 1982; Todhunter & Goodman, 1995) showed thickening and hyper-
plasia of follicular epithelial cells. In a mechanistic study to elucidate the possible thyroidal mode of
action of buprofezin, male SD rats, ddY mice, Hartley guinea-pigs and Japanese White rabbits were
exposed to buprofezin (purity, 99%) and to propylthiouracil (PTU), which served as an anti-thyroidal
positive control. In the animals tested, serum concentrations of tri-iodothyronine (T3) and thyroxin
(T4) and protein-bound iodine (PBI) were measured. Additionally, thyroid weights were recorded and
thyroid peroxidase (TP) activity was measured and pituitaries were investigated histologically. The
number of animals used in the study was not given.

In test 1, groups of rats were given buprofezin at a dose of 0 or 500 mg/kg bw per day by gav-
age for 1, 2, 4, or 7 consecutive days; the control group was probably treated only once. In test 2,
groups of rats were given buprofezin at a dose of 0, 100, 300, 500, 1000 mg/kg bw per day by gavage
for 7 consecutive days.

Serum T3 concentrations were decreased after the administration of four doses of buprofezin
at 500 mg/kg bw and T4 was decreased after two doses (Table 37). T3 and T4 concentrations were
decreased after dosing at 300 mg/kg bw per day for 7 days (Table 38), although the decrease in T3
did not follow a dose—response relationship.
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Dose (mg/kg bw per day) Mean body weight (kg)

Day of gestation

0 6 8 10 12 14 16 18 20 24 28
0 4.00 412 413 419 421 428 435 436 437 444 447
10 396 410 411 416 419 426 431 432 434 440 445
50 396 409 412 416 419 425 431 431 432 442 443
250 397 406 391 390 394 404 410 413 415 428 428

From Tesh et al. (1986)

Table 35. Litter data for dams killed on day 29 of gestation in a study of developmental toxicity in
rabbits given buprofezin by gavage

Dose (mg/kg ~ No. of pregnant  Abortion and total ~ No. of live No. of resorp-  Implantation ~ Fetal weight
bw per day) animals litter resorption fetuses tions losses (%) (2)

Pre- Post-
0 16 0 9.0+2.0 0.6+0.8 136 59 42.0+138
10 14 0 79+2.6 0.4+0.6 19.0 4.3 44.0+1.8
50 17 1 8.5+1.7 1.0+£1.0 12.1 105 41.8+19
250 14 20 7.8+22 0.6+0.8 14.4 6.9 41.24+2.0

From Tesh et al. (1986)
 Abortion.

® Total litter resorption.

Table 36. Incidences of fetal observations in a study of developmental toxicity in rabbits given

buprofezin by gavage
Fetal observation Dose (mg/kg bw per day) Historical controls®
0 10 50 250
Mean (%) Range (%)
No. of fetuses examined 144 110 136 94
Litters 16 14 16 12
Aortic arch enlarged 0 (0%) 0 (0%) 0 (0%) 2 (2.1%)" 0.01 0-0.9
Agenesis of one kidney 0 (0%) 0 (0%) 1 (0.7%) 1(1.1%) 0.02 0-1.1

From Tesh et al. (1986)

2 Two litters affected.

b Data for 92 studies, 9385 fetuses.
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Table 37. Serum concentrations of T3 and T4 in rats given buprofezin at 0 or 500 mg/kg bw
per day for up to 7 days (test 1)

Day of treatment Concentration (ng/dl)

T3 T4
Negative control® 99.0+19.7 3.80+1.33
1 1104 +7.5 2.40 +£0.30
2 84.6 £16.9 1.50 +£0.41
4 65.6+11.3 0.85+0.65
7 60.6 +5.9 0.58 £0.37

From Konaka & Nokata (1989)
T3, triiodothyronine; T4, thyroxin.
2Probably treated once only at 0 mg/kg bw per day.

Table 38. Serum concentrations of T3 and T4 in rats given buprofezin at varying doses for
7 days (test 2)

Dose (mg/kg bw per day) Concentration (ng/dl)

T3 T4
0 99.0 +£12.6 2.86 +£0.57
100 90.2+10.7 2.54+0.70
300 65.8+7.6 1.16 £0.42
500 60.0 +16.9 0.41£0.26
1000 68.8+13.1 0.20 +0.23

From Konaka & Nokata (1989)
T3, triiodothyronine; T4, thyroxin.

Table 39. Serum concentrations of T3 and T4 in rats given diets containing buprofezin at varying
doses or PTU for 1, 3 or 6 months (test 3)

Test substance Dietary concentra- Months of treatment
tion (ppm)

1 3 6

Concentration of T3 (ng/dl)

Buprofezin 0 88.8 £ 19.1 114.8 £33.4 116.2 £ 14.1
1000 79.0 +£16.1 127.1+£25.1 120.0+21.4
5000 56.9+11.1 138.4 +37.9 122.0+6.3

PTU 200 17.0 +£10.8 29.9+11.8 20.5+14.1

Concentration of T4 (ug/dl)

Buprofezin 0 4.01 £0.62 4.46 +£0.91 2.99 £ 0.63
1000 3.93+0.51 3.98 +£0.43 2.90+0.53
5000 1.53+0.51 243 +0.94 2.51+0.03

PTU 200 ND ND 0.51+0.17

From Konaka & Nokata (1989)
ND, not detected; PTU, propylthiouracil; T3, triiodothyronine; T4, thyroxin.
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In test 3, groups of rats were fed diets containing buprofezin at a concentration of 0, 1000 or
5000 ppm or PTU at 200 ppm for 1, 3 or 6 months. Serum concentrations of T3 were only slightly
low after 1 month of treatment at 5000 ppm. Serum concentrations of T4 were low in the group

at 5000 ppm, with a clear trend for recovery to close-to-normal values as the study progressed
(Table 39).

In test 4, groups of rats were given buprofezin at a dose of 0 or 500 mg/kg bw per day or PTU
at a dose of 30 mg/kg bw per day by gavage for 15, 30 or 60 consecutive days. After study termina-
tion, thyroid weights, serum concentrations of T4 and TP activity were measured and pituitaries were
examined histologically.

Relative (and absolute) thyroid weights increased in rats treated with buprofezin or PTU during
the study (Table 40). Serum concentrations of T4 were initially decreased in rats treated with bupro-
fezin or PTU but showed a tendency to increase during the study. TP activities were initially increased
in rats treated with buprofezin or PTU, then recovered to normal levels at 30 days and increased again
thereafter. The pituitaries of rats treated with buprofezin or PTU showed a higher grade of vacuola-
tion than did those of rats in the control group.

To study the direct effects of buprofezin on TP activity, TP activity was measured in vitro by
incubation with buprofezin at a concentration of up to approximately 10 pumol/l or similar concentra-
tions of the known TP inhibitors, potassium cyanide (KCN) and PTU. While KCN and PTU com-
pletely inhibited TP, full TP activity was observed with buprofezin.

Furthermore, species differences in buprofezin-related changes in serum concentrations of T4
were investigated. In a first test, the dose-related decrease in T4 was shown to correlate with protein-
bound iodine (PBI) in rats treated with buprofezin and BPI was also measured as a surrogate for T4 in
mice, hamster and guinea-pigs. Repeated doses of buprofezin at 300 or 500 mg/kg bw per day (mice,
up to 1000 mg/kg bw) did not significantly change PBI concentrations in these species. In rabbits
treated with buprofezin at a dose of 300 or 1000 mg/kg bw per day, a decrease in PBI concentrations
was seen from day 2 (Konaka & Nokata, 1989).

The Meeting concluded that buprofezin at a dietary concentration of 1000 ppm (equivalent
to a dose of 68.5 mg/kg bw per day in the short-term feeding study by Watanabe, 1986) did not af-
fect serum concentrations of T3 and T4 in rats treated for up to 6 months. Dosing with buprofezin
at 500 mg/kg bw per day by gavage for 15-60 days caused increased thyroid weights and decreased
serum concentrations of T4 but did not change TP activity significantly. While these effects of bru-
profezin are comparable to those of PTU, although with a clearly lower potency, buprofezin did not
(in contrast to PTU) show any direct inhibitory effect on TP in vitro.

Table 40. Changes in relative weight of the thyroid, serum concentration of T4 and TP activity
(test 4) in rats given buprofezin or PTU by gavage

Test substance Change (% of control values)

Relative thyroid weight T4 concentration TP activity

Day 15 Day30 Day60 Dayl5 Day30 Day60 Dayl5 Day30 Day60

Negative control 100 100 100 100 100 100 100 100 100
Buprofezin 129 268 289 11 32 56 161 105 144
PTU 591 1017 1477 5 8 23 227 115 143

From Konaka & Nokata (1989)
PTU, propylthiouracil; T4, thyroxin; TP, thyroid peroxidase.
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(b)  Induction of ulcers

Groups of 10 male and 10 female F344/DuCrj rats were given buprofezin (purity, 99.5%) as
a single dose at 0, 613, 1036, 1751, 2959, or 5000 mg/kg bw by gavage. The study complied with
GLP.

At all doses, clinical signs of intoxication were observed and there was high mortality at the
two highest doses. On histological examination, induction of duodenal ulcers was observed in males
at 1751 mg/kg bw and in females at 2959 mg/kg bw (Ueda, 1985).

(c)  Studies on metabolites

(i) BF4, arat metabolite

The acute oral toxicity of the rat metabolite zert-butylhydroxy-buprofezin (BF4) (purity, 99.8%)
was investigated in groups of three female Slc:SD rats given a single dose at 300 or 2000 mg/kg bw.
The study complied with GLP. The chemical of BF4 is depicted in Figure 2.

No rats died in the group at 300 mg/kg bw, but all rats in the group at 2000 mg/kg bw died
within 24 h (Horiuchi, 2004b).

The mutagenic potential of BF4 (purity, 99.8%) was investigated in S. typhimurium strains
TA100, TA1535, TA98, TA1537 and in E. coli WP2 uvrA treated at concentrations of 15.4—1250 pg/
plate — S9 and 61.7-5000 pg/plate + S9. The study complied with GLP.

No increase in the frequency of revertant colonies was observed at any dose (Inagaki, 2004b).

(ii) BF11, a rat metabolite

The acute oral toxicity of the rat metabolite phenylbiuret (BF11) (purity, 96.9%) was investi-
gated in groups of three female F344/DuCrlCrlj rats given a single dose at 300 or 2000 mg/kg bw.
The study complied with GLP. The chemical structure of BF11 is depicted in Figure 2.

No rats died at any dose within 14 days (Nagai, 2008a).

The mutagenic potential of BF11 (purity, 96.9%) was investigated in S. typhimurium strains
TA100, TA1535, TA98, TA1537 and in E. coli WP2 uvrA treated at concentrations of 15.4—1250 pg/
plate — S9 and 15.4—-1250 pg/plate + S9. The study complied with GLP.

No increase in the frequency of revertant colonies was observed at any dose (Inagaki, 2008a).

(iii) BF25, a rat metabolite

The acute oral toxicity of the rat metabolite thiobiuret (BF25) (purity, 92.1%) was investigated
in groups of three female F344/DuCrlCrlj rats given a single dose at 300 or 2000 mg/kg bw. The
study complied with GLP. The chemical structure of BF25 is depicted in Figure 2.

No rats died in the group receiving the lower dose within 14 days, but all rats in the group re-
ceiving the higher dose died within 3 days (Nagai, 2008b).

The mutagenic potential of BF25 (purity, 92.1%) was investigated in S. typhimurium strains
TA100, TA1535, TA98, TA1537 and in E. coli WP2 uvrA treated at concentrations of 1.29—5000 pg/
plate — S9 and 1.29-1250 pg/plate + S9. The study complied with GLP.

No increase in the frequency of revertant colonies was observed at any dose (Inagaki,
2008Db).
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(iv) BF26, a plant metabolite

The acute oral toxicity of the plant metabolite BF26 (purity, 95.6%) was investigated in groups
of three female Slc:SD rats given a single dose at 50 or 300 mg/kg bw. The study complied with GLP.
The chemical structure of BF26 is depicted in Figure 2.

No rats died in the group at 50 mg/kg bw but all rats in the group at 300 mg/kg bw died within
15 min (Horiuchi, 2004a).

The mutagenic potential of BF26 (purity, 95.6%) was investigated in S. fyphimurium strains
TA100, TA1535, TA98, TA1537 and in E. coli WP2 uvrA treated at concentrations of 61.7-5000 ug/
plate + S9. The study complied with GLP.

No increase in the frequency of revertant colonies was observed at any dose (Inagaki, 2004a).

(v) Structure/activity relationship

The software Derek for Windows® (Lhasa Ltd, UK) was used to identify possible structural
alerts in the metabolites BF11, BF26 and 1-tert-butyl-3-isopropyl-5-phenyl-2-thiobiuret. No struc-
tural alerts were found (Glomski, 2007).

3. Observations in humans

In a medical surveillance report on personnel involved with the synthesis and manufacture of
buprofezin between December 1986 and January 1989, no effects attributable to buprofezin were
reported (Nokata, 1990).

Comments
Biochemical aspects

Studies with [phenyl-"*C]buprofezin showed that the radiolabel was absorbed witha C__at9h
and was rapidly excreted (> 60% in 24 h and > 80% in 48 h) in male and female rats given doses of
10 and 100 mg/kg bw. In males and females, urinary (22-25%) and faecal (70—74%) cumulative ex-
cretion at 10 and 100 mg/kg bw was similar after 4 days. In a study in bile-duct cannulated rats, oral
absorption after 24 h was low (40—45%) in males and females; of the administered dose, 30-38% was
found in bile, 3—-6% in the urine and about 5% in the liver and carcass (not including the gastrointes-
tinal tract). The difference in urinary excretion between bile-duct cannulated and non-cannulated rats
suggests that buprofezin excreted in the bile undergoes gastrointestinal re-circulation. The radiolabel
was distributed within 2 h to the organs and tissues and after 7 days the highest concentrations were
found in erythrocytes, the thyroid and the liver. The total amount of radiolabel recovered in the body
accounted for less than 0.7% of the administered dose.

In a 24-week feeding study, no evidence for accumulation was observed. The metabolism of
buprofezin was studied in rat liver homogenates and in vivo. Hydroxylation and subsequent methyla-
tion of the phenyl ring, oxidation of sulfur with subsequent ring-opening of the thiadiazinane ring and
conjugation reactions with sulfate and glucuronic acid were the main metabolic routes. Buprofezin,
4-hydroxybuprofezin (BF2), tert-butylhydroxy-buprofezin (BF4), dione metabolite (BF9), buprofezin
sulfoxide (BF10), phenylbiuret (BF11), isopropylphenylurea (BF12), 4-hydroxyisopropylphenylurea
(BF13), dimethoxy buprofezin (BF20), 4-aminophenol (BF22), 4-hydroxyacetanilide (BF23), thio-
biuret (BF25), hydroxy-methoxy-buprofezin (BF27), 2-[3-isopropyl-3-[methylsulfonylmethyl, (phe-
nyl)carbamoylJureido]-2-methylpropionic acid (BF28) and dihydroxy buprofezin (C) were identified
in the metabolism study in rats.
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The results suggested that there are no significant differences between males and females in
toxicokinetic parameters and metabolic profiles over a dose range of 10 to 100 mg/kg bw.

Toxicological data

Buprofezin was of low to moderate toxicity when administered orally, with an LD, of 1635-
3847 mg/kg bw in rats, LD, > 5000 mg/kg bw in rabbits and LD, > 10 000 mg/kg bw in mice and
hamsters. By the dermal, subcutaneous and intraperitoneal routes, the LD, s were > 10 000 mg/kg
bw in mice and rats, and the inhalation LC,  was > 4.57 mg/L. In rabbits, buprofezin was not irritat-
ing to the skin and only very slightly irritating to the eye. In a Magnussen & Kligman maximization
test in guinea-pigs, buprofezin gave equivocal results suggesting a very slight potential for delayed
contact hypersensitivity, while the results of a local lymph-node assay with buprofezin in mice were
negative.

In short-term studies in rats and dogs, the main effects were liver-weight increases accompa-
nied by histological changes; in dogs, behaviour was also affected.

In a 13-week feeding study in rats, the feed intake in males at 200 ppm and above and in females
at 5000 ppm was low after 1 or 2 weeks, resulting in lower body weights in the groups at 5000 ppm
at study termination. At 200 ppm and above, slight changes in clinical chemistry parameters, includ-
ing decreased glucose and triglyceride concentrations and increased cholesterol, phospholipid, urea
nitrogen and albumin and globulin concentrations were observed. In males and females at 5000 ppm,
liver and thyroid weights were increased and spleen weights were decreased. The increases in liver
weight were accompanied by hypertrophic and necrotic changes and, in the thyroid, by hypertrophic
and hyperplastic changes. The NOAEL was 40 ppm, equal to 3.4 mg/kg bw per day, on the basis of
changes in clinical chemistry parameters in rats at 200 ppm.

In a 13-week study in dogs fed capsules containing buprofezin, transiently subdued behaviour
was observed 1 h after dosing at 50 mg/kg bw per day and above. This observation was predomi-
nantly made in the first few days of treatment, but also at other time-points throughout the study,
although with a lower incidence. At 300 mg/kg bw per day, slight ataxia was shown by virtually all
dogs 1 h after dosing and persisting for about 5 h. This effect was seen in females only in the first
few days of the study, but persisted for 9 weeks in one male. Male and female dogs at the highest
dose had significantly lowered body-weight gains, increased liver, kidney and thyroid weights and
two- to three-fold increases in the activity of ALP. Increased liver weights were also seen in males and
females at 50 mg/kg bw per day. The NOAEL was 10 mg/kg bw per day.

In a 2-year study in dogs given capsules containing buprofezin, which was performed before
the 13-week study, no behavioural effects were reported at up to the highest dose of 200 mg/kg
bw per day. Increased liver weights were seen in all females receiving buprofezin and in males at
200 mg/kg bw per day. Thyroid weights were high in males and females at 200 mg/kg bw per day. At
20 mg/kg bw per day and above, ALP activity was significantly increased from week 4 onwards and
higher incidences of hepatocellular hypertrophy, bile-duct and mammary hyperplasia were found.
The NOAEL was 2 mg/kg bw per day.

Since it was not clear whether the observation scheme used in the 2-year study could have de-
tected putative behavioural changes 1 h after treatment, an overall NOAEL for behavioural changes
could not be identified. The overall NOAEL for systemic toxicity in the 13-week and the 2-year stud-
ies in dogs was 10 mg/kg bw per day on the basis of hepatocellular hypertrophy and bile-duct and
mammary hyperplasia at 20 mg/kg bw per day in the 2-year study in dogs.

The long-term toxicity and carcinogenicity of buprofezin has been investigated in mice and
rats. The liver was identified as the main target of toxicity.

In the 2-year study in mice, body weights in males and females were slightly (5-10% in females
and about 5% in males) but statistically significantly reduced in the group at the highest dose at
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5000 ppm from week 6 (males) and week 9 (females) onwards. A very slight trend towards reduced
body weight was also observed at 2000 ppm in males and females. At the highest dose of 5000 ppm,
males and females had higher platelet counts at study termination and females had transiently lower
erythrocyte counts and lower concentrations of haemoglobin. In males and females, liver weights were
increased at 2000 ppm and above at 52 weeks; liver weights were statistically significantly increased
at study termination only in males at 5000 ppm. Histologically, higher incidences of hepatocellular
hypertrophy were seen at 2000 ppm and above. Hyperplastic changes were increased in the livers of
males at 5000 ppm and of females at 200 ppm and above, without a clear dose—response relationship
in females. In females at 2000 or 5000 ppm, slightly increased incidences of liver adenoma were
close to the upper bound of the range for historical controls but without a dose—response relationship.
The NOAEL for toxicity was 200 ppm, equal to 17.4 mg/kg bw per day, on the basis of hepatocellular
hypertrophy at 2000 ppm. The NOAEL for carcinogenicity was 5000 ppm, equal to 481 mg/kg bw
per day, the highest dose tested.

In the 2-year study in rats, terminal body weights were decreased in females at the highest dose
of 2000 ppm. Males at 2000 ppm showed lowered activities of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST). Males and females at 2000 ppm had elevated liver weights at 26,
52 and 104 weeks. In the first year of the study, rats had higher thyroid weights that were statistically
significant only in females. Treatment-related histological changes were restricted to the liver and the
thyroid. Since the criteria for histopathological diagnosis had substantially changed since the release
of the study report in 1982, the original histology slides for livers and thyroids were re-examined in
1995. At 2000 ppm, males and females had higher incidences for centrilobular hepatocellular and
diffuse hypertrophy and females also had more eosinophilic foci than did the controls. A slight and
statistically not significant increase in the incidence of liver adenoma was observed at 2000 ppm in
females but not in males. Males at 200 ppm and males and females at 2000 ppm showed higher in-
cidences of thyroid F-cell hypertrophy. The NOAEL for toxicity was 20 ppm, equal to 0.9 mg/kg bw
per day, on the basis of higher incidences of thyroid F-cell hypertrophy at 200 ppm and the NOAEL
for carcinogenicity was 2000 ppm, equal to 89.46 mg/kg bw per day, the highest dose tested.

Buprofezin was not carcinogenic in mice and rats.

Buprofezin was tested for genotoxicity in an adequate range of studies in vitro and for induction
of micronucleus formation in vivo. In the submitted studies, there was no evidence for genotoxicity
in vitro; however, in a published non-GLP study, micronucleus formation was induced in cultured
cells by an aneugenic mechanism, rather than by chromosomal breakage. In assays for micronucleus
formation in immature erythrocytes of mouse bone marrow in vivo, conflicting results have been
obtained. One study reported statistically significantly increased incidences in two experiments, but
the numerical results were very different and were not fully supported by equivocal results from an
earlier study in which the administered doses were five times higher. Furthermore, the suggestion of
an aneugenic effect in vitro in the published study was not confirmed in vivo.

The Meeting concluded that there was equivocal evidence that buprofezin might be geno-
toxic.

On the basis of clearly negative results in assays for genotoxicity in vitro and equivocal results
in assays for genotoxicity in vivo and the absence of carcinogenicity, the Meeting concluded that
buprofezin is unlikely to pose a carcinogenic risk to humans.

The reproductive toxicity of buprofezin has been investigated in two two-generation studies
and one one-generation study in rats. In none of the three studies were there any effects on the fertility
of males or females or on reproductive performance. In one study, minor increases in liver and kidney
weights, without histological correlates, were seen in parental males at 1000 ppm. Pup body weights
at birth were not affected by treatment with buprofezin in any of the three studies, but pup body-
weight gains were lower at 1000 ppm from postnatal day 4 to postnatal day 21. At postnatal day 21,
the body weights of pups at 1000 ppm were 10—18% lower than those of the controls. The NOAEL for
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parental toxicity was 100 ppm, equal to 6.46 mg/kg bw per day, on the basis of very slight changes in
organ weights. The NOAEL for reproductive effects was 1000 ppm, equal to 66.0 mg/kg bw per day,
the highest dose tested. The NOAEL for effects in offspring was 100 ppm, equal to 6.46 mg/kg bw
per day, on the basis of reduced pup body-weight gain during lactation at 1000 ppm.

Developmental toxicity with buprofezin had been investigated in rats and rabbits. In rats at the
highest dose of 800 mg/kg bw per day, clinical signs of intoxication were observed from day 10 of
gestation onwards, dams had lower body-weight gains and lower feed intake from day 7 of gestation
onwards and four total litter losses occurred. Additionally, postimplantation losses were increased and
fetal body weights were low in this group. At this, the highest dose, there were also more fetuses with
a space between body-wall and organs, subcutaneous oedema and retarded ossification. The NOAEL
for maternal toxicity and fetal toxicity was 200 mg/kg bw per day on the basis of lower body-weight
gains and litter losses in dams and retarded ossification in fetuses at 800 mg/kg bw per day.

In the study of developmental toxicity in artificially inseminated rabbit dams given pooled
semen, body-weight gain and feed intake were lowered from the first days of treatment in the group
given the highest dose of 250 mg/kg bw per day. One rabbit at 50 mg/kg bw per day aborted and two
rabbits at 250 mg/kg bw per day showed total litter losses. Since the frequency of total litter loss was
within the range for historical controls, a relationship to treatment is questionable. One fetus from
the group at 50 mg/kg bw per day and one fetus from the group at 250 mg/kg bw per day showed uni-
lateral agenesis of one kidney. Because this finding is occasionally observed and might be related to
carrier males, its toxicological significance is questionable. Additionally, enlarged aortic arches were
observed in one fetus in each of two litters of the group at the highest dose. Although the incidence
of this finding was very low it was above the range for historical controls and was thus considered
to be treatment-related. The NOAEL for maternal and fetal toxicity was 50 mg/kg bw per day on the
basis of lowered body-weight gain and feed intake in dams and increased incidence of enlarged aortic
arches in fetuses.

The Meeting concluded that buprofezin was developmentally toxic only at doses that were
maternally toxic and did not induce structural changes in fetuses.

The Meeting concluded that the existing database on buprofezin was adequate to characterize
the potential hazard to fetuses, infants and children.

The Meeting considered that buprofezin is not neurotoxic on the basis of the available data.

In mechanistic studies on thyroid function in rats, buprofezin at a dose of 1000 ppm, equivalent
to 68.5 mg/kg bw per day, did not affect serum concentrations of triiodothyronine (T3) and thyroxine
(T4). At higher doses, T4 was lowered at the beginning of dosing only and recovered thereafter. At
doses of 500 mg/kg bw per day administered by gavage for 15-60 days, thyroid weights increased
and concentrations of T4 decreased, but the activity of thyroid peroxidase did not change markedly.
The Meeting concluded that the mechanistic studies did not explain the thyroid changes in studies in
rats and dogs.

In studies with the rat metabolite BF4, no mortalities were observed in rats given a single oral
dose at 300 mg/kg bw, but all rats died at 2000 mg/kg bw. BF4 gave negative results in the Ames test.
In studies with the rat metabolite BF11, no mortalities were observed in rats given a single oral dose
at 2000 mg/kg bw. BF11 gave negative results in the Ames test. In studies with the rat metabolite
BF25, no mortalities were observed in rats given a single oral dose at 300 mg/kg bw, but all rats died
at 2000 mg/kg bw. BF25 gave negative results in the Ames test. The plant metabolite BF26 did not
induce mortalities in rats given a single oral dose at 50 mg/kg bw, but all rats died at 300 mg/kg bw.
BF26 and BF4 gave negative results in the Ames test.

No health effects related to exposure were reported among personnel involved in the synthesis
and manufacture of buprofezin.
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Toxicological evaluation

The Meeting established an ADI of 0—0.009 mg/kg bw based on a NOAEL of 0.9 mg/kg bw per
day in the 2-year study in rats, identified on the basis of increases in the incidence of thyroid F-cell
hypertrophy at 8.71 mg/kg bw per day. A safety factor of 100 was applied. The difference between the
current ADI and the previous ADI of 0.01 mg/kg bw per day is due to rounding of the figures; both

ADIs were based on the same NOAEL from the same study.

The Meeting established an ARfD of 0.5 mg/kg bw based on a NOAEL of 50 mg/kg bw identi-
fied on the basis of ataxia at 300 mg/kg bw per day in a 13-week feeding study in dogs. A safety factor
of 100 was applied. This ARfD would also be protective against the finding of enlarged aortic arches
in rabbit fetuses, although this effect is unlikely to be the result of a single dose.

Levels relevant to risk assessment

Species  Study Effect NOAEL LOAEL
Mouse Two-year study of toxicity — Toxicity 200 ppm, equal to 2000 ppm, equal to
and carcinogenicity® 17.4 mg/kg bw per day 190 mg/kg bw per day
Carcinogenicity 5000 ppm, equal to —
481 mg/kg bw per day*
Rat Two-year study of toxicity — Toxicity 20 ppm, equal to 200 ppm, equal to
and carcinogenicity® 0.9 mg/kg bw per day 8.71 mg/kg bw per day
Carcinogenicity 2000 ppm, equal to —
89.46 mg/kg bw per day*
Two-generation study of Reproductive toxicity 1000 ppm, equal to —
reproductive toxicity* 66.0 mg/kg bw per day*
Parental toxicity 100 ppm, equal to 1000 ppm, equal to
6.46 mg/kg bw perday  66.0 mg/kg bw per day
Offspring toxicity 100 ppm, equal to 1000 ppm, equal to
6.46 mg/kg bw per day  66.0 mg/kg bw per day
Developmental toxicity® Maternal toxicity 200 mg/kg bw per day 800 mg/kg bw per day
Embryo and fetal 200 mg/kg bw per day 800 mg/kg bw per day
toxicity
Rabbit Developmental toxicity® Maternal toxicity 50 mg/kg bw per day 250 mg/kg bw per day
Embryo and fetal 50 mg/kg bw per day 250 mg/kg bw per day
toxicity
Dog 13-week and 2-year study  Toxicity 10 mg/kg bw per day 20 mg/kg bw per day

of toxicity®®

*Dietary administration.

®Gavage administration.

¢Highest dose tested.

4The results for three studies were combined.

¢The results for two studies were combined.

Estimate of acceptable daily intake for humans
0-0.009 mg/kg bw

Estimate of acute reference dose

0.5 mg/kg bw

BUPROFEZIN 35-80 JMPR 2008



76

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

Results from epidemiological, occupational health and other such observational studies of hu-

man exposures

Critical end-points for setting guidance values for exposure to buprofezin

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption
Dermal absorption

Distribution

Potential for accumulation

Rate and extent of excretion

Metabolism in animals

Toxicologically significant compounds
(animals, plants and environment)

Rapid, 40—45%

Extensive, highest levels in erythrocytes, thyroid, liver
Low, no evidence of accumulation

Rapid, > 80% within 48 h, mainly via bile

Extensive, primarily via oxidations, thiadiazinane ring opening
and conjugation

Buprofezin, rat metabolite BF25, plant metabolite BF26

Acute toxicity

Rat, LD, , oral
Rat, LD, , dermal
Rat, LC_ , inhalation

502

Rabbit, dermal irritation
Rabbit, ocular irritation

Guinea-pig, dermal sensitization (test method used)

1635-3847 mg/kg bw
> 10 000 mg/kg bw
4.57 mg/l

Not irritating

Not irritating

Not a sensitizer (Magnusson & Kligman and local lymph node
assay)

Short-term studies of toxicity

Target/critical effect

Lowest relevant oral NOAEL
Lowest relevant dermal NOAEL

Lowest relevant inhalation NOAEL

Feed intake, clinical chemistry (rat) liver weight increase with
histological changes (dog)

3.4 mg/kg bw per day (13-week study in rats)

1000 mg/kg bw per day, highest dose tested (24-day study in
rats)

No data

Genotoxicity

Equivocal evidence of genotoxicity

Long-term studies of toxicity and carcinogenicity

Target/critical effect

Lowest relevant NOAEL

Carcinogenicity

Increases in liver weight with histological changes (mouse, rat)
and thyroid changes (rat)

20 ppm, equal to 0.9 mg/kg bw per day (2-year study in rats)

Not carcinogenic

Reproductive toxicity

Reproduction target/critical effect

Lowest relevant reproductive NOAEL
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Lowest relevant offspring NOAEL 100 ppm; equal to 6.46 mg/kg bw per day (rat)
Developmental target/critical effect Enlarged aortic arches (rabbit), retarded ossification (rat)
Lowest relevant developmental NOAEL 50 mg/kg bw per day (rabbit)

Neurotoxicity/delayed neurotoxicity

No evidence in conventional studies

Other toxicological studies

Rat metabolites BF4 and BF25 and plant metabolite BF26 had
moderate acute oral toxicity; the rat metabolite BF11 was of low
acute oral toxicity. All metabolites were not genotoxic.

Medical data
Medical surveillance of workers in a plant producing buprofezin
did not reveal any adverse health effects.
Summary
Value Study Safety
factor
ADI 0-0.009 mg/kg bw Rat, 2-year study 100
ARfD 0.5 mg/kg bw Dog, 13-week study 100
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Explanation

Carbofuran is the ISO approved common name for 2,3-dihydro-2,2-dimethylbenzofuran-7-yl
methylcarbamate, a broad spectrum N-methyl carbamate insecticide and nematicide that acts by in-
hibiting acetylcholinesterase activity in nervous tissues. Carbofuran was previously evaluated by the
Joint Meeting in 1976, 1979, 1980, 1982, 1996, and 2002. In 1996, an acceptable daily intake (ADI)
of 0-0.002 mg/kg bw was established based on the no-observed-adverse-effect level (NOAEL) for
inhibition of erythrocyte acetylcholinesterase at 0.22 mg/kg bw per day in a 4-week dietary study in
dogs, and using a safety factor of 100. In 2002, an acute reference dose (ARfD) of 0.009 mg/kg bw
was established based on the NOAEL of 0.22 mg/kg bw per day in a 4-week study in dogs, and using
a safety factor of 25, as the relevant toxic effects of carbofuran are dependent on the C__ .

The present Meeting evaluated newly submitted studies of acute toxicity in rats (adults and
pups) and a newly submitted study in human volunteers (conducted in 1976), and re-examined
relevant data from short-term studies of toxicity in dogs, which had been considered by previous
Meetings. All pivotal studies were certified as complying with good laboratory practice (GLP) or an
approved quality assurance programme.
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Evaluation for acute reference dose
1. Toxicological studies
1.1  Acute toxicity

(a)  Dose range-finding studies in rats aged 11 days

Inadoserange-finding study ofacute toxicity, groups of three male and three female Crl: CD®(SD)
rats were given a single dose of carbofuran (purity, 99%) in corn oil by oral gavage at dose of 0.3,
0.6 or 1.0 mg/kg bw (dose volume, 5 ml/kg bw) on postnatal day 11; there was no concurrent control
group. The pups were taken from two lactating dams with reconstituted litters (five males and five
females per litter). After dosing, the pups were returned to their dams and examined for clinical signs
of toxicity at approximately 15, 30, 60, 90, 120, 240 and 360 min after dosing. At 360 min after dosing,
each pup was weighed, examined, terminated by carbon dioxide (CO,) asphyxiation, and blood was
collected via cardiac puncture. Also, the brain was removed, weighed and homogenized for analysis of
acetylcholinesterase activity. The assays for acetylcholinesterase enzyme activity were performed by
an Ellman method modified for use on an automated clinical chemistry analyser (for details, see Tyl et
al., 2005c, below). The study was conducted in accordance with the principles of GLP.

There were no deaths and no pups were found in a moribund condition in any group up to ter-
mination at 6 h after dosing. Mean body weights of males and females at 0.3 and 0.6 mg/kg bw were
slightly higher at termination than at dosing, while mean body weights at 1.0 mg/kg bw were slightly
lower. Mean brain weights were similar across groups at termination for males and females.

Treatment-related clinical signs were first observed at 2 min after dosing. The number of af-
fected rats initially increased with time after dosing as well as with dose. The severity of the signs ob-
served also initially increased with dose and with time after dosing, with peak incidence and severity
occurring approximately 10—19 min after dosing, with subsequent reductions in incidence and sever-
ity over time to no clinical signs after 42 min after dosing at 0.3 mg/kg bw, after 30 min at 0.6 mg/kg
bw, and after 60 min at 1.0 mg/kg bw. The clinical observations were limited to fine tremors initially,
then whole-body tremors, and then large head tremors. Over time after dosing, the tremors became
intermittent, with large head tremors persisting for the longest time in all three groups receiving car-
bofuran. Since at age 11 days rat pups are just beginning to open their eyes (most of them have not
yet opened their eyes), lacrimation was not observed. As the dams groomed the pups after dosing and
while they were experiencing tremors, it was also not possible to observe salivation. The dams and
their litters were housed in polycarbonate cages with bedding, and the dams kept their pups in tight
piles and groomed them constantly. Therefore, urination and defaecation were also not observed.
Once the pups stopped experiencing tremors, they began to nurse and then sleep in the nursing “pile”.
The slight loss of pup body weight in males and females at 1.0 mg/kg bw between dosing and termi-
nation 6 h later is most likely to be because thee pups experienced the longest period of tremors and,
therefore, the shortest period of nursing before scheduled termination.

Erythrocyte acetylcholinesterase activity at termination was similar across groups for males
and females. Brain acetylcholinesterase activity in males was statistically significantly reduced at
0.6 mg/kg (91% of the value at 0.3 mg/kg bw) and at 1.0 mg/kg (71% of the value at 0.3 mg/kg bw).
For females, there were no statistically significantly differences in brain acetylcholinesterase activity
between groups (Table 1).

The NOAEL in postnatal day 11 pups was < 0.3 mg/kg bw, based on treatment-related clini-
cal signs (tremors) at a dose of 0.3 mg/kg bw and above. For brain acetylcholinesterase activity, a
NOAEL could not be identified since there was no concurrent control group in this study by design
(Tyl et al., 2005a).
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In a dose range-finding study of acute toxicity, groups of five male and five female Crl: CD®(SD)
rats were given a single dose of carbofuran (purity, 98.8%) at 0, 0.03, 0.1 or 0.3 mg/kg bw in corn oil
by oral gavage (dose volume, 1 ml/kg bw) on postnatal day 11. Pups from five litters (of four male
pups and four female pups per litter) were assigned by consecutive numerical order to the four dos-
ing groups, one pup per sex per litter per group. Clinical observations were recorded before dosing,
1-9 min after dosing and/or 15 min after dosing (before sacrifice for pups from two out of five litters
only, due to a deviation from the study protocol). Body weights were recorded once during the period
before dosing and on the day of dosing. Samples of whole blood were collected approximately 15 min
after dosing, by decapitation. The blood samples were processed for erythrocyte acetylcholinesterase
determinations within 15 min and analysis began within 1 h after collection. Immediately after the
collection of the blood sample, the brain was excised, weighed and assayed for acetylcholinesterase
activity. The assays for acetylcholinesterase enzyme were performed by an Ellman method modified
for use on an automated clinical chemistry analyser (for details see Hoberman, 2007c, below). The
study was conducted in accordance with the principles of GLP.

There were no deaths. Two of the five males and two of the five females in the group at 0.3 mg/
kg bw experienced slight to moderate whole body tremors after dosing, immediately before sacrifice.
All other pups survived dosing with no adverse clinical observations. Body weights were comparable
between the groups for male and female pups.

No statistically significant reductions in erythrocyte acetylcholinesterase activity occurred
for either the male or female pups. Brain acetylcholinesterase activity was significantly reduced in
groups at the 0.1 and 0.3 mg/kg bw compared with values for the control group (Table 2).

The NOAEL in pups on postnatal day 11 was 0.03 mg/kg bw on the basis of significant and > 20%
inhibition of brain acetylcholinesterase activity at a dose of 0.1 mg/kg bw and above. Treatment-related
clinical signs (tremors) were observed at 0.3 mg/kg bw only, the highest dose tested (Hoberman, 2007a).

(b)  Time-course studies of acetylcholinesterase inhibition

In a study designed to identify the time of maximum inhibition and the time of complete
recovery of acetylcholinesterase activity in erythrocytes and brain, groups of 35 male and 35 female
pups at postnatal day 11 and groups of 35 male and 35 female adult (age 60 days) Crl:CD®(SD) rats

Table 1. Relevant findings in rat pups dosed with carbofuran on postnatal day 11

Finding Dose (mg/kg bw)
Males Females
0.3 0.6 1.0 0.3 0.6 1.0
Body weight at dosing (g) 27.34 28.44 25.05 24.70 28.80 2540
Body weight at termination (g) 29.03 28.67 24.72 25.06 2932 2488
Incidence of tremors:
No. of pups affected 3 2 3 3 2 3
Time-point of observation (min); pup No. 1 8, 19 9 8,31,54 15 7,20 10
Time-point of observation (min); pup No. 2 2, 15 8,30 13,14, 19 21 15 8,13,
35,60
Time-point of observation (min); pup No. 3 42 2,7,10, 14,16 8 13,19
Erythrocyte acetylcholinesterase activity (U/1) 3307 3353 3400 2780 3393 3020
Brain acetylcholinesterase activity (U/g) 7.74 7.06%* S5.47x** 7.01 7.45 6.37

From Tyl et al. (2005a)
** p<0.01; *** p <0.001; compared with the value for the group at 0.3 mg/kg bw.
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were given a single dose of carbofuran (purity, 99%) at 0.6 mg/kg bw by gavage in corn oil (dose
volume, 5 ml/kg bw). In addition, 10 male and 10 female pups and 10 male and 10 female adults
were used as untreated control groups. Clinical observations were recorded before dosing and at
approximately 15, 30, 60, 90, 120, 240 and 360 min after dosing (for rats scheduled for sacrifice at
each time-point and for rats scheduled for termination at later time-points). At termination, a blood
sample (cardiac puncture) and the brain were collected from five male and five female pups and from
five male and five female adults each at 15, 30, 60, 90, 120, 240 and 360 min after dosing, and from
five male and five female pups and five male and five female adults in the untreated control groups at
0 and 360 min after dosing. The assays for acetylcholinesterase enzyme activity were performed by
an Ellman method modified for use on an automated clinical chemistry analyser (for details see Tyl
et al., 2005c, below). The study was conducted in accordance with the principles of GLP.

There was no mortality or moribundity in any pup or adult of either sex at 0.6 mg/kg bw at
any time-point up to termination 6 h after dosing. In the pups at postnatal day 11, treatment-related
clinical signs (whole-body tremors) were observed initially in one (out of thirty-five) males at 2 min
after dosing. Tremors were observed in one male 3 min after dosing and in one male and one female
at 4 min after dosing, with maximum incidence and severity at 15 min after dosing. Few or no treat-
ment-related clinical observations (tremors) were recorded after 28 min unless the rat was touched
or placed in the weighing pan or in the carbon dioxide chamber for termination. Such manipulation
triggered tremors that persisted in pups for up to 119 min after dosing. The clinical observations were
limited to fine tremors initially, then whole-body tremors, and then large head tremors. With time af-
ter dosing, the tremors became intermittent, with large head tremors persisting for the longest period
of time. Since at age 11 days rat pups are just beginning to open their eyes (most of them have not yet
opened their eyes), lacrimation could not be observed. As the dams groomed the pups after dosing
and while they were experiencing tremors, salivation could not be observed. The dams and their lit-
ters were housed in polycarbonate cages with bedding, and the dams kept their pups in tight piles and
groomed them constantly. Therefore, urination and defaecation could not be observed in the pups.

For the adult rats, the earliest reports of tremors (face) were in one female (out of thirty-five)
at 6 min after dosing and one female (out of thirty-five) at 7 min after dosing. The incidences and

Table 2. Relevant findings for rat pups dosed with carbofuran by gavage on postnatal day 11

Finding Dose (mg/kg bw)

Males Females

0 0.03 0.1 0.3 0 0.03 0.1 0.3
Body weight (g) 235 24.4 239 22.8 21.9 234 22.8 23.0
No. of pups with tremors 0 0 0 28 0 0 0 28
Erythrocyte acetylcholinesterase 1874 1627 1474 1354 2024 1962 1543 1551
activity (U/1)
Erythrocyte acetylcholinesterase 100% 87 79 72 100 97 76 77
activity (% of values for the control
group)
Brain acetylcholinesterase activity 7.17 6.49 4.76%*  2.84*%* 7.07 6.30 4.62%*  3.78%*
(Ul
Brain acetylcholinesterase activity 100 90 66 40 100% 89 65 54
(% of values for the control group)

From Hoberman (2007a)

2 At 15 min after dosing, no clinical observations were recorded for 24 of the 40 pups, owing to a deviation from the study
protocol.
% 1 < 0.01.
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severities were highest at 15 min, and no tremors were observed after 60 min after dosing. Additional
clinical signs included lethargy (in one male at 9 min, one male at 30 min and three males at 15 min
after dosing), salivation (in one male at 11 min and in three males at 15 min after dosing), co-
prophagia (in one female at 15 min, one female at 60 min and two females at 30 min, and in three
males at 60 min after dosing), soft faeces (in one male at 30 min), slow respiration (in one male at
60 min), abdominal twitching (in one female at 120 min), and piloerection (in one female at 30 min
and in three females at 240 min).

There were no statistically significant effects on erythrocyte acetylcholinesterase activity in
pups aged 11 days or adults compared with controls at any time-point (Table 3). However, there was
a high variability in erythrocyte acetylcholinesterase activity even in the control group (e.g. means
were 3000 + 466 and 3988 = 1061 U/1 for male pups, and 3192 + 482 and 4348 + 1213 U/I for female
pups at 0 or 360 min, respectively); this casts doubt on the validity of combining the data for the
control group at 0 and 360 min for the statistical analysis. Thus, regarding the quite variable data and
the unfavourable assay conditions (see Tyl et al., 2005¢, below), the reliability of the assessment of
erythrocyte acetylcholinesterase activity in this study is questionable.

Brain acetylcholinesterase activity in male and female pups aged 11 days was statistically
significantly inhibited at all time-points examined, with maximum inhibition at 15 min after dosing.
Full recovery of brain acetylcholinesterase activity was not achieved in postnatal day 11 pups by 6 h
after dosing with a single oral dose of carbofuran at 0.6 mg/kg bw. In adult rats, brain acetylcholin-
esterase activity was significantly reduced at most time-points, and the time of maximum inhibition
was at 15 min after dosing. Recovery of brain acetylcholinesterase activity was achieved in males by
360 min after dosing and in females by 240 min after dosing.

Based on these results, the time of maximum inhibition of brain acetylcholinesterase activity
was determined to be 15 min after dosing, in pups and adults. Since there was not full recovery of
brain acetylcholinesterase activity in postnatal day 11 pups at 360 min after dosing, the time for full

Table 3. Acetylcholinesterase activity in postnatal day 11 pups and adults given a single dose of
carbofuran at 0.6 mg/kg bw

Acetylcholinesterase Time of sacrifice (minutes after dosing)
activity 0° 15 30 60 90 120 240 360
Pups
Erythrocytes (U/1):
Males 3494 2988 3056 4092 3052 3896 3340 4320
Females 3770 3100 3232 4444 3048 3928 3208 5064
Brain (U/g):
Male 7.33 3.50%*%  4,02%¥x  420%Fk SRR 4 e2¥FF 5 54%Fk 6, 8%
Female 8.38 3.43¥F% 4 4S5Fxx 4 3FEE 4 TREE 4 00%EE 6 8T* 6.36%*
Adults
Erythrocytes (U/1):
Male 4208 4332 4456 5124 4228 4732 4796 5164
Female 4760 4088 4432 5272 4908 4540 3856 4536
Brain (U/g):
Male 12.98 8.04%*x  BATH¥*  [128%F* 10.74%¥** 11.68*%* 11.78%* 12.00
Female 13.06 B.O7*¥*  Q8FFF  [1.38%FFF [ 18FFF  12.12%*¥* 13.04 12.24%%*

From Tyl et al. (2005b)
2 The two untreated groups (0 and 360 min sacrifice time) were combined into a single control group.
*p<0.05; ¥ p<0.01; *** p<0.001;
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recovery was selected to be 720 min for a study of the dose-response relationship (see Tyl et al.,
2005c¢, below) (Tyl et al., 2005b).

In a study of acute toxicity designed to identify the time of maximum inhibition and the time
of complete recovery of acetylcholinesterase activity in erythrocytes and brain, groups of 60 male
and 60 female pups at postnatal day 11and groups of 60 male and 60 female adult Crl:CD®(SD) rats
were given a single dose of carbofuran (purity, 98.8%) at 0 or 0.1 mg/kg bw (dose volume, 1 ml/
kg bw) in corn oil by gavage. Groups of 10 males and 10 females in the control group and among
the rats given carbofuran were assigned to one of six time-points (time between dose administration
and sacrifice): 15 min, 30 min, 1 h, 2 h, 4 h and 6 h. The adults and pups were examined for routine
clinical observations within the 15 min before dosing and at approximately 15 min, 30 min, 1 h, 2 h,
4 h and 6 h after dosing. Body weights were recorded on the day of dosing. Adults were sacrificed
by exsanguination under isoflurane/oxygen anaesthesia during the collection of blood samples at the
specified time-points and the pups were sacrificed by decapitation for blood collection. The brains
from pups and adults were then excised and weighed. Blood and brain samples were processed and
analysed for cholinesterase activity within 2 h of collection. The assays for cholinesterase enzyme
activity were performed by an Ellman method modified for use on an automated clinical chemistry
analyser (for details, see Hoberman, 2007¢, below). The study was conducted in accordance with the
principles of GLP.

There were no mortalities. No adverse clinical observations related to the test substance
occurred in any adult or pup. There were no treatment-related effects on body or brain weights for
adults.

For adults, the time of peak effect on brain acetylcholinesterase activity was determined to be
30 min after dosing for males and females (Table 4). Although erythrocyte acetylcholinesterase activ-
ity was increased at 30 min in females, the maximum inhibition of erythrocyte acetylcholinesterase

Table 4. Acetylcholinesterase activity in pups at postnatal day 11 and adults given a single dose of
carbofuran at 0.1 mg/kg bw by gavage

Acetylholinesterase activity Time of sacrifice (minutes after dosing)
15 30 60 120 240 360
Pups
Erythrocyte (% of control):
Males 70.7 88.4 79.1%* 91.0 103.2 1232
Females 83.9 922 85.1 105.2 1354 102.5
Brain (% of control):
Males 79.7%* 78.7%* 73.1%* 99.3 101.3 98.5
Females 84.7%* 67.7%* 67.1%* 82.5%* 100.4 98.5
Adults
Erythrocyte (% of control):
Males 88.0 78.3%* 99.7 114.6 81.9%* 89.2
Females 83.4%* 102.1 89.9 88.9 88.2 1143
Brain (% of control):
Males 83.4%* 79.1%* 83.8* 88.4%%* 91.4%* 95.1
Females 92.1 82.2%* 97.3 90.7** 94.5% 97.8
From Hoberman (2007b)

*p<0.05; %% p<0.01.
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activity was at 30 min in males, thus supporting the selection of 30 min as the time of peak effect for
a subsequent study on dose—response relationship (see Hoberman, 2007c, below).

For pups, the time of peak effect on erythrocyte acetylcholinesterase was between 15 min
and 1 h. The time of maximum inhibition of acetylcholinesterase activity in pup brains was at 1 h,
although the values for 30 min and 1 h for female pup brain were nearly the same.

The time of peak effect selected for the study on the dose—response relationship was 30 min
on the basis of the data for adults and pups presented above. The time of recovery was selected as
4 h for the study on the dose—response relationship, since by this time the pups had recovered and
brain acetylcholinesterase activity in adults had reached > 90% of values for the controls (Hoberman,
2007b).

(c)  Inhibition of acetylcholinesterase activity in juvenile and adult rats

In a study of acute toxicity designed to determine the dose—response relationship at the times
of maximum inhibition and of full recovery of acetylcholinesterase activity in erythrocytes and brain,
groups of 10 male and 10 female pups at postnatal day 11 and groups of 10 male and 10 female adult
(age 60 days) Crl:CD®(SD) rats were given a single dose of carbofuran (purity, 99%) at 0, 0.3, 0.6
or 1.0 mg/kg bw (dose volume, 5 ml/kg bw) in corn oil by gavage and terminated at approximately
15 min or 720 min after dosing. After dosing, the pups were returned to their dams (18 dams with 5
males and 5 females per litter), and pups and adults were examined for clinical signs of toxicity at
0, 15, 30, 60, 120, 240 and 720 min after dosing. At 15 min or 720 min after dosing, a group of 10
male and 10 female pups and a group of 10 male and 10 female adults per time-point were weighed,
examined, terminated by CO, asphyxiation, and blood was collected via cardiac puncture. The brain
was also removed and weighed. For the assessment of cholinesterase activity, the samples of erythro-
cytes were washed once and diluted with an equal volume of phosphate buffer at 0.1 mol/l (pH 8.0)
containing 1% Triton-X-100, while brains were homogenized in five volumes by weight of phosphate
buffer. All samples were stored at -70 °C until analysis. Immediately before analysis, the erythrocyte
lysates were further diluted with phosphate buffer, resulting in a final dilution of 1 : 20. The assays
for cholinesterase enzyme activity were performed by an Ellman method (Ellman et al., 1961) modi-
fied for use on an automated, random-access COBAS MIRA® Plus CC clinical chemistry analyser
(Roche Diagnostics, Indianapolis, IN, USA). The assay was conducted at 37 °C with dithiobisni-
trobenzoate (DNTB) at 0.25 mmol/l and acetylthiocholine iodide (ACT) at 1 mmol/l, and absorbance
was measured at 405 nm. The study was conducted in accordance with the principles of GLP.

All male and female pups and adults survived to the scheduled termination times.

For pups terminated 15 min after dosing, head trem