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Introduction

Joint Meeting of the FAO Panel of Experts on
Pesticide Residues in Food and the Environment
and the WHO Core Assessment Group on Pesticide Residues

Rome, Italy, 13-22 September 2022
Sponsored jointly by FAO and WHO

A Joint Meeting of the Food and Agriculture Organization of the United Nations (FAO) Panel of Experts
on Pesticide Residues in Food and the Environment and the World Health Organization (WHO) Core
Assessment Group on Pesticide Residues (JMPR) was held at FAO Headquarters, Rome (Italy), from
13 to 22 September 2022. FAO Panel Members met in preparatory sessions from 8 to 12 September.

The Meeting was opened by Dr Jingyuan Xia, Director, Plant Production and Protection Division
(NSP), FAO. On behalf of FAO and WHO, Dr Xia welcomed and thanked the participants for providing
their expertise and for devoting significant time and effort to the work of the JMPR, noting that this
was the first physical JMPR meeting since 2019 due to the impact of the COVID-19 pandemic, with
45 participants from 15 countries.

Dr Xia highlighted food safety is fundamental to healthy and sustainable food systems. The
establishment of pesticide residue standards is a key and critical element in the global effort to improve
food safety and agricultural development in the world. The unique role of the JMPRs work in establishing
internationally acceptable MRLs for pesticide residues in food and feed which acted as global
benchmarks in trade facilitation, as well as providing authoritative assessments, important in consumer
protection. Dr Xia then outlined how JMPR's efforts aligned with the Divisions strategic objectives of
ensuring food security and nutrition; enhancing food quality and safety; supporting farmers’ livelihoods;
protecting the environment and biodiversity; and facilitating safe trade and economic growth. As the
establishment of global standards were a key and critical element in the global efforts to improve food
safety and agricultural development in the world.

Dr Xia also took the opportunity to express his appreciation, and called on the meeting
participants to express theirs, to Madam YongZhen Yang, retiring FAO JMPR Secretariat, for her
dedicated commitment and outstanding contribution in fulfilling the secretariat role over the past 16
years.

Mr Soren Madsen, WHO JMPR Secretariat, took the opportunity to thank the FAO for giving
priority to JMPR to allow the meeting to occur at FAO headquarters.

During the meeting, the FAO Panel of Experts was responsible for reviewing residue and
analytical aspects of the pesticides under consideration, including data on their metabolism, fate in
the environment and use patterns, and for estimating the maximum levels of residues that might occur
as a result of use of the pesticides according to good agricultural practice (GAP). Maximum residue
levels (MRLs) and supervised trials median residue (STMR) values were estimated for commodities
of animal origin. The WHO Core Assessment Group was responsible for reviewing toxicological and
related data in order to establish acceptable daily intakes (ADIs) and acute reference doses (ARfDs),
where necessary.

The Meeting evaluated 34 pesticides, including seven new compounds and four compounds that
were re-evaluated within the periodic review programme of the Codex Committee on Pesticide Residues
(CCPR), for toxicity, residues, or both.

The Meeting established ADIs and AR{Ds, estimated MRLs and recommended them for use by
CCPR, and estimated STMR and highest residue (HR) levels as a basis for estimating dietary intake.



The Meeting also estimated the dietary exposures (both short-term and long-term) of the
pesticides reviewed and, on this basis, performed a dietary risk assessment in relation to the relevant ADI
and where necessary ARfD. Cases in which ADIs or ARfDs may be exceeded were clearly indicated in
order to facilitate the decision-making process by CCPR.

The Meeting considered a number of current issues related to the risk assessment of chemicals,
the evaluation of pesticide residues and the procedures used to recommend MRLs.

The summaries and evaluations contained in this book are, in most cases, based on
unpublished proprietary data submitted for the purpose of the JMPR assessment.
A registration authority should not grant a registration on the basis of an evaluation
unless it has first received authorization for such use from the owner who submitted
the data for JMPR review or has received the data on which the summaries are
based, either from the owner of the data or from a second party that has obtained
permission from the owner of the data for this purpose.
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Benzovindiflupyr (addendum)

First draft prepared by
Rhian B. Cope' and Alan R. Boobis’

' Health Assessment Team, Risk and Capability,
Australian Pesticides and Veterinary Medicines Authority, Armidale NSW, Australia

2 National Heart & Lung Institute, Imperial College London, London
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Explanation

Benzovindiflupyr is the approved International Organization for Standardization (ISO) name for
N-[11-(dichloromethylidene)-3-tricyclo[6.2.1.02,7 Jundeca-2(7),3,5-trienyl]-3-(difluoromethyl)-
I-methylpyrazole-4-carboxamide (IUPAC), for which the Chemical Abstracts Service number
is 1072957-71-1. Benzovindiflupyr (SYN545192) is a broad-spectrum foliar fungicide of the
pyrazole chemical class. Technical benzovindiflupyr consists of the enantiomers SYN546526 and
SYNS546527, at a ratio of 1:1. Both enantiomers are fungicidally active. Benzovindiflupyr is a succinate
dehydrogenase inhibitor (SDHI) and thus inhibits the citric acid cycle in fungi.

Benzovindiflupyr was previously evaluated by the Joint FAO/WHO Meeting on Pesticide Residues
(JMPR) held in 2013 (JMPR, 2014). That meeting established an acceptable daily intake (ADI) of
0-0.05 mg/kg body weight (bw) based on an increased incidence of minimal hepatocellular pigmentation
and reduced body weight gain in a two-year study in rats. An acute reference dose (ARfD) of 0.1 mg/kgbw
was also established based on a no-observed-adverse-effect level (NOAEL) of 10 mg/kgbw for decreased
motor activity at one hour following oral gavage dosing in an acute neurotoxicity study in rats.

The compound was reviewed by the present meeting following a request from the Codex
Committee on Pesticide Residues (CCPR) for additional maximum residue levels (MRLs), for which
additional information on some of the metabolites was provided. All provided studies were compliant
with good laboratory practice (GLP) unless otherwise stated, and were conducted in accordance with
current test guideline requirements.



Benzovindiflupyr

Evaluation for acceptable daily intake

1. Metabolites

1.1  Metabolite SYN546039 (CSCD695908)
Figure 1. Chemical structure of metabolite SYN546039 (CSCD695908)
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Metabolite SYN546039 is a racemic mixture of:
®  3-difluoromethyl-1-methyl-/ H-pyrazole-4- carboxylic acid (/S,2S,4R)-9-
dichloromethylene-2-hydroxy-1,2,3,4-tetrahydro-1,4-methanonaphthalene-5-yl]-amide,
and,
®  [(/R,2R,4S)-9-dichloromethylene-2-hydroxy-1,2,3,4-tetrahydro-1,4-methano-
naphthalene-5-yl]-amide))

It was previously assessed by JMPR 2013 (JMPR, 2014). Compound SYN546039 is a major rat
metabolite of benzovindiflupyr, representing between >5% or greater and <19% or greater of absorbed
dose and is present in plants, soil and surface water.

According to the 2013 JMPR evaluation of benzovindiflupyr:
(a) the acute oral LD, of SYN546039 is greater than 2000 mg/kg bw in female rats;

(b) the 90-day dietary exposure NOAEL for SYN546039 in rats is 1000 mg/kg bw per day, the
highest dose tested (doses: 0, 100, 300 and 1000 mg/kgbw per day; dietary concentrations
not stated in the 2013 JMPR report);

(c) in a rabbit prenatal developmental toxicity study (doses: 0, 100, 300 and 1000 mg/kg bw
per day) the maternal NOAEL for SYN546039 was 300mg/kgbw per day, based on
increased incidence of mortalities and abortions at 1000 mg/kgbw per day; the NOAEL
for embryo/fetal toxicity was 300 mg/kgbw per day, based on the increased incidence of
misshapen interparietal skull bone at 1000 mg/kgbw per day;

(d) SYNS546039 did not induce bacterial reverse mutations.

For the current meeting, a previously evaluated oral toxicity study in rats and a previously
evaluated bacterial reverse mutation study were supplied (Sieber, 2011; Sokolowski, 2011).
The re-evaluation of these studies confirmed the conclusions of the 2013 JMPR evaluation. Overall,
and consistent with the conclusions of the 2013 JMPR evaluation, SYN546039 is less toxic than its
parent molecule: the NOAELSs of benzovindiflupyr for 90-day study and developmental toxicity studies
in rats were 8.2 and 15mg/kgbw per day, for maternal and embryo/fetus, respectively . Based on the
comparative data presented below in Table 1, SYN546039 is at least 10-fold less toxic than the parent
molecule.
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Table 1. Comparative toxicity of SNY546039 and its parent, benzovindiflupyr

Study type

SYN546039

Benzovindiflupyr

Acute oral LDy,

>2000 mg/kg body weight

>2000 mg/kg body weight

90-day/13-week dietary toxicity study NOAEL: 1000 mg/kgbw per day

(highest dose tested)

NOAEL: 8.2mg/kgbw per day
LOAEL: 58.8 mg/kgbw per day

Rabbit prenatal developmental toxicity study

Maternal NOAEL: 300 mg/kgbw per day NOAEL: 10mg/kgbw per day
LOAEL: 1000mg/kgbw per day =~ LOAEL: 20mg/kgbw per day
Embryo/fetal NOAEL: 300 mg/kgbw per day NOAEL: 35mg/kgbw per day
LOAEL: 1000mg/kgbw per day  (highest dose tested)
Genotoxicity? Not genotoxic Not genotoxic

# Based on an evaluation of the available genotoxicity test battery data; LOAEL: Lowest-observed-adverse-effect level

1.2  Metabolite SYN545720 (CSCD465008, R958945, DF-pyrazole acid)

Figure 2. Chemical structure of metabolite SYN545720 (CSCD465008, R958945, DF-pyrazole acid)
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Metabolite SYN545720 has the formula, (difluoromethyl)-1H-pyrazole-4-carboxylic acid, and CAS
Number 151734-02-0). It was assessed by JMPR 2013 (JMPR, 2014). Metabolite SYN545720 is present
in plants, soil and water-sediment; it is not a metabolite in rats. According to the 2013 JMPR evaluation
of benzovindiflupyr:

(a) the acute oral LDy, of SYN545720 in rats is greater than 2000 mg/kg bw;

(b) the 28-day dietary toxicity study NOAEL in rats was 1018 mg/kgbw per day, the highest
dose tested (doses: 0, 2000, 6000 and 12 000 ppm, equal to 0, 175, 497 and 1018 mg/kgbw
per day for males, 0, 176, 525 and 1107 mg/kgbw per day for females);

(c) SYNS545720 was not genotoxic in a bacterial reverse mutation assay;
(d) SYNS545720 was not genotoxic in a mouse lymphoma TK forward mutation assay;

(e) SYNS545720 was not genotoxic in an in vitro human lymphocyte chromosomal
aberration assay.

No reproductive or developmental toxicity data was available for SYN545720.

For the current meeting an amended version of the previously evaluated 28-day dietary toxicity
study in rats was provided. The study amendments made no material difference to the outcome of
the study. The NOAEL for the 28-day dietary exposure study in rats remains at 12000 ppm (equal to
1018 mg/kgbw per day, the highest dose tested; Buczynski, 2008). The conclusion of the JMPR 2013
evaluation of benzovindiflupyr was that SYN545720 was less toxic than its parent molecule. Based
on the JMPR 2013 evaluation the present Meeting concluded that SYN545720 is not toxicologically
relevant.
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1.3  Metabolite NOA449410
(also known as CA4312, Sedaxane metabolite CSAA798670, R648993,
Fluxapyroxad metabolite M700F001, DF-pyrazole acid)

Figure 3. Chemical structure of NOA449410

Metabolite NOA449410 has the formula, 3-(difluoromethyl)-1-methyl-/ H-pyrazole-4-carboxylic acid,
and the CAS Number 176969-34-9. It was assessed by JMPR in 2012 (JMPR, 2013) as part of the
evaluation of fluxapyroxad. Metabolite NOA449410 is a plant, ground water sediment and groundwater
metabolite of benzovindiflupyr. It is also an animal food residue derived from pydiflumetofen. A food
residue evaluation of NOA449410 derived from pydiflumetofen was completed in 2018 (JMPR, 2019).
A summary of these previous evaluations of NOA449410 is shown in Table 2.

Table 2. Summary of previous JMPR Findings on NOA449410

Toxicological evaluation of NOA449410

Study type Key Effects NOAEL/LOAEL
Fluxapyroxad  Acute oral toxicity in rats - LDs, > 2000 mg/kg bw
t0x1colog1ﬁal 90-day dietary exposure toxicity study No adverse  NOAEL: 954 mg/kgbw per
morllogr.ap ¢ (dietary concentrations used in the study were effects at the day, the highest dose tested
;};2710%?158110 not reported in the 2012 JMPR evaluation) highest dose

(NOA449410) Invitro and in vivo genotoxicity test battery ~ Negative Not genotoxic
at IMPR 2012  (assays used were not reported in the 2012
(JMPR, 2013)  JMPR evaluation)

Rabbit prenatal developmental toxicity study No adverse = Maternal and developmental
(doses used in the study were not reported in  effects at the NOAEL: 250 mg/kgbw per
the 2012 JMPR evaluation) highest dose day, the highest dose tested

Food residue evaluation of NOA449410

Pydiflumetofen NOA449410 was not a major food residue in hen commodities (present as <10% of the total

food residue radioactive residue)

evaluation of - N(A449410 was not a major food residue in goat commodities except for the kidney
NOA449410 (present at 12% of the total radioactive residue in the kidney but at <10% in all other edible
at JMPR 2018

tissues)
(JMPR, 2019)

Some of the studies that had been previously evaluated by JMPR were resubmitted for the
current meeting. Evaluation of these studies confirm the results of the previous JMPR assessments in
2012, and 2018 (JMPR, 2013, 2019), specifically:

(a) the acute oral toxicity of NOA449410 in rats was greater than 2000 mg/kg bw;
(b) NOA449410 was not genotoxic in bacterial reverse mutation assay;

(c) NOA449410 was not genotoxic in an invitro human lymphocyte chromosomal
aberration assay;

(d) NOA449410 is not genotoxic in an in vitro (TK") in mouse lymphoma L5178Y
cell assay;
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(e) in a 28-day dietary study of NOA449410 in rats the NOAEL was 1043 mg/kgbw per day,
the highest dose tested (doses: 0, 2000, 6000, and 12000 ppm, equal to 167, 511, and
1007 mg/kg per day for males, 175,572, and 1043 mg/kg per day for females);

(f) ina90-day feeding study in rats the NOAEL for NOA449410 was 983.1 mg/kg bw per day,
the highest dose tested (dietary concentrations were adjusted weekly; achieved doses equal
to 0, 94.6, 285.7, 953.6 mg/kg bw per day in males, 0, 98.8, 295.1, 983.1 mg/kgbw per day
in females).

Overall, the new data supports the conclusion that NOA449410 is less toxic than its parent
molecule. Based on the JMPR 2012 and 2018 evaluations the present Meeting concluded that
NOA449410 is not toxicologically relevant.

1.4  Metabolite SYN508272
Figure 4. The chemical structure of metabolite SYN508272
(also known as CSCC210616, R423363, Reg. No. 5621781, Metabolite of BAS 700 F)

F O

Metabolite SYNS508272 has the formula, 3-difluoromethyl-1-methyl-/H-pyrazole-4-carboxylic
acid amide, and the CAS Number 925689-10-7. It is a plant, animal, soil (via photolysis) and water
sediment (via photolysis) metabolite of benzovindiflupyr. It is also an animal metabolite of pydiflumetofen
and a downstream metabolite of SYN548263, a major metabolite of pydiflumetofen in rats, as well as a
soil degradant of sedaxane and a metabolite of fluxapyroxad. Metabolite SYN508272 was not assessed
as part of the 2013 JMPR feed/food residues evaluation of benzovindiflupyr (JMPR, 2014). The studies
submitted for this meeting had been previously evaluated as part of the toxicological monograph from
JMPR 2018 on pydiflumetofen (JMPR, 2019).

Based on the acute toxic class method, the acute oral median lethal dose (LDs,) of SYN508272
was greater than 500 mg/kgbw but less than 2000 mg/kgbw. Clinical observation in the 2000 mg/kg bw
test group revealed impaired state and poor general condition, dyspnoea, ataxia, tremor, staggering,
twitching, abdominal position and piloerection at hour O until hour 5 following administration. No
clinical signs or findings were observed in the animals of the first 500 mg/kgbw group. In contrast,
one animal of the second 500 mg/kgbw group showed impaired general state, dyspnoea, piloerection,
chromodacryorrhea and reduced faeces from hour 4 until study day 1 (Cords, 2009). These conclusions
were consistent with the previous JMPR evaluation (JMPR, 2019).

In a 28-day oral dietary toxicity study, four groups of five male and five female Han Wistar
rats (Crl:WI(Han)) were fed diets containing SYNS508272 (purity not stated) at 0, 100, 500 or
2000 ppm (males)/4000 ppm (females), equal to 0, 7.3, 37.4 and 143.1 mg/kgbw per day for males, 0,
7.8, 42.5 and 243.5mg/kgbw per day for females. Dietary exposure to SYN508272 resulted in no
adverse effects on mortality, to clinical signs, functional observational battery results, haematology,
clinical chemistry, coagulation parameters, urinalysis parameters, organ weights or anatomic pathology
findings. Mean body weight, weight gain and food consumption in females receiving 4000 ppm were
lower throughout the treatment period compared to controls; body weight gain in this cohort was 77.9%
compared to controls at study termination (p < 0.05). This correlated with reduced food consumption
in these animals, suggesting lower palatability. Cumulative body weight change (—40.6% compared with
controls; p <0.05) and food consumption in males receiving 2000 ppm were also lower than controls
for the first 12 days of the treatment. However, body weight recovered and by the end of the study was
not significantly (p < 0.05) different from controls. Food consumption was lower for the first eight days
in the high dose male cohort. Consistent with the previous evaluation at JMPR 2018, the Meeting noted
that these effects on body weight and food consumption may have been due to palatability issues. The
NOAEL was 2000 ppm (equal to 143.1 mg/kgbw per day), the highest dose tested (Dymarkowska, 2015).
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Based on the evaluation from JMPR 2013, the equivalent 28-day oral dietary exposure NOAEL
for benzovindiflupyr is 400 ppm (equal to 36 mg/kgbw per day), based on lower body weights in both
sexes at 1200 ppm (equal to 90 mg/kgbw per day).

Table 3. Adverse findings in the 28-day oral dietary toxicity study of SYN508272 in rats

Dose (ppm)
Males Females
Parameter 0 100 500 2000 0 100 500 4000
Body weight gain, mean (g) Days0-12 37 40 49  22%* 18 19 25 2%
Days0-28 73 74 82 69 36 37 43 8*

Mean food intake (g/animal/day) Days0-8 24.6 24.0 247 21.7 177 177 179 123

* Statistically significant: p < 0.05

Metabolite SYN508272 was genotoxic in an in vitro human lymphocyte chromosomal aberration
assay, but not genotoxic in an in vitro (TK™") mouse lymphoma L5178Y cell assay and in an in vivo rat
bone marrow micronucleus assay (in vivo blood level of SYN508272 was approximately 276 pg/mL
between two and 24 hours following dosing; JMPR, 2019). SYN508272 is unlikely to be genotoxic.

In the IMPR 2018 evaluation of pydiflumetofen it was concluded that the toxicological profile of
this metabolite was the same as that of the parent. Pydiflumetofen is not a human-relevant carcinogen,
did not adversely affect reproduction or development and was not neurotoxic. As with SYN508272
the predominant effects of repeated oral exposure to pydiflumetofen were on body weight. Hence, the
toxicological profile of SYN508272 was adequately characterized by the studies of systemic toxicity.

Overall, the meeting concluded that the toxicological properties of SYN508272 resemble those
of benzovindiflupyr. Accordingly, human exposure to SYN508272 should be adequately covered by the
health-based guidance values (HBGVs) of the parent benzovindiflupyr.

2.  Microbial aspects
The possible impact of benzovindiflupyr residues on human intestinal microbiome was evaluated.

A search on literature available in the public domain did not identify information describing
any direct or indirect experimental evidence to address the impact of benzovindiflupyr residues on the
human intestinal microbiome. No experimental data was submitted by the sponsor in this regard.

Comments
Toxicological data on metabolites and/or degradates

SYN546039 (CSCD695908) see Fig. 1

Based on the JMPR 2013 evaluation (JMPR, 2014) the present Meeting concluded that SYN546039 is
at least 10-fold less toxic than its parent molecule.

SYN545720 (CSCD465008, R958945) see Fig.2

Metabolite SYN545720 was assessed at JMPR 2013. Based on the JMPR 2013 evaluation (JMPR, 2014)
the present Meeting concluded that SYN545720 is not toxicologically relevant.

NOA449410 (CA4312; also sedaxane metabolite CSAA798670, R648993
and fluxypyroxad metabolite M700F001) see Fig. 3

For the current meeting several studies were submitted that have been previously evaluated by JMPR
for other compounds: the metabolite is common to benzovindiflupyr, fluxapyroxad (JMPR 2013) and
pydiflumetofen (JMPR 2019). Based on the JMPR 2012 and 2018evaluations (JMPR, 2013,2019) the
present Meeting concluded that NOA449410 is not toxicologically relevant.
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SYN508272 (CSCC210616; R423363; Reg. No. 5621781; Metabolite of BAS 700 F) see Fig. 4

For the current meeting several studies were submitted that have been previously evaluated by JMPR
for other compounds: SYNS508272 is also a metabolite of pydiflumetofen (JMPR 2019). Based
on read-across from the pydiflumetofen evaluation, SYN508272 is unlikely to be carcinogenic,
a reproductive and developmental toxicant or a neurotoxicant. Overall, the Meeting concluded that
the toxicological properties of SYN508272 resemble those of benzovindiflupyr. Accordingly, human
exposure to SYN508272 should be adequately covered by the health-based guidance values (HBGVs)
of the parent benzovindiflupyr.

Toxicological evaluation

The Meeting concluded that NOA449410 and SYN545720 are not toxicologically relevant. Metabolite
SYNS508272 should be adequately covered by the ADI of 0-0.05 mg/kg bw and the ARfD of 0.1 mg/
kg bw established for the parent, benzovindiflupyr. Metabolite SYN546039 is at least 10-fold less toxic
than benzovindiflupyr.

Summary
Value Study Safety factor
ADI*® 0-0.05mg/kgbw® Two-year toxicity study (rat); 100
ARfD®* 0.1 mg/kgbw? Acute neurotoxicity study (rat) 100

# From JMPR 2013
 Applies to benzovindiflupyr and SYN508272
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Explanation

Benzpyrimoxan is the [SO-approved common name for 5-(1,3-dioxan-2-yl)-4-[4-(trifluoromethyl)
benzyloxy]pyrimidine (IUPAC), Chemical Abstracts Service number 1449021-97-9. Benzpyrimoxan
is a new insecticide having biological activity towards rice plant hoppers (Hemiptera: Delphacidae).
Benzpyrimoxan displays strong activity towards the nymphal stages of rice plant hoppers, but lacks
activity towards the adults.

Benzpyrimoxan has not previously been evaluated by the Joint FAO/WHO Meeting on Pesticide
Residues (JMPR) and was reviewed by the present Meeting at the request of the Codex Committee on
Pesticide Residues (CCPR). All critical studies were performed according to national or international
test guidelines and contained statements of compliance with good laboratory practice (GLP) unless
otherwise specified. No information was identified in the public domain from a search of the PubMed,
Google Scholar and Web of Science databases, not surprisingly for such a new chemical with an unknown
pesticidal mode of action (MOA).

Figure 1. Structural formula of benzpyrimoxan

Evaluation for acceptable daily intake
1.  Biochemical aspects

The absorption, distribution, metabolism, excretion and toxicokinetic properties of benzpyrimoxan
have been investigated in the rat using two different radiolabelled test materials (on the phenyl and
pyrimidinyl rings) administered orally. A study in bile duct-cannulated rats with the two labels was also
available. In addition an in vitro comparative metabolism study was submitted.

1.1 Absorption, distribution and excretion

(a) Oral route

Absorption, distribution, metabolism and excretion (ADME) study with
phenyl-labelled benzpyrimoxan in rats

Figure 2. Position of radiolabel in phenyl-labelled benzpyrimoxan

CF,
as :
Naw O
\J * indicates position of 14C label

(0]

Asstudy (OECD 417) was designed and conducted to investigate the absorption, distribution, metabolism
and excretion of [ phenyl-U-"*C]benzpyrimoxan following a single oral administration to rats. Male
and female Wistar rats were given 1 or 100 mg/kgbw of [ phenyl-U-"*C]benzpyrimoxan suspended in
an 0.5% w/v aqueous solution of sodium carboxymethyl cellulose (CMC) also containing 0.1% w/v
Tween 80. The dose group design is shown in Table 1.
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Table 1. Design of absorption, distribution, metabolism and excretion study
with phenyl-labelled benzpyrimoxan

Group Dose Number of Sex Sampling times (hours postdose)
code? (mg/kgbw) animals
BML 1 4 Male Blood: 1, 3, 6, 9, 12, 24, 48, 72, 96, 120, 144, 168
BMH 100 4 Male Blood: 1, 3, 6,9, 12, 24, 48, 72, 96, 120, 144, 168
BFL 1 4 Female Blood: 1, 3, 6,9, 12, 24, 48, 72, 96, 120, 144, 168
BFH 100 4 Female Blood: 1, 3, 6,9, 12, 24, 48, 72, 96, 120, 144, 168
BML-1 1 4 Male Organs/tissues: 6
BML-2 1 4 Male Organs/tissues: 24
BML-3 1 4 Male Expired air: 24
Urine: 24, 48, 72, 96,120, 144, 168
Faeces: 24, 48, 72, 96,120, 144, 168
Organs/tissues: 168
BMH-1 100 4 Male Organs/tissues: 9
BMH-2 100 4 Male Organs/tissues: 48
BMH-3 100 4 Male Expired air: 24
Urine: 24, 48, 72, 96,120, 144, 168
Faeces: 24, 48, 72, 96,120, 144, 168
Organs/tissues: 168
BFL-1 1 4 Female Organs/tissues: 6
BFL-2 1 4 Female Organs/tissues: 24
BFL-3 1 4 Female Expired air: 24
Urine: 24, 48, 72, 96,120, 144, 168
Faeces: 24, 48, 72, 96,120, 144, 168
Organs/tissues: 168
BFH-1 100 4 Female Organs/tissues: 9
BFH-2 100 4 Female Organs/tissues: 48
BFH-3 100 4 Female Expired air: 24
Urine: 24, 48, 72, 96,120, 144, 168
Faeces: 24, 48, 72, 96,120, 144, 168
Organs/tissues: 168
? B: Benzpyrimoxan, M: Male; F: Female; L: Low dose; H: High dose; Source: Yasunaga, 2018a
Absorption

Blood samples were collected from male and female rats after 1, 3, 6, 9, 12 and 24 hours, and every
24 hours until 168 hours post dose. Concentrations of radioactivity in blood and plasma were quantified
by liquid scintillation counting.

At the low dose (1 mg/kgbw; groups BML and BFL), radioactivity in blood and plasma reached
maximum concentrations (7,,,,) at 1-9 hours post dose and rapidly decreased in a biphasic pattern.
After attaining their maximum, radioactivity concentrations in blood decreased with half-lives (#,) of
0.47 (males) and 0.54 days (females), and in plasma 0.40 (males) and 0.44 days (females) in the first
phase. In the second phase the corresponding values were 1.71 (males) and 2.55 days (females) for blood
and 1.67 (males) and 2.63 days (females) for plasma. At the high dose (100 mg/kgbw; groups BMH and
BFH), the kinetics parameters in blood and plasma showed comparable profiles to those at the low dose,
except for the area under the concentration—time curve (AUC) which was almost 80 times greater, that
is, slightly less than dose-proportional, and the 7,,,, which was 12 hours post dosing. After attaining their
maximum, radioactivity concentrations in blood decreased with half-lives of 0.58 (males) and 0.63 days
(females), and in plasma 0.52 (males) and 0.54 days (females) in the first phase. In the second phase
the corresponding values were 2.11 (males) and 3.30 days (females) for blood and 1.75 days for both in
plasma. Dose level had no effect on #,,. No significant sex-related differences were noted.
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Table 2. Concentrations of radioactivity (ug equiv. benzpyrimoxan/g) and kinetic parameters in
blood and plasma following a single oral administration of [phenyl-U-"*C] benzpyrimoxan

Time point Dose level (ppm)
(hours) Males Females
1 mg/kgbw 100 mg/kg bw 1 mg/kgbw 100 mg/kgbw
Blood Plasma Blood Plasma Blood Plasma Blood Plasma
1 0.686 0.737 8.3 11.1 0.566 0.701 8.8 13.9
+0.080 =+0.109 +2.7 +4.4 +0.086 +0.127 +2.0 +5.5
3 0.560 0.638 13.7 17.7 0.461 0.587 18.4 24.8
+0.066 +0.098 +4.5 +6.7 +0.113 +0.131 +39 +7.2
6 0.525 0.778 12.9 16.7 0.435 0.707 18.4 25.1
+0.133  +£0.232 +4.4 +6.6 +0.078 +0.165 +5.9 +10.3
9 0.458 0.752 19.5 25.8 0.434 0.740 24.7 33.0
+0.083 +0.177 +2.2 +3.9 +0.127 +0.235 +7.6 +11.1
12 0.358 0.577 20.6 26.8 0.402 0.626 25.5 334
+0.066 =+0.127 +3.0 +53 +0.129 +0.158 +4.6 +5.9
24 0.074 0.107 13.8 21.6 0.124 0.189 17.1 26.5
+0.013 +£0.019 +4.2 +6.1 +0.040 +0.060 +1.4 +1.8
48 0.028 0.020 5.3 4.7 0.028 0.033 44 49
+0.017 =£0.007 +55 +55 +0.007 +0.011 +2.4 +2.5
72 0.010 0.010 1.3 1.3 0.018 0.014 1.4 1.4
+0.003 +0.002 +0.5 +0.4 +0.015 +0.004 +0.5 +0.4
96 0.012 0.006 0.8 0.7 0.011 0.009 1.2 0.8
+£0.011 £<0.001 +0.2 +0.1 +0.008 +0.003 +0.6 +0.1
120 0.006 0.005 0.9 0.4 0.008 0.007 0.7 0.5
+£0.002 £< 0.001 +0.6 +0.1 +0.005 +0.003 +0.2 +0.1
144 0.005 0.006 0.8 04 0.005 0.004 0.5 0.4
+0.002 £0.0006 +0.4 +0.1 +0.001 +0.001 +0.2 £<0.1
168 0.004 0.003 0.4 0.2 0.004 0.003 0.4 0.3
+0.002 £<0.001 +0.1 £<0.1 +<0.001 +0.001 +0.1 £<0.1
T,.ax (hours) 1 6 12 12 1 9 12 12
C,x (Lg equiv./g) 0.686 0.778 20.6 26.8 0.566 0.740 25.5 334
Half-life (days)
Toux—72h 0.47 0.40 0.63 0.54 0.54 0.44 0.58 0.52
72-168h 2.55 2.63 3.30 1.75 1.71 1.67 2.11 1.75
AUC, 6

: 10.909  14.699 771.5 961.7 11.594 16.590 891.6  1180.8
(ng equiv. x hour/g)

Source: Yasunaga, 2018a

Distribution

Following administration of [phenyl-U-'*C]benzpyrimoxan, male and female rats were terminated at
six hours (around 7,,,,), 24 and 168 hours post treatment at the low dose (1 mg/kgbw; groups BML-1-3
and BFL-1-3). For the high dose groups (100 mg/kgbw; BMH-1-3 and BFH-1-3) the times were nine
hours (around 7,,,), 48 and 168 hours post treatment.

No significant sex- or dose-related differences were noted in the distribution profile of
[phenyl-U-"*Clbenzpyrimoxan. At around the 7,, the highest radioactivity was found in the
gastrointestinal (GI) contents, followed by liver, plasma, GI and kidney. By 24 hours post dose,
radioactivity concentrations in all organs and tissues had significantly decreased, and by 168 hours
post dose, they were nearly negligible, suggesting that no organs or tissues specifically retained
[ phenyl-U-"*C]benzpyrimoxan and/or its metabolites.
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Table 3. Distribution of radioactivity (ug equiv. benzpyrimoxan/g) following a single oral
administration of [phenyl U-"*C]benzpyrimoxan in selected organs

Organ/Tissue Dose level
1 mg/kgbw 100 mg/kg bw
Males

6 hours 24 hours 168 hours 9 hours 48 hours 168 hours
Gastrointestinal ~ 2.152+0.117  0.099 + 0.083 <0.001 384.9+120.5 1.5£0.9 <0.1+<0.1
contents +<0.001
Liver 1.114£0.242 0.123+0.018  0.014 +0.003 54.0+27.5 32+1.0 0.8+0.3
Plasma 0.886+0.157 0.090 + 0.066 - 23.9+9.5 1.6+0.8 <0.1+0.1
Kidney 0.616+0.161 0.082+0.022  0.006 +0.001 40.2 £18.1 25+1.1 1.0+ 0.9
Blood 0.585+0.071 0.059+0.043 0.002 +<0.001 20.6 +£10.7 1.3+£0.6 03+0.2

Females
Gastrointestinal 1.517+0.270  0.090 + 0.048 <0.001 351.9+46.7 39+5.1 <0.1+<0.1
contents +<0.001
Liver 0.662+0.166 0.136+0.056  0.009 + 0.001 38.8£13.8 57+1.8 1.2+04
Plasma 0.694+0.246 0.150+0.068 0.001 +<0.001 25.8+9.7 32+1.6 0.1+£0.2
Kidney 0.687+0.140 0.140+0.030  0.007 £ 0.002 61.8+25.6 79+48 1.2+03
Blood 0.399+0.121  0.097 +0.048  0.002 + < 0.001 19.1+7.1 26+1.3 03+0.2
Source: Yasunaga, 2018a
Excretion

Following administration of [ phenyl-U-"*C]benzpyrimoxan, excreta (urine and faeces) from male and
female rats were collected every 24 hours until 168 hours post treatment at the low dose (1 mg/kgbw;
groups BML-3 and BFL-3) and the high dose (100 mg/kgbw; groups BMH-3 and BFH-3). Radioactivity
in the excreta was analysed by liquid scintillation counting. Expired air was collected up to 24 hours
post dosing.

At both doses, recovery of radioactivity by 168 hours post-treatment was > 95% of the initially
administered radioactivity, and hence acceptable. Radioactivity in the carcass at the end of the study
was not quantified as total recovery was > 95% of the administered radioactivity. Radioactivity was
rapidly excreted via urine and faeces. At the low dose, radioactivity in urine and faeces accounted for
57.6—-65.4% and 33.3—41.3% of the administered radioactivity by 168 hours post-dosing, respectively.
At the high dose, radioactivity in urine and faeces accounted for 45.5-46.1% and 53.9-54.2% of the
administered radioactivity by 168 hours post-dosing, respectively. These data indicate that at the high
dose of 100 mg/kg bw, more radioactivity was eliminated via faeces, possibly resulting from unabsorbed
material. No radioactivity in expired air was detected. No significant sex-related differences in the
excretion profile of [ phenyl-U-"*C] benzpyrimoxan were noted.

Table 4. Excretion rates of phenyl-labelled benzpyrimoxan in urine, faeces and expired air

Dose 1 mg/kgbw 100 mg/kgbw
Sex Male Female Male Female
Urine 0-24 hours 61.9 54.4 413 39.9
0-72 hours 64.7 57.0 45.0 45.4
0-168 hours 65.4 57.6 45.5 46.1
Faeces 0-24 hours 30.5 35.6 48.5 46.7
0-72 hours 332 41.1 53.8 54.0
0-168 hours 333 41.3 53.9 54.2
Expired air 0-24 hours ND ND ND ND
Cage washings® 0.12 0.15 0.08 0.07
2 Collected at 168 hours post dose; Source: Yasunaga, 2018a
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Metabolism
Excretion of the administered radioactivity (AR) via urine and faeces was almost complete within
48 hours post dosing in all groups. Therefore excreta obtained by 48 hours post dosing were subjected
to metabolite analysis. Additionally, plasma, liver and kidney samples obtained at around the 7,,,, (six
or nine hours post dosing) and plasma samples obtained at 24 hours post dosing were also subjected to
metabolite analysis.

No significant sex-related or dose-related differences in the metabolic profile of
[ phenyl-U-"*Clbenzpyrimoxan were noted.

In urine, no unchanged parent compound was detected. NNI-1501-acid-2-OH (DH-05 or M5)
was the only major (greater than 10% AR) metabolite, accounting for 18-28% of the administered dose
(AD) at the low dose. Other significant metabolites were NNI-1501-benzyl-N-Ac-cysteine (DH-401 or
M15; 7-8% AR at the low dose), NNI-1501-benzoyl-glycine (DH-402 or M16; 4-7% AR at the low
dose) and NNI-1501-benzoic acid conjugates (DH-101 conjugates or M10 conjugates; 1.5-6% AR at
the low dose). In addition the following were identified as minor metabolites:

® NNI-1501-acid (DH-01 or M1),

® NNI-1501-CH,OH (DH-02 or M2),

® NNI-1501-CH,0H-2-OH (DH-06 or M6),

® NNI-1501-CH,OH-oxide (DH-22 or M9),

®  NNI-1501-benzoic acid (DH-101 or M10),

®  NNI-1501-benzyl alcohol (DH-102),

® NNI-1501-benzaldehyde (DH-103),

® NNI-1501-CH,0OH (DH-02 or M2) conjugates,

® NNI-1501-CH,0OH-2-OH (DH-06 or M6) conjugates,
® NNI-1501-CH,0OH-oxide (DH-22 or M9) conjugates
®  NNI-1501-benzyl alcohol (DH-102) conjugates.

In faeces, unchanged parent compound was detected in small amounts (0.19—0.39% AR) at the
low dose but at much higher levels (24-29% AR) at the high dose. The most abundant metabolite in
faeces at both dose levels was NNI-1501-acid-2-OH (DH-05 or M5), accounting for 14-29% of AR.
In addition the following were identified as minor metabolites:

® NNI-1501-acid (DH-01 or M1),

® NNI-1501-CH,OH (DH-02 or M2),

® NNI-1501-CH,0OH-2-OH (DH-06 or M6),

®  NNI-1501-benzoic acid (DH-101 or M10),

® NNI-1501-benzyl alcohol (DH-102),

®  NNI-1501-benzyl-N-Ac-cysteine (DH-401 or M15)
®  NNI-1501-benzoyl-glycine (DH-402 or M16).

Details of this excreted metabolite study are shown in Table 5.
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Table 5. Metabolites in urines and faeces following a single oral administration
of [phenyl-U-*C] benzpyrimoxan to male and female rats

Metabolites Metabolites excreted (% of administered radioactivity)®
Male Female
1 mg/kgbw 100 mg/kg bw 1 mg/kgbw 100 mg/kg bw
Urine Faeces Urine Faeces Urine Faeces Urine Faeces
NNI-1501 ND 0.39 ND 23.73 ND 0.19 ND 28.70
NNI-1501-acid
(DH-01) 0.17 ND 0.16 ND 0.23 0.07 0.47 ND
NNI-1501-CH,0OH
(DH-02) 0.05 1.12 0.22 4.02 0.17 1.70 1.26 3.85
NNI-1501-acid-2-OH
(DH-05) 18.10 20.75 21.62 18.27 28.10 29.03 21.13 14.34
NNI-1501-CH,0H-2-OH
(DH-06) 0.79 0.51 1.21 1.11 1.33 0.44 1.69 0.76
NNI-1501-CH,0H-oxide
(DH-22) 4.80 ND 0.81 ND 1.84 ND 0.66 ND
NNI-1501-benzoic acid
(DH-101) 2.66 0.81 1.15 0.16 1.10 0.61 1.04 ND
NNI-1501-benzyl alcohol
(DH-102) 0.23 0.35 0.05 ND 0.32 ND 0.07 ND
NNI-1501-benzaldehyde
(DH-103) 0.27 ND ND ND ND ND ND ND
NNI-1501-benzyl-N-Ac-
cysteine (DH-401) 7.94 0.15 3.49 0.06 6.78 0.38 2.90 ND
NNI-1501-benzoyl-
glycine (DH-402) 7.40 ND 1.41 ND 3.73 0.10 1.91 ND
DH-02 conjugates 0.86 NE 2.26 NE 0.91 NE 4.39 NE
(glucuronide/sulfate) (0.69/0.17) (1.60/0.66) (0.77/0.14) (3.50/0.89)
DH-06 conjugates ND NE 0.09 NE ND NE 0.14 NE
(glucuronide/sulfate) (ND/ND) (ND/0.09) (ND/ND) (0.13/0.01)
DH-22 conjugates 1.36 NE 0.64 NE 0.35 NE 0.50 NE
(glucuronide/sulfate) (1.18/0.17) (0.48/0.15) (0.24/0.12) (0.14/0.37)
DH-101 conjugates 6.10 NE 3.93 NE 1.50 NE 2.18 NE
(glucuronide/sulfate) (1.65/4.45) (1.57/2.36) (0.47/1.03) (0.80/1.38)
DH-102 conjugates 3.11 NE 0.77 NE 0.38 NE 0.48 NE
(glucuronide/sulfate) (2.83/0.28) (0.60/0.17) (0.34/0.04) (0.12/0.36)
Polar metabolites 1.98 1.56 2.08 1.35 3.33 1.61 2.04 1.20
Others 8.25° 1.60 4.74 1.07 6.41¢ 1.43 3.85 1.29
MeCN/0.1N HCl extract? - 2.06 - 1.12 - 1.99 - 1.14
MeCN/IN HCI extract? - 1.51 - 1.22 - 1.67 - 1.17
Unextractable? - 2.13 - 1.45 - 1.57 - 1.21
Total 64.07 32.96 44.62 53.56 56.46 40.78 44.70 53.68
ND: Not detected; Source: Yasunaga, 2018a

NE: Not examined because radioactivity retained at TLC origin in faeces was less than 5% of dose;

% All values are mean of four individuals. Urine and faeces obtained until 48 hours post dose were analysed
b No individual component exceeded 2.88% of dose in others

¢ No individual component exceeded 3.08% of dose in others

4 In urine, all samples were analysed without extraction
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In plasma, no unchanged parent compound was detected at either dose. At the low dose
NNI-1501-benzoic acid (DH-101 or M10) was a major metabolite accounting for 79-86% of the
total radioactive residue (TRR) in this matrix at six hours post dosing (around 7,,,). At the high dose,
NNI-1501-benzoicacid (DH-101 orM10)and NNI-1501-acid(DH-01 or M 1) weresignificant metabolites,
accounting for23-30%and 21-32% ofthe plasmaTRR respectively atnine hourspostdosing (around 7,,,,.,).
In addition the following were identified as minor metabolites:

® NNI-1501-CH,0OH (DH-02 or M2),
NNI-1501-acid-2-OH (DH-05 or M5),
NNI-1501-CH,OH-2-OH (DH-06 or M6),
NNI-1501-CH,0OH-oxide (DH-22 or M9),
NNI-1501- benzyl alcohol (DH-102),
NNI-1501-benzyl-N-Ac-cysteine (DH-401 or M15)
NNI-1501-benzoyl-glycine (DH-402 or M16).

Table 6. Plasma metabolites at T,,,, following a single oral administration of
[phenyl-U-"*C]benzpyrimoxan to male and female rats

Metabolites Radioactivity concentration (% TRR)

Male Female

1mg/kg 100 mg/kg 1 mg/kg 100 mg/kg

NNI-1501 ND ND ND ND
NNI-1501-acid (DH-01) 2.33 21.41 6.63 32.24
NNI-1501-CH,OH (DH-02) ND 7.85 0.59 4.20
NNI-1501-acid-2-OH (DH-05) 1.25 4.41 1.99 6.17
NNI-1501-CH,0H-2-OH (DH-06) ND 3.01 ND 1.59
NNI-1501-CH,OH-oxide (DH-22) 3.09 6.55 1.70 1.46
NNI-1501-benzoic acid (DH-101) 85.86 29.81 79.28 22.67
NNI-1501-benzyl alcohol (DH-102) 0.70 3.03 0.16 1.19
NNI-1501-benzaldehyde (DH-103) ND ND ND ND
NNI-1501-benzyl-N-Ac-cysteine (DH-401) 1.92 2.71 0.20 0.91
NNI-1501-benzoyl-glycine (DH-402) 0.19 ND ND ND
Polar metabolites ND 0.36 0.20 3.43
Others ND 3.06 0.45 4.10
Unextractable 4.67 17.79 8.78 22.04
Total 100.00 100.00 100.00 100.00
ND: Not detected; Source: Yasunaga, 2018a

In liver, no unchanged parent compound was detected at either dose. At six or nine hours post dosing
(around T,,,,), the most abundant metabolites were:

® NNI-1501-CH,OH (DH-02 or M2; 20-47% liver TRR),

® NNI-1501-acid-2-OH (DH-05 or M5; 7-15% liver TRR),

® NNI-1501-CH,0OH-2-OH (DH-06 or M6; 2—11% liver TRR)

® NNI-1501-benzoic acid (DH-101 or M10; 2—14% liver TRR)
In addition the following were identified as minor metabolites:

® NNI-1501-acid (DH-01 or M1),
NNI-1501-CH,OH-oxide (DH-22 or M9),
NNI-1501-benzyl-N-Ac-cysteine (DH-401 or M15),
NNI-1501-CH,OH (DH-02 or M2) conjugates
NNI-1501-benzoic acid (DH-101 or M10) conjugates.
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[phenyl-U-"*C] benzpyrimoxan to male and female rats
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Metabolites Radioactivity concentration in pg equiv. of NNI-1501/g [% TRR]*
Female
1 mg/kg 100 mg/kg 1mg/kg 100 mg/kg
NNI-1501 ND ND ND ND
NNI-1501-acid (DH-01) ND 0.5 ND 0.7
- [0.90] - [1.73]
NNI-1501-CH,OH (DH-02) 0.312 26.0 0.143 10.2
[29.00] [46.50] [20.21] [26.84]
NNI-1501-acid-2-OH (DH-05) 0.098 34 0.097 4.2
[9.13] [7.37] [14.68] [11.15]
NNI-1501-CH,OH-2-OH (DH-06) 0.018 53 0.013 4.4
[1.61] [9.33] [2.11] [11.16]
NNI-1501-CH,OH-oxide (DH-22) 0.005 0.3 ND ND
[0.41] [0.35] - -
NNI-1501-benzoic acid (DH-101) 0.160 1.2 0.079 1.1
[13.82] [2.03] [12.39] [3.07]
NNI-1501-benzyl alcohol (DH-102) ND ND ND ND
NNI-1501-benzaldehyde (DH-103) ND ND ND ND
NNI-1501-benzyl-N-Ac-cysteine 0.043 1.2 0.014 0.9
(DH-401) [3.93] [2.61] [2.17] [2.35]
NNI-1501-benzoyl-glycine (DH-402) ND ND ND ND
Polar metabolites® 0.239 10.6 0.148 11.4
[20.36] [20.19] [23.04] [28.37]
Others 0.044 ND 0.033 ND
[4.49] [ND] [4.63] [ND]
Unextractable 0.195 53 0.134 5.9
[17.24] [10.72] [20.78] [15.33]
Total 1.114 54.0 0.662 38.8
[100.00] [100.00] [100.00] [100.00]

ND: Not detected;

2 All values are mean of four individuals;

Source: Yasunaga, 2018a

the numbers in parentheses are percentage of total radioactive residue in liver (% of TRR)

b Polar metabolites are mainly DH-02 conjugates and DH-101 conjugates
In kidney, no unchanged parent compound was detected at either dose. At six or nine hours post dosing
(around T,,,), the most abundant metabolites were:
® NNI-1501-CH,0OH (DH-02 or M2; 9-29% kidney TRR),
® NNI-1501-acid-2-OH (DH-05 or M5; 9-33% kidney TRR),
® NNI-1501-CH,0H-2-OH (DH-06 or M6; 1-11% kidney TRR)
®  NNI-1501-benzoic acid (DH-101 or M10; 3-26% kidney TRR)
In addition the following were identified as minor metabolites:
® NNI-1501-acid (DH-01 or M1),
® NNI-1501-CH,OH-oxide (DH-22 or M9),
®  NNI-1501-benzyl-N-Ac-cysteine (DH-401 or M15)
®  NNI-1501-benzoyl-glycine (DH-402 or M16).
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Table 8. Kidney metabolites (at T,,,) following a single oral administration of
[phenyl-U-"*C] benzpyrimoxan to male and female rats

Metabolites Radioactivity concentration in pgequiv. NNI-1501 per g [% TRR]*
Female
1mg/kg 100 mg/kg 1mg/kg 100 mg/kg
NNI-1501 ND ND ND ND
NNI-1501-acid (DH-01) ND 0.8 0.008 1.4
- [2.01] [1.11] [2.48]
NNI-1501-CH,OH (DH-02) 0.122 12.7 0.068 5.3
[19.00] [28.98] [9.57] [9.40]
NNI-1501-acid-2-OH (DH-05) 0.059 5.6 0.223 17.1
[9.48] [15.63] [32.70] [27.86]
NNI-1501-CH,OH-2-OH (DH-06) 0.013 4.9 0.006 3.6
[2.20] [10.99] [0.76] [6.08]
NNI-1501-CH,0OH-oxide (DH-22) 0.023 2.8 0.010 0.7
[3.58] [6.73] [1.29] [1.31]
NNI-1501-benzoic acid (DH-101) 0.158 1.6 0.121 1.4
[26.05] [4.15] [17.45] [2.54]
NNI-1501-benzyl alcohol (DH-102) ND ND ND ND
NNI-1501-benzaldehyde (DH-103) ND ND ND ND
NNI-1501-benzyl-N-Ac-cysteine 0.059 2.0 0.041 3.0
(DH-401) [9.34] [5.32] [6.00] [4.95]
NNI-1501-benzoyl-glycine 0.023 ND 0.019 0.5
(DH-402) [3.91] - [2.85] [0.82]
Polar metabolites 0.044 43 0.045 7.9
[7.36] [11.63] [6.65] [12.68]
Others 0.047 0.8 0.017 5.8
[7.70] [2.10] [2.42] [7.94]
Unextractable 0.068 4.8 0.129 15.0
[11.36] [12.45] [19.18] [23.95]
Total 0.616 40.2 0.687 61.8
[100.00] [100.00] [100.00] [100.00]

ND: Not detected;

2 All values are mean of four individuals;
the numbers in parentheses are percentage toward total radioactive residue in kidney (% of TRR)

Source: Yasunaga, 2018a

From the results of the metabolite analysis, the following metabolic pathway was proposed for
[phenyl-U-"“Clbenzpyrimoxan. The [phenyl-U-"*Clbenzpyrimoxan was mainly metabolized by
hydrolysis of its acetal ring to form the carboxylic acid (DH-01 or M1, and DH-05 or M5) or the
hydroxymethyl derivative (DH-02 or M2, and DH-06 or M6), followed by conjugation to form its
glucuronide or sulfate. Also observed were hydroxylation (to generate DH-04 or M4) and N-oxidation
(to generate DH-22 or M9) of the pyrimidine ring. In addition, various metabolites were also produced
via loss of the pyrimidine ring (DH-101 or M10, DH-102 or M11 and DH-103 or M12) . These were
further conjugated, leading to the glycine (DH-402 or M16), cysteine (DH-401 or M15), glucuronide

and sulfate conjugates. More detail is shown in Fig. 3.

20



Benzpyrimoxan

Figure 3. Proposed metabolic pathway of [phenyl-U-"*C] benzpyrimoxan in rats
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ADME study with pyrimidinyl-labelled benzpyrimoxan in rats
Figure 4. Position of radiolabel in pyrimidinyl-labelled benzpyrimoxan

Na l_o
*
O * indicates position of '4C label

Another study (OECD 417) was conducted to investigate the absorption, distribution, metabolism,
excretion and toxicokinetics of [pyrimidinyl-4(6)-"*C]benzpyrimoxan following a single oral
administration to rats. The experimental plan was very similar to that of the previous study
(Yasunaga, 2018a); the main difference was the position of the label. Male and female Wistar rats were
administered 1 or 100mg/kgbw of [pyrimidinyl-4(6)-"*Clbenzpyrimoxan suspended in a 0.5% (w/v)
aqueous solution of sodium CMC containing 0.1% (w/v) Tween 80. Since no significant sex-related
differences in the kinetics of [pyrimidinyl-4(6)-'*C]benzpyrimoxan were observed in the absorption
component of the study, distribution, metabolism and excretion were not investigated in the female rats
of the high dose group (100 mg/kgbw). The dose group design of the study is shown in Table 9.

Table 9. Design of ADME study with pyrimidinyl-labelled benzpyrimoxan

Dose group Dose Number of Sex Sampling time (hours post dose)

code? (mg/kg bw) animals/group

PML 1 4 Male Blood: 1, 3, 6, 9, 12, 24, 48, 72, 96, 120, 144, 168
PFL 1 4 Female Blood: 1, 3,6,9, 12, 24,48, 72, 96, 120, 144, 168
PMH 100 4 Male Blood: 1, 3, 6,9, 12, 24, 48, 72, 96, 120, 144, 168
PFH 100 4 Female Blood: 1, 3, 6, 9, 12, 24, 48, 72, 96, 120, 144, 168
PML-1 1 4 Male Organs/tissues: 3

PML-2 1 4 Male Organs/tissues: 24

PML-3 1 4 Male Expired air: 24, 48, 72, 96,120, 144, 168

Urine: 24, 48, 72, 96,120, 144, 168
Faeces: 24, 48, 72, 96,120, 144, 168
Organs/tissues: 168

PFL-1 1 4 Female Organs/tissues: 3
PFL-2 1 4 Female Organs/tissues: 24
PFL-3 1 4 Female Expired air: 24, 48, 72, 96,120, 144, 168

Urine: 24, 48, 72, 96,120, 144, 168
Faeces: 24, 48, 72, 96,120, 144, 168
Organs/tissues: 168

PMH-1 100 4 Male Organs/tissues: 6
PMH-2 100 4 Male Organs/tissues: 24
PMH-3 100 4 Male Expired air: 24, 48, 72, 96,120, 144, 168

Urine: 24, 48, 72, 96,120, 144, 168
Faeces: 24, 48, 72, 96,120, 144, 168
Organs/tissues: 168

a

P: Pyrimidinyl-labelled benzpyrimoxan; L: Low dose; H: High dose; Source: Yasunaga, 2018b

Absorption

Blood samples from male and female rats following administration of [pyrimidinyl-4(6)-'*C]
benzpyrimoxan were collected after 1, 3, 6, 9, 12 and 24 hours, and thereafter every 24 hours until
168 hours post dosing. Radioactivity concentrations in blood and plasma were quantified by liquid
scintillation counting.

At the low dose (1 mg/kgbw; groups PML and PFL), concentrations of radioactivity in blood
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and plasma reached their 7, one hour post dosing and decreased in a biphasic pattern. After attaining
their maximum concentrations in blood and plasma concentrations decreased in the first phase with
half-lives of 0.48 (males) and 0.39 days (females) in blood. In plasma the half-lives were 0.71 (males)
and 0.65 days (females) in the first phase. In the second phase the corresponding values were 4.03
(males) and 3.49 days (females) in blood, and 4.42 (males) and 3.94 days (females)in plasma.

At the high dose (100 mg/kgbw; groups PMH and PFH), radioactivity concentrations in blood
and plasma reached their 7, at 6-9 hours post dosing. After attaining their maximum, radioactivity
concentrations in blood and plasma decreased in the first phase with half-lives of 0.41 (males) and
0.34 days (females) in blood. In plasma the half-lives were 0.73 (males) and 0.65 days (females). In the
second phase the corresponding values were 2.94 (males) and 2.61 (females) in blood, and 2.99 (males)
and 2.91 days (females) in plasma. Dose had no effect on the first phase half-lives, while those in the
second phase were slightly shorter at the high dose. Kinetic parameters in blood and plasma at the high
dose were comparable to those at the low dose, except for the AUC which was almost 50 times higher,
(that is, less than dose-proportional), and the 7,,,, which was 6-9 times higher. There were no significant
sex-related differences.

Table 10. Concentrations of radioactivity (ug equiv. benzpyrimoxan/g) and its kinetic parameters in
blood and plasma following a single oral administration of [pyrimidinyl-4(6)-'*C] benzpyrimoxan

Males Females
Time point 1 mg/kgbw 100 mg/kgbw 1 mg/kgbw 100 mg/kgbw
(hours post dose) Blood Plasma Blood Plasma Blood Plasma Blood Plasma
1 0.479 0.520 11.7 15.6 0.551 0.768 11.7 17.4
+0.143 +£0.151 +3.2 +4.8 +0.034 £0.049 +2.0 +3.3
3 0.392 0.448 13.6 17.5 0.303 0.428 14.9 21.6
+£0.095 £0.094 +2.1 +43 +0.068 £0.095 +33 +4.4
6 0.277 0.332 17.4 20.6 0.213 0.296 14.7 21.8
+0.062 £0.055 +3.2 +3.5 +0.014 =£0.018 +4.2 +8.4
9 0.233 0.273 16.2 19.1 0.167 0.216 18.2 26.1
+0.072 £0.062 +2.7 +2.7 +0.012 £0.015 +4.4 +8.2
12 0.210 0.253 15.6 17.0 0.139 0.177 15.6 21.6
+0.057 +£0.062 +4.0 +2.5 +0.017 +£0.015 +1.0 +33
24 0.177 0.180 8.7 9.5 0.111 0.116 6.4 7.4
+0.042 £0.042 +2.1 +2.1 +0.008 +0.008 +0.7 +1.0
48 0.139 0.139 6.2 6.3 0.088 0.093 3.6 3.8
+0.032 £0.035 +1.5 +1.5 +0.010 +£0.004 +0.6 +0.9
72 0.119 0.115 5.0 4.8 0.076 0.075 2.9 3.0
+0.023 +£0.022 +1.2 +1.1 +0.008 +0.007 +0.9 +0.9
96 0.097 0.095 4.0 3.7 0.063 0.060 2.5 2.3
+0.023 +£0.020 +0.9 +0.9 +0.006 +0.004 +0.5 +0.7
120 0.086 0.083 33 3.1 0.056 0.057 1.8 1.9
+0.016 =£0.018 +0.7 +0.7 +0.004 £0.006 +0.5 +0.5
144 0.071 0.064 2.5 2.6 0.049 0.048 1.7 1.5
+0.014 +£0.012 +0.9 +0.6 +0.007 +0.007 +0.5 +0.4
168 0.062 0.052 2.1 2.1 0.042 0.038 1.3 1.3
+0.012 +£0.010 +0.5 +0.5 +0.006 =+0.003 +0.2 +0.5
T ax (hours) 1 1 6 6 1 1 9 9
Coax (g €quiv./g) 0.479 0.520 17.4 20.6 0.551 0.768 18.2 26.1
t, (days), T,.—24h 0.71 0.65 0.73 0.65 0.48 0.39 0.41 0.34
24-168h 4.03 3.49 2.99 291 442 3.94 2.94 2.61
AUC, 4 21.022  21.403 955.5 1005.3 14.274  15.604 702.0 835.9

(1g equiv. x hour/g)

Source: Yasunaga, 2018b
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Distribution
Following administration of [ pyrimidinyl-4(6)-"*C]benzpyrimoxan, male and female rats were terminated
at 3 (around 7,,,), 24 and 168 hours at the low dose (1 mg/kgbw; groups PML-1-3 and PFL-1-3), and at
6 (around T,,,), 24 and 168 hours at the high dose (100 mg/kg bw; groups PMH-1-3). The concentration
of radioactivity in major organs and tissues was quantified by liquid scintillation counting.

There were no significant sex- or dose-related differences in the distribution profile of
[ pyrimidinyl-4(6)-'*Clbenzpyrimoxan. At around T,,,, the highest level of radioactivity was found in
the GI tract, followed by GI contents, liver, kidney and adrenals. By 168 hours post dosing, radioactivity
in all organs and tissues was almost negligible and never higher than in plasma. This suggested that no
organs or tissues specifically retained [ pyrimidinyl-4(6)-'*C]benzpyrimoxan and/or its metabolites.

Table 11. Distribution of radioactivity (ug equiv. benzpyrimoxan/g) following a single oral
administration of [pyrimidinyl-4(6)-'*C] benzpyrimoxan in selected organs;
(Results shown as mean + standard deviation)

Sex, dose level

Males Females
1 mg/kgbw 100 mg/kg bw 1 mg/kg bw

Organ/tissue 3h 24h 168 h 6h 24h  168h 3h 24h 168 h
Small intestine 4.751 0.059 0.028 100.4 8.2 0.9 2.448 0.053 0.022

+3.080 =+£0.016 =+0.006 +597 +£55 +£02 +0.872 +£0.010 =+0.005
Gastrointestinal ~ 2.430 0.178 0.036 395.6 38.8 1.3 2.873 0.100 0.021
contents +0.662 +£0.031 +0.012 +565 +13.6 +04 +0.583 +£0.020 =£0.008
Liver 1.333 0.206 0.061 54.3 12.2 1.4 0.874 0.121 0.040

+0.098 +£0.067 +0.008 +21.1 +6.1 +03 +0.251 +£0.027 =£0.009
Kidney 0.858 0.114 0.032 42.6 8.5 1.2 1.072 0.134 0.035

+0.083 =+£0.030 +0.005 +234 +36 +03 +0.355 +£0.022 =+0.007
Adrenal 0.608 0.054 0.010 29.9 2.6 0.4 0.307 0.034 0.013

+0.136 +£0.016 £<0.001 +£97 =17 £02 +0.045 £0.006 =£0.003
h: Hours; Source: Yasunaga, 2018b

Excretion

Excreta (urine and faeces) and expired air from male and female rats following administration of
[ pyrimidinyl-4(6)-"*C]benzpyrimoxan were collected every 24 hours until 168 hours post treatment at
the low dose (1 mg/kgbw; groups PML-3 and PFL-3), and high dose (100 mg/kgbw; group PMH-3).
Radioactivity from excreta, expired air and carcass was analysed by liquid scintillation counting.

At both doses, recovery of radioactivity by 168 hours post treatment was greater than 95%
of the initially administered radioactivity, hence acceptable. Radioactivity was mostly excreted via
urine, faeces and expired air by 48 hours post dosing. After that, the remaining radioactivity was
gradually excreted, but a significant amount of radioactivity was retained in the carcass at 168 hours
post treatment. Radioactivity in expired air was confirmed as “C carbon dioxide. At the low dose,
excretion in urine, faeces and expired air accounted for 39—45%, 44% and 5—6% respectively of the
AR by 168 hours post treatment. At 168 hours post dosing, 3—7% of the AR was still present in the
carcasses low-dose males. In high-dose males (group PMH-3), excretion profiles were similar to those
of the low-dose groups except for increased elimination in faeces, possibly resulting from the passage
of unabsorbed material. Excretion in urine, faecces and expired air accounted for 37%, 58% and 2%
respectively of the AR by 168 hours post dosing, . After 168 hours post treatment, 2% of the AR was
still present in the carcass. There were no significant sex-related differences in the excretion profile of
[ pyrimidinyl-4(6)-"*C]lbenzpyrimoxan.
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Table 12. Excretion rates in urine, faeces and expired air (% administered dose)

Radiolabel [pyrimidinyl-4(6)-'*C]benzpyrimoxan

Dose 1 mg/kg bw 100 mg/kg bw

Sex Males Females Males Females
0-24 hours 35.0 42.7 34.1 NA

Urine 0-72 hours 37.2 443 36.0 NA
0-168 hours 38.7 45.4 36.5 NA
0-24 hours 39.6 40.8 51.2 NA

Faeces 0-72 hours 433 43.1 573 NA
0-168 hours 44.2 43.9 57.6 NA
0-24 hours 4.93 4.00 1.80 NA

Expired air 0-72 hours 5.66 4.57 2.22 NA
0-168 hours 6.28 5.01 2.37 NA

Cage washings® 0.09 0.32 0.06 NA

Carcasses® 6.89 3.29 1.83 NA

 Collected at 168 hours post dose; Source: Yasunaga, 2018b

NA: Not analyzed; not conducted for the 100 mg/kgbw female dose group as no sex differences were noted in absorption
ND: Not detected.

Metabolism

Excretion of the administered radioactivity via urine and faeces was almost complete in all groups
within 48 hours post dosing. Therefore excreta obtained up to 48 hours post treatment were subjected
to metabolite analysis. Additionally, plasma, liver and kidney samples obtained at around 7, (three
or six hours post dosing), and plasma samples at 24 and 168 hours post dosing were also subjected to
metabolite analysis. There were no significant sex- or dose-related differences in the metabolic profile
of [ pyrimidinyl-4(6)-"*C]benzpyrimoxan.

In urine, no unchanged parent compound was detected. Metabolite NNI-1501-acid-2-OH
(DH-05 or M5; 14-19% AR) was the only major (greater than 10% AR) metabolite. The second most
abundant metabolite was NNI-1501-acid-2,4-OH (DH-205 or M14), accounting for 3—-6% of AR.
In addition the following were also identified as minor metabolites:

® NNI-1501-acid (DH-01 or M1),
NNI-1501-CH,OH (DH-02 or M2),
NNI-1501-CH,OH-2-OH (DH-06 or M6),
NNI-1501-CH,0OH-oxide (DH-22 or M9),
NNI-1501-CH,OH (DH-02 or M2) conjugates,
NNI-1501-CH,OH-oxide (DH-22 or M9) conjugates
NNI-1501-acid-2,4-OH (DH-205 or M14) conjugates.
In faeces no unchanged parent compound was detected at the low dose, but a significant
amount (25% AR) was present at the high dose in males (there was no high-dose female group).

NNI-1501-acid-2-OH (DH-05 or M5) was the most abundant metabolite, accounting for 20—31% of AR.
In addition the following were also identified as minor metabolites:

®  NNI-1501-acid (DH-01 or M1),
® NNI-1501-CH,OH (DH-02 or M2)
®  NNI-1501-CH,0H-2-OH (DH-06 or M6).
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Table 13. Metabolites in urines and faeces following a single oral administration of
[pyrimidinyl-4(6)-"*C]benzpyrimoxan to male and female rats

Metabolites excreted [% of administered radioactivity] *

Males Females

1 mg/kgbw 100 mg/kgbw 1 mg/kgbw
Metabolites Urine Faeces Urine Faeces Urine Faeces
NNI-1501 ND ND ND 24.99 ND ND
NNI-1501-acid
(DH-01) 0.27 0.29 ND ND 0.39 0.28
NNI-1501-CH,OH
(DH-02) ND 1.23 0.12 3.35 0.22 1.01
NNI-1501-acid-2-OH
(DH-05) 14.03 27.78 13.69 19.78 19.15 30.73
NNI-1501-CH,OH-2-OH
(DH-06) 0.53 ND 1.45 1.11 0.77 ND
NNI-1501-CH,0OH-oxide
(DH-22) 2.40 ND 0.79 ND 1.54 ND
NNI-1501-acid-2,4-OH
(DH-205) 3.86 ND 2.88 ND 6.01 ND
aﬁlgigﬁi?/zﬁ?gtse) [1 .015./203.’17] NE [2.839./301.42] NE [1.215./‘:)6.2 1] NE
Ziéigﬁg/‘;ﬁ?ge) [0.918'/101. 13] NE [0.5%/701. 13] NE [0.501'/509.08] NE
](?giczr(())iifi(:ar/lg%;is) [1 .529-/819.3 0] NE [1 .821./%2.82] NE [1 .825-/816.0 1] NE
Polar metabolites 8.97° 4.47 8.69° 2.84 9.444 3.86
Others 0.99 ND 0.79 ND 1.12 ND
MeCN/0.1N HCIl extract® - 3.20 - 1.24 - 2.81
MeCN/1IN HCI extract® - 1.74 - 0.76 - 1.27
Unextractable 0.20 3.98 0.64 2.74 0.25 2.76
Total 36.48 42.69 35.69 56.82 43.80 42.73
ND: Not detected; Source: Yasunaga, 2018b

NE: Not examined, because radioactivity retained at TLC origin in faeces was less than 5% of dose

# All values are mean of four individuals; urine and faeces obtained until 48 hours post dose were analyzed
® No individual component exceeded 2.91% of dose in polar metabolites

¢ No individual component exceeded 2.95% of dose in polar metabolites

4 No individual component exceeded 3.59% of dose in polar metabolites

¢ In urine, MeCN/0.1N HCI extraction and MeCN/IN HCIl extraction were not examined because unextractable
radioactivity was less than 5% of dose

In plasma no unchanged parent compound was detected. At three or six hours post dosing
(around T,,,,), the most abundant metabolites were:
NNI-1501-acid (DH-01 or M1; 9-27% plasma TRR),
NNI-1501-CH,OH (DH-02 or M2; 2—-16% plasma TRR),
NNI-1501-acid-2-OH (DH-05 or M5; 5-11% plasma TRR),
NNI-1501-CH,0OH-oxide (DH-22 or M9; 2—13% plasma TRR)
NNI-1501-acid-2,4-OH (DH-205 or M14; 1-11% plasma TRR).

In addition, NNI-1501-CH,OH-2-OH (DH-06 or M6) was also identified as a minor metabolite.
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Table 14. Plasma metabolites (at T,,,) following a single oral administration of
[pyrimidinyl-4(6)-"C] benzpyrimoxan to male and female rats

Radioactivity concentration in pg eq.NNI-1501/g [% TRR]?

Males Females
Metabolites 1 mg/kg bw 100 mg/kg bw 1 mg/kgbw
ND ND ND
NNI-1501
[ND] [ND] [ND]
) 0.035 5.6 0.108
NNI-1501-acid (DH-01)
[9.35] [27.18] [26.98]
0.011 2.7 0.007
NNI-1501-CH,OH (DH-02)
[3.04] [15.55] [1.72]
) 0.020 1.6 0.041
NNI-1501-acid-2-OH (DH-05)
[5.25] [6.83] [10.54]
0.002 0.7 ND
NNI-1501-CH,0OH-2-OH (DH-06)
[0.56] [3.87] [ND]
) 0.047 03 0.018
NNI-1501-CH,OH-oxide (DH-22)
[12.85] [1.96] [4.96]
. 0.042 0.2 0.034
NNI-1501-acid-2,4-OH (DH-205)
[11.41] [0.55] [9.16]
) 0.096°" 1.7 0.069¢
Polar metabolites
[26.27] [8.62] [19.09]
0.0474 2.0¢ 0.012
Others
[12.74] [13.33] [3.01]
0.068 4.5 0.091
Unextractable
[18.53] [22.11] [24.54]
0.367 19.3 0.379
Total
[100.00] [100.00] [100.00]

ND: Not detected;

Source: Yasunaga, 2018b

& All values are mean of four individuals; the numbers in parentheses are percentage toward
total radioactive residue in plasma (% of TRR)

® No individual component exceeded 0.024 ug equiv.NNI-1501/g (6.62% of TRR) in polar metabolites
¢ No individual component exceeded 0.019 pgequiv.NNI-1501/g (5.19% of TRR) in polar metabolites
4 No individual component exceeded 0.043 g equiv.NNI-1501/g (11.66% of TRR) in others

¢ No individual component exceeded 2.0 pg equiv.NNI-1501/g (13.33% of TRR) in others

In liver, unchanged parent was detected in low-dose females (0.65% liver TRR) and high-dose

males (1.32% liver TRR), but not in low-dose males. At three or six hours post dosing (around 7,
most abundant metabolites were:

® NNI-1501-CH,0OH (DH-02 or M2; 30-53% liver TRR), and

® NNI-1501-acid-2-OH (DH-05 or M5; 8-23% liver TRR).
In addition the following were also identified as minor metabolites:

® NNI-1501-acid (DH-01 or M1),

® NNI-1501-CH,0OH-2-OH (DH-06 or M6),

® NNI-1501-acid-2,4-OH (DH-205 or M14).

ax.

), the
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Table 15. Liver metabolites (at T,,,,) following a single oral administration of
[pyrimidinyl-4(6)-"C] benzpyrimoxan to male and female rats

Concentration of radioactivity in pgequiv. NNI-1501/g

[% TRR]*
Males Females
Metabolites 1 mg/kg bw 100 mg/kg bw 1 mg/kgbw
NNI-1501 ND 0.9 0.008
[ND] [1.32] [0.65]
NNI-1501-acid (DH-01) 0.003 0.5 0.014
[0.18] [0.72] [1.38]
NNI-1501-CH,OH (DH-02) 0.705 26.9 0.263
[52.85] [50.41] [29.80]
NNI-1501-acid-2-OH (DH-05) 0.136 4.8 0.208
[10.19] [8.25] [23.44]
NNI-1501-CH,0OH-2-OH (DH-06) 0.041 53 0.029
[3.10] [9.42] [3.26]
NNI-1501-CH,0OH-oxide (DH-22) ND ND ND
[ND] [ND] [ND]
NNI-1501-acid-2,4-OH (DH-205) 0.024 ND 0.047
[1.83] [ND] [5.54]
Polar metabolites® 0.246 12.1 0.179
[18.50] [23.42] [20.88]
Others 0.044 0.3 0.042
[3.27] [0.36] [4.98]
Unextractable 0.134 34 0.084
[10.08] [6.11] [10.07]
Total 1.333 54.3 0.874
[100.00] [100.00] [100.00]
ND: Not detected; Source: Yasunaga, 2018b

2 All values are mean of four individuals;
the numbers in parentheses are percentage of total radioactive residue in liver (% of TRR)

b Polar metabolites are partially DH-02 conjugates

In kidney, no unchanged parent compound was detected. At three or six hours post dosing
(around T,,,), the most abundant metabolites were:

® NNI-1501-CH,OH (DH-02 or M2; 11-38% kidney TRR),

® NNI-1501-acid-2-OH (DH-05 or M5; 16-50% kidney TRR), and

® NNI-1501-CH,0OH-2-OH (DH-06 or M6; 2—-12% kidney TRR).
In addition the following were also identified as minor metabolites:

® NNI-1501-acid (DH-01 or M1),

® NNI-1501-CH,OH-oxide (DH-22 or M9), and

®  NNI-1501-acid-2,4-OH (DH-205 or M14).
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Table 16. Kidney metabolites (at T,,,.) following a single oral administration of
[pyrimidinyl-4(6)-"*C] benzpyrimoxan to male and female rats

Concentration of radioactivity in pgequiv. NNI-1501/g

[% TRR]*
Males Females
Metabolites 1 mg/kg bw 100 mg/kg bw 1 mg/kgbw
NNI-1501 ND ND ND
[ND] [ND] [ND]
NNI-1501-acid (DH-01) 0.010 0.6 0.021
[1.12] [1.04] [1.92]
NNI-1501-CH,OH (DH-02) 0.324 11.1 0.116
[37.78] [29.35] [10.69]
NNI-1501-acid-2-OH (DH-05) 0.140 10.4 0.536
[16.44] [21.03] [50.26]
NNI-1501-CH,0OH-2-OH (DH-06) 0.029 4.7 0.016
[3.34] [12.26] [1.51]
NNI-1501-CH,0OH-oxide (DH-22) 0.077 1.6 0.015
[8.80] [4.60] [1.32]
NNI-1501-acid-2,4-OH (DH-205) 0.033 1.7 0.062
[3.94] [2.69] [5.62]
Polar metabolites® 0.143 7.0 0.151
[16.80] [18.24] [14.35]
Others 0.025 1.8 0.052
[2.88] [2.88] [4.65]
Unextractable 0.076 3.6 0.104
[8.90] [7.91] [9.67]
Total 0.858 42.6 1.072
[100.00] [100.00] [100.00]
ND: Not detected; Source: Yasunaga, 2018b

? All values are mean of four individuals;
the numbers in parentheses are percentage toward total radioactive residue in kidney (% of TRR)

b Polar metabolites are partially DH-02 conjugates, DH-05 conjugates and DH-22 conjugates.

From the results of the metabolite analysis, the following metabolic pathway was proposed.
The [ pyrimidinyl-4(6)-"*C]benzpyrimoxan was primarily metabolized by hydrolysis of the acetal ring
to form the carboxylic acids (DH-01 or M1, and DH-05 or M5) or the hydroxymethyl derivatives
(DH-02 or M2, and DH-06 or M6), followed by conjugation to glucuronide and sulfate derivatives.
Hydroxylation (to generate DH-04 or M4) and N-oxidation (to generate DH-22 or M9) of the pyrimidine
ring was also observed. In addition, metabolites formed by the loss of the phenyl ring (DH-205 or M14)
and other highly polar metabolites were also produced and eventually mineralized to carbon dioxide.
The proposed pathways are shown in Fig. 5.

Overall no significant differences were seen between the absorption, distribution, metabolism,
excretion or toxicokinetic profiles of the phenyl-labelled benzpyrimoxan and the pyrimidinyl-labelled
benzpyrimoxan.
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Figure 5. Proposed metabolic pathway of [pyrimidinyl-4(6)-"*C] benzpyrimoxan in rats
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Metabolism and excretion study with phenyl- and pyrimidinyl-labelled benzpyrimoxan in
bile duct-cannulated rats

A study (Yasunaga, 2018c; OECD 417) was conducted to investigate the biliary excretion and biliary
metabolites of benzpyrimoxan following a single oral administration of [ phenyl-U-"*C]benzpyrimoxan or
[ pyrimidinyl-4(6)-'*C]benzpyrimoxan to bile duct-cannulated rats. Wistar Hannover [RccHan™: WIST]
male rats (five per label) were administered 1mg/kgbw of [phenyl-U-*Clbenzpyrimoxan or
[ pyrimidinyl-4(6)-'*C]benzpyrimoxan suspended in a 0.5% (w/v) aqueous solution of sodium CMC
containing 0.1% (w/v) Tween 80). Excreta (bile, urine and faeces) were collected at 24, 48 and 72 hours
post dosing. After the last excreta collection the animals were terminated and the GI contents, GI tract
and liver removed, and the radioactivity content of these isolates was measured.

Excretion

Recovery of radioactivity by 72 hours post treatment was greater than 95% of the initially administered
radioactivity for both labels, and hence acceptable. Radioactivity in the carcass was not quantified given
that total recovery was greater than 95% of the AD.

In the animals treated with [ phenyl-U-'*C]benzpyrimoxan the absorbed radioactivity was rapidly
excreted. Radioactivity in bile, urine and faeces accounted for 46%, 36% and 16% respectively of the AR
by 72 hours post dosing, . At 72 hours post treatment, residual radioactivity in the cage wash, GI contents
and GI tract plus liver combined, accounted for 0.29%, 0.01% and 0.10% respectively of the AR.

In the animals treated with [pyrimidinyl-4(6)-'*Clbenzpyrimoxan, the absorbed radioactivity
was also rapidly excreted. Radioactivity in bile, urine and faeces accounted for 29%, 47% and 19%
respectively of the AR by 72 hours post dosing. At 72 hours post treatment, residual radioactivity in
the cage wash, GI contents and GI tract plus liver combined accounted for 0.72%, 0.17% and 0.13%
respectively of the AR.
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It is noted that with the phenyl label, excretion was greater in bile compared to urine, whilst with
the pyrimidinyl label, excretion was greater in urine compared to bile. Oral absorption for benzpyrimoxan
following a single oral administration at the low dose of 1 mg/kgbw was calculated to be 76.2-82.5%
based on the sum of radioactivity excreted in bile and urine, and residual radioactivity in the GI tract and
liver. Oral absorption at the high dose of 100 mg/kgbw could not be determined from this study as only
the low dose was tested.

Tablel?7. Excretion of radioactivity in bile duct-cannulated rats following a single oral administration

Time (hours post dose) Cumulative excretion [% of administered radioactivity]*

Bile Urine Faeces Total
[ phenyl-U-"*C]benzpyrimoxan

0-24 4572 £7.67 34.90 +12.14 13.58 £8.08 94.19£1.16

0-48 46.02 £ 7.60 36.02 +12.33 15.36 = 8.04 97.40+0.80

0-72 46.08 £ 7.60 36.32 +12.28 15.54 £ 8.11 97.95 +0.90
Cage wash (obtained at 72 hours post dose) 0.29 £0.06
Gastrointestinal content (obtained at 72 hours post dose) 0.01 £0.01
Sum of liver and GI tract (obtained at 72 hours post dose) 0.10+0.01
Absorption (absorption extent was calculated as the sum of radioactivity in bile, urine,
liver and gastrointestinal tracts) 82.51+7.50
Total (recovery) 98.35+0.95

[ pyrimidinyl-4(6)-'*C]benzpyrimoxan

0-24 28.29 +£5.92 4538 £16.53 14.81 £12.68 88.48 +2.22

0-48 28.82 £ 6.02 46.80 £ 16.66 18.53 £ 11.77 94.14+0.74

0-72 28.95+6.04 47.61 £16.61 18.83 £ 11.69 94.94£0.78
Cage wash (obtained at 72 hours post dose) 0.72 £0.27
Gastrointestinal content (obtained at 72 hours post dose) 0.17+0.04
Sum of liver and GI. tracts (obtained at 72 hours post dose) 0.13+£0.02
Absorption
(absorption extent was calculated as the sum of radioactivity in bile, urine, liver and GI tract) 76.23 £12.42
Total (recovery) 95.95+0.58

® Mean and its standard deviation (n=>5); Source: Yasunaga, 2018c

Metabolism
The bile obtained up to 72 hours post dosing was subjected to metabolite analysis. No unchanged parent
was detected. The most abundant metabolites were:

® NNI-1501-CH,OH (DH-02 or M2) conjugates (14% AR),

® NNI-1501-acid-2-OH (DH-05 or M5; 6-12% AR), and

®  NNI-1501-benzyl-cysteine (DH-403 or M17) conjugates (9% AR).
In addition the following were also identified as minor metabolites:

®  NNI-1501-benzyl-alcohol (DH-102 or M11),

®  NNI-1501-benzyl-cysteine (DH-403 or M17), and

® NNI-1501-CH,0OH-oxide (DH-22 or M9) conjugate.
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In urine, no unchanged parent was detected. NNI-1501-acid-2-OH (DH-05 or M5; 19-20% AR)
was the only major metabolite found in urine. In addition the following were also identified as minor
metabolites:

® NNI-1501-acid-2, 4-OH (DH-205 or M14),

® NNI-1501-CH,0OH-2-OH (DH-06 or M6),

® NNI-1501-CH,OH-oxide (DH-22 or M9),

®  NNI-1501-benzoic acid (DH-101 or M10),

®  NNI-1501-benzyl-N-Ac-cysteine (DH-401 or M15),

®  NNI-1501-benzoyl-glycine (DH-402 or M16),

® NNI-1501-CH,OH (DH-02 or M2) conjugates,

® NNI-1501-acid-2-OH (DH-05 or M5) conjugates,

® NNI-1501-CH,0OH-oxide (DH-22 or M9) conjugates, and
®  NNI-1501-benzoic acid (DH-101 or M10) conjugates.

In faeces, unchanged parent was detected in small amount (0.2% AR) in the phenyl-labelled

group. The most abundant metabolite was NNI-1501-acid-2-OH (DH-05 or M5) accounting for 11% of
AR. In addition the following were also identified as minor metabolites:

® NNI-1501-CH,OH (DH-02 or M2),

®  NNI-1501-benzoic acid (DH-101 or M10), and

® NNI-1501-acid-2, 4-OH (DH-205 or M14).

The metabolite profiles observed in bile seemed to be consistent with those in faeces and urine

seen in this study and in previous ADME studies, except for the presence of NNI-1501-benzyl-cysteine
(DH-403 or M17), which was the precursor of NNI-1501-benzyl-N-Ac-cysteine (DH-401 or M15).

Table 18. Metabolites in bile duct-cannulated rats following a single oral administration of
1 mg/kg bw of [phenyl-U-"*C] benzpyrimoxan and [pyrimidinyl-4(6)-'*C] benzpyrimoxan

Metabolites excreted [% of administered radioactivity]®

[phenyl-U-"*CINNI-1501 |pyrimidinyl-4(6)-*CINNI-1501
Metabolites Bile Urine Faeces Bile Urine Faeces
NNI-1501 ND ND 0.20 ND ND ND
NNI-1501-acid (DH-01) ND ND ND ND ND ND
NNI-1501-CH,OH (DH-02) ND ND ND ND ND 0.92
NNI-1501-2-OH (DH-04) ND ND ND ND ND ND
NNI-1501-acid-2-OH (DH-05) 11.61 19.30 11.26 5.50 20.49 11.08
NNI-1501-CH,OH-2-OH (DH-06) ND 0.51 ND ND 0.74 ND
NNI-1501-CH,OH-oxide (DH-22) ND 0.58 ND ND 1.03 ND
NNI-1501-benzoic acid (DH-101) ND 0.41 0.49 - - -
NNI-1501-benzyl alcohol (DH-102) 2.10 ND ND - - -
NNI-1501-benzaldehyde (DH-103) ND ND ND - - -
NNI-1501-benzyl-N-Ac-cysteine ND 2.16 ND
(DH-401) - - -
NNI-1501-benzoyl-glycine ND 1.81 ND
(DH-402) - - -
NNI-1501-benzyl-cysteine ND ND ND
(DH-403) - - -
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Metabolites excreted [% of administered radioactivity]*

[phenyl-U-“C]NNI-1501

[pyrimidinyl-4(6)-“CINNI-1501

Metabolites Bile Urine Faeces Bile Urine Faeces
NNI-1501-acid-2,4-OH (DH-205) - - - ND 6.06 0.66
DH-02 conjugates 13.62 1.76 14.08 4.93 NE
(glucuronide/sulfate) [4.37/9.25] [1.48/0.28] [3.83/10.25] [3.68/1.25]

DH-05 conjugates ND 1.20 NE ND 2.86 NE
(glucuronide/sulfate) [ND/ND] [1.17/0.03] [ND/ND]  [2.43/0.43]

DH-22 Conjugates 1.37 0.40 NE 1.00 1.08 NE
(glucuronide/sulfate) [ND/1.37]  [0.32/0.09] [ND/1.00]  [0.86/0.21]

DH-101 conjugates ND 1.72 NE - - )
(glucuronide/sulfate) [ND/ND] [1.30/0.42] - -

DH-403 conjugates 8.91 ND NE - - )
(glucuronide/sulfate) [0.87/8.05] [ND/ND] - -

Polar metabolites® 5.16 391 1.01 4.86 6.97 1.88
Others® 1.88 2.41 ND 3.31 2.04 ND
Unextractable 0.07 0.15 2.58 0.20 0.96 4.29
Total 46.08 36.32 15.54 28.95 47.15 18.83

ND: Not detected;

Source: Yasunaga, 2018c

NE: Not examined because radioactivity retained at TLC origin in faeces was less than 5% of dosed radioactivity

2 All values are mean of five individuals

b No individual component exceeded 3.91% of dosed radioactivity in polar metabolites

¢: No individual component exceeded 1.92% of dosed radioactivity in others

The proposed metabolic pathways from the result of the three toxicokinetic studies (Yasunaga.2018a, b, ¢)

are summarized in Fig. 6.
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Figure 6. Proposed metabolic pathways of benzpyrimoxan in rats
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(b) Dermal route

No studies were available.
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1.2 Biotransformation

Please refer to the studies presented in section 1.1 above. Benzpyrimoxan was extensively metabolized,
with up to nine metabolites identified in plasma, up to 15 in urine and six in bile. Unchanged parent
compound was detected only in faeces, in small amounts (0.19-0.39% AR) at the low dose but at much
higher levels at the high dose (24-29% AR). Benzpyrimoxan was mainly metabolized by hydrolysis of
the acetal ring to form the carboxylic acid (DH-05 or M5) or the hydroxymethyl derivative (DH-06 or
M6), followed by conjugation to form the glucuronide and sulfate. Hydroxylation (to generate DH-04 or
M4) and N-oxidation (to generate DH-22 or M9) of the pyrimidine ring were also observed. In addition
various metabolites involving the loss of the pyrimidine ring (DH-101 or M10 and DH-102 or M11)
were also produced. These were further conjugated, leading to the glycine (DH-402 or M16), cysteine
(DH-401 or M15), glucuronide and sulfate conjugates. Metabolites formed via loss of the phenyl ring
(DH-205 or M14) and other highly polar metabolites were also produced and eventually mineralized to
carbon dioxide. There was no significant impact of sex or dose on metabolism. DH-05 (or M5) was the
only major metabolite in urine, accounting for 14—28% of AD at the low dose, and the DH-02 conjugates
(or M2 conjugates) were the only major metabolites in bile, accounting for 13—14% of AD at the low
dose. In plasma at the low dose, DH-01 (or M 1) was a major metabolite, accounting for 79-85% of the
TRR in this matrix at six hours post dosing (around 7,,,,,). At the high dose, DH-01 (or M1) and DH-101
(or M10) were significant metabolites, accounting for 21-32% and 23-30% respectively of the plasma
TRR at nine hours post dosing (around 7,,,) (Yasunaga, 2018a,b, c).

1.3  Effects on enzymes and other biochemical parameters

The metabolite profiles of benzpyrimoxan were compared among various animal species and humans,
in an in vitro (non-GLP) metabolism study using liver microsomes (Yasunaga, 2019).

Metabolite  identification  and  quantification = were  performed by  adding
[ phenyl-U-"*C]lbenzpyrimoxan at a final concentration of 2 uM to pooled liver microsomes of Wistar rats
(male and female), ICR mice (male and female), Beagle dogs (male and female) and humans (pooled
samples from males and females mixed; total of 10 and 50 donors of mixed sex, no further information
provided). The mixtures were incubated at 37°C for one hour or 24 hours. Following incubation, the
reaction mixture was extracted with acetone/methanol and then quantified by two-dimensional thin layer
chromatography-radioluminography. Metabolites were identified by co-chromatography with reference
standards.

Metabolites in liver microsomes from various animal species and humans are shown in Table 19.

Table 19. Metabolites in the liver microsomes of various animal species and humans, expressed as
% of applied radioactivity

Rat Mouse Dog Human
Reaction Male  Female Male  Female Male  Female Male +
time Metabolite female
Benzpyrimoxan ND ND ND 0.3 23.5 23.4 0.8
DH-01 6.7 3.1 7.7 10.0 21.2 23.9 23.4
DH-02 83.9 91.8 78.4 63.6 35.7 33.9 68.1
DH-03 ND ND 2.1 1.2 2.6 3.5 1.5
DH-04 ND ND 1.1 1.8 4.6 4.4 2.5
1 hour DH-05 2.4 1.9 1.5 2.9 1.7 1.3 0.3
DH-06 0.3 0.3 ND ND ND ND 0.3
DH-07 ND ND ND ND ND ND ND
DH-08 ND ND ND ND ND ND ND
DH-22 5.4 0.7 7.6 16.6 0.5 0.5 2.5
DH-101 0.4 ND 1.1 1.7 ND ND ND
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Rat Mouse Dog Human
Reaction Male  Female Male  Female Male  Female Male +
time Metabolite female
Benzpyrimoxan ND ND ND ND 1.6 1.7 0.7
DH-01 ND ND 23 39 38.6 36.7 16.0
DH-02 62.4 83.9 56.3 25.2 9.1 26.4 61.1
DH-03 ND ND 0.7 0.7 ND 0.7 1.0
DH-04 ND ND 1.1 1.5 34 4.7 0.3
24 hours  DH-05 9.3 6.2 14.9 14.6 14.5 10.7 12.1
DH-06 1.4 1.9 <0.1 0.2 ND ND 1.0
DH-07 ND ND ND ND ND ND ND
DH-08 ND ND ND ND ND ND ND
DH-22 18.5 1.5 16.8 39.8 3.3 2.5 2.1
DH-101 3.0 1.0 6.7 12.0 6.8 3.3 3.2
ND: Not detected; Source: Yasunaga , 2019

After one hour of incubation, DH-01 (M1), DH-02 (M2), and DH-22 (M9) were observed with
all microsomes, DH-01 and DH-02 being the main metabolites in dog and human microsomes, while
DH-22 also represented a significant metabolite with rat and mouse microsomes. After 24 hours of
incubation the percentages of metabolites DH-05 (M5), DH-06 (M6), DH-22 (M9), and DH-101 (M10)
increased compared to the proportions seen after one hour of incubation. Metabolite DH-04 (M4)
was not observed with rat microsomes but small amounts were detected with mouse, dog and human
microsomes. However, from the results on DH-05 and DH-06, it was concluded that DH-04, which is
produced by hydroxylation of position 2 of the pyrimidine ring before hydrolysis of the acetal ring (to
generate DH-05 and DH-06), must be generated as an intermediate metabolite in rats.

Regardless of species or sex, benzpyrimoxan was primarily metabolized by hydrolysis of the
acetal ring to form the carboxylic acid (DH-05) or the hydroxymethyl derivative (DH-06), but also by
hydroxylation of position 2 of the pyrimidine ring (to form DH-04), and N-oxidation of the pyrimidine
ring (to form DH-22). Cleaved metabolites of the phenyl ring (DH-101) were also observed. No
significant unique human metabolites were detected.

Based on the above results, the main metabolites detected in liver microsomes of all animal
species and humans were DH-01 (M1), DH-02 (M2), DH-05 (M5), DH-22 (M9), and DH-101 (M10).
There were no qualitative differences in metabolite profiles among the species. Furthermore the results
from the in vitro metabolism study of benzpyrimoxan with rat liver microsomes resembled those from
the phase-I metabolism seen in the in vivo ADME studies in rats. These results suggest that the metabolic
pathway of benzpyrimoxan in mouse, dog and human is qualitatively comparable to the metabolism
proposed from the rat ADME studies.
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2. Toxicological studies
2.1  Acute toxicity

The results of acute oral, dermal and inhalation toxicity studies with benzpyrimoxan are summarized in
Table 20, below.

Table 20. Studies of the acute toxicity of benzpyrimoxan

Species Strain Sex Route Purity Result Reference

Rat RccHan™: Wistar ~ Male Oral 93.7%  LDs,>2000mg/kgbw  Tsukushi, 2016a

Rat Sprague Dawley Male + Dermal 93.7%  LDs,>2000mg/kgbw  Yoshida, 2016
Sle:SD female

Rat Sprague Dawley Male + Inhalation  93.7%  LCs,>3.9mg/L van Huygevoort,
Crl:CD(SD) female (MMAD 3 to 3.3 um) 2017

LCs,: Median lethal concentration; LDs,: Median lethal dose; MMAD: Mass median aerodynamic diameter

(a) Lethal doses

Oral

In an acute oral toxicity study (acute toxic class method), benzpyrimoxan (purity 93.7%) in aqueous
solution of 0.5% (w/v) sodium CMC containing 0.1% (v/v) Tween 80 was administered to three male
Wistar rats via oral gavage at 2000 mg/kgbw with a dosing volume of 10mL/kg. In the absence of
mortality, an additional group of three animals was treated. Animals were observed for mortality and
clinical signs over the subsequent 14 days. Clinical observations were made before fasting, pre and
post dosing and 0.25, 0.5, 1, 3, and 6 hours after dosing, then once daily for 14 days. Mortality and
morbidity were checked at least once a day. Individual body weights were recorded before fasting, on
day O (the day of dosing) and on days 1, 7 and 14. The bilateral kidneys in all animals tested and the
urinary bladder in two animals were removed for histopathological examination as the organs suggested
treatment-related change in gross findings at necropsy.

No mortality was observed. No signs of abnormal behaviour or adverse clinical effects were
noted.

Kidney enlargement, coarse surface and/or discolouration, all bilateral, were observed in all
six animals. Renal tubular basophilic change and dilatation of renal tubules and collecting ducts were
found in all tested animals. Three animals showed renal inflammatory cell infiltrate, two animals showed
fibrosis, and two showed focal urothelial hyperplasia. Characteristic rounded crystals were seen in the
renal collecting ducts of four animals. In the urinary bladder, yellow contents were found in two animals,
but no histopathological findings were observed.

The acute oral LDy, of benzpyrimoxan in male rats was greater than 2000 mg/kg bw. Effects on
the kidney were detected at necropsy and in histopathological examination (Tsukushi, 2016a).

Dermal

In an acute dermal toxicity study (OECD 402), groups of five female and five male Sprague Dawley rats
were treated topically for 24 hours with a suspension of benzpyrimoxan (purity 93.7%) in 0.5% (w/v)
sodium CMC containing 0.1% (v/v) Tween 80 solution under occlusive conditions at the limit dose of
2000mg/kgbw. Observations for mortality and clinical/behavioural signs of toxicity were made before
and immediately after treatment commenced, then 15, 30 and 60 minutes, three and six hours after
administration, after which observations continued at least once daily for 14 days.

No mortality was observed. No signs of gross toxicity, abnormal behaviour, adverse clinical
effects, or effects on body weight were noted. The acute dermal LD, of benzpyrimoxan in female and
male rats was greater than 2000 mg/kgbw (Yoshida, 2016).
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Inhalation

In an acute inhalation toxicity study (OECD 403), groups of five male and five female Sprague Dawley
rats were exposed (nose only) to a dust aerosol of benzpyrimoxan (purity 93.7%) for four hours at a
mean actual concentration of 3.9 mg/L. This was the maximum attainable concentration. Animals were
observed twice on the day of exposure and daily thereafter for 14 days. Body weights were recorded
before exposure and on days 2, 4, 8 and 15 following exposure. At termination rats underwent a gross
necropsy. The geometric standard deviation (GSD) and mass median aerodynamic diameter (MMAD)
of the treatment material were determined twice during the exposure period. The first measurement
showed a MMAD of 3.3 um (GSD 1.9) with 62% of the particles below 4 um; the second measurement
showed a MMAD of 3.0 um (GSD 1.9) with 66% of the particles below 4 um.

There were no mortalities. Clinical signs of reaction to treatment during the exposure period
were confined to shallow respiration in two males. Clinical signs noted post exposure were hunched
posture in all animals and lethargy in two females. The animals had recovered from all signs by day 2.
Reduced body weight gain and body weight loss were seen during the first week following exposure.
All animals regained weight during the second week. No macroscopic abnormalities were observed.
The acute median lethal concentration (LCs,) of the test article exceeded 3.9 mg/L following a four hour
exposure period (van Huygevoort, 2017).

(b) Dermal irritation

The results of the skin and eye irritation and skin sensitization studies with benzpyrimoxan are
summarized below in Table 21.

Table 21. Studies of irritation and skin sensitization due to benzpyrimoxan

Species Strain Sex Route Purity  Result Reference
Rabbit Japanese White Male Skin irritation 93.7%  Slightly irritating  Munechika,
(Kbl:JW) 2017a
Rabbit Japanese White Male Eye irritation 93.7%  Slightly irritating  Tsukushi,
(Kbl:JW) 2017a
Rabbit Statens Eye irritation 93.7%  No irritation Munechika,
cornea cells Serum Institut rabbit Unknown potential 2017b
cornea (SIRC) cells
Guinea pig  Slc:Hartley [SPF] Female  Skin 93.7%  Sensitizing Takehara,
sensitization 2016
Mouse CBA/J [SPF] Female  Skin 93.7%  Not sensitizing Fujishima,
sensitization 2016

In a dermal irritation study (OECD 404), three male Japanese white rabbits were exposed to
0.5 g benzpyrimoxan (purity 97.3%) moistened with 0.45mL distilled water. The test substance was
held in contact with the skin (exposed area: approximately 2.5 cm x 2.5 cm) for four hours under a semi-
occlusive patch. Skin irritation reactions were evaluated 1, 24, 48 and 72 hours after removal of the test
article.

No mortality or clinical signs were observed in any animal during the observation period
of 72 hours following the removal of patches. Very slight erythema (score 1) was observed in one
rabbit treated with benzpyrimoxan one hour after removal of the test substance. The erythema had
disappeared within 48 hours of removal of the test substance. Neither erythema nor oedema was
observed in the other two rabbits. It was concluded that benzpyrimoxan is very slightly irritating to
rabbit skin (Munechika, 2017a).
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(¢) Ocular irritation

The potential of benzpyrimoxan to cause eye irritation was evaluated in an in vitro test followed by the
standard in vivo eye irritation study in rabbits.

Anon-GLP in vitro eye irritation test was performed to evaluate the eye irritation hazard potential
of benzpyrimoxan based on its ability to induce cytotoxicity using the OECD “short time exposure in
vitro test method” (OECD 491, July 2015).

Suspensions of benzpyrimoxan in mineral oil were prepared at concentrations of 0.05% and
5% (w/w). As a positive control a saline solution containing 0.01% (w/v) sodium lauryl sulfate (SLS)
was used. A confluent monolayer of Statens Serum Institut rabbit cornea cells cultured in a 96-well
microplate was exposed to benzpyrimoxan and SLS for five minutes. Medium and solvent control wells
were exposed in the same manner. After exposure, cells were washed with Dulbecco’s phosphate bufter.
Cell viability was measured by MTT assay. MTT formazan, extracted with a 0.04 M hydrochloric acid/
isopropanol mixture was quantified by measuring its optical density at 570 nm with a microplate reader.
Three replicate wells per assay were used, and three independent experiments conducted.

The cell viability of medium, the solvent and positive controls satisfied the acceptance criteria
of the guideline. No significant difference was found in cell viability at 0.05% or 5% benzpyrimoxan
compared to the solvent control. The relative cell viability compared to the solvent control was 100%
and 98% at 0.05% and 5% benzpyrimoxan, respectively. Cell viability with the SLS positive control
was 50%.

Since cell viability with benzpyrimoxan at both concentrations was higher than 70%,
benzpyrimoxan was judged to be non-irritant according to this in vitro assay It is noted that since a clear
negative result was obtained in the study, an in vivo follow-up study was not required. However, the
results of such a study were submitted in any case (Munechika, 2017b).

The eye irritation potential of benzpyrimoxan was investigated in a study (OECD 405) in male
Japanese White rabbits (Kbl:JW). Test animals were treated with a topical anaesthetic (tetracaine HCl) and
systemic analgesics (buprenorphine and meloxicam) to minimize any pain and distress. Benzpyrimoxan
(48 mg in a volume of 0.1 mL) was instilled into the conjunctival sac of the left eye. The treated left eye
and untreated right eye were not washed. Eyes were observed macroscopically and comprehensively at
1, 24, 48 and 72 hour(s) after the application. As benzpyrimoxan had shown to be a very slight irritant
to the skin, initially one rabbit was treated in this study. Since no severe irritation was observed in this
animal, two additional rabbits were treated to confirm the results.

No mortality or clinical signs were observed in any animal during the observation period. No
corneal opacity was noted during the study. For the iris, minimal irritation response (grade 1) was
observed in one treated eye at one hour after the application. For the conjunctiva, redness (grade 1) was
observed in all treated eyes until 24 hours after application. In addition, discharge (grade 1 or 2) was
also noted in two treated eyes at one hour after application. All treated eyes appeared normal at 48 hours
after application.

It was concluded that benzpyrimoxan is slightly irritating to the eyes of rabbits (Tsukushi, 2017a).

Overall, benzpyrimoxan is only slightly irritating to the eye in rabbits.

(d) Dermal sensitization

The skin sensitization potential of benzpyrimoxan was investigated in a maximization test in
Guinea pigs and a mouse local lymph node assay (LLNA).

In a maximization test (Magnusson & Kligmann; OECD 406) 10 Hartley female Guinea pigs
were tested with benzpyrimoxan (purity 93.7%) in corn oil. The 10 test animals were intradermally
injected with 2% benzpyrimoxan in corn oil. Subsequently a 50% test substance suspension in corn
oil was applied topically. At challenge, a suspension of 50% benzpyrimoxan in olive oil was applied
topically to the skin at a naive site. Negative and positive control groups each consisting of five animals
were established and treated with the vehicle alone or a-hexylcinnamaldehyde (HCA), respectively.
The application site was observed for skin reactions 24 and 48 hours post injection and 24 and 48 hours
after the topical applications.
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No mortality was observed. As a result of the challenge treatment, skin reactions (score 1 or 2)
were seen in all 10 Guinea pigs of the test group at 24 or 48 hours after removal of the challenge patch.
Skin reactions (score 3) were also seen in all five animals of the positive control group. No animals from
the negative control group showed a skin reaction at the challenge sites. The skin sensitization ratio was
therefore 100%.

Benzpyrimoxan was judged to be a skin sensitizer under the conditions of this study
(Takehara, 2016).

In a mouse local lymph node assay (LLNA; radioactive incorporation, OECD 429), 25 female
CBA/J [SPF] mice were divided into five dose groups, each group consisting of five mice. these were
treated topically with benzpyrimoxan at concentration levels of 2.5%, 5% or 10% (w/v), positive control
substance (25% v/v HCA) or the vehicle (acetone:olive oil at 4:1 v/v). The highest test substance
concentration that could be achieved was reported as 10%. Mice were observed daily from day 1-3 and
then at day 6 (five days after administration). Ear thickness was assessed before treatment, on day 3
(24 hours after treatment) and on day 6. Body weight was assessed before treatment and on day 6.

The stimulation indices (SI) for the 2.5%, 5% and 10% w/v groups were calculated to be 0.9,
1.1 and 1.0, respectively. As these indices were less than 3 for any of the treated groups, benzpyrimoxan
was judged to be a non-sensitizer. The SI of the positive control was 14.5, confirming the test's validity.

No animals showed abnormal clinical signs, findings at the application sites or increases in ear
thickness during the observation period. The weight of the lymph nodes in the positive control group
was higher than that of the vehicle control group and of the test substance groups. There were no effects
on body weight.

Benzpyrimoxan was judged to be a non-sensitizer under the conditions of this study. It is however
noted that it is unclear whether or not the concentration of test substance was maximized. It is possible
that if a different vehicle (perhaps corn oil) had been chosen, a higher concentration could have been
tested (Fujishima, 2016).

2.2  Short-term studies of toxicity

The short-term toxicity of benzpyrimoxan was investigated by the oral route in 28-day and 90-day
studies in mice and rats and in 14-day, 28-day, 90-day and one-year studies in dogs. Additionally, in rats,
a 28-day dermal study and five- and 28-day inhalation studies were available for evaluation.

(a) Oral administration

Mouse

A non-GLP but guideline (OECD 407) 28-day study in mice was conducted to make a preliminary
assessment of the toxicity potential of benzpyrimoxan in this species and to aid selection of dietary
concentrations for the subsequent 90-day study. Groups of five male and five female ICR [Crl:CD1] mice
were five weeks old, weighing 28-32 g (males) and 23-27 g (females). These were fed benzpyrimoxan
(purity 94%) in the diet for 28 days at concentrations of 0, 400, 1000, 4000 or 8000 ppm (equivalent
to 0, 65, 161, 632 and 1203 mg/kgbw per day for males, 0, 73, 190, 759 and 1428 mg/kgbw per day
for females). During the study the animals were examined for mortality, clinical signs of toxicity, body
weight, food consumption and haematology as well as clinical chemistry parameters. At necropsy, the
animals were subjected to gross pathology, organ weight measurements and histopathology.

One male receiving 8000 ppm presented clinical signs of wasting during days 5—7. Body weights
at 4000 ppm in males were reduced (statistically significant) on day 2 by 8% compared to controls.
By week 1 weights were still lower than for controls, but only marginally so. Body weights were also
reduced (statistically significant) at 8000 ppm in males from days 2—5 (by up to 24%) up to week 2 (by
10%). By week 4 weights were still lower than for controls (by 9%) but not with statistical significance.
Accordingly, body weight gains were significantly reduced (in some cases, animals lost weight) in males
at 4000 and 8000 ppm, with decreases being much more substantial during the first two weeks, but still
apparent at the end of the study, in particular at the top dose. There were no effects on body weights or
body weight gains in females. Food consumption was reduced (by 29%; statistically significant) in top
dose males during week 1.

40



Benzpyrimoxan

In top dose males, there were statistically significant increases in platelet count, segmented
neutrophil count and reticulocyte count, and slight( not statistically significant) decreases in
haematocrit (Ht), haemoglobin (Hb) concentration and erythrocyte count, indicative of haematological
effects. From the clinical chemistry examination, changes indicative of liver and kidney toxicity were
noted from 4000 ppm. Statistically significant increases in plasma aspartate transaminase (AST), alanine
transaminase (ALT), alkaline phosphatase (ALP), cholinesterase (ChE), creatinine, total protein and
calcium, in addition to statistically significant decreases in triglycerides and glucose were observed in
top dose males. In top dose females AST and ALT were also decreased, although not with statistical
significance. In males receiving 4000 ppm, ALT and ChE were also increased with statistical significance.

At necropsy, yellow contents in the urinary bladder were observed in two top-dose males and
in one male receiving 4000 ppm. Discolouration was observed in the kidneys of four males and two
females given 8000 ppm (bilateral in four males and unilateral in two females). In addition, a rough
surface was observed on the kidneys of all males and one female given 8000 ppm (bilateral in four males
and unilateral in one male and one female). Relative liver weight was increased (statistically significant)
in females at 4000 ppm and above (by 24% and 17% at 4000 and 8000 ppm respectively) and in males at
1000 ppm and above (by 16%, 22% and 22% at 1000, 4000 and 8000 ppm respectively). Absolute liver
weights were also increased (by 15% and more) at the same dose levels, although this change was not
statistically significant. The increase in liver weight observed in males at 1000 ppm was not considered
adverse by the Meeting in the absence of associated histopathology findings (see below) or changes
in clinical chemistry parameters. The sponsor, however, did regard the effect in males at 1000 ppm as
adverse. Absolute and relative spleen weights were increased (statistically significant) in both sexes
given 8000 ppm (absolute by 45% in males and 66% in females).

At histopathological examination, changes were noted in the liver, urinary bladder, kidneys,
spleen and thyroid. In the liver, centrilobular hepatocellular hypertrophy was observed in both sexes at
4000 ppm and above. Hepatocellular single cell necrosis was observed in four males and two females
given 8000 ppm and two males given 4000 ppm. Additionally in males given 8000 ppm, focal necrosis,
increased mitotic figures of hepatocytes, and proliferation and inflammation of the bile ducts were noted.
Crystals were observed in the urinary bladders of males at 4000 ppm and above. In the kidneys, crystals
were observed in the renal tubules, collecting ducts, pelvis and interstitium of three males and one
female given 8000 ppm and four males given 4000 ppm. Degeneration/necrosis and basophilic changes
of the renal tubules were observed in males from 4000 ppm and in top-dose females. Luminal dilatation
and degeneration/necrosis of the collecting ducts were noted in males from 4000 ppm and in one top-
dose female. There were also cellular casts in the collecting ducts of males at 4000 ppm and above,
and luminal dilatation and increased mitotic figures of the renal tubules in top-dose males. Interstitial
cellular infiltration and/or fibrosis were observed in males at 1000 ppm and above and in top-dose
females. At 1000 ppm in males there was a non-significant increase (2/5 compared to 0/5 in controls) in
the incidence of interstitial cellular infiltration. No such effects were observed in the kidneys of mice
treated for 13 weeks (see below) up to the much higher dose of 4000 ppm, so this finding was considered
equivocal. Incidence and severity of the kidney changes were greater in males than in females. In the
spleen, increased extramedullary haemopoiesis of the red pulp was observed in four top-dose females.
In the thyroid, minimal follicular cell hypertrophy was observed in one top-dose female. A summary of
the histopathological findings from the 28-day mouse study is shown in Table 22.

Table 22. Selected histopathology findings in the 28-day mouse study

Dose level (ppm), sex

0 400 1000 4000 8000

Parameter M F M F M F M F M F
Liver

Hypertrophy, hepatocyte, centrilobular 0 0 0 0 0 0 S*% 4% 4* 4%

Focal necrosis, hepatocyte 0 0 0 0 0 0 0 1 2 0

Single cell necrosis, hepatocyte 0 0 0 0 0 0 2 1 4* 2

Mitotic figures, hepatocyte, increased 0 0 0 0 0 0 0 1 2 0

Proliferation/inflammation, bile duct 0 0 0 0 0 0 0 0 0
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Dose level (ppm), sex

0 400 1000 4000 8000

Parameter M F M F M F M F M F
Urinary bladder

Crystals, A type 0 NE NE 0 NE 0 NE 3 0

Crystals, B type 0 0 NE NE 0 NE 3 NE  5**
Kidney
Crystals, B type 0 0 0 0 0 0 4* 0 3 1
Dilatation, luminal (renal tubule) 0 0 0 0 0 0 0 0 5%*% 1
Degeneration / necrosis (renal tubule) 0 0 0 0 0 1 2 1 5** 2
Mitotic figures, increased (renal tubule) 0 0 0 0 0 1 0 0 3 0
Basophilic change (renal tubule) 0 0 0 1 0 1 1 1 S5*% 4%
Dilatation, luminal (collecting duct) 0 0 0 0 0 0 1 0 1 1
Degeneration/necrosis (collecting duct) 0 0 0 0 0 0 2 0 4* 1
Casts, cellular (collecting duct) 0 0 0 0 0 0 1 0 4* 0
Cellular infiltration (interstitium) 0 0 0 0 2 0 3 0 5% 1
Fibrosis (interstitium) 0 0 0 0 0 0 2 0 4% 5%
Spleen
Extramedullary haemopoiesis, increased 0 0 NE NE NE NE NE O 0 4%
Thyroid gland
Hypertrophy (follicular cell) 0 0 NE NE NE NE NE NE 0 1
NE: Not examined; Source: Yoshimitsu, 2017

Significantly different from control by Fisher’s exact probability test: * p <0.05; ** p<0.01

In conclusion, dietary administration of benzpyrimoxan to mice for 28 days was adverse at the
top dose of 8000 ppm, causing effects on body weights, body weight gains and food consumption in
males, haematological effects in males, clinical chemistry changes indicative of liver and kidney toxicity
in both sexes, increased liver and spleen weights in both sexes and histopathologically observed changes
to the liver (both sexes), kidney (both sexes), urinary bladder (males only) and spleen (females only).
At 4000 ppm, there were still effects on body weight and body weight gain in males (although milder),
changes in fewer clinical chemistry parameters in males, increased liver weights in both sexes and
histopathological changes to the liver (mainly hypertrophy in both sexes, with single cell necrosis in
males), kidney (males only) and urinary bladder (males only). There were no adverse effects at 1000 ppm,
with the exception of an equivocal increase in renal interstitial cellular infiltration in males. The kidney
effects are not considered relevant to humans (see below in 2.6 Special studies). Overall a NOAEL of
1000 ppm (equal to 161 mg/kgbw per day) was identified from this study, based on decreases in body
weight and body weight gain in males, changes in clinical chemistry parameters in males, increased liver
weights in both sexes and histopathology of the liver (mainly hypertrophy in both sexes, with single cell
necrosis in males) at the LOAEL of 4000 ppm (equal to 632 mg/kgbw per day). It was concluded that
the high dose for the subsequent 90-day study needed to be between 4000 and 8000 ppm, to induce clear
toxic signs in both sexes (Yoshimitsu, 2017).

A GLP but non-guideline (although similar to OECD 408) preliminary 90-day study in mice
was conducted to aid selection of dietary concentrations for the subsequent 78-week carcinogenicity
study. Groups were of 12 male and 12 female ICR [Crl:CD1] mice, which were five weeks old and
weighed 25-34g (males) and 19-24g (females). They were administered benzpyrimoxan (purity
93.7%) at 0, 400, 2000 or 4000 (males)/6000 (females) ppm (equivalent to 0, 56, 282 and 523 mg/kg bw
per day in males, 0, 66,327 and 971 mg/kgbw per day in females). During the study, clinical condition,
body weights, food consumption, haematology, blood chemistry, organ weight, gross pathology and
histopathology investigations were undertaken.
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There were no treatment-related clinical signs of toxicity but there was one treatment-related
death. One female receiving 6000ppm died in week 5. At necropsy, marked bilateral obstructive
nephropathy was noted. This finding was considered to have compromised renal function in this animal
contributing to its death. Similar lesions were seen in the remaining top-dose females, therefore, the death
of this animal was clearly due to treatment. Body weights were lower (by 6—8%, statistically significant)
compared to controls at various time points throughout the study in top-dose males only. However, the
overall body weight gain was lower (statistically significant) compared to controls in top-dose males (by
24%) and females (by 26%). In males this was mainly due to a marked reduction in body weight gain
during week 1, whilst in females a moderate reduction in body weight gain was observed throughout the
13 weeks of treatment. Food consumption was reduced to a statistically significant extent in top-dose
males at week 1 (by 18%) and week 4 (by 14%), and in top-dose females at week 1 (by 14%).

The haematological examination after 13 weeks of treatment revealed a statistically significant
lowering of Ht, Hb and erythrocyte count in top-dose males and females. In males these changes
were associated with lower reticulocyte counts and higher mean cell volumes, whilst in females there
was an increase in reticulocyte count. There was also a statistically significant increase in neutrophil,
lymphocyte and large unstained cell counts in both sexes from the mid-dose, and a small increase in
eosinophil count in top-dose females. Platelet counts were higher than in controls in top-dose females.
Selected haematology results are shown in Table 23 below.

Table 23. Selected haematological parameters after 13 weeks of treatment in 90-day mouse study
(mean £ SD shown)

Parameter Dose level (ppm)
Males Females

0 400 2000 4000 0 400 2000 6000*
Haematocrit 0.438 0.449 0.470 0.401** 0.474 0.474 0.456 0.387**
(L/L) +0.0206 +0.0233 +£0.0287 =£0.0374 +0.0176 +0.0163 £0.0229 +£0.0308
Haemoglobin 13.1 13.6 13.8 11.3%* 13.8 13.8 13.5 11.2%*
(g/dL) +0.71 +0.80 +0.56 +0.96 +0.54 +0.54 +0.77 +0.98
Red blood cells 8.38 8.81 8.76 7.39%* 8.60 8.50 8.42 7.11%*
(10%/L) +0421 +£0372 +£0.630 £0.466 +0.363 +£0437 £0334 +£0.533
Reticulocytes 0.311 0.291 0.302 0.254* 0.255 0.262 0.393* 0.314*
(10%/L) +0.0824 +0.0310 +0.0627 +0.0585 +0.0859 +0.0770 +£0.1044 £0.1078
MCHC 30.0 30.2 29.3* 28.2%* 29.0 29.0 29.6 28.9
(g/dL) +0.52 +0.54 +1.18 +0.62 +0.75 +1.21 +0.95 +0.80
MCV 523 50.9 53.7 54.2* 55.2 55.8 54.2 54.5
(fL) +1.91 + 1.46 +2.30 +2.05 +1.48 +2.03 +1.74 +1.49
WBC 3.13 2.86 6.16%* 8.40** 4.36 4.30 7.48%* 8.04%*
(10°/L) +1.558 +£1481 +£2.434 +£2.362 +1419 +£2270 £1.810 +£1.922
Neutrophils 1.00 1.17 2.20% 1.73* 0.69 0.58 1.10* 1.28**
(10°/L) +1.039 +1.168 £1.090 +0.663 +0477 +0317 £0.404 £0.300
Lymphocytes 1.91 1.53 3.58%* 6.41%* 3.36 3.44 5.89%* 6.25%*
(10°/L) +0.952 +0.542 £1.562 £2.133 +1.014 +1870 +£1480 +1.782
Eosinophils 0.11 0.08 0.17 0.13 0.17 0.14 0.18 0.25*
(10°/L) +0.052 +0.038 +0.110 +0.134 +0.093 +0.53 +0.075  +0.129
LUC* 0.02 0.01 0.07* 0.12* 0.07 0.07 0.19%* 0.17%*
(10°/L) +0.019 +0.007 +£0.046 +0.078 +0.050 +0.054 £0.077 £0.086
Platelets 1270 1231 1173 1193 967 955 1074 1289**
(10°/L) +162.0 1466 £1224 +£2148 +1542 +131.1 £154.0 2219

MCHC: Mean corpuscular haemoglobin concentration;
WBC: White blood cell (leucocyte) count;

LUC: Large unstained cells;

Source: Coleman, 2017

MCYV: Mean corpuscular volume;

& Animal number was reduced from 12 to 11 due to one death; * Shirley’s test used for male animals;

Significantly different from control by Williams’ test:

*p<0.05;

#* p<0.01
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At the clinical chemistry analysis, the following treatment-related effects indicative of liver and
kidney toxicity were observed: increased ALP in top-dose males and increased AST and ALT activities
in males at the mid-dose and above; increased urea and creatinine in top-dose males and females; higher
triglyceride concentrations in top-dose males; lower sodium and chloride concentrations in top-dose
females; higher calcium levels in males at the mid dose and above, and in top-dose females; and lower
albumin/globulin ratio in top-dose males and females. Table 24 below summarizes selected clinical
chemistry results.

Table 24. Selected clinical chemical parameters after 13 weeks of treatment in a 90-day mouse
study (mean £ SD are shown)

Parameter Dose level (ppm)
Males Females

0 400 2000 4000 0 400 2000 6000
ALP 36 44 41 79%* 60 66 54 59
(U/L) +4.6 +8.5 +6.8 +24.0 +13.6 +15.8 +15.5 +17.1
ALT 45 45 64 105%* 24 24 27 29
(U/L) +48.6 +28.9 +31.8 + 46.6 +7.2 +45 +10.2 +8.5
CK 128 221 305 146 69 69 52 164*
(U/L) +118.9 +£286.5 +176.1 +107.7 +54.2 +48.5 +21.2 +267.6
Urea 9.25 9.58 7.12% 15.71%* 7.15 7.51 6.43 14.71%*
(mmol/L) +£1950 £1.722 +0.834 +4.187 +0.694 £1.060 +£1.016 +5.812
Creatine 8 6 7 19** 9 9 10 23%*
(wmol/L) +2.0 +1.5 +2.6 +5.8 +1.1 +1.4 +2.7 +9.7
Triglycerides 1.15 1.07 1.07 1.51% 1.07 1.45 1.19 0.84
(mmol/L) +0.444 +0310 £0.531 +0.94 +0.366 +0479 +£0420 +£0.510
Sodium 152 153 154 154 152 151 149%* 149*
(mmol/L) +1.9 +2.3 +1.6 +1.2 +0.9 +1.6 +2.6 +54
Calcium 2.26 2.24 2.35%* 2.48%* 2.35 2.36 2.35 2.49%*
(mmol/L) +0.062 £0.059 £0.092 +0.065 +£0.080 £0.043 £0.068 +0.099
Phosphate 2.02 2.05 2.48* 1.91 2.30 2.17 2.10 2.18
(mmol/L) +0.285 +£0365 £0.599 +0.245 +0.501 +£0.318 £0.299 +£0.450
A/G 1.67 1.73 1.56 1.45%* 1.83 1.80 1.80 1.61%*

+0.196 +0.128 £0.166 £0.105 +0.163 +£0.135 £0.120 £0.160

% Animal number was reduced from 12 to 11 due to one death Source: Coleman, 2017
ALP: Alkaline phosphatase; ALT: Alanine transaminase; CK: Creatine kinase; A/G: Albumin: globulin ratio

Significantly different from control using Fisher's exact test: * p <0.05; ** p <0.01

At necropsy there was a statistically significant reduction in absolute and relative kidney weight in
top-dose males (by 35-38%) and females (by 23-26%). Absolute and relative liver weights were
increased (statistically significant) in both sexes from the mid dose (by 17% and 22% for males and 9%
and 21% for females). In addition, absolute and relative spleen weights were increased, with statistical
significance, in females at the mid dose (by 31% and 41%) and at the top dose in males (by 34%). A
statistically significant increase in relative adrenal weights was seen from the lowest dose (by 28%,
28% and 49%) in males, although no clear dose-response relationship was apparent. Absolute adrenal
weights were also significantly increased at the mid dose and above in males. However, similar increases
were not seen in the preceding 28-day study, where males were administered up to the higher dose of
8000 ppm. There were no effects in females and no associated histopathology. In addition, no effects
were seen on adrenal weights at doses of up to 2000 ppm in the 78-week study (see below). On this
basis, although relationship to treatment cannot be excluded, these organ changes were not considered
adverse. All other organ weight changes were minor (for example a 5% decrease in brain weights in
top-dose males), lacked a dose-response relationship (for example thymus weights in males) or were
secondary to the observed reductions in body weight (For example brain and testis weights). Gross
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pathology examination revealed small size and depressions in the kidney at the top dose in both sexes
and enlargement of the spleen at the mid dose and above in both sexes.

Table 25. Changes in organ weights in 90-day mouse study (mean + standard deviation shown)

Parameter Dose level (ppm)

Males Females
0 400 2000 4000 0 400 2000 6000*

A 0.0052 0.0063  0.0065*  0.0076** 0.0100 0.0090 0.0102 0.0104
+0.0013 +0.0014 =£0.0013 +0.0015 +0.0020 +0.0028 +0.0029 +0.0022

Adrenals
0.0134  0.0172*  0.0168*  0.0204** 0.0347 0.0312 0.0344 0.0370
+0.0038 +0.0042 +0.0028 +0.0036 +0.0082 +0.0117 +0.0111 +£0.0071
A 0.4892 0.4806 0.4757  0.4631** 0.4794 0.4741 0.4691 0.4748
Brai +0.0209 £0.0259 £0.0200 =+0.0246 +0.0234 +£0.0154 =£0.0291 +0.0207
reim R 1.25 1.30 1.24 1.24 1.66 1.62 1.58 1.69
+0.11 +0.08 +0.08 +0.09 +0.17 +0-14 +0.11 +0.15
A 0.5347 0.5152 0.5433  0.3288** 0.3429 0.3516 0.3450  0.2576**
Kid +0.0856 +0.0615 +0.0842 +0.0587 +0.0246 +0.0322 +0.0414 £0.0400
1dne
4 R 1.35 1.39 1.41 0.88** 1.18 1.20 1.16 0.91**
+0.15 +0.16 +0.16 +0.12 +0.09 +0.10 +0.10 +0.13
A 1.8664 1.7537  2.1299*%  2.1544** 1.4302 1.5314 1.5917 1.6643**
Li +0.3040 +0.2248 +0.2243 +0.1834 +0.2150 +£0.2291 +£0.1693 +0.1433
YR am am ssam s 480 519 533%  591%
+0.53 +0.35 +0.44 +0.40 +0.45 +0.43 +0.34 +0.33
A 0.1140 0.0812 0.1146 0.1441* 0.1060 0.1045  0.1412%*  0.1457**
Sl +0.0451 +0.0186 +0.0338 £0.0261 +0.0207 +0.0152 £0.0396 +0.0246
een
P R 0.288 0.218 0.296 0.385** 0.367 0.355 0.477*%*  0.517**
+0.103  £0.045 £0.077 +0.059 +0.086 +0.041 +0.153 +0.077
A 0.2353 0.2403 0.2477 0.2535 ) i i )
+0.0293 +0.0289 +0.0285 +£0.0270
Testes
R 0.600 0.649 0.646 0.681* ) i i )
+0.088 +0.076 +0.076 +(0.083
A 0.0340 0.0286  0.0246*  0.0305* 0.0341 0.0367 0.0377 0.0372
- +0.0070 +£0.0078 £0.0057 =+0.0066 +0.0074 +£0.0093 =£0.0063 +0.0090
mus
Y 0.0869 0.0769 0.0644 0.0817 0.117 0.124 0.127 0.131
+0.0207 +0.0197 +0.0164 +£0.0182 +0.027 £0.027 £0.024 +0.027
A: Absolute weight change (g); R: Relative weight change; organ weight/body weight; Source: Coleman, 2017

2 Animal number was reduced from 12 to 11 due to one death

Significantly different from control using Fisher's exact test: * p <0.05; ** p <0.01

Treatment-related histopathological findings were observed in the kidneys, urinary bladder, liver and
spleen. In the kidneys, slight to marked bilateral obstructive nephropathy was seen in all top-dose males
and females. It was characterized by tubular dilatation, tubular basophilia, fibrosis, tubular inflammatory
cell infiltrate, tubular eosinophilic material and/or crystals and glomerular atrophy. Slight unilateral
obstructive nephropathy was also seen in two mid-dose females and crystals were noted in the pelvis of
some top-dose animals of both sexes. In the urinary bladder, crystals were present in one top-dose male
and one top-dose female. In the liver, centrilobular hypertrophy was noted at the mid dose and above in
both sexes. In addition, there was bile duct proliferation/inflammation at the top dose in both sexes. In
the spleen, there was an increased incidence of extramedullary haemopoiesis in females at the mid dose
and above.
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Table 26. Treatment-related histopathological findings in 90-day mouse study
(number of mice in each group of 12 showing signs is shown)

Parameter Dose level (ppm)
Males Females
0 400 2000 4000 0 400 2000 6000
slight 0 0 0 1 0 0 2 1
Nephropathy, moderate 0 0 0 5 0 0 0 1
, (obstructive) marked 0 0 0 6 0 0 0 9
Kidneys
total 0 0 0 12 0 0 2 11
Crystals present 0 0 0 4 0 0 0 3
(pelvic) total 0 0 0 4 0 0 0 3
i resent 0 0 0 1 0 0 0 1
Urinary Crystals p
bladder total 0 0 0 1 0 0 0 1
minimal 0 0 2 7 0 0 1 4
Hypertrophy, .
(centrilobular) slight 0 0 0 3 0 0 0 !
total 0 0 2 10 0 0 1 5
Liver minimal 0 0 0 4 0 0 0 1
Proliferation/ 01 0 0 0 3 0 0 0 0
inflammation,
(bile ducts) moderate 0 0 0 1 0 0 0 0
total 0 0 0 8 0 0 0 1
minimal 3 1 3 4 3 4 4 5
Spleen  [xtramedullary I 0 I 0 0 0 2 2
haemopoiesis
total 4 1 4 4 3 4 6 7
% Animal number was reduced from 12 to 11 due to one death Source: Coleman, 2017

In conclusion, dietary administration of benzpyrimoxan to mice for 90 days was adverse at the top dose
of 4000/6000 ppm, causing one death in females, effects on body weight in males, reductions in body
weight gain and food consumption in both sexes, haematological effects in both sexes, clinical chemistry
changes indicative of liver and kidney toxicity in both sexes, changes in kidney, liver and spleen weights
in both sexes and histopathological changes in liver (both sexes), kidney (both sexes), urinary bladder
(both sexes) and spleen (females only). At the mid dose of 2000 ppm, there were still apparent changes
in haematology and clinical chemistry parameters in both sexes, increased liver weight in both sexes
and increased spleen weight in females, and histopathological changes in liver (hypertrophy in both
sexes), kidney (females only) and spleen (females only). There were no adverse effects at 400 ppm.
The kidney effects were considered not relevant to humans (see section 2.6 Special studies). Overall,
a NOAEL of 400ppm (equal to 56 mg/kgbw per day) was identified from this study based on liver
and spleen histopathological changes associated with changes in organ weights and/or haematological
and clinical chemistry findings at the LOAEL of 2000 ppm (equal to 282 mg/kgbw per day). It was
concluded that the high dose for the subsequent carcinogenicity study needed to be 2000 ppm in males
and below 2000 ppm in females mainly because of the effects seen in the kidney in this sex at 2000 ppm
(Coleman, 2017).

Rat

A non-GLP and non-guideline (although similar to OECD 407) preliminary 28-day study in rats was
conducted to aid selection of dietary concentrations for the subsequent 90-day study. Groups of five male
and five female Wistar Hannover rats used rats that were six weeks old and weighed 154—-171 g (males)
and 129-145 g (females). They were administered benzpyrimoxan (purity 99.1%) over 28 days via the
diet at concentrations of 0, 300, 1000 or 5000 ppm (equivalent to 0, 25.5, 86.7 and 317.4mg/kgbw per
day for males, 0,26.1, 89.1 and 324.5 mg/kgbw per day for females). During the administration period,
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mortality and clinical signs of toxicity were checked once a day. Body weight and food consumption were
measured twice during the first week and then once a week. Before commencement of treatment and at
four weeks, urinalysis and ophthalmology were performed. After four weeks of treatment haematology
and blood chemistry assessments were made and animals were subjected to necropsy, organ weight
measurements and histopathological examination.

No deaths occurred, but one top-dose female showed emaciation and hypothermia from day 6 to
day 8 of treatment. Body weights were lower (statistically significant) compared to controls throughout
the study in top-dose males (by 11-35%) and females (by 10-27%). In addition, significantly lower
terminal body weights were seen in mid-dose males (by 8%). Similarly, body weight gains were
significantly reduced in males at the mid dose and above (by 16% and 66% respectively) and in top-dose
females (by 80%). Lower food consumption and food efficiency were also observed at the top dose in
both sexes.

At the haematology examination, significant decreases in Hb concentration, Ht and mean
corpuscular volume were noted in top-dose females. Significant increases in counts of leukocytes,
lymphocytes (males only), stab neutrophils, segmented neutrophils, and platelets were observed in
top-dose males and females. Haemoglobin was also lower in the mid-dose females. These findings
indicated general haematological effects with signs of anaemia. At the urinalysis, a statistically significant
decrease in pH was recorded in top-dose males and a statistically significant increase in leukocytes and
epithelial cells of the urinary sediment was seen in top-dose females. In addition, crystals were present
in the sediment from rats at the mid-dose and above in both sexes. Clinical chemistry investigations,
revealed significant changes indicative of liver and kidney toxicity in both sexes mainly at the top dose.
These included increases in total serum (or plasma) cholesterol, glucose (females only), urea nitrogen,
creatinine, uric acid (females only), cholinesterase (males only), inorganic phosphorus, chloride, calcium
and potassium, and decreases in protein (females only), albumin and the albumin: globulin ratio. Total
cholesterol was also significantly increased in mid-dose females.

At necropsy, a coarse surface, discolouration and enlargement were observed in the kidneys of
top-dose males and females. With these animals there was also deposition of a yellow material in the
renal cortex and medulla. This yellow content was also observed in the urinary bladders of top-dose
males. Numerous organs (brain, heart, epididymides, prostate, seminal vesicles, testes, ovaries, uterus,
pituitary, thymus and thyroid) showed significant weight changes at the top dose. However, in the absence
of associated histopathology or clinical pathology, these were most likely secondary to the decrements
in body weights observed at this dose. Organ weight changes considered toxicologically significant were
noted in both sexes at the top dose; significant changes were to the adrenal (relative weight increased by
5-25%), kidney (absolute weight increased by 78—88%), liver (relative weight increased by 26-33%)
and spleen (relative weight increased by 13-36%).

Table 27. Selected organ weights in 28-day rat study (mean + standard deviation shown)

Dose level (ppm)
Males Females

Parameter 0 300 1000 5000 0 300 1000 5000

Mean final body weight (g) 318 315 291* 207%%* 198 202 198 141%*
+ 14 +19 +12 +15 +8 +16 +12 +8

Adrenals absolute (g) 0.076 0.079 0.078 = 0.062* 0.082 0.095 0.076 0.060#
+0.007 +£0.006 0.012 +0.009 +0.006 +£0.016 +0.017 +0.003

relative (%) 0.024 0.025 0.027 0.030* 0.041 0.047 0.039 0.043
+0.003 £0.001 +0.003 £0.004 +0.004 +0.005 £0.001 +0.004
Brain absolute (g) 1.983 2.043 1.992 1.933 1.901 1.863 1.862 1.758#

+0.055 +0.085 +£0.090 +£0.033 +0.053 +0.094 +£0.055 £0.014

relative (%) 0.623 0.650 0.686 0.940%* 0.960 0.925 0.945 1.249%*
+0.016 +0.054 £0.044 £0.082 +0.032 £0.059 +£0.059 +0.064

Epididymides  absolute (g) 0.971 0.994 0.940 0.838*
+0.088 +£0.091 +£0.077 £0.054

relative (%) 0.305 0.317 0.323 0.405#
+0.023  +0.044 +0.022 +0.008
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Dose level (ppm)

Males Females
Parameter 0 300 1000 5000 0 300 1000 5000
Heart absolute (g) 0.934 0914 0912 0.680** 0.641 0.668 0.648 0.497*
+0.026 +0.089 £0.101 +0.083 +00.86 £0.079 +0.045 *0.053
relative (%) 0.293 0.290 0314 0.3284# 0.323 0.330 0.328 0.352
+0.006 +£0.014 +£0.032 +0.023 +£0.039 £0.020 +0.004 +£0.027
Kidneys absolute (g) 2.288 2.111 1.973 4.300# 1.464 1.478 1.412 2.609#
+0.202 +£0.068 +0.192 £0.659 +0.154 +£0.215 +0.046 +0.468
relative (%) 0.718 0.671 0.678 2.069# 0.737 0.729 0.716 1.854#
+0.044 +£0.039 +£0.054 £0.180 +0.049 +0.048 +£0.040 £0.330
Liver absolute (g) 9.41 9.02 8.84 7.72%* 5.62 5.68 5.85 5.31
+0.44 +0.63 +0.63 +0.82 +0.40 +0.68 +0.57 +0.27
relative (%) 2.96 2.86 3.03 3.73%* 2.83 2.81 2.96 3.77%*
+0.10 +0.05 +0.20 +0.20 +0.11 +0.13 +0.22 +0.25
Ovaries absolute (g) ) i i ) 0.103 0.092 0.093 0.053%*
+0.017 +£0.017 +£0.010 +0.007
relative (%) ) i i ) 0.052 0.045 0.048 0.038*
+£0.007 £0.006 +0.007 *0.007
Pituitary absolute (g) 0.011 0.011 0.010 0.007# 0.014 0.014 0.013 0.007%*
+0.001 +£0.001 +£0.001 +0.000 +£0.002 £0.002 +£0.001 +0.001
relative (%) 0.0035 0.0033 0.0034 0.0035 0.0070 0.0068 0.0067  0.0053**
+0.0003 £0.0002 +0.0004 £0.0003 £0.0007 =£0.0005 =+0.0008 =+0.0006
Prostate absolute (g) 0.347 0.363 0.312 0.224* ) ) ) i
+0.059 +£0.036 +£0.081 +0.084
Seminal absolute (g) 1.040 0.897 0.857 0.426%* ) ) ) i
vesicles +0.207 +0.176 +0.218  £0.132
relative (%) 0.327 0.287 0.294 0.206*
£0.063 +0.066 +0.071  =0.060 i i i i
Spleen absolute (g) 0.702 0.632 0.598 0.637 0.535 0.460 0.435%  0.431%*
+£0.055 £0.051 +£0.100 £0.093 +£0.068 £0.043 +£0.043 +0.027
relative (%) 0.221 0.201 0.206 0.308%* 0.271 0.228 0.221* 0.307
+0.021 £0.018 £0.039 +0.033 +0.039 £0.012 +0.014 £0.033
Testes relative (%) 1.052 1.061 1.162 1.535%* ) ) ) i
+0.112  +£0.056 +0.055 +0.080
Thymus absolute (g) 0.585 0.583 0.557 0.282# 0.503 0.453 0.472 0.253%*
+0.037 +£0.098 +£0.072 +0.018 +£0.048 £0.102 +£0.042 £0.061
relative (%) 0.184 0.184 0.192 0.136# 0.254 0.223 0.238 0.179
+0.013  +£0.022 +0.030 £0.005 +0.029 +£0.039 +£0.014 +0.038
Thyroids relative (%)  0.0077  0.0075 0.0080  0.0105** 0.0097  0.0103 0.0107 0.0110
+0.0010 +0.0008 +0.0013 +£0.0010 +0.0008 +0.0011 +£0.0014 +£0.0021
Uterus absolute (g) - - - - 0.377 0.370 0.463 0.122#
+£0.092 £0.025 +0.171 *0.014
relative (%) - - - - 0.191 0.184 0.238 0.087#
+£0.048 £0.024 +£0.101  +0.009
Significantly different from the control using Dunnett’s test: * p <0.05; ** p<0.01; Source: Nagai, 2018

Significantly different from the control using Steel’s test: * p < 0.05;

Treatment-related histopathological findings were observed in the kidneys, urinary bladder, liver,
adrenals and bone marrow. In the kidney, various findings were noted in both sexes at the top dose.
These included obstructive nephropathy characterized by unusual crystals (round, brown, laminal
structure, and/or occasionally coated with eosinophilic material) in the pelvis and lumen of the renal
tubules/collecting ducts, and basophilic changes of the renal tubules accompanied by luminal dilatation,
degeneration and/or necrosis with regenerative changes of the renal tubules/collecting ducts, and
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interstitial inflammation. In the urinary bladder the same unusual crystals were noted in top-dose males
and females. Two mid-dose males also showed hyperplasia of the urothelium, however given the lack
of a dose—response relationship this finding was not considered treatment-related. In the liver there was
centrilobular hepatocellular hypertrophy in males at the mid-dose and above and in top-dose females.
In the absence of organ weight changes and/or associated findings in clinical chemistry parameters in
mid-dose males, the hypertrophy in this group was considered non-adverse. In the adrenals, hypertrophy
of the zona glomerulosa was seen at the top dose in both sexes. In the bone marrow (of sternum and
femur), there was atrophy in one male and four females at the top dose.

Table 28. Selected histopathological findings from 28-day rat study;
(number of affected animals [number examined] is shown)

Dose level (ppm)

Males Females
Parameter 0 300 1000 5000 0 300 1000 5000

Hypertrophy, zona

Adrenals
glomerulosa

0[5] 0[0] O[5] 5*[5] O0[5] 0[0] O[5] 5%[5]

Bone marrow (sternum and femur),

atrophy 0[s] 0[0] 0[0] 1[s]  O[s] O[] O0[0] 4*(5]

Kidneys Crystal(s), luminal, renal

%k £
rubule O[5] O[5 O[5 S**[5I O[5] Of[5] Of[5] S**I[3]
Dilatation, luminal, renal

tubule 0[5] O[5] O[5] 5*<[5] O[5 O[5] O[5] 5**|[5]

Degeneration/nuclear

pycnosis/necrosis, renal 0[5] O[5] Of[5] 5**[5] 0[5] O[5] Of[5] 4*][5]
tubule

Basophilic change, renal
tubule

Cellular cast, renal tubule O[5] O[5] Of[5] S**[5] O[5 O[5] O[5 5**[5]

Crystal(s), luminal,
collecting duct

0[5] O[5] O[5] 5*[5] O[5] O0[5] O[5] 5%*[5]

0[S] O[5] O[5] 5*[5] O0[5] O[S] O[5 5%*[5]

Crystal(s),
pelvis 0[s] O[5] Of[5] 3[5] O[5] O[5] O[5] 3[5]
Crystal(s),
urothelium 0[] O[5]1 1[s] O[] O[5] O[5] O[5] 0[5]

Dilatation, luminal,
collecting duct

Hyperplasia, collecting duct 0 [5] O[5] O[5] 5**[5] 0[5] OI[5] Of]5] 4* [5]
Cellular cast, collecting duct 0[5] O[5] O0][5] 3[5] 0[5] O[5] O[5] 4*]5]

Mononuclear cell
infiltration, interstitial

0[5S] O[5] O[5] 5*[5] O0[5] O[S] O[5] 5%*[5]

0[5] Of5] Of5] S5*[5] O[5] O[5] Of5] 4*[5]

Fibrosis, interstitial 0[5] O[5] Of[5] 5**|5] 0[5] Of[5] Of[5] 5**[5]

Hyperplasia, urothelium 0[s] 0[51 Of[5] 01[5] 0[5] Of[5] Of5] 4* [5]
Liver iﬁﬁﬁgﬁﬁﬁi hepatocyte, 51 os] 2[5] 5%*[5] 0[5] O[] O[5] 5**[5]
Urinary ~ Crystal(s) 0[5] Of[5] Of[5] 4*[5] O[5] Of[5] Of5] [I[5]
bladder  Urothelium hyperplasia 0[5] O[5] 2[5] O0]5] 0[5] O[5] O[5] O[5]
Significantly different from the control using Fisher’s Exact test: * p <0.05; ** p<0.01; Source: Nagai, 2018
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In conclusion, dietary administration of benzpyrimoxan to rats for 28 days was adverse at
the top dose of 5000 ppm in both sexes, causing reductions in body weight, body weight gain, food
consumption and food efficiency, haematological effects indicative of anaemia, clinical chemistry and
causing urinalysis changes indicative of liver and kidney, changes in kidney, liver, adrenal and spleen
weight and histopathological changes to kidney, liver, urinary bladder, adrenals and bone marrow.
At the mid dose of 1000 ppm, there were still adverse effects on body weight and body weight gain
in males, decreased Hb and increased total cholesterol in females, and the presence of crystals in the
urinary sediment of both sexes. There were no adverse effects at 300 ppm. The kidney and urinary
bladder effects were considered not relevant to humans (see section 2.6 Special studies). Overall, a
NOAEL of 300 ppm (equal to 25.5 mg/kgbw per day) was identified from this study based on effects on
body weight and body weight gain and haematological and clinical chemistry findings at the LOAEL of
1000 ppm (equal to 86.7mg/kgbw per day) (Nagai, 2018).

In a 90-day study (OECD 408), benzpyrimoxan (purity 94%) was administered in the diet for 90 days
(13 weeks) to groups of 10 male and 10 female Wistar Hannover rats, five weeks old, and weighing
156—177 g (males) or 117—137 g (females). Dietary concentrations were 0, 100, 300, 1000 or 3000 ppm
(equivalentto0,6.26,18.7,64.2 and 194 mg/kg bw per day formales, 0,7.41,22.2,78.1and 227 mg/kg bw
per day for females) . All animals were observed daily for mortality and general clinical signs of toxicity,
and their body weights and food consumption recorded weekly during the treatment period. Detailed
clinical observations were performed once prior to the initiation of treatment and once a week during the
treatment period. Functional observation was carried out at 11 weeks of treatment. Ophthalmological
examination was conducted prior to the initiation of treatment on all animals and at 13 weeks of treatment
on all animals in the control and 3000 ppm groups. Urinalysis was conducted at 13 weeks of treatment.
At the end of treatment all surviving animals were subjected to examination of haematology and blood
biochemistry, necropsy and organ weight analysis were conducted. Histopathological examination was
performed on the prescribed organs of all animals from the 0 and 3000 ppm groups and also on the liver,
kidney and urinary bladder of all animals in the 100, 300 and 1000 ppm groups.

There were no significant changes in clinical or functional observation in any dose group.
At the top dose, body weights were significantly lower than in controls from week 1 in males (by
6—19% at week 13) and from week 3 in females (by 8—11% at week 13). Similarly, body weight gains
were reduced over the course of the study in top dose males (by 29%) and females (by 23%). Food
consumption and food efficiency were also decreased at the top dose in both sexes, although more
markedly in males.

At the haematology examination various changes, including changes indicative of anaemia, were
noted at the top dose. There were in both sexes statistically significant increases in platelet count and
decreases in Ht, Hb and prothrombin time. In addition, differential neutrophil counts were increased in
males and mean corpuscular volume and mean corpuscular Hb were decreased in females. Reticulocyte
counts were unchanged. Clinical chemistry investigations revealed significant changes in parameters
indicative of liver and kidney toxicity, mainly at the top dose. Statistically significant increases in
plasma y-glutamyl transpeptidase (GGTP), total cholesterol and chloride were noted in both sexes.
Males also showed statistically significant increases in ALP, AST, creatinine, urea nitrogen and calcium,
and a statistically significant decrease in glucose. At 1000 ppm, statistically significant increases in AST
in males and GGTP and total cholesterol in females were noted. At urinalysis, a statistically significant
increase in urine volume and the colourless appearance of urine was noted in top-dose males and females.
In addition crystals were present in the urinary sediment of all top-dose males and females. The urine of
top-dose males also showed a statistically significant decrease in specific gravity, ketone levels and pH.
Urinary sediment crystals were also present in four females at 1000 ppm.

At necropsy, changes were noted at the top dose. Males and females showed a statistically
significant increase in the incidence of spots on the surface of the kidney. Males showed statistically
significant increases in the incidences of dark-coloured liver and coarse surface to the kidney. In females,
a statistically significant increase in the incidence of depressed areas of the kidney was also noted.
Numerous organs (brain, heart, epididymides, testes, adrenals and thymus) showed significant weight
changes at the top dose. However, in the absence of associated histopathology or clinical pathology,
these were most likely secondary to the decrements in body weights observed at this dose. Organ weight
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changes considered toxicologically significant were noted in both sexes at the top dose in the kidney
(relative weight increased by 18—53%), liver (relative weight increased by 16-26%) and spleen (relative
weight increased by 21-33%). Relative liver weights were also significantly increased at 1000 ppm in
males (by 9%) and females (by 12%). Detail of selected organ weights is shown in Table 29.

Table 29. Selected organ weights in 90-day rat study (mean + standard deviation shown)

Parameter Dose level (ppm)
Males Females
0 100 300 1000 3000 0 100 300 1000 3000
Mean final body 428 418 414 420 3474 234 233 239 231 208%*
weight (g) +26 +£32 £24 +33 +34 +23 +10 +17 +15 +£18
A 2004 2007 1997 2027 1973 1844 1834 1823 1817 1806
Brain +70 +51 +58 +£92 +54 + 46 +57 +£62 +68 +£58
(mg) R 047 0.48 0.49 048  0.57** 0.79 0.79 0.77 0.79 0.87*
+£0.04 +£0.03 +0.03 £004 +0.05 £0.07 +0.04 £006 +£0.05 £0.06
A 1061 1008 1018 1065 955% 684 683 702 715 678
Heart +63 +86 +72 +83 + 88 +61 +23 +57 +58 +70
(mg) R 025 0.24 0.25 026  0.28%* 0.29 0.29 0.29 0.31 0.33%*
£0.01 £002 £002 +£0.01 +0.02 £0.02 +0.01 £001 £0.02 +0.03
A 419 412 392 404 311k 346 339 384 296 306
Thymus +71 +89 +63 +74 +74 + 64 +57 +51 +48 +47
(mg) R 0.099 0099  0.095 0.097  0.090 0.149  0.146  0.162  0.129  0.148
£0.022 +£0.021 £0.012 £0.020 +£0.021  £0.028 +£0.025 +0.028 +£0.026 =+0.024
A 1014 1001  10.07  10.82 9.46 5.66 5.65 5.96 6.28%  6.38*
Liver +£090 +1.01 +081 +1.05 +0.62 +£039 +032 +£064 +£0.62 +0.67
(2) R 237 239 243 2.58%k D74k 243 2.43 249  2.72%%  307%*
£0.10 +0.14 +0.10 +£0.18 +0.16 +0.13 +0.14 +0.15 +022 +0.18
A 2428 2387 2389 2436 2978 1520 1519 1525 1536 1595
Kidneys +£148  £238  £118 +£179  +£538 £159  £59  £153  £105 £155
(mg) R 057 0.57 0.58 0.58  0.87** 0.65 0.65 0.64 0.66  0.77**
£0.02 +0.05 +£003 +£004 +0.19 £0.04 +0.03 £004 £0.04 +£0.07
A 654 609 607 676 699 451 476 481 469 475
Spleen +67 +81 +61 +91 +70 +54 +86 +86 + 46 +53
(mg) R 015 0.15 0.15 0.16  0.20%* 0.19 0.20 0.20 0.20  0.23%*
£0.02 +002 £001 £0.02 £0.02 £0.02 +0.03 £003 £0.02 +0.03
A 724 67.3 66.8 71.6 75.9 74.1 73.8 74.5 75.3 67.7
Adrenals £97 +87  £63  +£63 +£8.9 £86 £99  £95 £114 113
(mg) R 0017 0016 0016 0.017 0.022%* 0.032  0.032  0.031 0.033  0.033
£0.003 +0.003 £0.002 +0.002 +£0.004 +£0.003 +0.004 +0.004 =+0.004 =+0.005
Testes A 3668 3514 3393% 3512 3484 - - - - -
(mg) £294  +£191  £289  £168  +£226

R 0.86 0.84 0.82 0.84 1.01%** - - - - -
+0.11 £0.07 £0.07 +£0.07 *£0.12

Epididymides A 1285 1244 1251 1226 1191* - - } i j
(mg) +94 +56 +65 +106 +68

R 0.30 0.30 0.30 0.29 0.34** - - - - -
+0.03 +0.03 +£0.02 =£0.02 +0.04

A: Absolute weight; R: Relative weight (organ weight/body weight); Source: Ohtsuka, 2018a
* Significantly different from the control using Dunnett’s (or Dunnett-type) test: p <0.05;
** Significantly different from the control using Dunnett’s (or Dunnett-type) test: p <0.01
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Treatment-related histopathological findings were seen in the kidneys, urinary bladder and liver.
In the kidney, obstructive nephropathy was reported for all males and eight of 10 females at the top
dose. This condition was characterized by lesions in the cortex, which extended into the medulla and
up to the tip of the papilla. The lesions were associated with the presence of crystals in the lumen of
the renal tubules and/or collecting ducts. From these findings, it was inferred that the renal lesions were
produced due to obstruction of the renal tubules/ducts by the crystals, most likely derived from the test
substance or its metabolites. Crystals were also present in the pelvis in both sexes from 1000 ppm. In the
liver, centrilobular hepatocyte hypertrophy was noted at the top dose. In the urinary bladder, urothelial
hyperplasia was observed in one male and two females, at the top dose. Two top-dose females showed
signs of cystitis, and luminal crystals were observed in two top-dose males. Noteworthy histopathological
findings are detailed in Table 30.

Table 30. Selected histopathological findings from 90-day rat study
(Number affected in each dose group of 10 rats)

Parameter Dose level (ppm)

Males Females
0 100 300 1000 3000 0 100 300 1000 3000

Liver

Fatty change, hepatocyte,

centrilobular 0 0 0 1 0 0 0 0 0 0
Hypertrophy, hepatocyte,

centrilobular 0 0 0 0 6** 0 0 0 0 5*
Kidneys

Basophilic change, renal tubule 1 1 2 4 0 0 0 0 0
Calcification, fornix 1 0 0 0 2 0 0 1 1
Crystal(s), luminal, collecting duct 0 0 0 0 0 0 0 1 1
Crystal(s), pelvis 0 0 0 4% 8** 0 0 0 4% TH*
Dilatation, pelvis 2 0 0 0 0 2 0 0 0 0
Nephropathy, obstructive 0 0 0 0 10** 0 0 0 0 8**
Pyelitis/pyelonephritis 0 0 0 0 0 0 0 0 0
Hyperplasia, urothelium 1 0 0 1 3 1 0 0 0
Nephroblastematosis 0 0 0 0 0 0 0 1 0
Urinary bladder

Crystal(s), luminal 0 0 0 0 2 0 0 0 0 0
Cystitis 0 0 0 0 0 0 0 0 0 2
Hyperplasia, urothelium 0 0 0 0 1 0 0 0 0 2
* Significantly different from the control using Fisher’s exact probability test: p <0.05; Source: Ohtsuka, 2018a

** Significantly different from the control using Fisher’s exact probability test: p <0.01

In conclusion, dietary administration of benzpyrimoxan to rats for 90 days was adverse at the
top dose of 3000 ppm, causing reductions in body weight, body weight gain, food consumption and food
efficiency in both sexes, haematological effects indicative of anaemia, clinical chemistry and urinalysis
changes indicative of liver and kidney toxicity in both sexes, changes in kidney, liver, and spleen
weight in both sexes, and histopathological changes in kidney, liver and urinary bladder in both sexes.
At 1000ppm, there were adverse effects on some clinical chemistry parameters (increased plasma
GGTP and total cholesterol in females and increased AST in males) and urinalysis parameters
(presence of crystals in the urinary sediment of females), increased liver weight in both sexes and
kidney histopathology findings (presence of crystals in the pelvis) in females. There were no adverse
effects at 300 or 100 ppm. The kidney and urinary bladder effects are considered not relevant to humans
(see section 2.6 Special studies). Overall, a NOAEL of 300 ppm (equal to 18.7 mg/kgbw per day) was
identified from this study based on clinical-chemistry findings and increased liver weight at the LOAEL
of 1000 ppm (64.2/78.1 mg/kgbw per day in males/females) (Ohtsuka, 2018a).
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Dog

Preliminary studies

In a preliminary 14-day study in dogs, benzpyrimoxan (purity 99.1%) was administered daily in the
diet for seven or 14 days to 12-month-old beagle dogs (one male weighing 12.5kg and one female
weighing 10.1kg) at dose levels of 0, 1000, 3000, 10000 and 30000 ppm (equivalent to 0, 24, 71, 236
and 295 mg/kgbw per day for males, 0, 30, 88, 210 and 335 mg/kgbw per day for females) . Animals
were checked daily for general condition and mortality, and individual food consumption measured.
Body weights were recorded on days 1, 3, 7, 10 and/or 14. Urinalysis was performed on all animals
prior to initiation of treatment, in week 1 (3000, 10000 and 30000ppm) and week 2 (1000 ppm).
Before initiation of treatment and after the end of administration, all top dose animals were subjected to
haematology, blood chemistry, necropsy and organ weight measurements.

During the administration period no mortalities occurred and there were no effects on urinalysis
or haematology parameters. At 10000 ppm, vomiting was noted in the male, with slight body weight loss
and decreased food consumption in the female. At 30 000 ppm, gradual body weight loss and decreased
food consumption were noted in males and females. In addition, the male showed high ALP values and
both sexes produced high values for total cholesterol and phospholipid. At necropsy, liver enlargement
and increased absolute and relative liver weights were noted at the top dose in both sexes. Based on
these results, the study director concluded that the top dose for the subsequent 28-day study should be
set below 30000 ppm (Ishii, 2014a).

In a 28-day study (OECD 409), benzpyrimoxan (purity 94.1%) was administered to six-month-old
beagle dogs (two males weighing 6.8—-8.0kg and two females weighing 7.3—7.9 kg per group) in the diet
at concentrations of 0, 1000, 5000 and 20000 ppm (equivalent to 0, 35, 180 and 297 mg/kgbw per day
for males, 0, 36, 152 and 465 mg/kgbw per day for females. The required standard examinations were
performed.

No mortalities occurred. Clinical signs of toxicity (vomiting, no defaecation, emaciation) were
observed at the top dose during the first three days of treatment. Body weights were reduced by 22-24%
and food consumption was decreased at the top dose. Haematology showed that reticulocyte percentage
and reticulocyte counts were reduced (by 31-65%) in both sexes at the top dose. Clinical chemistry
investigations revealed increased levels of AST, ALT, ALP, total cholesterol, triglycerides and
phospholipids at the top dose. Increased levels of total cholesterol, triglycerides and phospholipids were
also noted at 5000 ppm. Liver weight was increased at 5000 (relative weight by 31-45%) and 20 000 ppm
(relative weight by 37—-70%). Thymus weight was reduced (relative weight by 62—-63%) at the top dose.
In the liver, single cell necrosis of hepatocytes (minimal) was observed in one female at 20 000 ppm, and
hypertrophy of centrilobular hepatocytes (minimal or mild) in both males at 5000 ppm and in both males
and one female at 20 000 ppm. In addition, hypocellularity of the bone marrow (femur and sternum) and
atrophy of the thymus were noted at the top dose.

In conclusion, dietary administration of benzpyrimoxan to dogs for 28 days caused significant
toxicity at the top dose of 20000ppm (297 mg/kgbw per day), including clinical signs of toxicity,
reductions in body weight and food consumption, decreases in reticulocytes, clinical chemistry changes
indicative of liver toxicity, increased liver weight with associated histopathology, decreased thymus
weight with associated atrophy and hypocellularity of the bone marrow. At 5000 ppm, there were
adverse effects mainly in the liver, including increased weight, hypertrophy of centrilobular hepatocytes
and changes in some clinical chemistry parameters. There were no adverse effects at 1000 ppm. Based
on these findings, a NOAEL of 1000 ppm (equal to 35 mg/kgbw per day) was identified from this study
based on liver toxicity at the LOAEL of 5000 ppm (equal to 152 mg/kgbw per day) (Ishii, 2014b).

Study 1

In a 90-day study (OECD 409), benzpyrimoxan (purity 93.7%) was administered in the diet to
six-month-old beagle dogs (four males weighing 6.3-9.2 kg and four females weighing 6.3—8.3 kg per
group) at concentrations of 0, 500, 2500 or 10000 ppm, (equivalent to 0, 17, 79 and 302 mg/kgbw per
day for males, 0, 16, 81 and 246 mg/kgbw per day for females). The required standard examinations
were performed.
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No mortalities occurred during the study. Emaciation was noted in one top-dose female and
vomiting was observed in both sexes at the mid dose and above during the first three days of treatment.
Terminal body weights were substantially reduced at the top dose in males (by 18%; not statistically
significant) and in females (by 30%; statistically significant). In addition, top-dose animals lost weight
over the duration of the study rather than gaining weight as seen with controls. Food consumption was
decreased (by up to 24-41%; statistically significant) over the duration of the study at the top dose.

From the haematology examination, reduced levels of erythrocyte count, Hb, Ht, reticulocyte
percentage and reticulocyte count were noted in top-dose females, with increased levels of leukocyte
and neutrophil counts in top-dose males. In addition, platelet count was increased at the top dose in both
sexes. Some parameters were affected also at the mid dose, however in the absence of a dose—response
relationship and with values being similar to those for samples taken pretreatment, the changes were
considered to be incidental. At the clinical chemistry examination, changes indicative of liver toxicity
(increased levels of ALP, total cholesterol, triglyceride and phospholipid) were noted in both sexes at the
mid dose and above. In addition, increased levels of ALT, AST and GGTP and lower levels of glucose
and creatinine were seen at the top dose.

Table 31. Selected clinical chemistry parameters in 90-day dog study (mean + standard deviation)

Dose level (ppm)
Males Females
Parameter Week 0 500 2500 10000 0 500 2500 10000
-1 109+6 107+4 104 £8 104 + 4 105+ 6 98+ 5 109+7 101+6
Glucose 5 104+2 104+7 102+8  96+2 102+8 99+4  98+4  88*+7
[mg/dL] 8 1045 1064 1005 95%%3 992  102+4 96+3 87*x8

13 103+4 104+2 1006 90**+7  98+6  98+4  95+3  86*+6
-1 149 £ 1 149 £ 1 150+ 1 149+0 149+2 149+1 150+ 1 150+ 1
Sodium 5  148+1 150%+1 150%*+1 150*+1 150+1 150+1 150+1 150+1
[mmol/L] 8 149+1 149+2 150+1 149+1 1501 150+1 1501 148=+1
13 150+1 149+1 149+1 148*+1 149+2 149+1 150+1 149+1
-1 44+0.1 45+02 4.1+04 42+01 43+04 43+0.1 41+03 41+0.1
Potassium 5 45+0.1 45+03 41%¥+02 43+02 43+03 43+01 4.1+01 42+02
[mmol/L] 8 43+02 42+02 41+02 41+0.1 4.1+03 40+02 39+0.1 4.1+02
13 43+02 43+03 39+02 40+02 40+03 41+£02 38+01 39+03

-1 11.1 11.0 11.2 11.0 10.8 10.8 10.9 10.9
+0.1 +0.2 +0.3 +0.2 +0.3 +0.1 +0.2 +0.1

5 11.1 10.9 11.3 11.1 10.6 10.8 10.8 11.0

Calcium +0.1 £0.1 +0.3 +0.3 +0.4 +£0.2 +0.4 +£0.3
[mg/dL] 8 10.6 10.4 10.9* 10.7 10.3 10.5 10.5 10.5
+£0.2 +£0.1 +0.1 +0.2 £0.3 +£0.2 +0.3 +0.3

13 10.8 10.6 11.0 10.5 10.4 10.6 10.5 10.6

+0.1 +0.2 +0.2 +0.3 +0.3 +0.1 +0.5 +0.3

-1 32+0.1 3.1+£04 33+£03 3.1+0.1 31+£01 3.1+£02 31+01 33+02
5 32+0.1 3.1+03 34+02 32=+0.1 31+£0.1 33+£02 32402 3.5%

Albumin + 0.3
[g/dL]
8 31+£00 3.0+£03 33*+0.2 32+02 3.1+01 32+0.1 32+01 3.3+0.3
13 32+0.1 3.0+02 34+02 3.0+02 31+0.1 33+01 32+01 32=+0.3
A -1 26+3 25+2 26+2 27+5 2842 31 +4 2842 33+5
Spartate
trans- 5 27+3 27+2 25+4 23+2 30+3 31+6 27+3 20% £2
aminase 8 29+5 28+3 24+ 5 23+2 31+3 34+ 8 27+3 24 +3
[TU/L]

13 30£2 2742 25+4 25+6 32£5 30+£7 27+4 33£17
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Dose level (ppm)
Males Females
Parameter Week 0 500 2500 10000 0 500 2500 10000
-1 440 4+1 4+1 4+1 3+1 3+£1 3+1 4+1
GGTP 5 4+1 3+0 3+1 4+1 3+1 3+£0 3+1 3+1
[TU/L] 8 3+1 3+0 3+1 3+1 2+0 3+1 3+1 3% 40
13 3+1 3+1 3+1 4+1 3+0 3+1 3+1 5% 42
-1 131+£10 133+£30 127+22 136+26 121+10 10716 122+19 132+16
5 12846 141+£50 187+53 159+46 111+13 119+17  166* 208+
Total + 24 +48
cholesterol
[me/dL] 8 126+5 136+55 190+£46 161+43  105+4 120+19 168+41 214+59
13 12046 137+£56 191+46 149+44  108+8 130+38 172+57  229%
+72
1 280+£22 283+48 274+41 282437  265+8 248+32 269+37 297+ 34
5 272+20 289+75 375+52 331456 244+26 265+34  349%* 400%*
+36 +61
Platelets
3 8 267+11 279+88 364+44 334+61 232417 264+37  343% 391 %*
[103/uL]
+ 60 + 81
13 262+8 275488 369+43 315+£68 242+£22 277+58 340+£84  403*
+101
-1 12+3 11+2 11+1 1242 11=+1 12+1 11£2 12+1
Blood urea 1242 11+£2  12+£1 154 1241 1241 131  11+2
nitrogen N
[mg/dL] 8 14£2 11+1 13+1 14+3 15+3 14+1 15£2  12*%1
13 13+£3 12+1 12+2 14+4 14+2 13+£2 14+1 12+2
-1 0.51 0.51 0.48 0.50 0.56 0.56 0.56 0.52
+0.03 +0.02 +0.04 +0.05 £0.05 +£009  £0.04 +0.03
5 0.52 0.55 0.50 0.54 0.58 0.61 0.58 0.53
CRNN +0.03 +0.04 +0.07 +0.07 +0.03 +0.09 +0.04 +0.04
[mg/dL] 8 0.57 0.61 0.54 0.56 0.64 0.65 0.63 0.51*
+0.07  +0.03 +0.06 +0.07 +0.05 +0.08 +0.06 0.04
13 0.56 0.62 0.54 0.55 0.65 0.66 0.63 0.50%
+0.05 +0.05 +0.06 +0.05 +£0.05 +0.08  +0.08 +0.07
-1 112+2  111+£0 111+£2 1112 12+1  112+1  113x1 112=+1
Chloride 5 Mi+1  112+1 1101 1112 14+1  113+£2  113+x1  112=+1
[mmol/L] 8 Mr+1 1111 111+£2  111+1 113+1  113+1  114+2  111+1
13 113+1  113+1 111+£2 1121 115+1 114+1 1151 113*+x1
-1 62+£05 64+04 63+03 65+04 6.1£09 62+0.5 6.6+08 6.6=+02
Inorganic 55403 56+04 54+04 54+06 55+05 49+03 52+04 4.8%+0.2
phosphorus
[mg/dL] 5104 50+£03 50+£02 5407 49+06 44+03 49+04 47+04
13 48+04 47+03 45+05 49+07 44+08 44+03 43+04 42+02

CRNN: Not defined in study report

* Significantly different from the control using Dunnett’s test, 2-sided test: p < 0.05;

** Significantly different from the control using Dunnett’s test, 2-sided test: p < 0.01

Source: Ohtsuka, 2018a

At necropsy, increased liver weights were noted at 2500 ppm and 10000 ppm in both sexes
(relative weight by 49% and 77% in males, and by 63% and 122% in females, respectively) and reduced
thymus weight was also seen at the top dose. Other changes in organ weights (uterus, thyroid, heart,
adrenal, brain and kidney) were mainly observed at the top dose and were considered of no toxicological
significance as they were most likely a secondary consequence of the reduced body weights reported
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at this dose or they were not associated with histopathology or clinical pathology findings. At
histopathology, changes were found in the liver, thymus and bone marrow. In the liver, hypertrophy of
centrilobular hepatocytes was noted in males from the mid dose and in females at the top dose, with
increased pigmentation of hepatocytes observed in both sexes at the top dose. In the thymus, atrophy
was noted in two top-dose females. In the bone marrow, hypocellularity was noted at the mid dose and
above, and gelatinous change seen at the top dose.

In conclusion, dietary administration of benzpyrimoxan to dogs for 90 days caused significant
toxicity at the top dose of 10000 ppm (equal to 246 mg/kgbw per day), including clinical signs of
toxicity, reductions in body weight and food consumption, haematological changes indicative of
anaemia, clinical chemistry changes indicative of liver toxicity, increased liver weight with associated
histopathology, decreased thymus weight with associated atrophy and hypocellularity of the bone marrow.
At the mid dose of 2500 ppm, there were adverse effects mainly in the liver in both sexes, including
increased weight, hypertrophy of centrilobular hepatocytes and changes in some clinical chemistry
parameters (increased ALP, total cholesterol, triglycerides and phospholipids) and hypocellularity of
femoral bone marrow in females. There were no adverse effects at 500 ppm. Based on these findings,
a NOAEL of 500ppm (equal to 16 mg/kgbw per day) was identified from this study based on liver
toxicity and bone marrow histopathology at the LOAEL of 2500 ppm (equal to 79 mg/kgbw per day)
(Ishii, 2016).

Study 2

In a one-year study (OECD 452), benzpyrimoxan (purity 93.7%) was administered in the diet to
six-month-old beagle dogs (four males weighing 6.8-9.1kg and four females weighing 6.8-8.3kg
per group) at concentrations of 0, 100, 500 or 2500 ppm (equivalent to 0, 2.9, 14.6 and 71 mg/kgbw
per day for males, 0, 2.7, 14.3 and 67mg/kgbw per day for females. During the treatment period
dogs were examined for clinical signs of toxicity, body weight and food consumption recorded, and
ophthalmological, haematological, clinical chemistry and urinalysis examinations performed. After
treatment animals were necropsied; organ weights were determined and gross pathological as well as
histopathological examinations performed. One male animal of the mid-dose group (500ppm) was
excluded from the terminal investigations as it was diagnosed with demodicosis in week 44.

No mortalities occurred and there were no treatment-related effects on clinical signs of toxicity,
body weight, food consumption, ophthalmology or urinalysis. Haematology revealed an increase
in platelet counts in both sexes at the top dose. Clinical chemistry investigations revealed changes
indicative of liver toxicity (increased ALP, ALT, triglyceride, total cholesterol and phospholipids) at the
top dose. Alkaline phosphatase in females and triglycerides in males were also increased to a statistically
significant extent at the mid dose of 500 ppm. Clinical chemistry findings in the mid-dose groups were
minor and highly variable, hence they were not considered to be adverse and/or substance-related.
Selected results for the one-year dog study are shown in Table 32.

Table 32. Selected clinical chemistry parameters in the one-year dog study
(mean + standard deviation)

Parameter Week Dose level (ppm)
Males Females

0 100 500 2500 0 100 500 2500
13 230 237 233 383+ 180 219 358%% 314%
. +46  +£104  +24 +26 +16 +41 +94 +23
Aﬁlgzhk‘;:tase 26 146 140 202 346%* 125 154 266* 243
{’IU/E) +13 +37 + 14 +61 +11 +53 +119 +43
52 139 129 207+20 323%* 124 119 265 295
+36 +37 +62 +30 +49  +155 +93

Alanine 13 36+5 36+4 36+£12 35+12 3844  35+3  32+9 3446
transaminase 26 41+10 40+9 37+7 43+ 19 35+6 41 +4 74 + 81 36 +4
(U/L) 52 41+10 39+9 33+7 43+16  44+21 39+5 38+14 42+10
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Parameter Week Dose level (ppm)
Males Females
0 100 500 2500 0 100 500 2500
13 118 133 157 189* 136 133 159 196
+26 +8 +21 +43 +26 +24 +31 +43
Tl‘l’t?l ol 26 112 131 163 190* 153 128 163 169
ehofestero +26 +6 +22 +52 +3] +20 +27 +15
(mg/dL)
52 118 134 170 191** 171 149 179 221
+24 +20 +30 + 37 +75 +13 +76 +91

13 20+ 8 23+5 25+7 45+29 263 3116 30+6 26+ 10

(T;ggi‘;“des 26 18+6 20+4 2343  34%F£5 216 2215 255  22+8
52 13+£6  20+3 27*+£5 35%*+x6 28+13 1949 23+£7 2810
13 253 277 317 370%* 280 275 327 384*
+36 +9 +29 =50 +52 + 38 +353 +61
Platelets 26 245 279 322 375* 308 268 324 349
[10%/uL] +40 + 14 +36 + 86 +53 +43 +44 +29
52 258 292 344 392** 344 321 348 430
+46 +20 +49 + 68 +114 +30 +92 +113
* Significantly different from the control using Dunnett’s test (or Dunnett-type test): p <0.05; Source: Ishii, 2018

** Significantly different from the control using Dunnett’s test (or Dunnett-type test): p <0.01

At necropsy, liver weights were increased in both sexes at mid (500 ppm) and high (2500 ppm), relative
weights by 17% and 49% in males, 31% and 41% in females, respectively. Other organ weight changes
(thyroid, pituitary, adrenal, kidney and testis) were regarded to be of no toxicological significance
due to lack of dose—response relationship or lack of associated histopathology or clinical pathology
findings. Dark discolouration of the liver was noted from at mid dose and above and liver enlargement
at the top dose. Histopathology examination revealed changes in the liver. Minimal hypertrophy of the
centrilobular hepatocytes was noted in two top-dose males and pigmentation of hepatocytes was observed
in both sexes at the mid dose (3/3 males and 2/4 females at 500 ppm) and high dose (4/4 males and 3/4
females at 2500 ppm). The pigments involved produced positive reactions with the Schmorl method and
periodic acid-Schiff (PAS) reaction, indicating the presence of lipofuscin. The incidence and severity of
pigmentation increased with dose. In the absence of a consistent pattern of clinical chemistry changes
at the mid dose, the hepatocyte pigmentation and increased liver weight observed at this dose, were
considered not to be adverse as they did not result in functional clinical pathology findings. Selected
histopathological findings in the liver are detailed in Table 33.

Table 33. Histopathological liver findings in the one-year dog study
(Number of animals affected [severity] )

Dose level (ppm)
Males Females
Parameter 0 100 500 2500 0 100 500 2500
Number of animals examined 4 4 3 4 4 4 4 4
. . 3 4 2 3

e - oo - - o
Liver patoey 1[3] 3[3] 1[2] 2[3]

Hypertrophy, ) i ) 21 . i ) i

hepatocytic, centrilobular
[Severity of the lesion]: 1 minimal, 2 mild, 3 moderate Source: Ishii, 2018

* Significantly different from the control using Fisher’s exact probability test: p < 0.05;
** Significantly different from the control using Fisher’s exact probability test: p < 0.01
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In conclusion, dietary administration of benzpyrimoxan to dogs for one year caused moderate
toxicity at the top dose of 2500 ppm (equal to 67 mg/kgbw per day), characterized by increased platelet
counts, clinical chemistry changes indicative of liver toxicity and increased liver weight with associated
histopathology (hypertrophy and pigmentation). There were no adverse effects at the mid dose of
500 ppm. Based on these findings, a NOAEL of 500 ppm (equal to 14.3 mg/kgbw per day) was identified
based on increased platelet count in both sexes and liver toxicity (relative weight increased by 41-49
in both sexes), hepatocyte brown pigmentation (lipofuscin) in both sexes, hypertrophy in males, and a
statistically significant increase in levels of total cholesterol, triglycerides, ALP and phospholipids (in
males) at the LOAEL of 2500 ppm (equal to 67 mg/kgbw per day) (Ishii, 2018).

(b) Dermal application

A GLP and guideline (OECD 410) dermal 28-day study in rats was carried out. Benzpyrimoxan
(purity 93.7%) in vehicle consisting of 0.5% (w/v) sodium CMC solution containing 0.2% (w/v)
Tween 80) was applied to the skin of the dorsal area of Sprague Dawley rats (10 animals/sex per group)
for 28 days for 67 hours per day, five times or more per week) under semi-occlusive conditions at doses
of 40, 200 and 1000 mg/kgbw. The required standard examinations were performed.

No effect on mortality or clinical signs of toxicity were observed. The only treatment-related
effects were seen in top-dose males. In this group, terminal body weight was reduced by 8% and body
weight gain decreased by 28%. Haematology revealed changes related to red blood cells, however these
were minor (around 5% reduced from control values) and were not accompanied by any histopathological
changes in the haematopoietic system including the bone marrow and spleen. On this basis they were not
considered of toxicological significance. No other effects were noted.

In conclusion, dermal application of benzpyrimoxan to rats for 28 days had no effect on
females up to the limit dose of 1000 mg/kg bw per day, but caused decreases in body weight in top-dose
males. On the basis on these results, a NOAEL of 200 mg/kgbw per day was identified from this study
(Serizawa, 2017).

(¢) Exposure by inhalation

In a five-day inhalation range-finding study, groups of three male and three female Sprague Dawley
rats were exposed nose-only to an aerosol of benzpyrimoxan (purity 93.7%) powder for six hours per
day at concentrations of 0, 0.39, 1.0 or 3.9mg/L. The MMADs were 3.17, 2.89 and 1.96 um at the low,
mid and top concentrations, respectively. Clinical signs of toxicity, body weight, body weight gain and
food consumption were investigated during the study. Animals were killed on day 6 and gross necropsy,
organ weights measurements and histopathological examinations were performed.

No mortality occurred during the course of the study. Partially and completely closed eyes and
ungroomed fur were seen at all test concentrations. A body weight loss of 1% was noted in males on
day 6 at the top concentration. Reduction in food consumption over the five-day dosing period was noted
in males at the mid and high concentrations. At necropsy, mottled discolouration and/or enlargement of
the kidneys were seen mainly in males at the top concentration. Increased kidney weights were noted in
males at the mid concentration and above and in females at low, mid and high concentrations.

Histopathological findings were observed in the kidney, urinary bladder, nasal cavity, pharynx and
lung. Inthe kidney, obstructive nephropathy was observed in males and females at the lowest concentration
and above. Crystals were also noted in the lumen of the urinary bladder of one male at 3.9 mg/L and
in the renal pelvis of one male at 1 mg/L. In the nasal cavity, mucous cell hypertrophy/hyperplasia was
observed in males and females at the lowest concentration and above. The pharynx of some animals
showed a minimal degree of mucous cell hypertrophy/hyperplasia at mid and high concentrations. In
the lung, alveolar infiltration by mixed inflammatory cells was seen in males at the lowest concentration
and above, and in two females at 1 mg/L.
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Based on the findings, a concentration of 0.39mg/L. was considered by the sponsor as an
appropriate top concentration for the subsequent 28-day study (Cow, 2018a).

In a 28-day inhalation study (OECD 412), groups of five male and five female Sprague Dawley
rats were exposed nose-only to an aerosol of benzpyrimoxan (purity 93.7%) powder for six hours
per day, five days per week at concentrations of 0, 0.039, 0.1 or 0.39mg/L. The MMADs were
2.75-2.92, 2.65-2.90 and 2.67-2.94 um at the low, mid and top concentrations, respectively. Clinical
observations, body weight, body weight gain, food consumption, clinical pathology parameters
(haematology, coagulation, clinical chemistry and urinalysis), gross necropsy findings, organ weights,
and histopathological examinations were performed.

Body weight gain was noted as lower in top concentration males (46.4% lower compared to
controls; statistically significant). This was associated with a reduction in food consumption (up to 14%).
There were no effects of treatment on clinical pathology parameters or organ weights. Histopathological
examination revealed findings in the nasal cavity, pharynx and kidney. In the nasal cavity and pharynx,
minimal hypertrophy/hyperplasia of epithelial mucous cells was observed at all concentrations. These
findings were regarded as adaptive as no degeneration occurred. In the kidney, obstructive nephropathy
(various findings related to crystal deposition in the tubules) was noted at 0.390 mg/L in males.

In conclusion, administration of benzpyrimoxan to rats by inhalation for 28 days caused moderate
adverse effects at the top concentration of 0.39 mg/L in males only, indicating a greater sensitivity of this
sex compared to females. Effects consisted of decreased body weight gain, reduced food consumption
and kidney obstructive nephropathy. The kidney effects were considered not relevant to humans (see
section 2.6 Special studies). Overall, a no-observed-adverse-effect concentration (NOAEC) of 0.1 mg/L
was identified from this study based on decreases in body weight gain and food consumption in males
at 0.39mg/L. The NOAEC value of 0.1mg/L is equal to 29 mg/kg bw per day, assuming 100% inhalation
absorption and a respiratory rate for the rat of 0.8 L/minute per kg bw, which is a NOAEL similar to the
oral NOAEL from the 28-day rat study (Cow, 2018b).

Table 34 summarizes the available short-term studies.

Table 34. Summary of the short term studies available for benzpyrimoxan

Species/strain Duration Dose levels NOAEL* LOAEL* Effects at Reference
No. of animals  Route (mg/kg bw/day) (mg/kgbw/day) (mg/kgbw/day) LOAEL®
Guidelines Purity [ppm in diet]
Mouse
ICR [Crl:CD1] 4 weeks M: 65,161,632 M:161 M: 632 Decreases in Yoshimitsu
S/sex/group Dietary and 1203 F: 190 F: 759 body weight and 2017
94.0% F: 73,190, 759 body weight gain
OECD 407 and 1428 [1000 ppm] [4000 ppm] in males;
GLP [400, 1000, Changes in
4000 and clinical chemistry
8000 ppm] parameters in
males;
Increased

liver weights
in both sexes;

Histopathology of
the liver
Crl:CDI(ICR) 13 weeks M: 56,282 and M: 56 M: 282 Liver and Coleman,
12/sex/group Dietary 523 F: 66 F: 327 spleen weights 2017
93.7% F: 66, 327 and and associated
GLP 971 [400 ppm] [2000 ppm] histopathology;
Similar to haematology and
OECD 408 [400, 2000, clinical-chemistry
4000/6000 ppm] changes
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Species/strain Duration Dose levels NOAEL? LOAEL? Effects at Reference
No. of animals  Route (mg/kg bw/day) (mg/kgbw/day) (mg/kgbw/day) LOAEL®
Guidelines Purity [ppm in diet]
Rat
Wistar Hannover 4 weeks M: 25.5, 86.7 M:25.5 M: 86.7 Decreased body Nagai,
(RecHan™: Dietary and 317.4 F:26.1 F: 89.1 weights; 2018
WIST) 99.1% F:26.1,89.1 Body weight
S/sex/group and 324.5 [300 ppm] [1000 ppm] gains;
Clinical

GLP [300, 1000, pathology
Similar to 5000 ppm] findings;
OECD 407
Wistar 13 weeks M: 6.26, 18.7, M: 18.7 M: 64.2 Increased liver Ohtsuka,
Hannover rats Dietary 64.2 and 194 F:22.2 F:78.1 weight; 2018a
10/sex/group 94% F:7.41,22.2, Clinical

78.1 and 227 [300 ppm] [1000 ppm] chemistry;
GLP
OECD 408 [100, 300, 1000,

3000 ppm]
Sprague Dawley 4 weeks 40, 200 and M: 200 M: 1000 Decreased body Serizawa,
Crl:CD(SD) Percutaneous 1000 F: 1000 F: > 1000 weight (M) 2017
10/sex/group 93.7%
GLP
OECD 407
Sprague Dawley 4 weeks 0.039, 0.1 and M: 0.1mg/L M: 0.39mg/L Reduced body Cow,
Crl:CD(SD) Inhalation 0.39mg/L F: 0.39mg/L F:>0.39mg/L  weight gain (M); 2018b
S/sex/group (6 hours/day Reduced food
GLP 5 days/week) consumption (M)
OECD 412 93.7%
Dog
HRA beagle 14 days M:23,71,236 M:71 M: 236 Vomiting (M); Ishii,
1/sex/group Dietary and 295 F: 88 F:210 Slight body 2014a

99.1% F: 29,88 210 weight loss and

Non GLP and 335 [3000 ppm] [10000 ppm] decreased food
Non-guideline [1000, 3000, consumption (F)

10000,

30000ppm]

Beagle 4 weeks M: 35,180,297 M: 35 M: 180 Liver effects Ishii,
2/sex/group Dietary F: 36,152,465 F:36 F: 152 (increased 2014b
94.0% weight,

GLP [1000, 5000, [1000 ppm] [5000 ppm] hypertrophy
OECD 409 20000 ppm] and clinical-
chemistry)

HRA beagle 13 weeks M: 17,79 and M: 17 M: 79 Liver effects Ishii,
4/sex/group Dietary 302 F: 16 F: 81 (increased 2016
93.7% F: 16, 81 and weight,

GLP 246 [500 ppm] [2500 ppm] hypertrophy
500250 gt
10000ppm] Hypocellularity
of bone marrow
HRA Beagle 52 weeks 2.9/2.7, M: 14.6 M: 71 Liver effects Ishii,
dogs Dietary 14.6/14.3 71/67 F:14.3 F: 67 (increased wt, 2018
4/sex/group 93.7% hepatocyte
[100, 500, [500 ppm] [2500 ppm] pigmentation,
GLP 2500 ppm] clicincal
OECD 452 chemistry)

 In the case of inhalation studies NOAEC and LOAEC
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2.3 Long-term studies of toxicity and carcinogenicity

The chronic toxicity and carcinogenic potential of benzpyrimoxan was investigated in a 78-week mouse
carcinogenicity study and in a combined chronic toxicity/carcinogenicity study in rats.

Mouse

In a study of carcinogenicity, benzpyrimoxan (purity 93.7%) was administered in feed for 78 weeks to
CD-1 mice between five and six weeks old. Each dose group consisted of 51 males weighing 24-34 g or
51 females weighing 18—27 g. Dose levels were 0, 80, 400 or 2000 (male)/1500 (female) ppm (equivalent
to 0, 7.7, 40 and 195 mg/kgbw per day for males, 0, 8.9, 44 and 163 mg/kg per day for females).

During the study, mortality, clinical condition, palpation of masses, assessment of body weight,
food consumption, blood parameters, organ weights, and gross pathology was investigated as well as the
histopathology of neoplastic and non-neoplastic findings.

Treatment had no effect on mortality, with survival remaining relatively high (75-86%) across
all groups at the end of the study. No clinical signs of toxicity or differences in palpable swellings
across groups were seen. The overall body weight gain (week 0—78) of males receiving 2000 ppm was
approximately 11% lower than for controls, but there was no such effect in females.

There were no consistent or substantial effects of treatment on haematological parameters at
weeks 52 or 78. At necropsy there were no treatment-related macroscopic findings. Liver weights were
increased after 78 weeks in males given 2000 ppm (relative weights by 25%) and in females given
1500 ppm (relative weights by 15%). The sponsor considered the hepatic changes as adaptive, rather than
adverse. This conclusion was reached although clinical chemistry investigations were not performed in
this study, but in a 13-week study in mice described above, similar histopathological changes in the liver
were accompanied by changes in serum AST and ALP levels. Hence, it was not possible to dismiss the
toxicological significance of the observations in the liver in this 78-week study. All other intergroup
differences from controls were minor, lacked dose—effect relationship or were attributed to differences
in terminal body weight. The ovary weight of females receiving 1500 ppm was higher than in controls,
but this was not statistically significant and the difference was considered to be just the result of high
values for a few individual animals.

There was no statistically significant difference in the incidence or trend of any tumour type in
treated animals compared with the control groups. Non-neoplastic findings were noted in the kidney,
urinary bladder, gall bladder and liver. Rounded brown crystals were seen in the bladder of the top-dose
males and in the renal pelvis of one single top-dose male. There was an increased incidence of calculi
in the gall bladder in males given 400 or 2000 ppm. The difference in the incidence at 400 ppm was not
statistically significant compared to controls and was only slightly higher than in controls. Therefore, this
findings at the mid dose of 400 ppm was not considered substance-related. There was also an increased
incidence and severity of centrilobular/diffuse hypertrophy of the liver in treated males and females at
the lowest dose and above. Only the effect seen at the top dose in the presence of an increase in liver
weight was considered adverse.

Table 35. Selected histopathological non-neoplastic findings in 78-week mouse carcinogenicity
study; shown as individuals affected lanimals examined

Dose level (ppm)
Males Females
Parameter 0 80 400 2000 0 80 400 1500
Kidneys; Present 0[51] Of[51] O0f51] 1[51] 0[51] O0f[51] oOf[51] Of51]
crystal(s), pelvis Total 0[51] Of[51] O]51] 1[51] 0[s51] oOf[51] O0f[51] Of51]

Minimal 0[50] O0[50] O0[50] 4[51] O[50] O[46] 0[48] 0[47]
Urinary bladder; Slight 0[50] 0f[s0] Of[s0] 7[51] 0[50] Of[46] 0f[48] 0[47]
crystals Moderate 0[50] O0[50] O0[50] 3[51] O[50] O[46] O0[48] 0[47]
Total 0[50] O0[50] O[50] 14[51] O[50] O[46] 0[48] 0[47]
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Dose level (ppm)
Males Females

Parameter 0 80 400 2000 0 80 400 1500
Gall bladder; Present  7[46] 8[44] 11[42] 18*[49] 5[48] O[10] O[8] 4[47]
calculi Total 7[46] 8[44] 11[42] 18%[49] 5[48] O0[10] O0[8] 4[47]

Minimal ~ 2[46] 0[44] 4[42] 3[49] 1[48] O0[10] O[8] 2[47]
Gall bladder; Slight 3[46] 0[44] 1[42] 2[49] 0[48] Of[10] O[8]  0[47]
hyperplasia Moderate 0[46] 0[44] 0[42] 2[49] 0[48] O0[10] O[8] 0[47]

Total 5[46] 0[44] 5[42] 7[49] 1[48] O0[10] O0[8] 2[47]
Liver: Minimal 6 [51] 9[51] 7[51] 19[51] 2[51] 6[51] 5[51]1 5[51]
hypertrophy, Slight 3[51] 5[51] 7([51] 8[51] 0[51] 2[511 3[51] 5[51]
centrilobular/diffuse ¢y 9[51] 14[51] 14[51] 27[51] 2[51] 8[51] 8[51] 10[51]
* statistically significant; Source: Coleman, 2018

In conclusion, when administered in the diet to mice for 78 weeks benzpyrimoxan was not
carcinogenic in either sex up to the top dose of 1500/2000 ppm (equivalent to 195 and 163 mg/kgbw per
day in males and females respectively). Therefore, the NOAEL for carcinogenicity was 1500 ppm (equal
163 mg/kg bw per day), the highest dose tested. The top dose caused only moderate toxicity, characterized
by decreased body weight gain in males, increased liver weight with associated hypertrophy in both
sexes, crystals in the kidney and urinary bladder and gall bladder calculi in males only. The kidney
and urinary bladder effects are considered not relevant to humans (see section 2,6 Special studies). It is
questionable whether the maximum tolerated dose (MTD) was reached in females as only increased liver
weight with associated hypertrophy was noted at the highest dose tested. Whilst the top dose in females
might not have been adequate for hazard identification and classification from a risk perspective, the
highest dose tested was still many orders of magnitude above the expected levels of human exposure.
There were no adverse effects at 400 ppm. Therefore, a NOAEL for chronic toxicity of 400 ppm (equal
to 40mg/kgbw per day) was identified based on decreased body weight gain (11%) and gall bladder
calculi in males, and liver effects in both sexes at the LOAEL of 1500 ppm (equal to 163 mg/kgbw per
day) (Coleman, 2018).

Rat

In a chronic toxicity/carcinogenicity study, benzpyrimoxan (purity 93.7%) was administered in the diet
for one year (chronic toxicity group) or two years (carcinogenicity group) to five-week-old Wistar rats
weighing 146—177 g (males) and 125-153 g (females). Dose levels were 0, 60, 300 or 1500 ppm (in the
chronic phase equivalent to 0, 2.3, 12 and 59 mg/kgbw per day for males, 0, 2.9, 15 and 78 mg/kgbw
per day for females; in the carcinogenicity phase it was equal to 0, 2.7, 14 and 69 mg/kgbw per day for
males, 0, 3.6, 17.5 and 90 mg/kgbw per day for females). Each dose group consisted of 21 or 12 males
and 21 or 12 females in the chronic toxicity groups, and 51 males and 51 females in the carcinogenicity
groups.

Table 36. Animal assignment in the two-year rat study

Test group Dose Level (ppm) Males Females

Chronic toxicity  Control 0 21 21
Low 60 12 12
Intermediate 300 12 12
High 1500 21 21

Carcinogenicity  Control 0 51 51
Low 60 51 51
Intermediate 300 51 51
High 1500 51 51
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All animals were observed for mortality and general clinical signs of toxicity, and their body weight and
food consumption recorded periodically. Functional observation was carried out on 10 animals of each
sex per group at 49 weeks of treatment in the chronic toxicity group. Ophthalmological examination
was conducted on all animals before initiation of treatment and on all surviving animals in the control
and high-dose groups at 52 weeks of treatment in the chronic toxicity group. Urinalysis (at 13, 25
and 51 weeks of treatment), haematology and blood biochemistry analysis (after 14, 26 and 52 weeks
of treatment) were performed on 10 animals of each sex per group, three times during the treatment
period in the chronic toxicity group. In the carcinogenicity group, haematology (total leukocyte
count and differential leukocyte count) was performed on all surviving animals after 104 weeks of
treatment. All animals were subjected to necropsy. Organ from all surviving animals were weighed after
52 weeks of treatment in the chronic toxicity group, and 10 animals of each sex per dose group after
104 weeks of treatment in the carcinogenicity group. In the chronic toxicity and carcinogenicity groups,
histopathological examination was carried out for all animals on the liver, kidney, urinary bladder, and
on all gross lesions.

Treatment had no effect on mortality, with survival rates remaining relatively high (71-82%) at
the end of the study across all groups. There was no clear dose-related pattern to any effect on clinical
signs of toxicity or functional observations. Body weights were reduced (by 6—15%) and body weight
gains reduced (by 8-24%) to a statistically significant extent in males and females at the top dose.
This effect was more pronounced in females than males, especially in the carcinogenicity phase. Food
consumption was reduced (by 8%; statistically significant) in top-dose females throughout the study.

Haematology revealed top-dose males and females to have a significant decrease in Ht (chronic
toxicity phase). Top-dose females also showed significant decreases in Hb and mean corpuscular Hb
(chronic toxicity phase). Reticulocyte numbers did not change. From clinical chemistry investigations
it was apparent that blood urea nitrogen (BUN) was significantly increased in top-dose males at 16 and
52 weeks. There were no changes in the results of liver function tests. At urinalysis, top-dose males and
females showed an increase in round crystals in the urinary sediment, consistently at weeks 13, 25 and
51, and top-dose males showed a significantly and consistently lower pH.

At necropsy, top-dose males and females displayed depressed areas on the kidney. Top-dose
males showed calculi in the urinary bladder, and top-dose females had spot(s) on the surface of the
liver (carcinogenicity group). Relative liver weights were significantly increased in top-dose males and
females in the chronic and carcinogenicity phases (by 9-10% in males and 15-31% in females) and
similarly relative kidney weights (by 6-17% in males and 12-27% in females). Other organ weights
(brain, heart and ovaries) showed some changes at the top dose in the chronic phase, however, given the
lack of effect in the carcinogenicity phase, these were considered unrelated to treatment.

There were no treatment-related neoplastic findings. Non-neoplastic findings were noted in
the liver and kidney at the top dose only. In the liver, fatty change and hypertrophy of centrilobular
hepatocytes were seen in males in the chronic phase, whilst foci of cellular alteration were seen in males
and females in the carcinogenicity phase. In the kidney, pelvic crystals and obstructive nephropathy
were seen in males and females in the chronic and carcinogenicity phases. Details of non-neoplastic
findings in the chronic phase are shown in Table 37, and in the carcinogenicity phase in Table 38.
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Table 37. Selected histopathological non-neoplastic findings of the chronic phase;
shown as individuals affected animals examined |

Dose level (ppm)
Males Females
Parameter 0 60 300 1500 0 300 1500
Liver Fatty change; 1[21] Of[11] 1[11] 10%* 0[21] O0f[12] Of[12] O0O[21]
hepatocyte, [20]
centrilobular
Hypertrophy; 0[21] O[I1] Of[L1] 7%*]20] 0[21] O0f[12] Of[12] 4][21]
hepatocyte,
centrilobular
Kidneys Crystal(s); pelvis 0[21] O[11] oOf[11] 4*[20] 0[21] O0f[12] Of[12] 4[21]
Nephropathy; 0[21] Of[11] Of11] 8**]20] 0[21] O0f[12] O[12] 6*[21]
obstructive

* Significantly different from the control using Fisher’s exact probability test: p < 0.05;

** Significantly different from the control using Fisher’s exact probability test: p < 0.01

Source: Ohtsuka, 2018b

Table 38. Selected histopathological non-neoplastic findings of the carcinogenicity phase;
shown as individuals affected lanimals examined |

Parameter Dose level [ppm]
Males Females
0 60 300 1500 0 60 300 1500
Terminated after 104 weeks of treatment
Liver Spongiosis hepatis 4 0* 5 8 0 0 0 0
[36] [41] [43] [42] [37] [34] [38] [35]
Foci of cellular alteration, 18 25 24 28 23 19 22 29*
basophilic cell type [36] [41] [43] [42] [37] [34] [38] [35]
Foci of cellular alteration, 15 19 25 32%* 10 6 7 19*
eosinophilic cell type [36] [41] [43] [42] [37] [34] [38] [35]
Kidneys  Crystal(s), pelvis 0 0 0 11%* 0 0 0 9**
[36] [41] [43] [42] [37] [34] [38] [35]
Nephropathy, obstructive 0 0 0 19** 0 0 0 8**
[36] [41] [43] [42] [37] [34] [38] [35]
Terminated in extremis or found dead
Lung Accumulation, macrophage 6 1 1 0* 3 1 1 1
alveolar [15] [10] [8] 9] [14] [17] [13] [16]
Liver Hyperplasia, bile duct 3 2 1 2 8 6 4 3*
[(15]  [10]  [8] [9] [14] (171  [13]  [16]
Kidneys Calcification, fornix 4 1 0 2 10 12 8 4*
(151 [10]  [8] [9] [14] (171 [13]  [16]
Nephropathy, obstructive 0 0 0 4* 0 0 0 6*
(151 [10]  [8] 191 [14] (171 [13]  [16]
Ovary Hyperplasia, cystic/papillary - - - - 4 1 2 0*
[14] [17] [13] [16]
Hyperplasia, Sertoli cell - - - - 7 6 1* 4
[14] [17] [13] [16]
Hyperplasia, sex cord - - - - 5 3 3 0*
stromal [14] [17] [13] [16]
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Parameter Dose level [ppm]
Males Females

0 60 300 1500 0 60 300 1500

Adrenals Hypertrophy, cortical cell, 4 1 0 0 6 4 1* 3
focal [15] [10] [8] [9] [14] [17] [13] [16]

All animals examined

Liver Foci of cellular alteration, 20 26 26 30* 26 22 27 33
basophilic cell type [51] [51] [51] [51] [51] [51] [51] [27]
Foci of cellular alteration, 18 19 27 37%* 11 7[51] 8[51] 22%
eosinophilic cell type [51] [51] [51] [51] [51] [51]
Kidneys  Crystal(s), pelvis 0[51] Of[51] O[51] 12**  O[S51] O[51] O[S51] 13**
[51] [51]
Nephropathy, obstructive 0[51] Of[51] O[51] 23** O[51] O[51] O[51] 14%*
[51] [51]

Adrenals Peliosis 1[51] 0 091 1][51] 33 9 7 22%
[107] [511  [179 [15%] [51]

Source: Ohtsuka, 2018b
# Examined on the animals that showed macroscopic lesions at terminal sacrifice and on all
the animals sacrificed in extremis or found dead during the study. Not subjected to statistical analysis.
* Significantly different from the control using Fisher’s exact probability test: p < 0.05;
** Significantly different from the control using Fisher’s exact probability test: p < 0.01

In conclusion, dietary administration of benzpyrimoxan to rats for two years was not carcinogenic
in either sex up to the top dose of 1500 ppm (equivalent to 69 mg/kgbw per day for males, 90 mg/
kgbw per day for females). The top dose caused significant toxicity, characterized by decreased body
weights and body weight gains in both sexes, reduced food consumption in females, changes in some
haematological, clinical chemistry and urinalysis parameters in both sexes, calculi/crystals in the urinary
bladder of males and females, and increased liver and kidney weights associated with histopathological
changes in both sexes. There were no treatment-related effects at 300 or 60 ppm. The kidney and
urinary bladder effects were considered not relevant to humans (see section 2.6 Special studies). A
systemic toxicity NOAEL of 300 ppm (equal to 14 mg/kg bw per day) was identified based on decreased
body weights and body weight gains in both sexes, reduced food consumption in females, changes
in some haematological and clinical chemistry parameters in both sexes, and increased liver weights
with associated histopathological changes in both sexes at 1500 ppm (equal to 59 mg/kgbw per day) in
the chronic phase. The NOAEL for carcinogenicity was 1500 ppm (equal to 69 mg/kgbw per day), the
highest dose tested (Ohtsuka, 2018b).

Table 39 below summarizes the available carcinogenicity studies.
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Table 39. Summary of the long term studies available for benzpyrimoxan

Species/strain Duration Dose levels NOAEL LOAEL Effects at LOAEL  Reference
No. animals Route (mg/kg bw/day) (mg/kg bw/day) (mg/kg bw/day)
Guideline Purity
Mouse
ICR 78 weeks M: 7.7,40 and 195  Chronic Chronic Chronic Coleman,
[Crl:CD1] Dietary F:8.9,44and 169 M: 40 M: 195 Decreased 2018
51/sex/group  93.7% F: 44 F: 169 body weight gain
[80, 400, (11%) (M)
GLP 1500/2000 ppm] [400 ppm] [1500 ppm] Gall bladder calculi
OECD 451 M)
Increased liver
weight and
associated
hypertrophy
Carcinogenicity  Carcinogenicity — Carcinogenicity
M: 195 M: > 195 No tumour findings
F: 169 F:> 169
[1500 ppm] [1500 ppm]
Rat
Wistar 104 M: 2.7, 14 and 69 Chronic Chronic Chronic Ohtsuka,
Hannover weeks F:3.6,17.5and 90 M: 14 M: 69 Decreased body 2018b
(RccHan™: Dietary F: 17.5 F: 90 weight, body weight
WIST) 93.7% [60, 300 and gain;
12-21/sex/ . 1500 ppm] [300 ppm] [1500 ppm] Decreased food
group (chronic consumption;
phase) Changes in clinical
51/sex/group ;
(carc. phase) chemistry and
' haematology;
GLP Increased liver
OECD 453 weights with
associated
histopathology
Carcinogenicity  Carcinogenicity  Carcinogenicity
M: 69 M: > 69 No tumour findings
F: 90 F:>90
[1500 ppm] [1500 ppm]
M: Male; F: Female
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2.4  Genotoxicity

The genotoxic potential of benzpyrimoxan was investigated in a standard range of three in vitro
tests and in an in vivo mouse micronucleus study. Table 40 below provides a summary of the results.
Benzpyrimoxan was not genotoxic in vitro or in vivo in valid guideline studies.

Table 40. Summary of the genotoxicity studies performed with benzpyrimoxan

End-point Test organism(s)/system(s) Concentrations Purity Result Reference

In vitro

Reverse TA98, TA100, TA1535, 0, 313, 625, 1250, 94.0% Negative Oguma,

mutation TA1537, WP2 uvrd 2500 and 5000 pg/plate +S9 2014

Chromosome Chinese hamster lung 8.64—700 mg/mL 93.7% Negative Tsukushi,

aberrations (CHL/TU) cells + 89 2017b

Gene mutation  L5178Y tk+/— (3.7.2C) 0.49-62.5mg/mL 93.7% Negative Verspeek-Rip,
mouse lymphoma cells +S9 2017

In vivo

Micronucleus Slc/ICR mice 0, 500, 1000 and 93.7% Negative Tsukushi,

test 2000 mg/kgbw 2015

S9: Rat liver supernatant fraction obtained by centrifuging at 9000 g

(a) In vitro studies

An Ames test (OECD 471) was conducted with benzpyrimoxan (purity 94.0%) in Salmonella
typhimurium strains TA100, TA1535, TA98 and TA1537, and Escherichia coli strain WP2 uvrA with and
without metabolic activation (S9 mix) by the pre-incubation method. Dimethyl sulfoxide (DMSO) was
used as the vehicle for the test article. Duplicate plates were used in the range-finding test and triplicate
plates in the two main tests.

A range-finding test was conducted with concentrations between 19.5 and 5000 pg/plate. From
the result of the range-finding test, since no growth inhibition was observed in any strain with or without
metabolic activation, the main test was conducted at 313, 625, 1250, 2500 and 5000 pg/plate for all
strains with and without metabolic activation. The main test was repeated with the same concentrations.

Precipitation of the test item was observed at 313 pg/plate and above with and without metabolic
activation in all strains. No cytotoxicity (growth inhibition) was observed in any strain with or without
metabolic activation.

Treated groups in both tests, for all strains, showed no relevant (two-fold or more) increase, nor
concentration-dependent increase in revertant colonies compared to the negative controls, whether with
or without metabolic activation. The positive control substances gave the expected responses.

Overall, benzpyrimoxan was negative in a GLP and guideline Ames study up to the limit
concentration for this test (Oguma, 2014).

In an in vitro mammalian chromosomal aberration study in cultured Chinese hamster lung
(CHL/1U) cells (OECD 473), benzpyrimoxan (purity 93.7%) dissolved in DMSO was incubated with
or without metabolic activation (S9 mix) for six hours (short time exposure). Following exposure,
the cells were washed and cultivated for another 17 hours to cover the length of 1.5 cell cycles. In a
second experiment, continuous treatment for 23 or 46.5 hours (corresponding to 1.5 and 3.0 cell cycle
lengths) was employed without metabolic activation. Following exposure the cells were harvested and
prepared for chromosome analysis. Range-finding tests were performed for both treatment durations to
determine the concentrations of the test substance to use in the main experiments. The concentrations
giving a 40-50% reduction in the relative increase in cell count (RICC) were selected as the highest
concentrations for the main tests.

In the short-time exposure (six hours), four concentrations ranging from 25.9 to 700 ug/mL were
employed with S9, and four concentrations ranging from 21.9 to 175 ug/mL were employed without
S9. In the continuous 23-hour experiment, four concentrations ranging from 11.3 to 90 ug/mL were
employed, and in the 43.5-hour experiment, three concentrations ranging from 17.5 to 70 ug/mL were
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used. Duplicate plates for each concentration were run and 300 metaphase cells scored for structural
chromosome aberrations. The number of polyploid cells was also recorded.

The number of cells with chromosome aberrations and the number of polyploid cells in the
negative controls were within the laboratory historical negative control ranges. Significant increases
in chromosome aberrations were observed in the positive controls. These results also fell within the
laboratory historical positive control ranges, confirming the validity of the assay. Benzpyrimoxan did
not induce any increase in chromosome aberrations (excluding gaps) in the short exposure tests either
with or without S9, or the continuous 23-hour or 46.5-hour exposure test without S9. The number of
polyploid cells increased in a concentration-related manner in the short exposure test with and without
S9, becoming statistically significant at the top concentration of 700 pug/mL with S9 (4.5% compared
with 0.3% in controls) and at the mid-high concentration of 87.5 pg/mL without S9 (2.9% compared with
0.3% in controls). However, there was no increase in the number of polyploid cells under the continuous
exposure conditions, where interference of the test substance with cell cycle progression would have the
opportunity to lead to a much greater accumulation of polyploid cells compared to shorter treatments.

Precipitation was observed at the two highest concentrations in all experiments with or without
S9, except in the 46.5-hour treatment where precipitation occurred only at the top concentration.
Cytotoxicity (40—-50% reduction in RICC) was observed at the top concentration under all test conditions.
Although the increase in polyploidy was significant, it was only seen at the two highest concentrations
and only after the short treatment. In the long treatment experiment, where the likelihood of such an
effect is much greater than for short-term exposure, there was no increase in polyploidy. Therefore, the
finding was considered a chance observation (Tsukushi, 2017b).

Table 41. Chromosomal aberrations and polyploid cells

Concentration (ng/mL)
Assay No. 1 (+S9)

Control? 25.9 77.8 233" 700° CP:10.0
Number and type of Chromatid ctb 1 0 0 1 0 33
aberration type cte 0 1 0 2 1 144
Chromosome  ¢sb 0 0 0 0 0 5
type cse 0 0 0 0 0 11
frg 0 0 0 0 0 0
Others
mul 0 0 0 0 0 4
Cells with aberrations . N 1 4 2 6 4 145
a
gap % 0.3 1.3 0.7 2.0 1.3 48.3%%*
N 1 1 0 3 1 129
a gap k%
% 0.3 0.3 0.0 1.0 0.3 43.0
Polyploid cells [%] 0.3 1.0 2.0 1.6 4. 5%%% 0.3
A No. 2 (— 9 Concentration (ng/mL)
ssay No.2 (= 59) Control* 219 438 875" 175 MMC: 0.100
Number and type of Chromatid ctb 1 0 0 0 0 73
aberration type cte 0 0 0 0 0 130
Chromosome  ¢sb 0 0 0 0 0 12
type cse 0 0 0 0 0 9
frg 0 0 0 0 0 0
Others
mul 0 0 0 0 0 1
Cells with aberrations . N 5 0 5 2 1 132
a
sap % 1.7 00 17 07 03 44.0% %
N 1 0 0 0 0 125
— gap
% 0.3 0.0 0.0 0.0 0.0 41.7%%*
Polyploid cells [%] 0.3% 0.0 0.7 2.9% 1.6 0.7

68



Benzpyrimoxan

Concentration (ng/mL)

Assay No. 3 (1.5 cell cycle; — 59) Control* 113 225 450° 90.0°  MMC:
0.0700
Number and type of Chromatid ctb 0 0 0 0 0 66
aberration type cte 0 1 0 0 0 93
Chromosome  ¢sb 0 0 0 1 0 10
type cse 0 0 0 0 0 13
frg 0 0 0 0 0 0
Others
mul 0 0 0 0 0 2
Cells with aberrations N 1 2 1 1 0 128
+ gap
% 0.3 0.7 0.3 0.3 0.0 42.7%%*
N 0 1 0 1 0 112
- gap
% 0.0 0.3 0.0 0.3 0.0 37.3%%*
Polyploid cells [%] 1.6 0.3 0.7 1.6 1.3 0.3
Concentration (ng/mL)
Assay No. 4 (3.0 cell cycle; — §9) Control* 175 350  70.0* - MMC:
0.0700
Number and type of Chromatid ctb 0 0 0 0 - 48
aberration type cte 0 0 0 1 - 113
Chromosome ~ ¢sb 0 0 0 0 - 17
type cse 0 0 0 0 - 11
frg 0 0 0 0 - 0
Others
mul 0 0 0 0 - 7
Cells with aberrations N 2 2 1 2 - 128
+ gap
% 0.7 0.7 0.3 0.7 - 42, 7%%*
N 0 0 0 1 - 111
B gap 0, L
% 0.0 0.0 0.0 0.3 - 37.0
Polyploid cells [%] 1.0 0.0 0.7 0.7 - 2.6
# Control dimethyl sulfoxide only; b Precipitation of the test substance; Source: Tsukushi, 2017b
CP: Cyclophosphamide; MMC: Mitomycin C;
ctb: Chromatid break; csb: Chromosome break; cte: Chromatid exchange; cse: Chromosome exchange;
frg: Fragmentation; mul: Multiple aberration; + gap: Including gaps; — gap: Excluding gaps;

Significantly different from the control using Fisher’s exact test: * p <0.05, *** p<0.001;
“ Significantly different from the control using Cochran—Armitage trend test: p <0.01;

### Significantly different from the control using Cochran—Armitage trend test: p < 0.001

In a gene mutation assay at the thymidine kinase (7K) locus in L5178Y mouse lymphoma cells
(OECD 490), benzpyrimoxan (purity 93.7%) dissolved in DMSO was tested in the absence of metabolic
activation (S9 mix) for three and 24 hours, and in the presence of S9 mix for three hours.

Range-finding tests were performed for both treatment durations to determine the concentrations
of the test substance to use in the main experiments. The highest concentration was determined by
the solubility of the test item in the culture medium since the test item was not particularly cytotoxic.
In the first experiment benzpyrimoxan was tested at eight different concentrations up to 62.5 pg/mL in the
absence and presence of S9 mix for three hours. No cytotoxicity was observed at the top concentration,
but precipitation occurred. In the second experiment benzpyrimoxan wa