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Introduction

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

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

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

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

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

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

First draft prepared by
G. Wolterink! and V. Dellarco’

" Centre for Substances and Integrated Risk Assessment, National Institute for
Public Health and the Environment, Bilthoven, the Netherlands
2 Office of Pesticide Programs, Environmental Protection Agency,
Washington, DC, United States of America (USA)
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Explanation

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

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

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

All critical studies complied with good laboratory practice (GLP).

CHLOROTHALONIL METABOLITE R611965 3-18 JMPR 2010



Evaluation for acceptable daily intake
1.  Biochemical aspects
1.1  Absorption, distribution and excretion

Rats

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

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

2. Toxicological studies

2.1 Acute toxicity

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

2.2 Short-term studies of toxicity

Mice

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

The only finding in this study was slight to mild hyperplasia of the renal tubule epithelium in
males at 250 (1/5), 1000 (1/5) and 10 000 ppm (2/5), but not at 500 or 5000 ppm. The severity of
the lesion did not increase with dose, and there was no dose-response relationship. Moreover, in an
18-month dietary study in mice of the same strain, using 60 animals of each sex per dose, no treat-
ment-related effects on kidneys were found at doses up to about 1000 mg/kg bw per day (Lucas &
Laveglia, 1994). Therefore, it is concluded that the slight to mild hyperplasia observed in the present
study is likely to be an incidental finding. Other parameters were also not affected by treatment
(Mizens & Killeen, 1991).
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Table 1. Results of studies of acute toxicity with R611965

Species  Strain Sex Route Vehicle Purity (%) LD, (mg/kg bw) Reference
Rat Sprague- Male/female Oral  0.5% methylcellulose ~95 > 5000 Shults & Killeen
Dawley (1985)*°

LD, , median lethal dose

50°
 Statements of adherence to GLP and QA were included.

® Only two animals of each sex per dose were used. Soft stool and mucus in the stool were noted in two rats dosed at 1000 mg/kg bw. Soft
stool, mucus and tan-coloured particles in the stool were noted in all rats dosed at 5000 mg/kg bw. One rat dosed at 5000 mg/kg bw also
exhibited anogenital staining. Red nasal discharge and/or chromodacryorrhoea were observed in one male on day 7 and in one female
on day 10. There was no effect on body weight, and no compound-related gross pathological changes were noted.

In a 90-day dietary study, Crl:CD-1 (ICR) VAF/Plus mice (10 of each sex per dose) received
diets containing R611965 (purity 99.3%; Lot No. 0207) at 0, 250, 750, 2200 or 7500 ppm, equal to
0,41, 122, 368 and 1270 mg/kg bw per day for males and 0, 47, 145, 456 and 1532 mg/kg bw per
day for females. The animals were observed daily for mortality and clinical signs and were given a
detailed physical examination weekly. Body weights and feed consumption were measured weekly.
At the end of the treatment period, blood was collected for haematology. At the end of the scheduled
period, the animals were killed and necropsied. Brain, liver, kidneys and testes were weighed. An
extensive range of tissues was examined histologically. Statements of adherence to QA and GLP
were included.

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

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

Rats

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

The animals consumed between 83% and 90% of the target doses of R611965. There were no
treatment-related effects on mortality, clinical findings, body weight, body weight gain, feed con-
sumption, haematology, urinalysis or organ weights, and there were no macroscopic or histopatholog-
ical abnormalities. Isolated statistically significant differences, observed in some clinical chemistry
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parameters at 125 and 250 mg/kg bw per day, were small and not observed at higher doses and were
considered not to be treatment related (Wilson, Sadler & Killeen, 1985).

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

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

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

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

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

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

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

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

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

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

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

2.3 Long-term studies of toxicity and carcinogenicity

Mice

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

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

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

Rats

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

' Guidance on the interpretation of hepatocellular hypertrophy, General consideration 2.7 in Annex 1,

reference 107.

CHLOROTHALONIL METABOLITE R611965 3-18 JMPR 2010



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

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

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

2.4  Reproductive toxicity

(a)  Multigeneration studies

Rats

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

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

CHLOROTHALONIL METABOLITE R611965 3-18 JMPR 2010



10

reproductive toxicity (see below). Therefore, the slight reduction in body weight in high-dose pups is
not considered toxicologically relevant. No other effects on pups were observed.

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

In a dietary two-generation study of reproductive toxicity, performed in accordance with Eu-
ropean Commission guideline 87/302/EEC B.35, which resembles OECD guideline 416, R611965
(purity 99.3%; Lot No. 0207) was administered to Sprague-Dawley (CD-VAF/Plus) rats (35 rats of
each sex per dose) at dietary concentrations of 0, 2000, 6000 or 20 000 ppm. Based on the lowest
weekly compound intake, this is equal to 0, 93, 276 and 943 mg/kg bw per day in males and 0, 121,
370 and 1246 mg/kg bw per day in females of the P generation and 0, 88, 269 and 911 mg/kg bw per
day in males and 0, 131, 390 and 1323 mg/kg bw per day in females of the F, generation. The rats
were observed daily for clinical signs. Detailed physical examinations were performed weekly for all
males throughout the study and for all females prior to mating and during the resting week in between
weaning of the F,generation and mating for the F,, generation. Body weights and feed consumption
were recorded weekly in males, except during the mating periods. In females, body weights and feed
consumption were measured weekly prior to mating and during the resting periods. Body weights
were also recorded on gestation days (GDs) 0, 7, 14 and 20 and PNDs 0, 7, 14 and 21 for the P and F,
females. On PND 4, litters were culled to eight pups. Until weaning at PND 21, litters were examined
for number of live and dead pups, litter weight, pup weight and sex, clinical signs and external altera-
tions. After the F, or F, litter production, all P and F parents were subjected to gross pathology. The
reproductive organs, liver, kidneys, lungs and all gross lesions of all P parents of all dose groups and
F, parents of the control and high-dose groups were examined histologically. In addition, kidneys,
stomachs and gross lesions of parental animals of the low- and mid-dose groups, the epididymis,
prostate and seminal vesicles of the P adults and the testes of the F, adults were examined. Statements
of adherence to QA and GLP were included.

In parental animals (P and F)), there were no treatment-related effects on mortality, clinical
signs, body weight, feed consumption, reproductive parameters or macroscopic and microscopic
parameters. In mid-dose and high-dose P females, an increase in incidence, but not severity, of re-
generative tubular epithelium was observed, which was statistically significant for high-dose females
only. This increase was not found in F, females or in P or F, males. It was noted that the incidence in
females of the P control group may have been unusually low. It is concluded that the kidney findings
in the P females were not treatment related. In the offspring, no treatment-related effects on any of
the evaluated parameters were noted.

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

(b)  Developmental toxicity

Rats

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

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

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

No teratogenic properties of R611965 were identified (Chun, Wilson & Killeen, 1989).
Rabbits

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

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

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

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

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

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

No teratogenic properties of R611965 were identified (Serrone & Killeen, 1989b).
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Table 2. Clinical observations in pregnant rabbits treated from GD 7 to GD 19 with R611965

Dose (mg/kg bw per day)

0 250 500 1000
Found dead or moribund 32 1 0 3
Abortions 0 2 1 7
Mucus-like faeces 0 (0 0(0) 3(6) 13 (39)
Few or no faeces 10 (34) 17 (91) 19 (143) 20 (183)
Soft faeces 2(6) 6 (20) 6 (17) 16 (65)
Anorexia 0(0) 6 (35) 10 (56) 18 (153)
Thinness 0(0) 1(1) 1(1) 6 (20)

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

Table 3. Body weight gain in rabbits during pregnancy

Gestation days Body weight gain (kg)

Dose (mg/kg bw per day)

0 250 500 1000
0-7 0.14 0.16 0.14 0.18
7-13 0.02 0.01 0.03 —-0.11
13-16 0.05 0.01 0.02 —-0.07
16-19 0.04 0.01 —0.03 —0.09
19-24 0.05 0.03 —0.02 —0.07
24-29 —-0.03 —0.04 0.01 0.03

From Serrone & Killeen (1989b)

2.5 Genotoxicity

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

Comments

Biochemical aspects

Following a single oral dose of R611965 at 10 or 1000 mg/kg bw in rats, at least 16-27% is ab-
sorbed (based on urinary excretion within 48—96 hours). Excretion is rapid, with 90% being excreted
within 4896 hours, predominantly in faeces (68—77% of the dose). Biliary excretion was not assessed.
Seven days after administration, less than 0.3% of the administered dose was found in tissues and
carcass; highest levels were observed in liver. No obvious sex differences in kinetics were observed.

Toxicological data
The acute oral toxicity of R611965 in rats is low (LD,, > 5000 mg/kg bw). No data on acute
dermal or inhalation toxicity, eye or skin irritation or skin sensitization were available.

Repeated-dose toxicity studies showed that R611965 had low oral toxicity in mice, rats and
dogs. The overall NOAEL in short-term (28 and 90 days) and chronic studies (18 months) in mice
was 1022 mg/kg bw per day, the highest dose tested in an 18-month carcinogenicity study. In rats, the
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Table 4. Results of studies on the genotoxicity of R611965"

End-point Test object Concentration Purity (%) Results Reference®

In vitro

Reverse mutation Salmonella typhimurium 39-3900 pg/plate 99.4 Negative Jones & Killeen
TA98, TA100, TA1535, (£S9) (1985a)
TA1537, TA1538

Reverse mutation S. typhimurium TA98, TA100, 100-10 000 pg/plate (£S9)¢ 99.4 Negative Jones & Killeen
TA1535, TA1537, TA1538 (1985b)

Gene mutation ~ Mouse lymphoma L5178Y 75-1000 pg/ml (£S9)° >98 Negative Mizens &
TK+/— cells Killeen (1988)

Sister chromatid K1-BH4 cells 200-2000 pg/ml (£S9)f 99.4 Negative Jones & Killeen

exchange (Chinese hamster ovary) (1985¢)

Unscheduled Rat hepatocyte primary 0.008-240 pg/wellf 99.4 Negative Jones & Killeen

DNA synthesis  cultures (1985d)

In vivo

Micronucleus Mouse bone marrow 500, 2500 or 5000 mg/kg  >92.3 Negative Mizens, Killeen

formation (male and female) bw (by gavage)® & Siou (1985)

DNA, deoxyribonucleic acid; S9, 9000 x g rat liver supernatant

* Positive and negative (solvent) controls were included in all studies.

b Statements of adherence to QA and GLP were included for all studies.

¢ Lot No. 0202. The highest dose was selected on the basis of a preliminary assay using TA100 and TA1538, in which slight toxicity was
observed at 5000 pg/plate.

4 Lot No. 0202. S9 homogenate was prepared from kidneys from Aroclor 1254—treated rats.

¢ Lot No. 0202. In a preliminary assay, toxicity was observed at 10 000 pg/ml, but not at doses at or below 1000 pg/ml.

f Lot No. 0202.

¢ Lot No. 0202. In a pilot study at 10 000 mg/kg bw, no signs of toxicity were noted. At 20 000 mg/kg bw, diarrhoea was observed. In
the main study, two males and one female at 2500 mg/kg bw and one female at 5000 mg/kg bw died. The treatment of mice with the
test substance did result in slight, irregular increases in the number of micronuclei in the initial test. The increases were small, within
the acceptable solvent control range and not considered indicative of a clastogenic effect. Polychromatic erythrocyte/normochromatic
erythrocyte ratio was statistically significantly decreased at 5000 mg/kg bw 72 h after dosing. A repeat test, in which two females at
5000 mg/kg bw died, did not show the test substance—induced micronuclei.

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

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

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

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

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

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

In a study of developmental toxicity in rats, the NOAEL for maternal and developmental tox-
icity was 2000 mg/kg bw per day, the highest dose tested. In a study of developmental toxicity in
rabbits, a NOAEL for maternal toxicity could not be determined. The LOAEL for maternal toxicity
was 250 mg/kg bw per day, the lowest dose tested, on the basis of abortions, clinical signs (increased
incidences of few or no faeces, soft faeces, anorexia and thinness) and slightly reduced body weight
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gain. The NOAEL for fetal toxicity was 500 mg/kg bw per day, based on a decreased number of live
fetuses and decreased fetal weight observed at 1000 mg/kg bw per day.

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

No data on R611965 in humans were provided.

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

Toxicological evaluation

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

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

Levels relevant for risk assessment

Species  Study Effect NOAEL LOAEL
Mouse Eighteen-month study of ~ Carcinogenicity 1022 mg/kg bw per day* —
carcinogenicity
Rat Two-year study of toxicity Toxicity 200 mg/kg bw per day 500 mg/kg bw per day
. S
and carcinogenicity Carcinogenicity 1000 mg/kg bw per day* —
One- and two-generation  Parental toxicity 20 000 ppm, equal to —
studies of reproductive 911 mg/kg bw per day®
toxicity® . . o
Offspring toxicity 20 000 ppm, equal to
911 mg/kg bw per day*
Reproductive toxicity 20 000 ppm, equal to —
911 mg/kg bw per day*
Developmental toxicity®  Maternal toxicity 2000 mg/kg bw per day* —
Fetotoxicity 2000 mg/kg bw per day* —
Rabbit Developmental toxicity®  Maternal toxicity — 250 mg/kg bw per day*
Fetotoxicity 500 mg/kg bw per day 1000 mg/kg bw per day
Dog Ninety-day study® Toxicity 50 mg/kg bw per day 500 mg/kg bw per day

* Highest dose tested.
® Dietary administration.
¢ Gavage administration.
4 Lowest dose tested.
¢ Capsule administration.

Estimate of acceptable daily intake for humans

Unnecessary

CHLOROTHALONIL METABOLITE R611965 3-18 JMPR 2010



15

Estimate of acute reference dose

Unnecessary

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

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

exposures in humans

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

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of absorption

Rapid; at least 16-27% at 10 and 1000 mg/kg bw (rat)

Distribution Highest concentration in liver (rat)
Potential for accumulation Low (rat)

Rate and extent of excretion 90% excretion within 48-96 h (rat)
Metabolism in animals No data

Toxicologically significant compounds R611965

(in animals, plants and the environment)

Acute toxicity

LD, oral > 5000 mg/kg bw (rat)

LD,,, dermal No data

LC,,, inhalation No data

Dermal irritation No data

Ocular irritation No data

Dermal sensitization No data

Short-term studies of toxicity
Target/critical effect

Lowest relevant oral NOAEL
Lowest relevant dermal NOAEL

Body weight, clinical signs (dog)
50 mg/kg bw per day (dog)
No data

Long-term studies of toxicity and carcinogenicity

Target/critical effect

Bilateral retinal atrophy (rat)

Lowest relevant NOAEL 200 mg/kg bw per day (rat)
Carcinogenicity Not carcinogenic
Genotoxicity

Not genotoxic

Reproductive toxicity
Reproduction target/critical effect

Lowest relevant reproductive NOAEL

No reproductive effects (rat)

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

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

Neurotoxicity/delayed neurotoxicity

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

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

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

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

Evaluation for acceptable daily intake

1. Biochemical aspects

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

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

1.1 Absorption, distribution, metabolism and excretion

(a)  Oral administration

Rats

The toxicokinetic behaviour of clothianidin in the rat, including distribution using whole-
body autoradiography and metabolism, was studied using a protocol in compliance with test method
B.36 of European Commission directive 87/302/EEC. Sprague-Dawley Crl:CD BR rats (196228 g,
7-8 weeks of age) received a single oral dose of clothianidin in 0.5% aqueous tragacanth solution as
follows:

Preliminary study:

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

Definitive studies:

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

o (Test4) Four male rats received [nitroimino-'*C]clothianidin at 250 mg/kg bw (high dose) for the
assessment of urine, faeces, organs and blood plasma.

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

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

o (Test 7) Four male rats received [thiazolyl-2-!*C]clothianidin at 2.5 mg/kg bw for the assessment
of urine, faeces, organs and blood plasma.
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Figure 1. Structural formulae of [nitroimino-"CJ- and [thiazolyl-2-"*C]-labelled compounds

CHs_ CH,
NH NH
cl ; L No | S |
W\NH NT? CW\NH N2
N N /
[Thiazolyl-2-"*C]-Clothianidin [Nitroimino-"*C]-Clothianidin

* Position of label

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

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

Peak radioactivity in the plasma (C__ ) was observed at about 1.5 hours in both males and
females at the low dose. At the high dose, the time to C__ (T ) was about 6-8 hours; plasma lev-
els then decreased at 24 hours, with apparent rebound at about 32 hours (probably due to a second
phase of absorption of clothianidin during the passage of non-absorbed active substance through the
small intestine). Pretreatment for 14 days before administration of active ingredient at 25 mg/kg bw
(intermediate dose) shifted the 7 to about 3 hours. Plasma concentrations appeared to show good
proportionality with administered dose.

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

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

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

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

Compartment Time (h) Cumulative excretion of radioactivity (% of dose)
Dose (mg/kg bw)
2.5 2.5 250 25° 2.5¢ 25¢d
Test 1 Tests 2-3 Test 4 Test 5 Test 7 Test 7
Male Male Female Male Male Male Male
Expired air 4 0.005 — — — — —
8 0.005 — — — — — —
24 0.013 — — — — — —
48 0.015 — — — — —
72 0.017 — — — — —
Urine 4 27.12 34.90 43.09 3.01 16.32 32.65 15.24
53.97 71.62 78.20 21.31 56.62 66.47 65.11
24 90.60 88.21 93.32 57.17 91.33 87.85 94.16
48 91.24 88.80 94.21 88.86 92.57 88.88 95.00
72 91.48 89.10 94.56 90.47 92.99 89.25 95.19
Faeces 24 6.56 5.99 2.90 3.49 6.18 7.02 7.09
48 6.80 6.18 3.20 7.82 6.35 7.34 7.32
72 6.89 6.27 3.29 8.58 6.60 7.79 7.53
Total (mass balance) 98.39 95.37 97.85 99.05 99.58 97.04 102.7
From Weber (2000)

* Values reported are averages of four animals, except where noted otherwise.
® Preceded by 14-day pretreatment period with 25 mg/kg bw per day.

¢ 14C label on thiazolyl-2.

4 Only one animal.

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

Parameter Dose (mg/kg bw)
2.5 25° 2.5%
Tests 2-3 Test 5 Test 7
Male Female Male Male
AUC (ug-h/ml) 10.3 7.3 116.0 10.2
b A (h) 0.045 0.050 0.060 0.078
t, A (h) 0.51 0.27 0.022 0.0036
t,, Ba (h) 1.20 1.49 1.89 0.88
t,,EB (h) 54.1 22.6 28.3 37.0
CL (ug/ml) 4.1 5.7 3.6 4.1
T . (h) 1.5 14 2.7 2.1
C_ .. (ug/ml) 1.8 1.3 15.0 1.3
MRT, (h) 59 55 4.3 9.2
From Weber (2000)

AUC, area under the concentration-time curve; CL, total clearance of drug from plasma; C_, highest observed concentration; MRT,
mean disposition residence time; ¢, A, absorption half-life; #, E, elimination half-life (, rapid phase; B, slow phase); 7, A, lag time
between gavage and onset of absorption; T/, time of highest concentration after gavage

* Preceded by 14-day pretreatment period with 25 mg/kg bw.

® Position of *C label on thiazolyl-2 instead of nitroimino.

disp?

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

Sample TRR (ug/g)

Dose (mg/kg bw)

2.5 250 25° 2.5

Tests 2-3 Test 4 Test 5 Test 7

Male Female Male Male Male
Red blood cells 0.0056 0.0044 0.789 0.0537 0.0119
Plasma 0.0033 0.0027 0.361 0.0257 0.0079
Spleen 0.002 <LOQ 0.263 <LOQ 0.0047
Gastrointestinal tract 0.0021 0.0031 0.245 <LOQ 0.0234
Liver 0.0313 0.0167 2.880 0.2077 0.0329
Kidney 0.0093 0.0070 0.864 0.0693 0.0380
Testes 0.0011 — 0.167 0.0124 0.0031
Skeletal muscle <LOQ <LOQ 0.235 <LOQ 0.0028
Bone (femur) <LOQ <LOQ <LOQ <LOQ 0.0041
Heart 0.0022 0.0022 0318 0.0219 0.0046
Lung 0.0042 0.0037 0.560 0.0400 0.0084
Brain <LOQ <LOQ <LOQ <LOQ 0.0018
Skin 0.0035 0.0034 0317 <LOQ 0.0104
Carcass 0.0020 0.0021 0.254 0.0267 0.0037

From Weber (2000)

LOQ, limit of quantification

* Values reported in equivalent concentration (pg/g or parts per million [ppm]) are averages of four animals; radioactivity levels in
adrenals, adrenal fat, thyroid, ovaries and uterus are less than the LOQ.

® Preceded by 14-day pretreatment period with 25 mg/kg bw.

¢ Position of '“C label on thiazolyl-2 instead of nitroimino.

Data from liquid scintillation counting measurements and whole-body autoradiography pointed
towards a rapid and homogeneous distribution of the radioactive tracer across the various organs.
Despite the delayed elimination of radioactivity from both the nasal mucosa and vitreal eye body,
the accumulation was transient, and there was no evidence of accumulation at 72 hours after admin-
istration, with most, but not all, values decreasing below the limit of detection (LOD) or limit of
quantification (LOQ).

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

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

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

For quantification of metabolites, pooled urine samples (from tests 2, 3, 4, 5 and 7) and faecal
extract (from tests 2, 3 and 7) were chromatographed by high-performance liquid chromatography
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Table 4. Quantitative whole-body autoradiography time course of total radioactive residue in
organs and tissues after administration of clothianidin at 5.0 mg/kg bw to rats®

Organ/tissue Time of termination (h)
1 4 8 24 48 72
Adrenal 2.943 1.925 0.641 0.025 0.010 0.010
Blood 3.000 1.140 0.376 0.010 0.004° 0.005°
Bone marrow 0.908 0.687 0.240 0.004° 0.001¢ 0.001¢
Brain 0.338 0.250 0.116 0.002¢ 0.000¢ 0.000¢
Brown fat 1.854 1.330 0.331 0.018° 0.004¢ 0.004¢
Eye (vitreal body) 0.009 0.550 0.324 0.112 0.048 0.020
Heart 1.993 1.174 0.428 0.007 0.002° 0.001¢
Kidney (cortex) 4.075 2472 0.778 0.020 0.009 0.008
Kidney (medulla) 2.892 4.389 0.870 0.019 0.004 0.002°
Liver 3.424 2.229 0.821 0.065 0.026 0.021
Lung 0.492 0.148 0.215 0.006 0.001¢ 0.001¢
Muscle 1.877 1.132 0.392 0.006° 0.001¢ 0.001¢
Nasal mucosa 5.641 3.816 4.306 0.072 0.04 0.022
Pineal body 1.348 0.878 0.318 0.007 n.a. n.a.
Pituitary gland 1.878 1.082 0.354 0.006 n.a. n.a.
Salivary gland 2215 1.497 0.544 0.008 0.002¢ 0.002¢
Skin 2.239 1.337 0.556 0.013 0.004° 0.003*
Spinal marrow 0.276 0.205 0.105 0.002¢ 0.000¢ 0.000¢
Spleen 1.532 0.959 0.316 0.006 0.002¢ 0.001¢
Testes 0.656 0.553 0.211 0.004 0.001¢ 0.000¢
Thymus 1.370 0.861 0.282 0.004¢ 0.001¢ 0.001¢
Thyroid 2.340 1.531 0.472 0.006 0.003° 0.001¢
Tongue 2.231 1.333 0.398 0.007 0.002¢ 0.001¢
Urinary bladder 5.998 6.169 5.987 n.a. 0.018 0.002°
From Weber (2000)

n.a., not available (no value measured)

# Values reported in equivalent concentration (ug/g or parts per million [ppm]) at 1-72 h after administration (5.0 mg/kg bw, '“C label on
nitroimino, one male per time point).

® Radioactivity levels below limit of quantification.

¢ Radioactivity levels below limit of detection.

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

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

Metabolite Metabolites excreted (% of dose)
Dose (mg/kg bw)
2.5 2.5 250 258 2.5°
Test 1 Test 2 Test 4 Test 5 Test 7

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

ACT® — — — — — — 1.03 0.28
CTCA® — — — — — — 0.88 0.06
MTCA® — — — — — — 8.52 0.02
Polar HPLC fraction — 0.6 — 0.34 — — — —
Urea® 0.26 — 0.13 — 0.06 0.09 — —
NTG® 3.92 — 1.42 — 3.49 1.92 — —
MNG® 13.21 — 7.5 — 9.46 8.78 — —
MG 0.45 — 0.3 — 0.30 0.24 — —
TZGf — 0.36 — 0.19 — — — 0.54
TMG! 0.11 1.44 0.13 0.6 0.19 0.16 0.2 2.17
TZU* 0.52 0.12 0.49 0.07 0.64 0.67 0.21 0.2
THMNf 0.11 — 0.12 — 0.09 0.17 — —
TZMU* 0.15 0.1 0.1 0.03 0.29 0.06 0.19 —
TZNGf 11.25 0.14 7.01 0.06 12.48 10.18 10.44 0.18
Clothianidin' 54.66 0.9 73.49 0.53 59.98 66.53 59.83 1.51
Total identified 84.64 3.66 90.94 1.82 86.99 88.82 81.31 4.95
Not identified 3.59 0.29 2.36 0.24 1.86 248 6.54 0.42
Total analysed 88.23 3.95 933 2.06 88.85 91.30 87.85 5.37
Total excreted 95.37 93.32 99.05 99.58 97.04

From Weber (2000)

F, female; M, male

* Preceded by 14-day pretreatment period with 25 mg/kg bw.

® Position of *C label on thiazolyl-2 instead of nitroimino. Metabolites detectable.
¢ Only by thiazolyl label.

4 Polar fraction in faeces, not further identified.

¢ Only by nitroimine label.

By both thiazolyl and nitroimine label.

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

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

In summary, clothianidin was almost completely absorbed from the gastrointestinal tract (90%)
within 24 hours. The rate and extent of absorption were essentially independent of sex, dose or dose
rate. The compound was widely and homogeneously distributed across various organs (7 = 1.5
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Table 6. Nomenclature of identified metabolites of clothianidin in the rat

Code Chemical name

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

CTCA  2-Chlorothiazole-5-carboxylic acid

MG Methylguanidine

MNG  N-Methyl-N'-nitroguanidine

MTCA  2-Methylthiothiazole-5-carboxylic acid

NTG Nitroguanidine

THMN  N-2-Chlorothiazol-5-ylmethyl-N-hydroxy-N'-methyl-N"-nitroguanidine; thiazolhydroxymethylnitroguanidine
™G N-(2-Chlorothiazol-5-ylmethyl)-N'-methylguanidine; thiazolmethylguanidine
TZG 2-Chlorothiazol-5-ylmethylguanidine; thiazolguanidine

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

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

TZU 2-Chlorothiazol-5-ylmethylurea; thiazolylurea

Urea Urea

From Weber (2000)

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

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

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

Goat

The metabolism of clothianidin was studied in the goat using a study protocol partly in com-
pliance with test method B.36 of European Commission directive 8§7/302/EEC. One lactating goat
(“Bunte Deutsche Edelziege”) (35.5 kg, 30 months of age) received [nitroimino-'*C]clothianidin by
gavage at a dose of 10 mg/kg bw per day on 3 consecutive days. This dose corresponded to a concen-
tration of 201 parts per million (ppm) in the feed. Urine, faeces and samples of blood and milk were
collected. The animal was terminated 53 hours after the first administration. Specific radioactivity
was 3.91 MBg/mg, radiochemical purity was greater than 98% and chemical purity was greater than
99%. The batch number of the non-labelled clothianidin was M00343 (purity 99.8%). Samples of
liver, kidney, muscle and fat were taken. Radioactivity in samples was quantified, and metabolites
were identified by thin-layer chromatography.
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Figure 2. Metabolic transformation of clothianidin (TI-435) in the rat
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From the time of administration to termination, the amounts of radiolabel excreted in urine,
faeces and milk were 48.8%, 13.5% and 1.5%, respectively. However, only 70.4% of radioactivity
was recovered, owing to the short time before termination (5 hours) after the last administration.
Hence, the exact extent of absorption could not be determined. The radioactivity in edible tissues at
termination was estimated to be 6.6% of the dose.

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

Eight hours subsequent to dosing, the residues in milk were 6.57 ppm (first dose) and 5.98 ppm
(second dose). At termination (5 hours post-dosing), the value was 6.35 ppm. At 24 hours post-
dosing, the residue levels declined to 0.97 and 0.92 ppm, respectively, corresponding to about 0.14%
and 0.13% of the radioactivity.
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Clothianidin was the main residue in milk (1.6 ppm, 51.2%), fat (0.8 ppm, 36.6%) and mus-
cle (1.1 ppm, 25%), whereas it was undetectable in liver and kidney. Only two metabolites found in
the goat were not covered by the rat metabolism: N-(2-chlorothiazol-5-ylmethyl)-N'-hydroxy-N"-
methylguanidine (TMHG) (milk: 0.048 ppm, 1.6%) and N'-[(2-chlorothiazol-5-ylmethylamino)-
(methylamino)methylene]-2-oxopropanohydrazide (ATMG-Pyr) (other compartments: range
0.14-0.97 ppm, 2.54-10.4%).

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

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

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

Hen

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

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

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

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

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

(b)  Exposure via lactation

Rats

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

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

2.  Toxicological studies

2.1 Acute toxicity

(a)  Lethal doses

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

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

There were no consistent necropsy findings associated with active ingredient administration.
The median lethal dose (LD, ) was 389 mg/kg bw in males and 465 mg/kg bw in females (Gardner,
1997b).

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

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

A single female rat treated with a dose of 2965 mg/kg bw died on day 2, and one dosed with
5000 mg/kg bw died on day 4. Two rats were killed on humane grounds on day 12 as a result of
marked weight loss: a male at a dose of 5000 mg/kg bw and a female at a dose of 3850 mg/kg bw.
The LD, in both males and females is greater than 5000 mg/kg bw (Gardner, 1997a).

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

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

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

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

The survivors were killed on day 4 rather than, as more usually, on day 14, when recovery was
evident, and when it was apparent that no additional animals would die as a result of treatment. No gross
necropsy examination was performed, as the study was intended as a range-finding study for an acute
neurotoxicity study (determination of time of peak for clinical signs). The acute oral LD, was between
1216 and 2000 mg/kg bw for males and between 523 and 1216 mg/kg bw for females (Sheets, 2002).

In a test for acute dermal toxicity, five male and five female rats (CRL:CD®BR) were exposed to
clothianidin moistened with 200 ul water at a dose level of 2000 mg/kg bw and a surface density of about
0.018-0.021 g/cm? by dermal semiocclusive application for 24 hours following a preliminary range-
finding study. The protocol was in compliance with test method B.3 of European Commission directive
92/69/EEC and OECD Guideline No. 402 (Acute Dermal Toxicity; 24 February 1987). There were no
deaths or local or systemic signs of toxicity. Two out of five females showed a slightly impaired body
weight gain on day 8§ and day 15. No abnormal findings were observed in any of the animals at necropsy.
The acute dermal LD, in males and females was greater than 2000 mg/kg bw (Gardner, 1997¢).

In a head-only inhalation assay, five male and five female rats (CRL:CD®BR) were exposed to
clothianidin as a micronized dust aerosol at a concentration of 5.538 + 1.954 mg/1 (by gravimetry) for
4.5 hours. The mass median aerodynamic diameter was 2.78 £+ 2.38 um (range 1.46—8.40 um); about
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55% of the particles were 1-4 um. A concomitant control group of five rats of each sex was included.
The study protocol was partly in compliance with test method B.2 of European Commission directive
92/69/EEC and OECD Guideline No. 403 (Acute Inhalation Toxicity; 12 February 1981). There were
no mortalities during the study. Clinical signs in both sexes included hypothermia during exposure;
ataxia, ptosis, hunched posture, stained body/eyes/nose and lethargy were observed up to day 4.
There were no necropsy findings of note. Body weights of treated animals were decreased by about
9%, compared with controls. Owing to intermittent jamming of the aerosol generator during the first
hour of exposure, with concomitant drop of the atmospheric concentration to about 1.6 mg/l, the
test duration was extended by 0.5 hour. The acute inhalation median lethal concentration (LC, ) was
greater than 5.538 mg/1 (gravimetric determination for 4.5 hours) (Shepherd, 1998).

(b)  Dermal and ocular irritation and skin sensitization

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

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

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

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

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

In summary, the acute toxicity by the oral, dermal and inhalation routes of exposure to clo-
thianidin was low. Certain clinical signs observed after oral dosing of rats or mice suggest mild and
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Table 7. Summary of acute toxicity, including irritancy and skin sensitization, of clothianidin

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

Rat, oral LD, > 5000 mg/kg bw 96 30034708 Gardner (1997a)

Rat, oral 1216 <LD,, <2000 mg/kg bw (males) 96 30037120  Sheets (2002)
523 <LD, < 1216 mg/kg bw (female)

Mouse, oral 389 mg/kg bw (males) 96 30034708 Gardner (1997b)
465 mg/kg bw (females)

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

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

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

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

Guinea-pig, skin sensitization ~ Not sensitizing 96 30034708 Denton (1997)

(Magnusson and Kligman test)

transient neurotoxic effects (tremor, ataxia, hypoactivity, hunched posture, piloerection, respiratory
impairment, hypothermia). These effects are considered to be due to overdosage of the compound.
However, in both acute neurotoxicity and pharmacological studies, similar dose-dependent signs
were observed, suggesting nicotinic central nervous system effects.

In a range-finding acute neurotoxicity study of the active ingredient formulated in aqueous
carboxymethylcellulose rather than aqueous gum arabic, the oral LD, value was between 500 and
1000 mg/kg bw (in the female rat). Both the clinical signs and recovery appeared earlier in the latter
study, suggesting a more rapid and/or more complete absorption than in the former. Moreover, mice
appeared more sensitive than rats when both mortality and clinical signs were considered. No dermal
toxicity was observed. The compound is not a skin irritant, is practically non-irritating to the eye and
is not a skin sensitizer.

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

2.2 Short-term studies of toxicity

(a)  Oral administration

Mice

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

Four males and all females died at 4000 ppm (week 2); two male deaths occurred among
2000 ppm animals as a result of the anaesthestic used for the blood sampling procedure. At the
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top dose, lethargy, tremors, hunched posture, piloerection, emaciation, half-closed eyes, unsteady
gait, hypothermia and extremity pallor were observed during week 2 and, to a lesser extent, dur-
ing week 1; at 2000 ppm, emaciation and hunched posture (week 3 and beyond) were the principal
clinical findings.

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

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

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

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

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

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

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

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

% change relative to controls

Dietary concentration (ppm)

0 500 1000 2000 4000

M F M F M F M F M F
Mortality 0 0 0 0 0 0 2 0 4 6
Feed consumption® — — 121%* 119% l16* l16* 126%* | 33%* | 53%*
Body weight (week 4) — — — — 16 — 125 127 153 —
Body weight gain® 2.7 2.1 3.4 0.9 2.1 1.1 =2.6% =2.1%*% -52%  —
Haematology
Haematocrit — — — — — — — — 131F*0 e
Haemoglobin — — — — — — — — 127%%0 ¢
Red blood cells — — — — — — — — 123%*b e
MCV — — — — — — — 13* R
MCH — — — — — — — 14* 6% e
White blood cells — — 171 129 156 133 13 125 149 —
Neutrophils — — — — 181*% — 154%  1180**> 198*> ¢
Lymphocytes — — — — — — — — 173% e
Eosinophils — — — — — — — — 1180%*b ¢
Blood chemistry
ALT — — — — — — 155 1100% 204> ¢
AST — — — — — — T61* 130 1285 ¢
Na* — — — — — T1.3%  13.3%%  13.3%* 1330 ¢
K* — — — — — 120% — ) A — ¢
Cr — — — 1.8%  — T1.8%  13.6%* 13.6%* 13.6° ¢
Glucose — — — — — — — 131%* |43 °
Triglycerides — — — — — — 136 152%* 173° ¢

From Chambers (1997b)

F, female; M, male; * P <0.05; ** P <0.01 (Williams’ test)

* Body weight gain and feed consumption in grams per mouse during weeks 1-4.

® Results on 2/6 (haematology, organ weights) or 1/6 (clinical chemistry, urinalysis) samples only.
¢ No results available (mortality).

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

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

Twelve mice (nine male) distributed among the 500, 1000 and 1500 ppm groups were found
dead following the stress of the routine blood sampling procedure during weeks 12 and 13.
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Table 9. Oral 28-day toxicity of clothianidin in mice: selected histopathological findings

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

Dietary concentration (ppm)

0 500 1000 2000 4000

M F M F M F M F M F

Thymus: involution/atrophy _ = - -  —  — 11 33 22 —
Spleen: reduced white pulp cellularity _ = - - — — — 1/6 33 o6/6
Spleen: red pulp atrophy _ = - - — —  — 2/6 33 5/6
Liver: apparent reduction in hepatocyte size _ (= = = = = = — 12 —
Liver: slight centrilobular vacuolization _ = = = = - — 16 — —
Adrenals: vacuolated cells zona fasciculata _ = - = = - - — 113 —
Adrenals: congestion zona reticularis _ (- - - - - - — — 353
Prostate: absent colloid —_ = = = = = = = 22 —
Seminal vesicles: reduced seminal colloid _ = - = = = = = 12 —
Epididymis: spermatozoa absent _ = = = = = = — 12 —
Epididymis: abnormal shape/reduced spermatozoa numbet — — — — — — — — 172
Testes: seminiferous epithelial atrophy et )
Uterus: reduced mural thickness _ = - - - — — 56 56 —
Opvaries: absence/reduced number of corpora lutea _ = - = - - — 35 — —
From Chambers (1997b)

F, female; M, male

There were no relevant ophthalmological findings. Vocalizations were noted from week 4 in
both males and females at the top dose. Over the whole treatment period, reduced body weight gains
were observed in both sexes at 1000 ppm and above. There were no relevant haematological find-
ings. The alkaline phosphatase values were slightly increased for females receiving 1000 ppm and
above. AST and phosphorus levels were also increased at 500 ppm and above, although without clear
dose dependency at the top dose or any treatment-related histopathological findings. There were no
relevant findings in urinalysis.

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

During histological evaluation, “sparse numbers of corpora lutea” were found in the ovaries at
the top dose (6/10 females). Detailed re-evaluation (Sangha, 2000) revealed decreases in the numbers
of corpora lutea (—49%), large follicles (—54%) and degenerating follicles (—51%) in both ovaries
at the top dose. In the uterus, an increased number of animals were in estrus, and the study patholo-
gist described an increased prominence of uterine endometrial glands at the top dose. The change
was described as an increase of enlarged, pale endometrial glandular cells, frequently with vesicular
nuclei. In addition, varying degrees of glandular luminal dilatation with or without the presence of
luminal eosinophilic material were reported.
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In the view of the study director, however, these changes reflected normal structures within
the range of cyclical change of the mouse reproductive tract, due to prolongation of the estrous stage
of the cycle or cycle arrest in estrus. It is possible that the effects could also be secondary to the
underfeeding and stressful state of the animals. The NOAEL was 100 ppm, equal to 16 mg/kg bw per
day, based on increased AST activity at 500 ppm, equal to 82 mg/kg bw per day (Chambers, 1997d).
The notifier considers the results of this study to be inconsistent with those of other studies, poten-
tially compromised by poor GLP practices at the test facility, and should be discarded. The study is
summarized here for information purposes only.

Rats

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

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

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

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

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

On the basis of reductions in body weight and body weight gain, it was concluded that die-
tary concentrations of 5000 ppm and above were unsuitable for further study and that the observed
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Table 10. Oral 28-day toxicity of clothianidin in rats: selected clinical findings

% change relative to controls

Dietary concentration (ppm)

0 1250 2500 5000 7500
M F M F M F M F M F
Feed consumption® — — 14 — 112 121 133 131 151 137
Body weight (week 4) — — — 15 112 112 135 125 153 137
Body weight gain® 155 84 160 76 L16%*  52%*  37%x  De¥¥x  _DD¥¥  _5¥x
Haematology
Haematocrit — — — — TIS**  PI2%*%  114%*%  1I2%*  117**%  117**
Haemoglobin — — — 17* T16%*  114%*  114%%  116**  119%*  1]19**
Red blood cells — — — — TI3¥*  112%%  f14%*%  f14%*%  121%%  120%*
Reticulocytes® — — — — — — 159%*  — 184%* | 67*
Platelets — — — — — — — — — 122%*
White blood cells — — — — — — 133 — leg**  —
Neutrophils — — — — — — 174 — 191**  —
Lymphocytes — — — — — — — — 157%%  —
Eosinophils — — — — — 158* — 167* 192%* | 84**
Basophils — — — — — — — — 175%*%  —
Monocytes — — — — — — — — 186**  —
Large unstained cells — — — — — — — — 184%*  —
Blood chemistry
Blood urea nitrogen — — — — — — 150% — 1200%* 171%**
Alkaline phosphatase — — — — — — — 157% — 197**
AST — — — — — — — — 134%*  125%*
Urinalysis
pH® 6.7 6.6 7.0 6.6 6.9 6.8 7.1%* 6.7 7.5%%  72¥*
Density — — 10.9%*  — 10.7%%  — 1.5 — J1.2%% |1 1%*
From Chambers (1997a)

F, female; M, male; * P <0.05; ** P <0.01 (Williams’ test or Student’s #-test)
* Feed consumption and body weight gain in grams per rat during weeks 0—4.
® % change compared with actual reported.

¢ Actual study values.

haematological, biochemical, organ gravimetrical, gross pathological and histopathological findings
were a consequence of the underfed status of the animals. The data from this study did not permit
unequivocal identification of a specific target organ.

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

In a dietary study in rats, 10 rats (CRL:CD®BR, Sprague-Dawley) of each sex per dose were
fed a diet of clothianidin (purity 95.8%) at a dose level of 0, 100, 250, 1250 or 2500 ppm (achieved
doses: 0, 7.7, 19.7, 96.0 and 189 mg/kg bw per day for males and 0, 9.4, 24.0, 119 and 232 mg/kg bw
per day for females) for 13 weeks. Animals were housed five per cage. Accuracy, homogeneity and
stability of the administered diet were confirmed by chemical analysis. The protocol was partly in
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compliance with test method B.26 of European Commission directive 92/69/EEC. A methodological
limitation was damage to the adrenal tissues during necropsy, which prevented a complete evalua-
tion of possible effects on the adrenals. Reporting of this study was not finalized, and results may be
disregarded, because the test facility was in breach of GLP regulations at the time.

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

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

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

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

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

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

In a 90-day toxicity study, 15 rats (Sprague-Dawley) of each sex per dose (low and intermediate
doses) and 30 rats of each sex per dose (control and high doses) were fed diets containing clothianidin
(purity 96%; batch No. 30037120) at concentrations of 0, 150 (low), 500 (intermediate) and 3000
(high) ppm (achieved doses: 0, 9.0, 27.9 and 202.0 mg/kg bw per day for males and 0, 10.9, 34.0
and 254.2 mg/kg bw per day for females). Following the exposure period, 15 rats of each sex of the
0 and 3000 ppm groups were placed on control feed for another 50 days (recovery group). Accuracy,
homogeneity and stability of the administered diet were confirmed by chemical analysis. In addition to
typical clinical chemistry tests, portions of liver were used to determine the activity of p-nitroanisole-
O-demethylase (NODM), aminopyrine-N-demethylase (ANDM), 7-ethoxyresorufin O-deethylase
(EROD), 7-pentoxyresorufin O-dealkylase (PROD) and cytochrome P450 (CYP) content. Thyroid
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Table 11. Oral 90-day toxicity of clothianidin in rats: selected findings

% change relative to controls

Dietary concentration (ppm)

0 100 250 1250 2500

Organ weight

Liver absolute — — — — —

Liver relative — — — — 14%*
Adrenals absolute — — — — 12
Adrenals relative — — — — 24*
Uterus absolute — — — 29 39%
Uterus relative? 18 22 22 25(39%) 28 (55*%)
Uterus relative® 17 17 18 21 (24%*) 24 (41%%)
Ovaries absolute — — — 16 19
Opvaries relative — — — 25% 32%*
Gross pathology

Uterine fluid distension® 0 3 3 3 4
Histopathology

Uterus

Uterus luminal dilatation® 1 3 2 3 4

Cervix

Proestrus stage® 0 3 2 3 3

Ovaries

Corpora lutea 18.7+48 — — — 252+9.0
“Large” follicles 9.7+£25 — — — 11.8+4.2
Degenerating follicles 3019 — — — 34+£27
From Chambers (1997c¢)

* P <0.05; ** P<0.01 (Williams’ test or Student’s #-test)

* In all animals; first number = relative weight (g/10 kg bw).

® In animals with uteri without histological changes (neither dilatations nor proestrus); first number = relative weight (g/10 kg bw).
¢ Occurrence per 10 animals.

function was assessed by measuring triitodothyronine, thyroxine and thyroid stimulating hormone lev-
els by radioimmunoassay. Additionally, special attention was given to the estrous cycle, by examining
vaginal smears daily over a 21-day period prior to termination. Animals were selected for termina-
tion each day on the basis of being in the same estrous cycle (i.e. day 2 diestrus), thus alleviating any
possible effects of non-synchronous estrous cycle stage on the various measured parameters (uterus
weight, ovarian follicular population). The protocol was partly in compliance with test method B.26
of European Commission directive 92/69/EEC and OECD Guideline No. 408 (Repeated Dose Oral
Toxicity — Rodent; 12 May 1981). During European Union review, methodological limitations noted
included the lack of measurement of urine volume (stated in the methodology, but no results) and the
absence of individual data for vaginal smears to control estrous cycling activity.

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

Lower body weights and body weight gains were observed at the top dose for both males
and females. After recovery, minimal body weight decreases were still observable in both sexes,
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whereas body weight gain had increased. Feed consumption was not affected. In males at the top
dose, some slight increases of red blood cell mass were noted. In females, there was slight lengthen-
ing of prothrombin time (the differences were unremarkable after recovery). However, there was no
corresponding increase in white blood cell counts or reticulocyte counts, nor was any evidence of
haematopoiesis noted at microscopic examination of the tissues.

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

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

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

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

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

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

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

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

Dogs

In a range-finding/palatability study, two female dogs (Beagle purebred) per dose were fed a
diet of clothianidin (purity 95.2%; batch No. 30037120) at dose levels of 0 or 3000 ppm on days 1-3,
4000 ppm on days 4-8 and 5000 ppm on days 9-11, over a period of 11 days in total. Observations
and measurements were limited to clinical signs, body weights, feed consumption and test article

intake. The study was not conducted in compliance with GLP. The animals were not killed and were
returned to stock.
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Table 12. Oral 90-day toxicity of clothianidin in rats: selected clinical and histopathological

findings

% change relative to controls

Dietary concentration (ppm)

0 150 500 3000

Males Females Males Females Males Females Males Females
Body weight:
- day 91 — — — — — — 11* 12*
- day 140 (recovery) — — — — — — 5 9.4*
Body weight gain:
- day 91 — — — — — — 23%* —
- day 140 (recovery) — — — — — — — —
Clinical signs
Red nose discharge®:
- day 90 — — 0 — 1(3) — 2(1,06)
- day 139 — — — — — — 1(1)
Haematology
Red blood cells — — — — — — 5.6 —
Haemoglobin — — — — — — 6.1% —
Haematocrit — — — — — — 498 —
Prothrombin time — — — — — — — 9.5%
Clinical chemistry
Inorganic phosphorus — — — — — _ 11% _
CYP content — — — — — — 29 43
N-demethylase (ANDM) — — — — — — 3% _
O-demethylase (NODM) — — — — — — 50% —
EROD:
- day 90 — — — — — — 1277 46
- day 139 (recovery) — — — — — — 25 50
PROD:
- day 90 — — — — — — 211° 36
- day 139 (recovery) — — — — — — 36 48
Histopathology
Spleen pigmentation®:
- day 89 6 14 6 13 8 14 13* 15
- day 139 (recovery) 12 — — — — — 11 —
Opvary follicle counts (left/right):
- “non-anthral” follicles — 27.3/27.5 — — — — — 24.1/28.9
- “anthral” follicles — 12.7/11.3 — — — — — 9.9/11.3
- corpora lutea — 20.6/18.8 — — — — — 19.4/19.0

From Wahle (2000)

* P<0.05 or ** P<0.01 (ANOVA + Dunnett’s); ¥ P < 0.05 (Kruskal-Wallis + Mann-Whitney); ¥ P < 0.05 (Student’s #-test)
* Occurrence per 15 animals; number of days with finding in parentheses.
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There were no deaths and no relevant clinical signs. The mean daily feed consumption was
decreased by 35% (3000 ppm period), 57% (4000 ppm period) and 63% (5000 ppm period), com-
pared with that of the control dogs. The average daily consumption of active ingredient at days 1-3,
days 4-8 and days 9—11 was, respectively, 68, 60 and 66 mg/kg bw per day (dog 1) and 34, 42 and
38 mg/kg bw per day (dog 2). No differences in body weights were observed between treated and
control groups. For the period days 1-9, a treatment-related body weight change was observed in the
treated group (—0.85 kg) compared with the controls (—0.25 kg). During days 9-11, the difference
was —0.25 kg, compared with —0.10 kg.

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

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

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

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

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

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

An increase in alkaline phosphatase and cholesterol levels was in general not accompanied
by hepatic histological findings, although enlarged liver volume was detected on occasion. Changes
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Table 13. Oral 28-day toxicity of clothianidin in dogs: effects on body weight and feed consumption

Dietary concentration (ppm)

0 1250 2500 5000

M F M F M F M F
Active ingredient intake 0 0 36.3 35.6 35.8 523 62.4 574
(mg/kg bw per day)
Mortality (/3) 0 0 0 0 1 1 3 3
Feed consumption (% of control):
- weeks 1-2 — — 12.8%  [21%*  |49%** [26%* |59%** |5T7%**
- weeks 1-3 — — 13.6%  [19%  [50%** [20% — —
- weeks 1-4 — — 14.5% [18%  |47%* |[18% — —
Body weight gain (kg):
- weeks 1-3 0.5 0.7 0.3 0.2 —0.4* 0.0%* —0.8%* —(0.8%*
- weeks 1-5° 0.8 0.7 0.6 0.2 -0.7 0.1 — —
Body weight (week 4) (% of control) — — — — — — 128%  [12%

From Moore (2000)

F, female; M, male
* P <0.05; ** P<0.01
* Data analysed following rank transformation.

in other parameters were most likely explained by the severe nutritional deprivation and starvation
status of treated animals.

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

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

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

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

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

In a 90-day study, four Beagle dogs of each sex per dose were fed a diet of clothianidin (purity
95.2%; batch No. 30037120) at dietary concentrations of 0, 325, 650, 1500 and 2250 ppm for 90 days.
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Table 14. Oral 28-day toxicity of clothianidin in dogs: haematology

% change relative to controls

Dietary concentration (ppm)

0 1250 2500 5000

M F M F M F M F
Red blood cells:
- week 3 — — — — — — 15.7 —
- week 4 — — — — — — 18.6 —
Haemoglobin:
- week 3 — — — — — 115 14.7 14.9
- week 4 — — — — — 11 19.2 13.6
Haematocrit:
- week 3 — — — — — 116 16.5 6.4
- week 4 — — — — — 111 18.2 13.4
Platelets:
- week 3 — — — — 15 15 146 152
- week 4 — — — — — — — 148
White blood cells:
- week 3 — — — — 135 145 156 173
- week 4 — — — — 147 131 131 177
Segmented neutrophils (absolute counts):
- week 3 — — — — 141 154 160 191
- week 4 — — — — 158 125 137 193
Lymphocytes:
- week 3 — — — — 122 120 153 132
- week 4 — — — — 121 126 117 144

From Moore (2000)
F, female; M, male

Achieved doses were 0, 9.2, 19.3, 40.9 and 58.2 mg/kg bw per day for males and 0, 9.6, 21.2, 42.1
and 61.8 mg/kg bw per day for females. Accuracy, homogeneity and stability of the administered
diet were confirmed by chemical analysis. The protocol was partly in compliance with test method
B.27 of European Commission directive 92/69/EEC and OECD Guideline No. 409 (Subchronic Oral
Toxicity Non-rodent 90-day; 12 May 1981).

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

In males, slight decreases in haematocrit at the top dose and in haematocrit, haemoglobin and
red blood cells at the high-middle dose were noted. At 1500 ppm (high-middle dose), the slight anae-
mia was exacerbated by the presence of one male animal showing interdigital cysts (chronic bleed-
ing), whereas platelet decrease was consistent with observed enlarged spleen; in the same animal,
chronic inflammation in several organs (lung, kidney and liver) was seen in parallel with neutropenia,
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whereas thymic atrophy and necrosis in lymph nodes explained lymphopenia on weeks 9-13 (other
males not affected). In the top-dose females, white blood cell decrease was observed at weeks 5,
9 and 13, attaining significance only on week 5. In the females at the top dose, there was a trend
towards decreased white blood cells, neutrophils and lymphocytes during weeks 5—13. Because one
top-dose female animal showed marked leukocytosis, neutrophilia and lymphocytosis on weeks 5 and
9, differences were not statistically significant (the animal was treated with antibiotics during weeks
5-6 for lymphadenitis; the temporary increase is consistent with the acute inflammation status and
was confirmed by a diagnostic sampling at week 8). Excluding these outliers revealed a mean drop
in observed values (see footnote b in Table 15). There were no relevant findings in the organ weights
or gross necropsy. Lymphoid necrosis was observed in ileum, colon, caecum and rectum in a single
female at the top dose. Lymphoid hyperplasia was observed in males at 650 ppm and above and in
females at 1500 ppm and above. However, these findings were consistent with commonly occurring
lesions of spontaneous etiology, and none was considered to be treatment related.

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

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

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

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

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

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

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

findings

% relative to controls

Dietary concentration (ppm)

0 325 650 1500 2250

M F M F M F M F M F
Clinical signs ( /4)
Emaciation 0 1 0 0 0 0 2 1 2 3
Ptyalism 0 0 0 0 0 0 1 1
Body weight gain® 1.1 1.0 2.1% 0.9 2.5% 1.6 0.5 0.9 03* 0.7
Haematology
Haematocrit — — — — — — 113 L12%*%  16.5% —
Haemoglobin — — — — — — 113 L1r** 142 12.8
Red blood cells — — — — — — 114 19.2% 5.2 —
MCHC — — — — — — — — 12.7%  —
Platelets:
- week 5 — — — — — — 16 125 13 140%*
- week 9 — — — — — — 114 113 18 124
- week 13 — — — — — — 115 115 115 132
White blood cells:
- week 5 — — — — — — — — 140*  |61°
- week 9 — — — — — — — — 124 133°
- week 13 — — — — — — — — 130 152%
Neutrophils:
- week 5 — — — — — — — — 138 169°
- week 9 — — — — — — — — 124 130°
- week 13 — — — — — — — — 123 ler*
Lymphocytes:
- week 5 — — — — — — — — 142%% 320
- week 9 — — — — — — — — 123 130°
- week 13 — — — — — — — — 139 130
Monocytes:
- week 13 — — — — — — — — — 175%*
Clinical chemistry
ALT:
- week 5 — — — — — — 126 153*%  |55% | 72%*
- week 13 — — — — — — 138 155% 138 165%*
Protein — — — — — — — 18.5 — L17*
Albumin:
- week 5 — — — — — — — — — 113%*
- week 13 — — — — — — — 1 — 17.9%
Histopathology (/4)
Jejunum: lymphoid hyperplasia 0 0 0 0 1 0 1 1 2 1

From Bernier (2000a)

F, female; M, male; * P <0.05; ** P <0.01 (Dunnett’s z-test)
* Body weight gain in kilograms per dog during weeks 0—13.
® Values of 3/4 animals, excluding dog with antibiotic therapy at weeks 5—6 following lymphadenitis.
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Table 16. Oral 1-year toxicity of clothianidin in dogs: selected findings

% of control values

Dietary concentration (ppm)

0 325 650 1500 2000

M F M F M F M F M F
Body weight — — — — — — — _ _ 15.5
Body weight gain® 1.3 1.5 1.7 1.8 3.3 1.9 1.8 1.7 1.2 0.8
Haematology
Haematocrit — — — — — — _ _ _ 118*
Haemoglobin — — — — — — — — _ 117*
Red blood cells — — — — — — — _ _ 115%
White blood cells:
- week 5 — — — — — _ _ _ 134 146*
- week 39 — — — — — — — — 16 127*
- week 52 — — — — — — — — 19 122
Neutrophils:
- week 5 — — — — — _ — — 133 159
- week 26 — — — — — — — — 123 131
- week 39 — — — — — — _ _ _ 140*
- week 52 — — — — — — — — 14 127
Lymphocytes:
- week 5 — — — — 124 — 143*%  — 136% —
Monocytes:
- week 5 — — — — — — — _ _ 183*
- week 13 — — — — — — — _ _ 167*
Eosinophils:
- week 5 — — — — - — _ _ _ 125%
Clinical chemistry
Cholesterol:
- week 13 — — — — — _ — _ 37—
ALT:
- week 13 — — — — — 132%  |36%  |45%  |60*  |63*
- week 26 — — — — 129 — 144*  |54*%  |63* | 68%*
- week 39 - - = = = — l42% |51% e3*  |71*
- week 52 — — — — — — 138%  |49%  |55%  |73%
Organ weight
Adrenal:
- absolute — — — — — — — _ _ 127
- relative — — — — — _ — _ _ 145%

From Bernier (2000b)

F, female; M, male; * P <0.05 (Dunnett’s #-test)
* Body weight gain in kilograms per dog during weeks 0-52.
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inflammation at 650 ppm and higher. Testicular atrophy and seminiferous tubular vacuolization
(moderate) were observed in one animal at the top dose. However, in the absence of other animals
in this treatment group with similar findings, the relationship with test substance administration is
doubtful.

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

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

(b)  Dermal application

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

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

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

2.3 Long-term studies of toxicity and carcinogenicity

Mice

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

An increase in mortality was noted in females at 350 ppm and at the top dose. In the pathology
report, the absence of microscopic findings explaining the preterminal death of the top-dose females

CLOTHIANIDIN 19-116 JMPR 2010



49

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

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

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

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

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

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

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

Clothianidin is not carcinogenic in these experimental conditions.

The toxicity NOAEL was 350 ppm, equal to 47.2 mg/kg bw per day, and the LOAEL was 1250

ppm, equal to 171.4 mg/kg bw per day, based on body weight effects, clinical signs, and heart and
cervical lesions (Biegel, 2000b).

Rats

In a combined chronic toxicity/carcinogenicity study in the rat, 80 rats (Crl:CD(SD)IGS BR-
VAF/Plus®) of each sex per dose were fed diets containing clothianidin (purity 95.2-95.5%; batch
No. 30037120) at dietary concentrations of 0, 150 (low dose), 500 (low-middle dose), 1500 (high-
middle dose) and 3000 (high dose) ppm for 103/104 weeks. Analytical verification revealed that
dose levels were 89—109% of nominal values. Compound stability for 4 weeks in the diet at ambient
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Table 17. Carcinogenicity study of clothianidin in mice (78 weeks): clinical findings

Dietary concentration (ppm)

0 100 350 1250 2000 1800
M F M F M F M F M F
Mortality (%) 32 20 16 14 40 42%* 20 24 32 S4%*
Feed consumption® — — — — — — — — 18-22%%*% | 16-24%***
(weeks (weeks
10-45) 11-33)
Body weight® _ — — — — — 15%*** | 5-13%*** |5-18%**  |4-18%**
(weeks (weeks 13,  (weeks (weeks
12-30) 14,22-78) 6-78) 10-78)
Body weight gain® — — [6.8% [1.6% [9.9%  [13.5% |9% 126%** 124%** 135%**
Clinical signs®
Vocalizations 0 0 1 0 2 3 22 46 45 42
Haematology (differential count)®
Neutrophils _ — — — — — — — — 129%*
Lymphocytes _ — — — — — — — — 121%*
Organ weight*
Heart:
- absolute — — 159% 13% |9.0%* 153% |9.3%** [4% 113%** 110.1%
- relative — — 142% 149% |7.1% 111.5% |8.6%  19% 14.2% 14.5%
Kidney:
- absolute — — 187%* (2%  |8.9%** 10.6% |11%** [11% L17%** 120%*
- relative — — 168% 113% |68%  17.1% [10%* 11.7% 18.8%%* 15.6%
Liver:
- absolute — — 3% 10.3% 102%  |2.8% [2.5%  |16%* 10.4% 117.5%*
- relative — — 123% 124% 12.6% 124% |14%  |4% 15.4% 13%

From Biegel (2000b)

F, female; M, male; * P <0.05, ** P <0.01 (mortality: Cox-Tarone test; body/organ weights: one-way analysis of variance [ANOVAY]).

* % relative to control.

® Incidences in 50 animals (observations noted from weeks 7 to 80 in middle-high-dose and high-dose animals and during week 69 for
the other dose level animals.

temperature and compound homogeneity proved to be satisfactory. Achieved test article intakes were
0, 8.1, 27.4, 82.0 and 157 mg/kg bw per day for males and 0, 9.7, 32.5, 97.8 and 193 mg/kg bw per
day for females. Additional to the daily standard clinical observations, 10 rats of each sex per dose
were randomly selected during weeks 66—67 and subjected to a functional observational battery
(FOB). Animals with physical abnormalities, possibly precluding proper assessment of functional
neurological abnormalities, were excluded from the test and replaced by suitable animals. Twenty
rats of each sex per dose were scheduled for interim termination (53 weeks). The protocol was partly
in compliance with test method B.33 of European Commission directive 92/69/EEC and OECD
Guideline No. 453 (Combined Chronic Toxicity/Carcinogenicity Studies; 12 May 1981). Limitations
included low survival (below 50%) at 88 weeks in the control, 150 ppm and 500 ppm groups. How-
ever, survival was in line with OECD Guideline No. 453 at 1500 and 3000 ppm up to week 96. In the
absence of test article—related neoplasms at the top dose, the deviation was unlikely to have altered
the integrity of the study.
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Table 18. Carcinogenicity study of clothianidin in mice (78 weeks): histopathological findings*

Incidence in 50 animals

Dietary concentration (ppm)

0 100 350 1250 1800 2000

M F M F M F M F M F

Liver

Hepatocellular hypertrophy** 17 5 34%% 5 15 3 27%  11%*%  40** 15%*
Cervix

Fibromuscular hyperplasia® — 14 — 12 — 12 — 27%*%  — 29%*
Heart

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

Congestion 2 0 0 0 1 2 2 0 3 13%*
Adrenal cortex

Congestion®¥ 0 1 0 0 1 3 0 0 0 11%*
Non-glandular stomach

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

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

From Biegel (2000b)
F, female; M, male; * P < 0.05 and ** P <0.01 (Fisher-Irwin exact test for groupwise comparisons); ¥ P < 0.05 and * P < 0.01 (Cochran-
Armitage test for trends)

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

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

There were no relevant findings in the FOB. Decreases in feed consumption were observed at
500 ppm and above in females and at 1500 ppm and above in both sexes. At 1500 ppm and above,
decreases in both body weight and body weight gain were observed. These decreases were of greater
magnitude in males than in females and essentially confined to weeks 1-53. Feed efficiency was not
affected.

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

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

On termination, the statistically significant increases in relative organ weights (adrenal, brain,
heart, kidney, lung) in the females at the top dose were attributed to the observed body weight decrease
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(of about 20%, P < 0.01). The increase in relative liver weight in females at 1500 and 3000 ppm on
interim termination and at the top dose on final termination was supported by histology. Absolute and
relative uterine weights were slightly increased at the top dose at interim termination, but not at final
termination (Table 19).

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

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

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

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

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

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

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

% relative to control®

Dietary concentration (ppm)

0 150 500 1500 3000

M F M F M F M F M F
Mortality (%) 7275 71 73 70 80 60 62 45%* 50%**
Body weight —_ = - —  — 5% 5% 15-10% [10% 115-20%
Body weight gain:
- weeks 1-13 — = =  — — 5% 5% L12%%* | 12%** | 25%**
- weeks 1-50 _ = = - —  — 6% L13%** | 13%** | 28%**
- weeks 1-102 _ = = = = = — 15% 15% 130%**
Haematology
Red blood cells:
- week 13 —_ —_- = = = = — — 13.5% —
- week 27 _ = = = = = — — 15.9% —
- week 53 _ = = = = = — — 17.6% —
- week 79 B _ 111%* _
- week 104/103 - _ _ o
Haemoglobin:
- week 13 S _ 16.3%* —
- week 27 - = = = = = _ 16.2%*  —
- week 53 _ = = = = = — — 14.7% —
- week 79 — — — _ _ _ _ _ 17.8%* —
- week 104/103 - o _ o
Haematocrit:
- week 13 S _ 14.6%* —
- week 27 - _ 16.2% _
- week 53 —_ = = = = = — — 15.9% —
- week 79 - - — _ _ _ _ _ 18.4%*  —
- week 104/103 e _ . _
Blood chemistry
Inorganic phosphorus:
- week 13 S _ 113%* 110%
- week 27 _ = = = = = — — 19.3% 19.8%
- week 53 S — _ 1M5%* —
- week 79 - = = = = = = _ 123%* 114%
- week 104/103 _ = = = = = — — 120%*  115%
Urinalysis (week 13)
Urine volume - = = _ _ 160%*
Specific gravity RN — _ _ 11.3%*
Organ weight
Liver, relative
- week 53 — - = = = = _ 110%* 1249%**
- week 104/103 — M _ _ 123%%*
Uterus, week 53:
- absolute — - _ o 121%
- relative — - = = = = _ _ 1539%*

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

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

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

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

2.4 Genotoxicity

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

(a) Invitro

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

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

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

Dietary concentration (ppm) Trend

0 150 500 1500 3000

M F ™M F M F M F M F M F

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

Kidney

Pelvic mineralization 34 77 30 76 34 74 43 75 52%* 79 88
Pelvic angiectasis 100 9 5 12 7 5 9 7 16 21% % $
Transitional cell hyperplasia 33 60 30 58 29 59 29 65 51*%* 65 8§ —
Tubular ectasia 3 4 1 4 0 8 2 4 4 3% — 8
Tubular epithelial vacuolization 0 1 0o 3 2 3 2 1 4 4 s —
Liver

Lymphohistiocytic infiltration 48 42 45 45 49 53 53 55% 54 55 — 0%
Eosinophilic hepatocellular focus 6 9 12 14 6 6 8 17  16* 29*%* ¢ 88
Mixed hepatocellular focus 2 4 4 0 7 4 8 2 7 8 § —
Telangiectasis 4 9 7 14 9 5 13* 12 11 14 $ —
Biliary cyst 1 0 0o 0 1 0 2 0 0 S
Centrilobular hypertrophy 0 0 o 0 O 0 1 0 0 § —
Carcinoma (secondary) 1 0 0o 0 O 0 0 0 28 — —
Hepatocellular carcinoma® 0 0 0O 0 3 0 0 0 4* 0 — —
Lung

Chronic inflammation 2 2 5 2 3 5 5 4 4 11** — %
Chronic active inflammation 5 1 5 1 2 3 5 4 5 4 — 3
Thymus

Epithelial hyperplasia 3 0 2 0 0 1 0 0 1 5* — W
Thyroid

Follicular cyst 20 17 20 24 24 18 26 25 26 300 — 8
C-cell adenoma 8 7 13 13 17* 9 16* 17% 5 16 — —
C-cell carcinoma 5 2 | 1 1 1 1 3 1 — —
Combined (adenoma/carcinoma) 13 9 14 14 18 10 17 18* 8 17 — —
Glandular stomach

Cyst 38 39 35 40 48 43 48 46 46 45 § —
Glandular erosion 5 2 6 0 3 2 5 7 e — %
Glandular necrosis 5 1 2 2 1 1 2 3 4 — —
Haemorrhage 0 0 0o 0 o0 0 1 1 5% 1 8§ —
Oedema 1 0 1 2 0 2 1 2 8* 6* 88
Uterus

Suppurative inflammation — 0 — 0 — 0 — 2 — — %
Dilatation week 53 — 0 — 11 — 4 — 4 — — —
Dilatation week 105 — 0 — 1 — 4 — 5 — — 3
Congestion — 0 — 0 — 0 — 0 — 5* — W
Ovary

Interstitial gland hyperplasia — 5 — 10 — 13* —  20%* — 33%*x W

From Biegel (2000a)

F, female; M, male; * P <0.05 and ** P <0.01 (Fisher-Irwin exact test for groupwise comparisons); ¥ P < 0.05 and ** P <0.01 (Cochran-

Armitage test for trends)

* Two secondary tumours, found in unscheduled deaths (animal C87073, + week 54, metastasis from adrenal cortex, and animal C87096,
+ week 95, metastasis from uterus).

® Historical control of test laboratory (2/60 = 3.3%, 1036 males, 1990-1993).
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Table 21. Summary of genotoxicity studies of clothianidin

Type of test Result Purity (%); batch Reference
No.
In vitro
Salmonella typhimurium (TA98, TA100, TA1535, TA1537),  Negative 99.7; 12256321  Otsuka (1990a)
plate incorporation assay, +S9, DMSO
S. typhimurium (TA98, TA100, TA102, TA1535, TA1537), Negative 95.2; 30037120  Herbold
plate incorporation and preincubation assay, +S9, DMSO (1999a)
S. typhimurium (TA98, TA100, TA1535, TA1537) and Escher- Positive in TA1535 96.0; 30034708  Thompson
ichia coli (WP2uvrA), plate incorporation assay, £S9, DMSO  (+S9) only (2000)
S. typhimurium (TA1535), plate incorporation and preincuba- Negative 98.6; NLL6100-3 Herbold
tion assay, £S9, DMSO 96.0; 30034708 (1999b)
S. typhimurium (TA98, TA100, TA102, TA1535, TA1537), Negative 99.8; Sokolowski
plate incorporation £S9, and preincubation assay, +S9, PF0000256K (2003)
DMSO
Bacillus subtilis (H17, M45), rec assay, =59, DMSO Negative 99.7;, 12256321  Otsuka (1990b)
L5178Y/TK"", mouse lymphoma gene mutation assay, £S89,  Positive (small 96.0; 30034708  Durward
DMSO colonies indicating (2000a)
clastogenicity)
V79, CHL gene mutation assay, =59, DMSO Negative 95.2; 30034708  Brendler-
Schwaab
(1999a)
V79, CHL gene mutation assay, +S9, DMSO Negative 96.4; 30037120  Poth (2003a)
V79, CHL gene mutation assay, £S9, DMSO Negative 99.8; Poth (2003b)
PF0000256K
CHL, chromosomal aberration assay, £59, DMSO Positive 96.0; 30034708  Wright (2000)
V79, CHL chromosomal aberration assay, +S9, DMSO Positive 96.4; 30037120  Schulz (2003a)
V79, CHL chromosomal aberration assay, £S9, DMSO Negative 99.8; Schulz (2003b)
PF0000256K
In vivo
Mouse, bone marrow, micronucleus assay (oral, 25, 50, 100 Negative 96.0; 30034708  Durward
mg/kg bw, arachis oil) (2000b)
Mouse, bone marrow, micronucleus assay (ip, 50, 100, 200 Negative 96.4; 30037120  Honarvar
mg/kg bw, 0.5% Cremophor) (2003a)
Mouse, bone marrow, micronucleus assay (ip, 75, 150, 300 Negative 99.8; Honarvar
mg/kg bw, 0.5% Cremophor) PF0000256K (2003b)
Rat, liver, unscheduled DNA synthesis assay (oral, 2500, Negative 95.2-96.2; Brendler-
5000 mg/kg bw, aqueous Cremophor) 30034708 Schwaab
(1999b)
Rat, liver, unscheduled DNA synthesis assay (oral, 1000, Negative 96.4; 30037120  Honarvar
2000 mg/kg bw, 0.5% Cremophor) (2003c¢)
Rat, liver, unscheduled DNA synthesis assay (oral, 1000, Negative 99.8; Honarvar
2000 mg/kg bw, 0.5% Cremophor) PF0000256K (2003d)

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

supernatant

No toxicity was exhibited to any of the bacterial strains used. In all experiments, clothiani-
din provoked no increase of revertant colonies compared with negative controls. The confirmative
experiment was also negative. Clothianidin is not mutagenic under these experimental conditions

(Herbold, 1999a).
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Clothianidin (purity 96.0%; batch No. 30034708) dissolved in DMSO was investigated for
its potential to induce mutations in a plate incorporation assay for gene mutation in S. typhimurium
strains TA98, TA100, TA1535 and TA1537 and E. coli WP2uvrA, both with and without metabolic
activation (£S9 mix), at concentrations up to 5000 pg/plate for 48 hours and in triplicate. The pro-
tocol was in compliance with test methods B.13—-14 of European Commission directive 2000/32/
EC and OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation
Assay; 26 May 1983).

No toxicity to any of the bacterial strains used was exhibited. In all experiments, clothianidin
provoked no increase of revertant colonies compared with negative controls in the test strains TA9S,
TA100, TA1537 and WP2uvrA. In contrast, in test strain TA1535, a slight increase of revertants was
observed in the presence of metabolic activation at 1500 pg/plate (experiment 1) and 5000 ug/plate
(experiments 1 and 2) (Table 22). A weaker response was observed with the same test strain in the
absence of metabolic activation. However, the increase was less than 2-fold. Clothianidin is weakly
mutagenic in TA1535 with metabolic activation under these experimental conditions (Thompson,
2000).

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

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

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

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

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

The compound provoked no growth inhibition of germinating bacterial spores, either in the
presence or in the absence of metabolic activation (£S9), at concentrations of 0, 375, 750, 1500,
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Table 22. Mean number of revertants in test strain TA1535 treated with clothianidin

S9 mix Concentration (pg/plate)

0 50 150 500 1500 5000
Experiment 1 + 11 12 15 13 20* 28***
- 20 27 21 26 30%* 32%
Experiment 2 + 12 13 15 12 12 206%%*
- 19 19 25 24 29 J7HH*

From Thompson (2000)
* P <0.05; *** P<(0.005

3000 or 6000 pg/plate. Clothianidin is not mutagenic under these experimental conditions (Otsuka,
1990b).

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

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

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

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

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

Clothianidin (purity 96.4%; batch No. 30037120) dissolved in DMSO was investigated for its
potential to induce gene mutations in a test with the V79 Chinese hamster cell line. The study was
in compliance with test method B.17 of European Commission directive 2000/32/EC and OECD

Guideline No. 476 (Genetic Toxicology: In vitro Mammalian Cell Gene Mutation Tests; 21 July
1997).

The dosing of clothianidin was without significant effect on the mutation frequency. Up to the
highest investigated concentration (2500 pg/plate in experiment I and 1500 pg/plate in experiment

1), no relevant increase of the mutation frequency was observed in either the presence or the absence
of metabolic activation (Poth, 2003a).
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Table 23. Mutagenic activity of clothianidin in the mouse lymphoma assay

Dose (ug/ml) -S9 +S9
Relative Relative Mutant Small Relative Relative Mutant Small
survival total growth frequency® colony survival total growth frequency* colony
(%) (%) mutants (%) (%) mutants
(%)° (%)°
Experiment 1
0 100 100 108.76 61 100 100 85.14 51
312.5 97.72 109 133.17 61 89.56 &9 75.79 50
625 94.42 112 72.70 68 99.34 126 68.56 39
1250 7288 82 137.44 74 91.97 113 49.87 41
1667 22.46 14 179.65 86 56.78 87 133.77 71
2500 1.43 1 123.42 100 8.77 5 493.31¢ 74
Experiment 2
0 100.00 100 93.5 31 100 100 94.09 29
300 12691 113 87.08 37 — — — —
600 101.84 95 109.21 34 8322 96 108.22 33
1200 79.01 95 177.66 56 88.25 100 115.86 31
1600 31.28 30 272.04* 52 7924 93 94.72 33
2000 3.42 2 179.62 69 5781 67 217.03* 55
2400 — — — — 19.03 26 307.28% 57
From Durward (2000a)
* P<0.05

@ Mutant frequency: trifluorothymidine-resistant mutants/10° viable cells (48 h treatment).
b 9% of total observed colonies.
¢ Data excluded from statistical analysis due to excessive heterogeneity.

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

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

Clothianidin (purity 96.0%; batch No. 30034708) dissolved in DMSO was investigated for
its potential to induce chromosomal aberrations with Chinese hamster lung cells. The study was
in compliance with test method B.10 of European Commission directive 2000/32/EC and OECD
Guideline No. 473 (Genetic Toxicology: In vitro Mammalian Cytogenetic Test; 26 May 1983). Cells
were exposed over 12 hours (—S9), 4 hours (+S9) with 8-hour recovery, 6 hours (£59) with 18-hour
recovery, 24 hours (—S9) or 48 hours (—S9).

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

Clothianidin produced statistically significant (P < 0.001) increases in the frequency of cells
with aberrations at the highest dose level (1875 pg/ml) in the 6-hour (with 18-hour recovery) exposure
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group with metabolic activation and at 625 pg/ml in the 48-hour continuous exposure group. Smaller,
but statistically significant (P < 0.05 or P < 0.01) increases in the incidence of aberrant cells also
occurred at the highest dose level (1250 pg/ml) in the 6-hour (with 18-hour recovery) group with
metabolic activation and in both of the 12-hour harvest groups treated at 937.5 pug/ml without activa-
tion and 1562.5 pg/ml with activation. A weak response also occurred at 625 pg/ml in the 24-hour
exposure group. Clothianidin did not induce an increased incidence of polyploidy at any dose level
in any of the exposure groups.

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

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

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

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

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

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

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

(b) Invivo

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

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

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

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

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

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

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

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

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

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

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

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

(c)  Conclusion

Clothianidin (batch No. 30034708) was weakly positive at the limit dose of 5000 ug/plate
in S. typhimurium strain TA1535 with metabolic activation in one bacterial reverse gene mutation
assay (Thompson, 2000). However, in a further study by Herbold (1999b) of the same batch in the
same strain, clothianidin was not mutagenic at doses up to 8000 pg/plate. Clothianidin was also
consistently negative in the related, more sensitive strain, TA100. Plate incorporation and preincu-
bation studies on three other batches of clothianidin at doses up to 5000 pg/plate demonstrate the
absence of point mutagenic potential in all S. #yphimurium strains used, including TA1535 (Otsuka,
1990a; Herbold, 1999a; Sokolowski, 2003). A clastogenic response occurred in vitro at the 7K locus
in mouse L5178Y cells (Durward, 2000a), both with and without metabolic activation. Batch Nos
30034708 and 30037120 also induced clastogenic responses in Chinese hamster lung cells in vitro
(Wright, 2000) and in Chinese hamster V79 cells in vitro (Schulz, 2003a), respectively. However, in
other in vitro mammalian tests with Chinese hamster V79 cells, clothianidin was not mutagenic at
the HPRT locus (Brendler-Schwaab, 1999a; Poth, 2003a,b) and was not clastogenic (Schulz, 2003b).
Clothianidin did not induce a genotoxic response in an in vitro DNA repair test (Otsuka, 1990b).

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

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

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

(a)  Multigeneration studies

Clothianidin (purity 95.2-96.0%; batch No. 30037120) was investigated in a one-generation
dose range—finding study in rats. The study was partly in compliance with test method B.34 of Euro-
pean Commission directive 92/69/EEC and OECD Guideline No. 416 (Two-Generation Reproduction
Toxicity Study; May 1983). Twenty randomly selected rats (Sprague-Dawley) of each sex per dose
received clothianidin at a concentration of 0, 50, 100, 500 or 1000 ppm in the diet. Analytical verifica-
tion revealed that dose levels were 86.3—88.8% of nominal values. Achieved test article intakes were
0,2.9,5.8,29.1 and 58.9 mg/kg bw per day for males and 0, 3.4, 6.6, 34.2 and 68.6 mg/kg bw per day
(premating period) and 0, 3.4, 6.4, 34.4 and 69.1 mg/kg bw per day (gestation period) for females.
The test compound was administered to rats for about 8 weeks before mating, during gestation and
through day 21 of lactation. F| litter size was not adjusted following delivery. The doses used were
based upon the 90-day study in rats (Chambers, 1997a), in which the NOAEL was 1250 ppm.

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

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

Clothianidin (purity 95.2-96.0%; batch No. 30037120) was investigated in a two-generation
study of reproduction. Thirty randomly selected rats (Sprague-Dawley) of each sex per dose received
clothianidin at a concentration of 0, 150, 500 or 2500 ppm in the diet. The study was partly in compli-
ance with test method B.35 of European Commission directive 92/69/EEC. Accuracy, homogeneity
and stability of the treated diet were confirmed by chemical analysis. Achieved test article intakes were
0,10.2,32.7 and 179.6 mg/kg bw per day for males and 0, 11.8, 37.9 and 212.9 mg/kg bw per day for
females (calculations based on premating period for the first generation; similar intake during gesta-
tion). The test compound was administered throughout a 10-week premating phase, then throughout
mating, gestation and lactation, for a total of about 16/20 weeks (F males/F females) or 20/24 weeks
(F, males/F, females). The mating period was 2 weeks (1:1 mating ratio). Animals not delivering post-
mating were scheduled to be necropsied at day 24 and their cervical/uterine patency determined (via
uterine horn flushing). F, litter size was adjusted following delivery to provide four males and four
females per litter. Vaginal smears were examined daily in parental F and F, females for 3 weeks prior
to mating and in all females at termination, in order to determine estrous cyclicity (characterization:
diestrus, presence of white blood cells; and estrus, cornification). For the F, pups selected for the next
generation, preputial separation and vaginal patency were determined. A quantitative evaluation of the
primordial ovarian follicle histology was scheduled in the F| generation on lactation day (LD) 2 if any
ovarian or estrous cycle abnormality, female infertility or male germ cell abnormality was observed.
In F /F, adults, one testis and caudal epididymis were processed for enumeration of spermatids and
spermatozoids, respectively. Spermatozoid morphology and motility were examined on a distal vas
deferens sample. Anogenital distance was measured in all F, pups at LD 0.

Significant body weight decreases were observed in both adult males and females of the F and
F, generations at the top dose. Relative feed consumption (g/kg bw per day) was generally increased
(decreases were noted only during the first treatment week, indicating initial poor palatability). In
both F and F, animals, absolute and relative organ weight changes were in line with the observed
body weight loss (Table 24).

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

In both F and F, animals, no difference in number and duration of estrous cycles between
treated and control animals was observed on the basis of the smear analyses (Table 25).
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Table 24. Two-generation reproductive toxicity of clothianidin in adult rats: body and organ

weight data

% relative to control

Dietary concentration (ppm)

0 150 500 2500

FO F1 FO F1 FO FU Fl
Body weight
Males — — = — — — 18-10%** 116-20%*
Females
- days 7-70p» ~  — = — — — 19-15%* 116-19%*
- days 0, 6, 13,20¢< == — — — — — 112—14%* 113-16%*
-days 0,4,7, 14,21 = — — — — — 111-18%* L13—15%*
- day 14% — — — — |6.5* — —
Body weight gain
Females (days 0, 6, 13, 20)* = @— — — — — L17%* 18

Feed consumption
Males

Females

Organ weight
Thymus

- absolute (male)
- relative (male)

- absolute (female)
- relative (female)
Ovary

- absolute

- relative

Uterus

- absolute

- relative

— — — — |4*week 1™

— — — — 17.6*% week

10em

118** week 1Pm

18%* week 3;**
weeks 4, 5, 8

118%* week 1™
116** weeks 8—10r™
111* days 6-13¢
113* days 14-21"

116%
18

135*
132%

119*
L16*

125%
120%

116** weeks 1-10P™

121* weeks 1, 5-6r™;
** weeks 2-4, 7-10P

111* days 6-13¢°
113* days 7-21%

129%
113%
141%
132%

11

121
110

From Freshwater & Astroff (2000)

ge, gestation; la, lactation; pm, premating; * P < 0.05; ** P <0.01 (parametric data: ANOVA + Dunnett’s; non-parametric data: Kruskall-
Wallis + Dunnett’s or Mann-Whitney U-test [organ weight])

There were no relevant clinical observations in the pups.

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

A statistically significant increase in number of early stillborn deaths occurred in the 2500 ppm
F, pups and in the 500 and 2500 ppm F, pups.
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Table 25. Two-generation reproductive toxicity of clothianidin in adult rats: gross pathology and
histopathology

Dietary concentration (ppm)

0 150 500 2500

F, F, F, F, F, F, F, F,
Developmental markers
Preputial separation® — 412 — 419 — 42.5%*%  — 47.9%*
Body weight at preputial separation (g) — 190 — 199 — 192 — 190
Vaginal opening* — 324 — 322 — 32.1 — 34.7%*
Body weight at vaginal opening (g) — 1046 — 1044 — 98.8 — 90.6
Histopathology/cytopathology
Sperm morphology
- % normal 83.5 69.3 — — — — 81.9 67.0
- % abnormal 15.9 300 — — — — 16.0 29.0
- % detached 0.6 0.7 — — — — 2.1 4.0
Total sperm count
- epididymis 146.1 1495 — — — — 141.6 133.7
- testis 1299 1057 — — — — 129.5 103.8
Sperm motility
- % motile 82.9 81.7 — — 82.6 79.0 79.2 73.4%*
- % progressively motile 64.1 599 — — 61.5 53.9 56.2%*  46.1%*
Estrous cycle
- duration (days) 4.2 43 — — — — 4.1 4.4
- number 33 34 — — — — 3.7 34
Estrous stage (sacrifice)®
n 29 30 29 30 29 30 27 30
- diestrus 18 19 19 18 25 16 24 25
- proestrus 2 0 0 3 1 0
- estrus 9 11 10 9 3 14 2 4
Ovarian follicle count (mean/ovary)
- “non-anthral” follicles 1217 — — — — — — 12.22
- “anthral” follicles 3.94 — — — — — — 4.53
- corpora lutea 3.71 — — — — — — 3.24

From Freshwater & Astroff (2000)

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

* Expressed in days.

® Number of animals.

Litters evaluated for early stillborn deaths in the 2500 ppm F, and F, pups were not statistically
elevated above controls. In light of the fact that the litter is generally accepted to be the appropri-
ate unit for reproductive assessment and there was no effect on viable pup numbers (Table 26), the
apparent increase in stillbirths was not considered to be toxicologically meaningful.

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

Single incidences of hydrocephalus and anophthalmia were reported at the top dose in F, pups. All
other gross pathological findings were at low incidence and without a dose—response relationship.
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Table 26. Two-generation reproductive toxicity of clothianidin in rats: pup data

Dietary concentration (ppm)

0 150 500 2500

Fl FZ Fl FZ Fl F2 Fl FZ
Litter data
No. observed (day 21) 24 23 29 25 28 20 29 28
No. of pups missing® 2 1 2 4 1 4 4 6
No. of stillborn pups*®
- early® 00) 1(1) 33) 3(3) 3(6) 5(8%) 6 (9%) 4 (13%)
- lated 1I(H) 33 000) 1(1) 2(3) 0(0) 1(D) 2(2)
- total® 1(1) 44 33) 44 6(9 5(8) 7 (10) 6 (15)
No. of viable pups®
-day 0 14 14 14 14 14 13 13 12
- day 4 13 13 14 13 14 13 12 12
Birth index® 0.898 0.918 0.905 0.934 0.945 0.874 0.940 0.878
Live birth index’ 1.00  0.998 0.993 0.991 0.984 0.974 0.979 0.965
Viability index® 0.992 0.980 0.994 0.981 0.987 0.988 0.924 0.970
Lactation index" 0.995 0.995 0.996 0.985 0.978 0.974 0.960 0.960
Body weight, male + female
-day 0 — — — — — — 18%* 13%
- day 4 — — — — — — 116%** 19%
- day 7 — — — — — — 118%%** 113%**
- day 14 — — — — — — 122%** 116%**
- day 21 S — — 126%**F | 21%**
Body weight gain, male + female — — — — 111%* — 129%** 123%**

(days 7-14) (days 0-21) (days 0-21)

Organ weights
Thymus weight, male:
- absolute — — — — 113%* — 129%** 125%**
- relative — — — — 110% — 15% 18%
Thymus weight, female:
- absolute — — — — 110% — 128%** 124%**
- relative — — — — 18% — 17% 19%
Spleen weight, male:
- absolute — — — — — — 130%** 131%**
- relative — — — — — — 17% 116%**
Spleen weight, female:
- absolute — — — — — — 135%** 130%**
- relative — — — — — — 116%** 117%**

From Freshwater & Astroff (2000)

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

* Data expressed as litter incidence; early and late stillborn determined by observation of non-floating or floating lung.

b Litter (pups).

¢ Non-floating lung.

4 Floating lung.

¢ Birth index = number of pups born/number of implantation sites.

f Live birth index = number of pups liveborn/total number of pups.

¢ Viability index = number of pups alive (day 4)/number of pups liveborn.

" Lactation index = number of pups alive (day 21)/number of pups post-culling (day 4).
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In F, pups, preputial separation was delayed at 500 ppm and above. The notifier considered the
delay of preputial separation at 500 ppm as part of the normal variation of the test laboratory (£5%).
However, the trend showed a dose dependency. Body weights of all dose groups were comparable at
the time of preputial separation. Vaginal opening was also retarded at the top dose (in parallel with a
body weight decrease of —13%).

At the top dose, histopathological findings included a mammary gland cyst and chronic active
inflammation (one male).

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

At the top dose, the proportion of motile sperm was slightly reduced (—10%) in the F, males,
and progressive motility was reduced in both generations (—12% to —23%); there was no effect on
motility at lower doses (Table 29).

The analysis of ovarian follicle count on serial sections revealed no remarkable differences
between top-dose and control animals. Both number and duration of the complete estrous cycles were
essentially unaltered in treated animals compared with controls. At termination, incidence of diestrus
was slightly higher in F| females at 500 ppm and above and in F, and F, females at the top dose.

Clothianidin showed no toxicity to reproduction under these experimental conditions.

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

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

(b)  Developmental toxicity
Rats

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

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

Most fetal data indicate adverse effects at 250 mg/kg bw and above. Fetal external abnor-
malities were observed at that dose (» = 5) and included short snout (1), bilateral flexed forelimbs
and hindlimbs (1), exencephaly (1), gastroschisis (abdominal wall fissure) (1), bilateral eye bulge
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Table 27. Total sperm count

Generation Group n Mean (standard error)
Epididymis Testis
1 Control 30 146.1 (7.7) 129.9 (4.7)
High 30 141.6 (8.1) 129.5(3.9)
2 Control 30 149.5 (9.0) 105.7 (5.1)
High 30 133.7 (11.4) 103.8 (5.5)

From Freshwater & Astroff (2000)

Table 28. Sperm morphology

Generation Group n? Mean (standard error)®
% normal % abnormal % detached
1 Control 30 83.5(1.1) 159 (1.1) 0.6 (0.1)
High 30 81.9(1.8) 16.0 (1.2) 2.1(1.1)
2 Control 28 69.3 (2.0) 30.0 (2.0) 0.7 (0.2)
High 29 67.0 (2.0) 29.0 (2.1) 4.0 (1.7)

From Freshwater & Astroff (2000)
* Animals with fewer than 100 sperm excluded.
® No statistically significant differences between groups at the 0.05 significance level.

Table 29. Sperm motility

Generation Group n Mean (standard error)
% motile % progressive
1 Control 30 82.9(1.9) 64.1(2.5)
Low 28 82.6 (1.9) 66.2 (1.9)
Mid 30 82.6 (1.6) 61.5(2.2)
High 29 79.2 (1.5) 56.2 (1.7)**
2 Control 29 81.7(1.5) 59.9 (2.0)
Low 29 82.6 (1.6) 61.7 (2.0)
Mid 30 79.0 (1.9) 53.9(2.2)
High 29 73.4 (2.5)** 46.1 (2.7)**
From Freshwater & Astroff (2000)
** P<0.01

depression (1) and short trunk (1). At 500 mg/kg bw (n = 2), findings were anasarca (body oedema)
(2), short trunk (1), short tail (1) and umbilical hernia (1).

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

In a developmental toxicity study, 25 successfully mated female rats (Sprague-Dawley
Crl:CD®BR VAF/Plus®) per dose (mating ratio one male:one female) received clothianidin (purity
95.2%; batch No. 30037120) dissolved in a 0.5% aqueous solution of methylcellulose at a dose level
of 0, 10, 40 or 125 mg/kg bw per day by gavage on gestation days (GDs) 6—19. The dose volume was
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Table 30. Teratogenicity range-finding study of clothianidin in rats

Dose (mg/kg bw per day)

0 125 250 500 1000
Maternal data®
Mortality
- found dead 0 0 0 0 Sdays 910,11
- sacrificed 0 0 0 0 3days 12,1418
Clinical signs No No Yes Yes Yes
Feed consumption
- g/day — 118% 132% 149% —
- g/kg bw per day — 111% 121% 130% —
Body weight
- day 20 — 110% 119% 143% —
- day 20P — 112% 119% 131% —
Body weight gain (g)
- day 20 +125+£21 +88+19 +52+£27 —49+30 —
- day 20° +46+14 +12+16 —-9+26 —53+29 —
Absolute spleen weight — 114% 114% 145% —
Relative spleen weight — 14% — 16% —
Gross pathology: small spleen incidence 0 0 1 6 7
Gravid uterine weight — 17.3% 126% 195% —
Caesarean section data®
Number of pregnant females 8 7 6
No. of analysed litters 8 7 5b
No. of litters with > 1 live fetuses 8 7 50 2¢ 0
Corpora lutea (mean/ovary) 18.1 18.1 17.4 16.6 —
Implantations (litter incidence) 15.5 16.0 15.8¢ 14.1 —
Resorptions, early/late (litter incidence) 1.0/0.0 1.1/0.1 1.8/0.0 13.8/0.0 —
Live fetuses? (litter incidence) 14.5 14.7 14.0¢ 1.5¢ —
Live male fetuses (%)¢ 54 53 51¢ 04 —
Fetal weight (g),! male/female 3.53/3.46 322/321 2.66/2.49° —/1.04 —
Fetal external anomalies? — — Yes* Yes? —

From York (1999a)

* Maternal data are calculated for gestation days 6-20; caesarean section data are expressed in number of fetuses per litter.
® Corrected body weight = gestation body weight minus gravid uterine weight.

¢ Excludes one dam that gave birth to no live fetuses.

4 Only dams with > 1 live fetus taken into consideration. No statistical analysis reported.

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

There were no deaths or relevant clinical signs. At the top dose, a slight decrease in body
weight was observed from day 8. The body weight change was decreased at the top dose and was
essentially attributable to effects during days 6-9. At 40 mg/kg bw per day, body weight gain was
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impaired during days 6-9. No change of gravid uterine weight was observable when compared with
the control dams.

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

Clothianidin is not a developmental toxicant under these experimental conditions.

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

Rabbit

In a developmental toxicity range-finding study, five successfully mated female rabbits (New
Zealand White, Hra:NZW(SPF)) per dose received clothianidin (purity 96%; batch No. 30034708)
dissolved in a 0.5% aqueous solution of methylcellulose at a dose level of 0, 62.5, 125, 200 or 500
mg/kg bw per day by gavage on days 628 after mating. The dose volume was in all cases 5 ml/kg
bw. Analytical verification revealed that dose levels were 93—102% of nominal values. Compound
stability for 2 weeks in the vehicle at ambient temperature and compound homogeneity proved to be
satisfactory. Negative control was obtained by treating with the vehicle.

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

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

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

In a developmental toxicity study, 23 successfully mated female rabbits (New Zealand White,
Hra:NZW(SPF)) per dose (mating ratio one male:one female) received clothianidin (purity 95.2%;
batch No. 30037120) dissolved in a 0.5% aqueous solution of methylcellulose at a dose level of 0,
10, 25, 75 or 100 mg/kg bw per day by gavage on days 628 after mating. The dose volume was in all
cases 10 ml/kg bw. The protocol was in compliance with test method B.31 of European Commission
directive 92/69/EEC and OECD Guideline No. 414 (Prenatal Developmental Toxicity Study; 12 May
1981). Analytical verification revealed that dose levels were 96—103% of nominal values. Compound
stability for 2 weeks in the vehicle at ambient temperature and compound homogeneity proved to be
satisfactory. Negative control was obtained by treating with the vehicle.

Two animals were found dead at 75 and 100 mg/kg bw per day, and one animal was killed mori-
bund at the high dose. Both decreased faecal output and orange/red urine were observed at 25 mg/kg
bw per day and above. There were no relevant necropsy findings. Feed consumption was significantly
decreased at 75 mg/kg bw per day and above, whereas uncorrected body weight (i.e. taking into
account uterine weight) and body weight gain were affected only at the top dose. The reductions in
uterine weight at 75 mg/kg bw per day and above were considered biologically significant (Table 34).
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Table 31. Teratogenicity main study of clothianidin in rats

Dose (mg/kg bw per day)

0 10 40 125
Maternal data
Feed consumption:
- days 6-9 — — 19%* 147%**
- days 6-20 — — 13.8% 117%**
Body weight:
- day 20 — — — 15.3%**
- day 20° — — — 16.8%**
Body weight gain:
- days 6-9 — — 142%** 1152%**
- days 6-20 — — — L17%**
- days 6-20° — — — 145%%**
Fetal data
Number of pregnant females 23 22 24 25
Corpora lutea (litter incidence) 15.9 15.8 15.9 16.0
Implantations (litter incidence) 13.6 14.3 14.2 14.3
Resorptions, early/late (litter incidence) 0.6/0.0 0.9/0.0 0.4/0.0 0.6/0.1
Live fetuses (litter incidence) 13.0 13.4 13.8 13.6
Live male fetuses (%) 49 49 52 48
Fetal weight (g), males/females 3.60/3.43 3.57/3.44 3.63/3.46 3.40/3.28
Fetal variations (fetal incidence % / litter incidence %) 4/34.8 3.1/40.9 3.6/37.5 4.7/40.0
Fetal malformations (fetal incidence % / litter incidence %) 0.7 /8.7 03/45 03/4.2 0.3/4.0
From York (1998a)

* P <0.05; ** P<0.01 (continuous data: Dunnett’s test [homogeneous variances]; Kruskall-Wallis/Dunn’s test [non-homogeneous
variances, < 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data: Kruskall-Wallis procedure)
* Corrected body weight = gestation body weight minus gravid uterine weight.

The test substance dose of 100 mg/kg bw per day tended to increase postimplantation loss,
reduce fetal body weight and retard sternal ossification. These effects were considered related to
administration of the test substance (Tables 35 and 36). Other alterations observed at 25 mg/kg bw
per day and above (Table 36), including medially rotated hindlimbs, fused caudal vertebrae and
absent hindpaw phalanges, were considered unrelated to administration of the test substance because
1) the fetal and/or litter incidences were within the ranges observed historically at the testing facil-
ity; 2) there was no dose-dependent pattern of effect; 3) the alteration was frequent in this rabbit
strain; 4) the incidences did not significantly differ from the concurrent control group values; and/or
5) the alteration occurred in only one high dosage group litter. Other effects observed at the top dose,
including small kidney, incompletely ossified sternal centra and absent hindpaw phalanges, were
minimally but significantly increased on a litter incidence basis at the top dose.

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

The developmental NOAEL was 75 mg/kg bw per day, based on increased resorption, reduced
fetal body weight and retarded sternal ossification at 100 mg/kg bw per day (York, 1998b).
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Table 32. Summary of fetal alterations in the main teratogenicity study of clothianidin in rats

Location Parameter Number of fetuses (litter incidence in %)*
Dose (mg/kg bw per day)
0 10 40 125
No. of litters evaluated 23 22 24 25
External Umbilical hernia 1(4.3) 0(0.0) 0(0.0) 0(0.0)
Oedema 1(4.3) 0(0.0) 0(0.0) 0(0.0)
Visceral Depressed eye bulge™ 0(0.0) 1(4.5) 1(4.2) 0(0.0)
Microphthalmia™ 0(0.0) 0(0.0) 1(4.2) 0(0.0)
Innominate artery absent” 0(0.0) 0(0.0) 1(4.2) 1(4.0)
Umbilical artery descended to the left of the bladder 2 (8.7) 1(4.5) 0(0.0) 0(0.0)
Aortic arch dorsal to trachea/oesophagus” 0(0.0) 0(0.0) 0(0.0) 1 (4.0)
Carotid (left) arises right of subclavian (right)" 0(0.0) 0(0.0) 0(0.0) 1(4.0)
Skeletal Small eye socket™ 0(0.0) 1(4.5) 0(0.0) 0(0.0)
Fused ribs™ 0(0.0) 0(0.0) 0(0.0) 1(4.0)
Bifid centrum in thoracic vertebra’ 1(4.3) 0(0.0) 1(4.2) 2 (8.0)
Cervical rib present at 7th cervical vertebra” 0(0.0) 1(4.5) 14.2) 2 (8.0)
Incompletely/not ossified sternal centra” 5(21.7) 4(18.2) 6 (25.0) 5(20.0)
Incompletely/not ossified pelvis” 1(4.3) 3 (13.6) 3(12.5) 2 (8.0)
Short fibula and tibia in the hindlimbs 1(4.3) 0(0.0) 0(0.0) 0(0.0)
From York (1998a)

m, malformation; v, variation
2 Historical control litter incidence: microphthalmia = 0.59%, fused ribs = 0.46%, small eye socket/depressed eye bulge: not reported.

2.6 Special studies

(a)  Neurotoxicity

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

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

Acute neurotoxicity

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

In the acute oral neurotoxicity study itself, 12 rats (Fischer 344 CDF (F-344)/BR) of each
sex per dose received clothianidin (purity 95.2-96%; batch No. 30037120) dispersed in 0.5%
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Table 33. Teratogenicity range-finding study of clothianidin in rabbits"

Dose (mg/kg bw per day)

0 62.5 125 250 500
Maternal data
Mortality
- found dead 0 0 Sbdays16.18,19,24  Sdays 13, 14,15, 16,17 Jdays 14, 16
- sacrificed moribund 0 [ day 20 [ day 2l 0 [day 15
Clinical signs No Yes Yes Yes Yes
Feed consumption — — | | l
Body weight
- day 13 — — 110% 117% 113%
- day 29 — — n.a. n.a. n.a.
Body weight gain — — — — —
Gravid uterine weight — 126%° n.a. n.a. n.a.
Caesarean section data
Number of pregnant females 5 5 5 5
Aborted/premature litters 0 1¢ 1¢ 0
Surviving litters 5 4 0 0
Corpora lutea (mean/ovary) 11.2 11.0 — — —
Implantations (litter incidence) 9.8 7.0 — — —
Resorptions, early/late (litter incidence) 0.2/0.2 0.0/0.0 — — —
Live fetuses (litter incidence) 9.6 7.0 — — —
Live male fetuses (%) 59.7 42.0 — — —
Fetal weight (g), males / females 36.97/36.37 40.66/3825 — — —

Fetal external anomalies — — — _ _

From York (1999b)

n.a., not applicable

* Maternal data are calculated for gestation days 6-28; caesarean section data are expressed in number of fetuses per litter; no statistical
analysis reported.

® Two of five deaths (days 16, 19) were attributed to intubation error.

¢ Excludes decedents, premature or abortive deliveries.

4 Aborted.

¢ Premature.

methylcellulose/0.4% Tween 80 in water by gavage at a dose level of 0, 100, 200 or 400 mg/kg bw
(dose volume 10 ml/kg bw). The protocol was in compliance with United States Environmental
Protection Agency (USEPA) test method OPPTS 870.6200. Dose levels were 93.2—106% of nominal
values. Compound stability for 1 week in the refrigerator and compound homogeneity were stated to
be satisfactory. In addition to the clinical and mortality observations (daily) and body weight meas-
urements (weekly), animals were tested for FOB end-points and for motor/locomotor activity on day
—7, day 0 (hour 4), day 7 and day 14. FOB included the following observations: cage-side behav-
iour, behaviour during handling, open-field behaviour and reflex/physiological end-points. Motor/
locomotor activity was studied by assessing rat behaviour in a figure-eight maze, equipped with
infrared emitter/detector pairs. The movements were automatically sampled in 10-minute intervals
(total test session: 90 minutes). Motor activity is defined as the number of beam interruptions per
session, whereas locomotor activity is defined as the number of interruptions minus the consecutive
counts for a given beam (until the next beam is encountered). All animals were subjected to gross
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Table 34. Teratogenicity main study of clothianidin in rabbits: maternal data

Dose (mg/kg bw per day)

0 10 25 75 100
No. of rabbits examined 23 23 23 23 23
Mortality
- found dead 0 0 0 Ddays 25,27 9days 17,20
- sacrificed moribund 0 0 0 0 1day 19
Clinical signs®
- localized alopecia 4@ 208) 308) 3@ 86N
- scant faeces 10 3@ 410 1 Q@03 1679%%*
- no faeces — — — 1M 1102k
- soft/liquid faeces — — — — 1®
- orange urine — _ 2@ QB8 Q63
- red substance in pan — — 10 0 4@k
- decreased motor activity — — — — 1m
- loss of righting reflex — — — — —
Feed consumption
- g/day — — — 117%* 137%**
- g/kg bw per day — — — 115%* 134%%*
Body weight
- day 29 — — — _ 19%**
- day 29° — — — — 14%
Body weight gain
- days 6-29 +0.32+£0.16 — — — —0.02 £ 0.25%*
- days 6-29° -0.13£0.21 — — — -0.31+0.17
Gravid uterine weight — — — 111% 119%

From York (1998b)

* P <0.05; ** P <0.01 (continuous data: Dunnett’s test [homogeneous variances]; Kruskall-Wallis/Dunn’s test [non-homogeneous vari-
ances, < 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data: Kruskall-Wallis procedure)

# Number of rabbits with clinical sign (tctal number of bservations)

® Corrected body weight = gestation body weight minus gravid uterine weight.

necropsy, and six rats of each sex per dose were chosen at random for perfusion and tissue collec-
tion. In control and top-dose animals, subsequent histopathological evaluation of selected tissues,
including brain, spinal cord, dorsal root ganglia and peripheral nerve tissue (sciatic, tibial, sural),
was performed. Sensitivity, reliability and validity of the test procedures have been established in
previous studies with acrylamide, carbaryl and untreated rats (FOB) or with triadimefon, chlorpro-
mazine and untreated rats (figure-eight maze). Rats selected for histopathology were euthanized by
intraperitoneal pentobarbital injection (50 mg/kg bw), whereas all others were terminated by carbon
dioxide asphyxiation.

There was no mortality. Clinical signs at the top dose in both males and females included trem-
ors, decreased activity and ataxia. In 3 of 12 females, urine stain was observed, and 1 of 12 females
exhibited red nasal and oral stain. Urine stain was also observed in 1 of 12 females in both the control
and low-dose groups. These signs appeared on the day of treatment (day 0) and persisted up to day
1. There were no relevant effects on body weight. In general, all findings in the FOB and figure-eight
maze were restricted to the day of treatment (Table 37). Most end-points revealed substantial effects
at the top dose in both males and females (tremors, hypoactivity, decreased arousal, miosis following
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Table 35. Teratogenicity main study of clothianidin in rabbits: caesarean section data

Dose (mg/kg bw per day)
0 10 25 75 100

Number of surviving pregnant females 21 23 22 20 20
Aborted/premature litters 32 0 0 12, 2° 6°, 2°
Litters with > 3 live fetuses 0 0 2 0 1
Included in analysis 18 23 20 17 i
Corpora lutea (mean/ovary) 9.4 9.6 9.9 8.7 9.8
Implantations (litter incidence) 8.6 8.9 9.2 8.0 8.8
Resorptions, early/late (litter incidence):
- number 2/3 0/3 2/5 0/4 10/5
- mean/litter 0.1/0.2 0.0/0.1 0.1/0.2 0.0/0.2 0.9/0.4
Live fetuses (litter incidence) 83 8.7 8.8 7.8 8.2
Live male fetuses (%) 51.8 47.2 50.2 48.8 39.6
Fetal weight male / female (g) 442/43.0 43.2/422 40.7/40.0 40.7/40.2 37.7/36.1%*
% variations:

- litter incidence 222 30.4 454 29.4 45.4
- fetal incidence 2.7 3.5 9.5%* 4.5 8.2%*
% malformations:

- litter incidence 0.0 21.7 9.1 11.8 273
- fetal incidence 0.0 3.0%* 1.7 1.5 5.9%%*
% litters with > 1 variation 2.6 3.8 13.6 5.0 11.5
% litters with > 1 malformation 0.0 2.9 1.5 1.6 9.0

From York (1998b)

* P<0.05; ** P<0.01

* Aborted.

® Premature.

light stimulus, decreased aerial righting response, hypothermia), with additionally gait incoordina-
tion and reduced approach response in the males. Biologically significant dose-related effects on
arousal were detected at 100 mg/kg bw and above in the males and at 200 mg/kg bw and above in the
females. The reduced activity observed in the FOB was confirmed by the findings in the figure-eight
maze tests. In the top-dose males, no histological abnormality was reported. In the females of this
dose group, the findings were as follows: minimal brain ventricle dilatation (1/6), left tibial nerve
fibre degeneration (1/6), and right (1/6) and right + left (1/6) sciatic nerve fibre degeneration. In the
female controls, incidences were as follows: right tibial nerve fibre degeneration (1/6), and right (1/6)
and left (1/6) sciatic nerve myelin sheet vacuolization. All nerve lesions were graded minimal and
of focal aspect, were mostly observed in either cross-section or longitudinal section, but not in both,
and were devoid of concomitant inflammatory response. The oval/elongated shapes of some nerve
fibres in the affected area were suggestive of a processing artefact rather than a compound-induced
origin of the finding.

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

In the first follow-up acute neurotoxicity study, 10 male rats per dose received clothianidin at
a dose of 0, 60 or 80 mg/kg bw. Analytical verification of doses revealed values ranging from 95%
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Table 36. Summary of fetal alterations in the main teratogenicity study of clothianidin in rabbits

Location Parameter I/f  Number of fetuses (% incidence)?

Dose (mg/kg bw per day)

0 10 25 75 100
External Medially rotated hindlimbs” I 0 0 1(4.5) 0 0
f 0 0 3 (L.7)** 0 0
Visceral Intermediate lung lobe I 0 0 0 3(17.6)** 4 (36.4)**
absent f 0 0 0 3(2.2) 7 (8.2)%*
Small kidney™ 1 0 0 0 0 1(9.1)
f 0 0 0 0 3 (3.5)**
Skeletal  Fused caudal vertebrae™ I 0 0 1(4.5) 0 2 (18.2)**
f 0 0 2(1.1) 0 2 (2.4)**
Incompletely ossified sternal 1 0 0 0 0 2 (18.2)**
centra’ £ 0 0 0 0 2 (2.4)%*
Absent hindpaw phalanges™ I 0 0 0 0 2 (18.2)**
f 0 0 0 0 2 (2.4)**

From York (1998b)

f, fetus; 1, litter; m, malformation; v, variation; * P < 0.05; ** P <0.01 (continuous data: Dunnett’s test [homogeneous variances];

Kruskall-Wallis/Dunn’s test [non-homogeneous variances, < 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data: Kruskall-

Wallis procedure)

* Historical control incidences: 1) intermediate lung lobe absent: (i) litter incidence: n = 0-5, 0-27.8% (mean = 10.1%); (ii) fetal
incidence: n = 0-7, 0—4.4% (mean = 1.54%); 2) small kidney: no reported data; 3) fused caudal vertebrae: (i) litter incidence: n =
0-1, 0-5.9% (mean = 1.4%); (ii) fetal incidence: n = 01, 0—-1.9% (mean = 0.21%); 4) incompletely/not ossified sternebrae: (i) litter
incidence: n = 0-10.5, 0-5.9% (mean = 1.8%); (ii) fetal incidence: n = 0-2, 0—1.2% (mean = 0.21%); 5) absent hindpaw phalanx: (i)
litter incidence: n = 0-1, 0-5.9% (mean = 0.2%); (ii) fetal incidence: n = 0—1, 0-0.6% (mean = 0.02%).

to 105% of nominal concentrations, leading to actual doses of 0, 63 and 76 mg/kg bw. On the day of
dosing, figure-eight maze activity was non-statistically significantly decreased in the treated animals
at both dose levels, with, respectively, -40% and —24% (motor activity) and —40% and —26% (loco-
motor activity). However, as the two actual dose levels were quite similar, it was considered that the
absence of a dose—response relationship was not easily interpretable, and a second follow-up study
was designed with 60 mg/kg bw as the maximal dose.

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

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

No statistically or biologically significant changes of any neurotoxicity parameter on the treat-
ment day were detected in the treated animals when compared with the control group in the FOB and
figure-eight maze. The neurotoxicity NOAEL was 60 mg/kg bw, and the neurotoxicity LOAEL was
greater than 60 mg/kg bw, the highest dose tested (Sheets & Gilmore, 2000).
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Table 37. Acute neurotoxicity study of clothianidin in rats: functional observational battery and

figure-eight maze observations”

Dose (mg/kg bw)

0 100 200 400

M F M F M F M F
Functional observational battery®
Home cage observations
Tremors
- score 1 — — — — _ _ 7% o
- score 2 — — — — — — 1 2
Decreased activity score 1 — — — — 1 0 8* 11*
Open-field observations
Posture
- standing normally — — — — — — 7 7
- sitting or lying normally — — — — — — 5 5
Tremors
- score 1 — — — — — — 10* 6*
- score 2 — — — — — — 1
Gait incoordination — — — — — — 1 0
Arousal
- sluggish exploratory movements 1 3 4 2 9% o*
- sluggish minimal movement 0 1 0 2
Reflex/physiological/manipulative observations
Approach response: no reaction — — — — — — 1
Touch response: no reaction — — — — — — 0
Pupil response on light: pinpoint constriction — — — — 1 0 8* 9%*
Aerial righting response
- slightly uncoordinated 0 1 0 1 2 0 2 3
- landing on side — — — — — — 0 1
Body temperature (°C) 36.5 364 361 363 34.8*% 35.1* 32.8% 32.7%
Figure-eight maze®
Motor activity* — — 123% — 159% |43% |81%  |72%

(1* (1,2)* (1,2)* (1,2)*  (1,2,3)*
Locomotor activity? — — 137% — 162% |45% |88%  |83%
(1,2)* 1,2)* 1,2* (1,.2)*  (1,2)*

From Cain, Sheets & Stuart (2000)

* P <0.05 (ANOVA + Dunnett’s ¢-test)

* Observations recorded on day 0.

® Incidences /12 animals (except body temperature); score 1, 2 = severity grade of observation.

¢ Per cent differences with concurrent control (number of movements during nine 10-minute intervals).
4 Statistically significant differences observed during intervals 1, 2 or 3 out of 9 (10-minute intervals; total test session 90 minutes); com-

parison of measurements at day 0 with the pretreatment (day —7) values confirmed the historical control variability of +20%.

Subchronic neurotoxicity

In a subchronic oral neurotoxicity study, 12 rats (Fischer 344 CDF (F-344)/BR) of each sex per
dose were fed a diet containing clothianidin (purity 95.3—96%; batch No. 30037120) at a concentra-
tion in the diet of 0, 150, 1000 or 3000 ppm for 90 days. The protocol was in compliance with USEPA
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test method OPPTS 870.6200. Samples were checked analytically to ensure accuracy, homogeneity
and stability of the administered diet. Dose levels were 89.0-89.7% of nominal values. Compound
stability was demonstrated for 1 week at ambient temperature and for 4 weeks in the refrigerator
(6 °C), and compound homogeneity was satisfactory. Achieved doses (taking into account diet analy-
sis results) were 0, 9.2, 60.0 and 177.0 mg/kg bw per day for males and 0, 10.6, 71.0 and 200.1 mg/
kg bw per day for females. In addition to the clinical and mortality observations and body weight
measurements, animals were examined with a FOB and motor/locomotor activity (figure-eight maze)
on week —1, week 4, week 8 and week 13 (protocol as described previously; Cain, Sheets & Stuart,
2000). Prior to treatment and in week 12, animals were subjected to an ophthalmological examination
in order to exclude animals with possible visual failure, precluding proper interpretation of neuro-
toxic end-points. All animals were subjected to gross necropsy, and six rats of each sex per dose were
chosen at random for perfusion and tissue collection. In control and top-dose animals, subsequent
histopathological evaluation of selected tissues was performed as described previously (Cain, Sheets
& Stuart, 2000). The doses were selected taking into account the effects observed in a previous
subchronic toxicity study (Wahle, 2000).

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

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

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

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

In a developmental neurotoxicity study, 25 randomly selected female rats (Crl:CD®(SD)IGS
BR VAF/Plus®) per dose received clothianidin dissolved in corn oil (purity 95.5-95.9%; batch No.
30037120) at a dose level of 0, 150, 500 or 1750 ppm in the diet. The protocol was in compliance with
USEPA test method OPPTS 870.6300 and with the draft OECD Guideline No. 426 (Developmental
Neurotoxicity Study). Analytical verification (twice weekly from week 1 through week 8) revealed
that dose levels were 90.7-96.3% of nominal values. Compound stability during 1 week in the diet
at ambient temperature and during 4 weeks refrigerated as well as compound homogeneity had been
determined in previously conducted studies and were claimed to be satisfactory (data not shown).
Achieved test article intakes were 0, 12.9, 42.9 and 142.0 mg/kg bw per day (GDs 0-20) and 0, 27.3,
90.0 and 299.0 mg/kg bw per day (LDs 1-22). The mating period was 4 days (1:1 mating ratio). The
males were not treated and were discarded after mating. The test compound was administered at F
during GDs 0-24 (if no delivery) or during GD 0 to postnatal day (PND) 22 (if delivery). F, animals
were potentially exposed in utero, via the milk and via the feed during LDs 12-22.

In the pre-exposure period, clinical observations and body weight of F animals were measured
once per week. During the exposure period, the following were measured once per day: 1) autonomic
dysfunction signs (lacrimation, salivation, palpebral closure, eye prominence, piloerection, urination,
defecation), 2) abnormal appearance, posture, behaviour, movements; 3) feed consumption and body
weight; 4) natural delivery observations (adverse signs during parturition, duration of gestation, litter
size, day 1 pup viability); 5) gross necropsy of all F, and histopathology in case of gross lesions or
when animal found death or killed moribund.
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Until termination, all pups were checked (once or twice per day) for viability, clinical observa-
tions and general appearance. In the pre-weaning period, body weight was measured at PNDs 1, 5,
8, 12, 14, 18 and 22. In the post-weaning period, feed consumption was measured once per week as
well as specific observations: motor activity was assessed as described previously; sensory function
was tested by the auditory startle habituation test (peak response [gram] in the presence of noise
stimulus, although without pre-pulse inhibition); and learning and memory were tested in the pas-
sive avoidance and water maze test. In particular, monitored end-points in passive avoidance and
water maze were overall learning performance, short- and long-term retention and activity level/
exploratory tendency in a novel environment.

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

There were no relevant clinical signs in F animals. During gestation and lactation, both feed
consumption and maternal body weight were slightly decreased at the top dose, attaining statistical
significance on some sampling times. Body weight change was affected only during gestation, with
significant change on GDs 0-3. There were no relevant gross pathological or histopathological find-
ings. The number of dams with stillborn pups was increased at 500 ppm and above (Table 38). How-
ever, the finding is of questionable toxicological significance in the absence of statistical significance
and any dose—effect relationship.

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

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

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

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

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

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

Dietary concentration (ppm)

0 150 500 1750

Feed consumption:

- GDs 0-20 — — — 110%**
-LDs 1-22 — — — 15.6%**
Body weight:

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

- LDs 1-22 (1-3%*, 6%, 7**  13%, 14-15%%*, 19%) — — — 14-8%
Body weight change

- GDs 0-3 — — 17.9% 163%**

- GDs 0-20 — — — 18.7%
No. of pregnant/delivering females 25 25 23 23
Duration of gestation (days) 22.6+05 22.6+0.5 22.6+0.5 229+0.3
Implantations® 146 £2.0 152+2.0 154+1.6 151+£1.8
Dams with stillborns: no. (%) 1(4.0) 1(4.0) 5(21.7) 3 (13.0)
From Hoberman (2000)

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

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

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

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

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

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

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

(b)  Immunotoxicity

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

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

Dietary concentration (ppm)

0 150 500 1750

Liveborn® 13.6+2.2 142+2.1 145+1.8 140+23

Stillborn? 0.0+0.2 0.0+0.2 03+0.5 0.1+03

Found dead (PND 9-12)° 0/239 18/248%** 10/228* 0/220

Viability index® 96.1 97.7 95.7 95.9

Lactation index™:

-PND 12 99.6 92.7%%* 94.8* 100.0

- PND 22 100.0 97.4 99.4 97.5

Pup weight®: M F M F M F M F

-PND 12 — — — — — — 16.5%* 4%

-PND 14 — — — — — 16.8%*  [13%** | 13%**

-PND 18 — — — — — 17.1%**  [16%** | 16%**

-PND 22 — — — — — 15.7%*  [15%** | 15%**

-PND 23 — — — — — 143%  [15%** | 13%**

-PND 30 — — — — — 159%  [8.5%** |5.8%*

- PND 37 — — — — — 13.5%  [53%* 3%

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

- PNDs 5-22 — — — — — — L18%** | 18%**

Surface righting:

- PND 3 (%)° 38.2+14.9 25.4 +£24.5% 25.3 £19.6* 20.1 £ 19.2%*

-t 3.8+2.0 3.8+2.3 44421 3.5+£2.1

Pinna unfolding:

- PND 2 (%)° 7.7+24.6 4.0£20.0 0.0+0.0 0.6+2.8

- PND 3 (%)° 60.5 +46.3 62.1 +39.7 40.9 +40.5 52.0+39.6

-t 34+0.8 34+£09 3.6+£0.6 3.5+£0.6

Eye opening:

- PND 12 (%)° 05+23 0.0+0.0 0.0+0.0 0.0+0.0

-PND 13 (%)° 6.0+11.4 2679 1.2+5.6 0.6+2.9

- PND 14 (%)° 253+33.2 17.8+£29.8 17.4£27.0 10.5+£20.9

-t 15.1+0.7 153+1.0 154+0.8 15.4+0.8

Acoustic startle:

-1 135+1.0 134+1.0 13.5+0.6 134+1.2

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

- PND 23 (g) 169 21+13 13+6 18£8 18+13 16+8 11+4 11+ 6%*

- PND 63 (g) 38+31 30+18 36+33 26+20 52+38 21+13 47+23 30+30

Motor activity

Number of movements:

- PND 22f — — — — — — 124% 110%
(1,2,3,4)* (4%

- PND 62f — — — — — — 12% 113%
(1L4)* (4%)
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Table 39 (continued)

Dietary concentration (ppm)

0 150 500 1750
Time spent in movement:
- PND 22f — — — — — — 127% 119%
(1,3)* (4%)
- PND 62f — — — — — — — —
From Hoberman (2000)

GD, gestation day; LD, lactation day; PND, postnatal day; * P <0.05; ** P <0.01 (continuous data: Dunnett’s test [homogeneous

variances]; Kruskall-Wallis/Dunn’s test [non-homogeneous variances, < 75% ties] or Fisher’s Exact test [> 75% ties]; discontinuous data:

Kruskall-Wallis procedure)

2 On a per litter basis.

® Pup incidence.

¢ Average % of pups meeting the criterion for the test on specified PND.

¢ 1, = average PND when > 50% pups met the criterion.

¢ Response magnitude (recorded weight during startle in grams).

9% change of average (not statistically significant) value of 12 sampling blocks of 5 min; (1,..,..,4): number of blocks out of 12 sampling
blocks where reduction attained statistical significance.

No changes related to clothianidin administration were observed at necropsy.

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

Exposure to clothianidin did not cause any adverse effect on the immunoglobulin M (IgM)
antibody-forming cell (AFC) response to the T cell-dependent antigen, sheep erythrocytes, in male
and female rats when evaluated as both specific activity (AFC/10° spleen cells) and total spleen activ-
ity (AFC/spleen). The positive control, cyclophosphamide (CPS), produced the anticipated results,
including a reduction in the immune response, body weight and body weight gain, feed consumption
and spleen weights, as well as increased incidence of adverse clinical observations. The NOAEL
for systemic toxicity was 500 ppm (45.8 mg/kg bw per day in male rats, 46.2 mg/kg bw per day in
female rats) based on reduced body weight, body weight gains and feed consumption. The NOAEL
for immunotoxicity was greater than 3000 ppm, the highest dose tested (Hoberman, 2004).

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

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

and VII in Assay 1 or to Group V in Assay 2.
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Table 40. Developmental neurotoxicity study of clothianidin in rats: female pup brain histometry
data

Thickness (um, average of 10 brain slices)

Dietary concentration (ppm)

0 150 500 1750°
Dentate gyrus:
-PND 12 919 + 68 — 942 + 70 1003* + 81 (110%)
- PND 83 1562 + 69 — 1506 + 73 1483* £ 95 ({5%)
Cerebellum:
-PND 12 2856 + 277 — 2946 £ 195 3149* £ 259 (110%)
- PND 83 4915 £ 267 — 4926 £ 115 4771 £ 255 (15%)
External germinal layer:
-PND 12 37+4.0 — 38+4 33*£5(111%)
Caudate putamen:
- PND 83 3542 £218 — 3480 £ 174 3192* £ 156 (16%)
From Hoberman (2000)

* P<0.05; ** P<0.01 (Dunnett’s test [homogeneous variances]; Kruskall-Wallis/Dunn’s test [non-homogeneous variances, < 75% ties]
or Fisher’s Exact test [> 75% ties])
2 % change relative to controls in parentheses.

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

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

Terminal body weights in male and female rats were significantly reduced (P < 0.01) in the
2000 ppm exposure group. The absolute spleen and thymus weights for both male and female rats in
the 2000 ppm exposure group were significantly reduced (P < 0.01), but the ratio of these weights
to the terminal body weight did not differ significantly among the groups, indicating that the reduc-
tion in absolute weight was related to the terminal body weight. A significant increase (P < 0.05) in
terminal body weights occurred in male rats in the 150 ppm exposure group. There were statistically
significant decreases (24% and 22%) in spleen cell number following exposure to the high dose level
(2000 ppm) of clothianidin for the male and female animals, respectively. This was not unexpected,
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Table 41. Oral repeated-dose 28-day immunotoxicity study in rats: body weight and body weight
changes

Dietary concentration (ppm)

0 150 500 3000

M F M F M F M F
Body weight (% of controls):
-day 1 — _ - = = = = —
- day 8 — — —  —  — —  —l46** —B4**
- day 15 — — = —  — —  —128*¥* —909%*
- day 22 — — -  — — —  —13.1**  —12.5%%
- day 29 — _ = =  —  — —l28** —12.6%*
Body weight gain (% of controls):
- days 1-8 — — —  —  — —  —59.6** —72.3%%
- days 8-15 — _ Y = = = — —
- days 15-22 — _ = = = = — —48.1%*
- days 22-29 — _ = = = = — —
- days 1-29 — — =  — — —  J252%%  —44.6%*
From Hoberman (2004)

* P<0.05; ** P<0.01.

as the body and absolute spleen weights of these animals decreased as a result of the 2000 ppm dose
of clothianidin. As expected, the positive control, CPS, produced statistically significant decreases in
cell number when compared with the carrier group.

Exposure to clothianidin resulted in statistically significant increases in specific activity
(AFC/10° spleen) (116%) and total spleen activity (AFC/spleen) (105%) in the low dose level (150
ppm) male animals. In addition, there were statistically significant increases in specific activity
(143%) and total spleen activity (99%) in the high dose level (2000 ppm) female animals. These
increases were due to the variability found in the Crl:CD (SD) rat strain. There were decreases in both
specific and total spleen activities for the high dose level of clothianidin; however, these decreases did
not reach the level of statistical significance. The positive control, CPS, produced statistically signifi-
cant decreases in specific activity and total spleen activity when compared with the carrier animals
for both the male and female animals.

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

No deaths related to the test substance occurred. One F generation female rat in the 2000 ppm
exposure group was found dead on day 21 of lactation. This death was not considered related to the
test substance because this was a single event.

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

Reflecting the weight reduction during gestation, average body weights in the 2000 ppm
exposure group were significantly reduced during the lactation period. Body weight gains during
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Table 42. Developmental immunotoxicity study in rats: maternal body weights and body weight

change
Dietary concentration (ppm)
0 150 500 2000
Number 25 25 25 25
Pregnant 24 21 25 25
Gestation
Body weight (% of controls):
- day 9 — — — —2.9%
- day 10 — — — —3.4*
- day 13 — — — —3.7%*
- day 14 — — — —4.0%*
- day 15 — — — -3.6%
- day 16 — — — —4.2%
- day 18 — — — —4.5%*
- day 19 — — — —4.8%*
- day 20 — — — —5.6%*
Body weight gain (% of controls):
- days 0-6 — — — —
- days 6-9 — — — =71.1%*
- days 9-12 — — — —
- days 12-15 — — — —
- days 15-18 — — — —
- days 18-20 — — — —24.6*%*
- days 6-20 — — — —20.8%*
- days 0-20 — — — —14.3%%*
Lactation
Body weight (% of controls):
-day 1 — — — —4.0*
- day 3 — — — —8.5%*
- day 6 — — — —10.5%*
- day 9 — — — —10.1%*
- day 13 — — — —7.3%*
- day 16 — — — =7.0%**
- day 21 — — — —3.2%
Body weight gain (% of controls):
- days 0-6 — — — —273.9%*
- days 6-9 — — — —57.6*%*
- days 9-12 — — — —
- days 12-15 — — — 181.8*
- days 15-18 — — — —
- days 18-20 — — — 821.4*
- days 6-20 — — — —
From Hoberman (2008)

*P<0.05; ** P<0.01
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lactation were not affected by exposure to the test substance in the diet at concentrations as high as
2000 ppm.

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

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

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

All F, generation male and female rats survived to scheduled termination. No adverse clinical
observations related to the test substance occurred. Body weights on day 1 postweaning (PND 22)
were significantly reduced in the 500 and 2000 ppm exposed male rats and the 2000 ppm exposed
female rats. In the male rats, body weights remained significantly reduced in both Assay 1 and Assay
2 in the 500 and 2000 ppm exposure groups through PND 36, and for female rats, body weights
remained significantly reduced only in the 2000 ppm exposure group through PND 36. Terminal
body weights were significantly reduced for male and female rats assigned to both Assay 1 and Assay
2 in the 2000 ppm exposure groups. Body weight gains were significantly reduced from PND 22 to
PND 29 in both male and female rats in the 500 and 2000 ppm exposure groups. Body weight gains
continued to be significantly reduced only in the 2000 ppm exposure group for male and female rats
assigned to Assays 1 and 2 until termination, except for a non-statistically significant reduction for
females in Assays 1 and 2 during the period from PND 36 to termination (Table 43).

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

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

Absolute, but not relative, thymus and spleen weights were significantly reduced for both male
and female F | rats in the 2000 ppm group. These organ weight reductions are considered secondary to
significant body weight and body weight gain reductions observed in this exposure group (Table 44).

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

The NOAEL for general toxicity in the F| generation male and female rats was 150 ppm (27.5
and 28.2 mg/kg bw per day for males in Assays 1 and 2 and 26.4 and 26.8 mg/kg bw per day for
females in Assays 1 and 2, respectively). Significant reductions in body weight were present in male
rats in the 500 and 2000 ppm groups and in female rats in the 2000 ppm group at weaning (PND 22).
Reductions in body weight, body weight gain and feed consumption during the postweaning period
persisted only in the 2000 ppm exposure group.

There were no immunologically relevant adverse effects on humoral immunity or cell-mediated
immunity in male and female F, generation Crl:CD (SD) rats following exposure to clothianidin in
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Table 43. Developmental immunotoxicity study: F, generation body weights and body weight
changes

Dietary concentration (ppm)

0 150 500 2000
M F M F M F M F

n 40 40 40 40 40 40 40 40
Body weight (% of controls)

- day 22 — — — — —3.8%¥* — —28.2%% —28.1%*
n 20 20 20 20 20 20 20 20
Assay 1:

- day 29 — — — — -7.5% — —26.3%* —29.3%**
- day 36 — — — — —6.0¥ — —25.7%% —24.8%*
- terminal body weight — — 59% — — — =25.6%* —20.6**
Assay 2:

- day 29 — — — — —10.6% —5.8% —29.4%* 23 9%*
- day 36 — — — — -8.1* — —26.4%* —20.6%*
- terminal body weight — — — — — — —25.5%% —]18.5%*
n 40 40 40 40 40 40 40 40
Body weight change (% of controls)

- days 22-29 — — — — -10.1¥ — —27.8%% —24 9**
n 20 20 20 20 20 20 20 20
Assay 1:

- days 29-36 — — — — — —11.3¥ —24.8%*% —15.1%*
- day 36-termination — — 13.6%* — — — —25.5%% —

- day 22—termination — — 6.0 — — — —25.3%* —17.1%*
Assay 2:

- days 29-36 — — — — — — —21.1%% —13.7%*
- day 36-termination — — 17.8%* — — — —23.0%* —

- day 22—termination — — 7.4 — — — —24.1** —14.6**
From Hoberman (2008)

* P<0.05; ¥* P<0.01

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

Dietary concentration (ppm)

0 150 500 2000

M F M F M F M F
n 20 20 20 20 20 20 20 20
Terminal body weight (g) 202 161.2  214* — — — 150%*  128**
Spleen, absolute (g) 0.71 0.49 — — — — 0.54** (.38**
Spleen, relative (%) 0.355 0304 — — — — — —
Thymus, absolute (g) 0.72 0.57 — — — — 0.57** 0.45%*
Thymus, relative (%) 0.356 0356 — — — — — —

From Hoberman (2008)
* P <0.05; ** P<0.01
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utero during gestation, via maternal milk and maternal feed during the postpartum period or via the
diet during the postweaning period (Hoberman, 2008).

(c)  Toxicity of metabolites

Both acute oral toxicity and mutagenicity (bacterial reverse gene mutation) studies were per-
formed on TZNG, TZMU, TMG and MG (metabolites mostly found in all studied compartments),
ATG-Ac (hen metabolite), ATMG-Pyr (goat metabolite) and MAI (environmental metabolite, gener-
ated by photolysis in natural water) (Table 45). On MNG, only a bacterial mutagenicity study, but
no acute toxicity study, was reported. Additional studies on the environmentally relevant metabolite
NTG, which was also a rat metabolite, included acute toxicity, subchronic toxicity, genotoxicity, and
two-generation reproductive and developmental toxicity studies.

Acute oral toxicity studies on metabolites

In an acute oral toxicity study, five rats (Charles River CRL:CD®BR) per dose received TZNG
(purity 98.6%; batch No. 89066524) dispersed in 5% w/v aqueous gum arabic by gavage at a dose
level of 1125, 1350 or 1620 mg/kg bw (females) or 1450 mg/kg bw (males). Males were tested with
only a single high dose, to check relative sensitivity to females. The dose volume was 10 ml/kg bw.
The protocol was in compliance with test method B.1 of European Commission directive 92/69/EEC
and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987).

In a preliminary range-finding study, two female rats were dosed at 1000, 1200, 1400, 1800 or
2000 mg/kg bw. Deaths occurred at 1200 mg/kg bw and above, on days 2—6. In the main study, mor-
tality at 1350 mg/kg bw was one in five females (day 5), and at 1620 mg/kg bw, four of five females
(days 3 and 4).

Clinical signs included lethargy, palpebral closure, arched gait and hunched posture, observed
in all females and at all doses. Piloerection was present at 1350 mg/kg bw and above. By day 4, most
surviving animals had recovered from these signs. At 1350 mg/kg bw, wasted appearance, stained
snout and bradypnoea were detected in the animal that died on day 5. At the top dose, arched gait,
ataxia, tremors, Straub tail (tail arched onto back) and hypothermia were restricted to a decedent.

Marked body weight losses were recorded from day 1 to day 8 at 1125 mg/kg bw and above,
but not from day 8 to day 15.

Necropsy findings on decedents included small spleen and pale stomach (1350 mg/kg bw),
dark/red lungs, distended/pale stomach and dark red areas/foci in stomach (1620 mg/kg bw) in
females; and small (5/5) and soft (2/5) testes and distended colon (1/5) at 1450 mg/kg bw in males.

The LD,, for male rats was greater than 1450 mg/kg bw. The LD, for female rats was
1481 mg/kg bw (Ruddock, 2000c).

In an acute oral toxicity study, five rats (Charles River CRL:CD®BR) of each sex per dose
received TZMU (purity 99.3%; batch No. 89066326) dispersed in 5% w/v aqueous gum arabic by
gavage at a dose level of 920, 1152, 1440, 1800 or 2250 mg/kg bw. The dose volume was 20 ml/
kg bw. The protocol was in compliance with test method B.1 of European Commission directive
92/69/EEC and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987).

In a preliminary range-finding study, two rats of each sex were dosed at 200, 800, 1500, 4000 or
5000 mg/kg bw. Deaths occurred in both sexes at 1500 mg/kg bw and above, from hour 5 to day 2.

At all doses and in all animals, palpebral closure and lethargy were observed. Other commonly
observed signs at 1152 mg/kg bw and above included proneness, ataxia, piloerection and hunched
posture. At 1440 mg/kg bw, salivation, lacrimation and breathing irregularities were observed, as well
as flaccidity and vasodilatation. Fatalities occurred at 1152 mg/kg bw and above on day 1 and day 2
(1152 mg/kg bw: 1/5 males, 3/5 females; 1440 mg/kg bw: 4/5 males, 4/5 females; 1800 mg/kg bw:
4/5 males, 3/5 females; 2250 mg/kg bw: 4/5 males, 5/5 females).
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Table 45. Mammalian and environmental metabolites further assessed in toxicological studies®

Metabolite Chemical name Occurrence

R G H P E

TZNG N-(2-Chlorothiazol-5-ylmethyl)-N'-nitroguanidine; thiazolylnitroguanidine + + + o+
TZMU N-(2-Chlorothiazol-5-ylmethyl)-N'-methylurea; thiazolylmethylurea + o+ =
™G (2-Chloro-1,3-thiazol-5-ylmethyl)-3-methyl-2-guanidine; thiazolmethyl- + +  +
guanidine
MG N-Methyl-N'-guanidine + - = 4+
MNG N-Methyl-N'-nitroguanidine + + + 4+ o+
ATG-Ac N'-[Amino(2-chlorothiazol-5-ylmethylamino)methylene] acetohydrazide - - + - -
ATMG-Pyr N'-[(2-Chlorothiazol-5-ylmethylamino)(methylamino)methylene]-2-oxo- - + - - -
propanohydrazide
MAI 3-Methylamino-1H-imidazo[1,5-c]imidazole - - - - 4+
NTG or NG Nitroguanidine + + + 4+

E, environmental; G, goat; H, hen; P, plant; R, rat
2 Metabolites tested in acute oral toxicity (except for MNG) and bacterial mutagenicity studies.
® Photolytic breakdown product.

There were no relevant findings on body weight.

Necropsy findings at 1152 mg/kg bw and above were inflated/dark lungs, pale/mottled liver,
yellow stomach mucosal surface and caecum impaction in decedents.

The LD, for male rats was 1424 mg/kg bw. The LD, for female rats was 1282 mg/kg bw
(Ruddock, 1999a).

In an acute oral toxicity study, five rats (Charles River CRL:CD®BR) per dose received TMG
(purity 96.0%; batch No. 30063517) dispersed in 5% w/v aqueous gum arabic by gavage at a dose level
of 225, 650 or 1100 mg/kg bw (females) or 550 mg/kg bw (males). The dose volume was 20 ml/kg bw.
The protocol was in compliance with test method B.1 of European Commission directive 92/69/EEC
and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987).

In a preliminary range-finding study, two female rats per dose were administered the com-
pound at 400, 570, 800, 1120 or 2000 mg/kg bw. Deaths occurred at 570 mg/kg bw and above, at
15 minutes to 3 hours after administration.

Lethargy, palpebral closure, tremors, piloerection and hunched posture were detected in the
females at 225 mg/kg bw and above. At 650 mg/kg bw and above, animals exhibited proneness and
twitching and occasionally breathing irregularities and ataxia.

Mortalities were observed from hour 1 and not later than day 2 (550 mg/kg bw: 3/5 males;
650 mg/kg bw: 4/5 females; 1100 mg/kg bw: 5/5 females).

There were no relevant findings on body weight.

Necropsy findings were dark/inflated lungs, dark liver and distension/reddening of the jejunum
in decedents. Less commonly, lung and liver mottling and yellow jejunum were noted.

The LD, for male rats was less than 550 mg/kg bw. The LD, for female rats was 567 mg/kg
bw (Ruddock, 1999¢).

In an acute oral toxicity study with MG, five rats (Charles River CRL:CD®BR) of each sex per
dose received MG-HCI (purity 98.8%; batch No. FHEO0S) dispersed in 5% w/v aqueous gum arabic
by gavage at a dose level of 260, 355, 435, 530 or 650 mg/kg bw. The dose volume was 20 ml/kg bw.
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The protocol was in compliance with test method B.1 of European Commission directive 92/69/EEC
and OECD Guideline No. 401 (Acute Oral Toxicity; 24 February 1987).

In a preliminary range-finding study, two rats of each sex were dosed at 150, 500, 2000 or
5000 mg/kg bw.

Deaths occurred in both sexes at 500 mg/kg bw and above from 0.5 to 3 hours. Major clinical
signs, although not at all doses, but treatment related, included lethargy, arched gait/posture, unkempt
appearance, piloerection, tremor, ataxia, twitching, salivation and stained snout. Mortality occurred
mostly on day 1, within 4 hours after administration (435 mg/kg bw: 3/5 females; 530 mg/kg bw: 1/5
males, 4/5 females; 650 mg/kg bw: 5/5 males, 5/5 females).

There were no relevant findings on body weight.

Necropsy findings included inflated/dark lung, distended/pale stomach and distension of the
small intestine at 555 mg/kg bw and above in decedents. Other findings were renal pelvic dilatation,
dark area of the spleen and enlarged mesenteric lymph nodes.

The LD, for male rats was 550 mg/kg bw. The LD, for female rats was 446 mg/kg bw
(Ruddock, 1999b).

In an acute oral toxicity study, five rats (Charles River CRL:CD®BR) of each sex per dose
received ATG-Ac (purity 94.4%'; batch No. 30068304) dispersed in corn oil by gavage at a single
dose level of 2000 mg/kg bw. The dose volume was 10 ml/kg bw. The protocol was in compliance
with test method B.1 of European Commission directive 92/69/EEC.

In a preliminary range-finding study, two female rats per dose were dosed at 500, 1215 or
2000 mg/kg bw. No deaths occurred, either in the preliminary or in the main study.

In all males, tachypnoea was observed within 15 minutes up to 2 hours, whereas one in five
males exhibited piloerection. The females showed no signs.

Body weight and necropsy were without relevant findings.
The LD, for both male and female rats was greater than 2000 mg/kg bw (Ruddock, 2000a).

In an acute oral toxicity study, five rats (Charles River CRL:CD®BR) of each sex per dose
received ATMG-Pyr? (purity 99%; batch No. 30070904) dispersed in 5% w/v aqueous gum arabic by
gavage at a single dose level of 2000 mg/kg bw. The dose volume was 20 ml/kg bw. The protocol was
in compliance with test method B.1 of European Commission directive 92/69/EEC.

In a preliminary range-finding study, two female rats per dose were dosed at 500, 1215 or
2000 mg/kg bw.

No deaths occurred; no body weight changes, clinical signs or gross pathological changes were
observed.

The LD, for both male and female rats was greater than 2000 mg/kg bw (Ruddock, 2000a).

In an acute oral toxicity study, five rats (Charles River CRL:CD®BR) per dose received MAI
(purity 96.0%; batch No. 30066002) dispersed in 5% w/v aqueous gum arabic by gavage at a dose
level of 500, 650, 750 or 850 mg/kg bw (females) and 650 or 760 mg/kg bw (males). The dose volume
was 20 ml/kg bw. The protocol was in compliance with test method B.1 of European Commission
directive 92/69/EEC.

Purity as stated on the analysis certificate. It was noted that degradation of the substance occurred in phosphate
buffer within 3—15 minutes. When the HPLC analysis was conducted immediately after sample preparation, the
compound was 97.8% pure.

The compound was highly hygroscopic and apparently unstable, as storage under nitrogen was required.
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In a preliminary range-finding study, two female rats per dose were administered the compound
at 400, 600, 800 or 1000 mg/kg bw. Animals died or were killed on humane grounds at 800 mg/kg
bw and above on day 2. Clinical signs were visible at 400 mg/kg bw and above, starting at 15 minutes
after administration.

Lethargy and salivation were detected in all animals at all doses. Other common findings
were lacrimation, palpebral closure, hunched/prone posture, piloerection, hypothermia and unkempt
appearance. Additional findings at 750 mg/kg bw and above included stained snout, tremors, soft
faeces, breathing disorders, stained tears/urine and ataxia. Most signs appeared on day 1 and were
of various durations, some of them persisting until day 6. Mortality occurred from day 2 up to and
including day 5 (650 mg/kg bw: 1/5 females; 750 mg/kg bw: 2/5 females; 760 mg/kg bw: 2/5 males;
850 mg/kg bw: 4/5 females).

Decreased body weight changes were observed in 1-2 rats per dose from the lowest dose to
750 mg/kg bw during the first observation week. Marked body weight loss was observed during the
second week in the surviving rat at the top dose.

Inthe decedents, red/dark and inflated lungs, abnormal stomach contents/position, green surface in
small intestine, gaseous distended and/or red jejunum, distended urinary bladder, renal pelvic dilatation
and pale/mottled liver were observed. No abnormalities were detected in rats at termination.

The LD, for male rats was not established precisely, but it was estimated to be between 850
and 2000 mg/kg bw. The LD, for female rats was 758 mg/kg bw (Ruddock, 1999d).

In an acute oral toxicity study, seven rats (Sprague-Dawley) of each sex per dose received NTG
(purity 99.6%; batch No. SOW 83H001-004) dispersed in methylcellulose/Tween 80 by gavage split
into three injections given at hourly intervals (due to the viscosity of the compound) at a dose level of
5000 mg/kg bw. The dose volume was 10 ml/kg bw. The protocol was in compliance with test method
B.1 of European Commission directive 92/69/EEC.

The predominant clinical signs associated with NTG administration were urinary excretion of
a whitish precipitate (NTG) in the first 24 hours followed by excretion of a reddish urine for up to a
week. NTG also affected the gastrointestinal tract, as it produced diarrhoea with perianal staining and
irritation of the mucosa of the stomach and the small intestine.

Mortality was two of seven in the male group and two of six in the female group (one misdosed
female was removed from the study).

The LD, for both male and female rats was greater than 5000 mg/kg bw (Brown, Wheeler &
Korte, 1988).

In an acute oral toxicity study taken from the open literature, five rats (Charles River F-344)
of each sex received MNG (99.7%) dispersed in corn oil by gavage at a dose level of 1000 mg/kg
bw. The dose volume was not reported. The protocol was not in compliance with test method B.1 of
European Commission directive 92/69/EEC, and the study was not conducted according to GLP.

The LD, (males and females) was in excess of 1000 mg/kg bw (Kinkead et al., 1993).

In summary (Table 46), some major (TZNG, > 5% of dose) or minor (TZMU, TMG, MG, < 5%
of dose) rat metabolites are also detected in the hen, goat, plants and the environment. All of them
have oral LD, values less than 2000 mg/kg bw and should thus be considered intrinsically toxic by
ingestion.

With clothianidin, clinical signs of transient neurological impairment were detected at the low-
est dose tested (Cain, Sheets & Stuart, 2000; see also section 2.6(a)). Similar clinical signs were also
observed with these metabolites, but at lower doses. Most clinical signs occurred, however, on the day
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Table 46. Summary of oral acute toxicity of clothianidin metabolites in the rat

Metabolite LD, (mg/kg bw) Purity (%) Batch No. Reference

Males Females
TZNG > 1450 1481 98.6 89066524 Ruddock (2000c)
TZMU 1424 1282 99.3 89066326 Ruddock (1999a)
™G <550 567 96.0 30063517 Ruddock (1999c¢)
MG 550 446 98.8 FHEOS5 Ruddock (1999b)
ATG-Ac >2000 >2000 94.4 30068304 Ruddock (2000a)
ATMG-Pyr > 2000 > 2000 99.0 30070904 Ruddock (2000b)
MAI > 850; <2000 758 96.0 30066002 Ruddock (1999d)
NTG > 5000 > 5000 99.6 SOWS83H001-004  Brown, Wheeler &

Korte (1988)

Clothianidin > 1216, <2000 >523,<1216 95.2 30037120 Sheets (2002a)

of administration. Other compounds, such as NTG (rat metabolite 1-4% of the administered dose),
ATG-Ac (hen metabolite) and ATMG-Pyr (goat metabolite), were less toxic, with LD, values greater
than 2000 mg/kg bw.

Metabolite MG (CAS No. 471-29-4) may be considered a priori a potential plant residue of
concern (known neurotoxicant, like most guanidino compounds), but it occurs only at very low levels.
Thus, further testing on MG is not necessary.

Metabolite MNG was not tested for acute oral toxicity. However, as it was a rat metabolite
accounting for about 13% of the dose, it is considered covered by the toxicological assessment of
clothianidin.

Bacterial genotoxicity studies on metabolites

TZNG, a metabolite of clothianidin, was investigated for its potential to induce mutations in
an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The
study was in compliance with test method B.14 of European Commission directive 92/69/EEC and
OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay;
21 July 1997).

Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the experi-
ment in test 1 on TA100 was conducted as a range-finding test). Overnight-grown cultures (0.1 ml) of
S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to TZNG (purity 98.6%;
batch No. 89066524) dissolved in DMSO. Final concentrations of TZNG were 0, 8, 40, 200, 1000
and 5000 pg/plate (test 1 £59 mix) and 0, 156.25, 312.5, 625, 1250, 2500 and 5000 (test 2 £S9 mix).
In test 2, 0.1 ml of bacteria was preincubated at 37 °C for 20 minutes in the presence of TZNG at
the same final concentrations as in the treat-and-plate assay. In this test, the volume of test article
was 0.05 ml rather than 0.1 ml, in an attempt to reduce possible solvent-induced toxicity, which may
appear in the preincubation methodology.

In test 1, a decrease of bacterial background lawn was detected at the top dose in strain TA98
without S9. In test 2, a decrease of background lawn and/or decrease of spontaneous revertant number
were observed in all strains except TA1535 in the presence and absence of S9. No reproducible
increase of revertant numbers was observed in any strains, in either the presence or absence of S9.

TZNG is not mutagenic under these experimental conditions (Dawkes, 1999¢).

TZMU, a metabolite of clothianidin, was investigated for its potential to induce mutations in
an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The
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study was in compliance with test method B.14 of European Commission directive 92/69/EEC and
OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay;
21 July 1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the
experiment in test 1 on TA100 was conducted as a range-finding test). Overnight-grown cultures (0.1
ml) of S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to TZMU (purity
99.3%; batch No. 89066326) dissolved in DMSO, both in the presence and in the absence of S9 mix.
Final concentrations of TZMU were 0, 8, 40, 200, 1000 and 5000 pg/plate (test 1) and 0, 51.2, 128,
320, 800, 2000 and 5000 pg/plate (test 2).

No bacteriotoxicity was detected in any strain at any dose. No TZMU treatment of any of the
strains produced a statistically significant increase in revertant numbers in either the presence or
absence of S9.

TZMU is not mutagenic under these experimental conditions (Dawkes, 1999a).

TMG, a metabolite of clothianidin, was investigated for its potential to induce mutations in an
assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The study
was in compliance with test method B.14 of European Commission directive 92/69/EEC and OECD
Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay; 21 July
1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the experi-
ment in test 1 on TA100 was conducted as a range-finding test). Overnight-grown cultures (0.1 ml)
of S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to TMG (purity 96%;
batch No. 30063517) dissolved in DMSO, both in the presence and in the absence of S9 mix. Final
concentrations of TMG were 0, 8, 40, 200, 1000 and 5000 pg/plate (test 1) and 0, 156.25, 312.5, 625,
1250, 2500 and 5000 pg/plate (test 2).

In test 2, thinning of the bacterial background lawn was observed at the top dose in the pres-
ence of S9 in all strains except TA1535 and TA102. No increase of revertant numbers was observed
in any strain at any dose, either in the presence or in the absence of S9.

TMG is not mutagenic under these experimental conditions (Dawkes, 1999d).

MG, a metabolite of clothianidin, was investigated for its potential to induce mutations in an
assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The study
was in compliance with test method B.14 of European Commission directive 92/69/EEC and OECD
Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay; 21 July
1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the experi-
ment in test 1 on TA100 was conducted as a range-finding test). Overnight-grown cultures (0.1 ml) of
S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to MG-HCI (purity 98.8%;
batch No. FHEO02) dissolved in purified water, both in the presence and in the absence of S9 mix.
Final concentrations of MG were 0, 8, 40, 200, 1000 and 5000 pg/plate (test 1) and 0, 51.2, 128, 320,
800, 2000 and 5000 pg/plate (test 2).

Neither bacteriotoxicity nor increase of revertant numbers was detected in any strain at any
dose, both in the presence and in the absence of S9.

MG is not mutagenic under these experimental conditions (Dawkes, 1999b).

MNG, a metabolite of clothianidin, was investigated for its potential to induce mutations in
an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The
study was in compliance with test method B.14 of European Commission directive 2000/32/EC and
OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay;
21 July 1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]).
Bacteria from strain S. fyphimurium (TA98, TA100, TA102, TA1535 and TA1537) were exposed to
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MNG (purity 97.3%; batch No. VE96026 Pt.17004/98) dissolved in DMSO at final concentrations
of 0, 50, 158, 500, 1581 or 5000 pg/plate (all strains +S9 mix) for 48 hours and in triplicate. In test 1
(plate incorporation test), 0.1 ml of an overnight culture of cells was exposed to the active ingredient
and plated, whereas in test 2 (preincubation), the cells were preincubated at 37 °C for 20 minutes in
the presence of the active ingredient.

No toxicity to any of the bacterial strains used was exhibited. In all experiments, MNG provoked
no increase of revertant colonies compared with negative controls.

MNG is not mutagenic under these experimental conditions (Herbold, 2001).

ATG-Ac, a metabolite of clothianidin, was investigated for its potential to induce mutations in
an assay for gene mutation in Salmonella in the presence and absence of metabolic activation. The
study was in compliance with test method B.14 of European Commission directive 92/69/EEC. Two
tests were performed (plate incorporation [test 1] and preincubation [test 2]; the experiment in test 1
on TA100 was conducted as a range-finding test). Overnight-grown cultures (0.1 ml) of S. typhimu-
rium TA98, TA100, TA102, TA1535 and TA1537 were exposed to ATG-Ac (purity 94.4%; batch No.
30068304) dissolved in DMSO, both in the presence and in the absence of S9 mix. Final concentra-
tions of ATG-Ac were 0, 1.6, 8, 40, 200, 1000 and 5000 pg/plate (test 1) and 0, 51.2, 128, 320, 800,
2000 and 5000 pg/plate (test 2).

No bacteriotoxicity was detected in any strain at any dose. No ATG-Ac treatment of any of
the strains produced an increase in revertant numbers sufficient to be considered as indicative of
mutagenic activity in either the presence or absence of metabolic activation.

ATG-Ac is not mutagenic under these experimental conditions (Dawkes, 2000b).

ATMG-Pyr, a metabolite of clothianidin, was investigated for its potential to induce mutations
in an assay for gene mutation in Sal/monella in the presence and absence of metabolic activation.
The study was in compliance with test method B.14 of European Commission directive 92/69/EEC.
Two tests were performed (plate incorporation [test 1] and preincubation [test 2]). The experiment
in test 1 on TA100 was conducted as a range-finding test. Overnight-grown cultures (0.1 ml) of S.
typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to ATMG-Pyr (purity 99.0%;
batch No. 30070904) dissolved in DMSO, both in the presence and in the absence of S9 mix. Final
concentrations of ATMG-Pyr were 0, 1.6, 8, 40, 200, 1000 and 5000 pg/plate (test 1) and 0, 51.2, 128,
320, 800, 2000 and 5000 ug/plate (test 2).

Neither bacteriotoxicity nor an increase of revertant numbers was detected in any strain at any
dose, either in the presence or in the absence of S9.

ATMG-Pyr is not mutagenic under these experimental conditions (Dawkes, 2000a).

MAI, a metabolite of clothianidin, was investigated for its potential to induce mutations in
an assay for gene mutations in Salmonella in the presence and absence of metabolic activation. The
study was in compliance with test method B.14 of European Commission directive 92/69/EEC and
OECD Guideline No. 471 (Genetic Toxicology: Salmonella typhimurium, Reverse Mutation Assay;
21 July 1997). Two tests were performed (plate incorporation [test 1] and preincubation [test 2]; the
experiment in test 1 on TA100 was conducted as a range-finding test). Overnight-grown cultures
(0.1 ml) of S. typhimurium TA98, TA100, TA102, TA1535 and TA1537 were exposed to MAI (purity
99.9%; batch No. 30064522) dissolved in DMSO, both in the presence and in the absence of S9 mix.
Final concentrations of MAI were 0, 8, 40, 200, 1000 and 5000 pg/plate (test 1) and 0, 51.2, 128, 320,
800, 2000 and 5000 pg/plate (test 2).

Background lawn thinning was observed in strain TA98 in the two tests at the top dose (£S9)
and in test 2 at 2 mg/plate (—S9). No MAI treatment of any of the strains produced an increase in
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revertant numbers sufficient to be considered as indicative of mutagenic activity in either the presence
or absence of metabolic activation.

MALI is not mutagenic under these experimental conditions (Dawkes, 1999¢).

In summary, the metabolites TZNG, TZMU, TMG, MG, MNG, ATG-Ac, ATGM-Pyr and MAI
were adequately tested in the S. typhimurium reverse gene mutation assay, and none of them was
shown to induce revertants above the spontaneous solvent control rate. These metabolites should be
considered to be devoid of gene mutation potential.

Additional studies on the metabolite NTG

The environmentally relevant metabolite NTG (based upon estimated concentrations in the
groundwater) was also a rat metabolite. In the rat metabolism study, it was demonstrated that NTG
represented 2—4% of the dose. Therefore, taking into account the toxicity studies conducted using
NTG, it can reasonably be assumed that the existing toxicity data fully cover the toxicity assessment
of this compound.

The toxicological data demonstrate that the acute toxicity of NTG was low (> 5000 mg/kg
bw per day; Brown, Wheeler & Korte, 1988) and that NTG has no primary irritating or sensitizing
properties (Kinkead et al., 1993). Subchronic toxicity feeding studies (rats, mice) indicated that no
adverse effects up to 1000 mg/kg bw per day have been observed. Various genotoxicity tests in vitro
demonstrated that, overall, the compound was devoid of mutagenic activity (Krétlinger, 1992).

In a two-generation study, no maternal effects were observed at dietary concentrations up to
and including 4000 ppm, and neither reprotoxic nor developmental parameters were affected in the
litter up to and including the top dose (12 500 ppm) (Krétlinger, 1992). In a rat developmental study
(gavage during GDs 6—15), both maternal and fetal toxicity were established at 316 mg/kg bw per
day, and developmental toxicity was established at the same level, as skeletal growth retardation was
observed at the top dose. No major malformations were observed (Krotlinger, 1992).

A study was conducted to examine the developmental toxicity of NTG in rabbits. The protocol
was in compliance with test method B.31 of European Commission directive 92/69/EEC. Between
18 and 22 (top dose) inseminated rabbits (New Zealand White, mating ratio 1:2) per dose received
NTG (purity 99%; batch Nos SOW84K010-A001 and SOW85F011-028) dissolved in 1% w/v car-
boxymethylcellulose by gavage at dose levels of 0, 100, 316 or 1000 mg/kg bw per day (dose volume
5 ml/kg bw) from GD 6 to GD 18 inclusive. The dosing suspensions were prepared once and kept
refrigerated. Before daily dosing, refrigerated samples were warmed to attain room temperature by
immersion in hot tap water for 30—60 minutes. Analytical verification and homogeneity of dosing
formulations at the start of the study revealed that dose levels were acceptable when compared with
nominal values. Stability was acceptable during 1 month after preparation. Negative control was
obtained by treating with the vehicle.

During the period days 9-19 post-mating, six dams were found dead, and four moribund dams
were euthanized. Feed consumption was decreased at the top dose during the period of treatment.
Thereafter, consumption rebounded to control levels and was even greater than that of the control
group. Gravid body weight was slightly lower than in controls in top-dose animals on days 18 and
29 after mating. However, when corrected for uterus weights, the difference from the control group
was unremarkable on termination. As a consequence, body weight gain was negative at the top dose
and slightly impaired at 316 mg/kg bw per day. Most signs (Table 47) were confined to the top-dose
animals and included altered urine colour and consistency and low faeces production during the
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Dose (mg/kg bw per day)

0 100 316 1000
Mortality no./18 (day of death):
- found dead 0 0 0 3001049109109
- humanely terminated 1), 102,209
No. examined (gravid females) 13 15 15 18
Feed consumption:
- days 6-18 — — — 139%
- days 18-29 — — — i
Body weight:
- day 18 — — — 17.2%
- day 29 — — — 12.9%
- day 29 (corrected) — — — —
Body weight gain (kg):
- days 6-18 +0.26 +0.23 +0.18 —-0.10
- days 0-29 (corrected) +0.21 +0.28 +0.28 +0.25
Clinical signs
Thick, foamy urine:
- days 6-18 2 5 16
- days 19-29 — — 2 9
Red urine/red material in urine:
- days 6-18 — — — 2
- days 19-29 — — — 1
Scant faeces:
- days 6-18 1 1 0
- days 19-29 1 3 4
Red-stained paws:
- days 6-18 — — — 2
Injured bloody toenails:
- days 6-18 — — — 3
Mucus or rhinorrhoea:
- days 6-18 — — — 2
Increased startle reflex:
- days 6-18 — — — 3
Convulsions:
- days 6-18 — — — 3
- days 19-29 — — — 1
Hypertonia:
- days 6-18 — — — 5
- days 19-29 — — — 1
Hunched posture:
- days 6-18 — — — 4
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Table 47 (continued)

Dose (mg/kg bw per day)

0 100 316 1000
Moved stiffly:
- days 618 — — — 2
Disposition of animals
Females inseminated 17 18 16 22
Dams died on test or humanely killed 0 0 0 10
Dams pregnancy not confirmed 0 0 0 2
Dams not pregnant 0 0 0 1
Dams pregnant 0 0 0 7
Dams examined on day 29
Dams non-pregnant 4 3 1 1
Dams pregnant with live young 13 15 15 10
Dams pregnant with dead young 0 3 1 2
Dams pregnant with resorptions 3 13* 7 5*
Dams pregnant with only resorptions 0 0 0 1

From Coppes et al. (1988)
* P <0.05 (Marascuilo’s test of multiple comparison of proportions)

treatment period, signs that were also observed during the post-dosing period until termination. Other
signs included injuries and stains on paws/toenails. Signs of neurological impairment were evident as
cases of increased startle reflex, convulsions, increased muscle tightness and stiff movements, which
were observed occasionally until study termination. In addition, occasional incidences of twitching,
tremor, cyanosis, prostrate position, unconsciousness and salivation occurred, either during or after
the treatment period. Other observed clinical signs were not dose related and considered incidental.
No clear treatment-related effects were observed. The most frequent findings, occurring at comparable
rates in all dose groups, including controls, were cysts on or dark red discoloured fallopian tubes.

The average numbers of corpora lutea and of implantations per litter were unaltered by the
treatment (Table 48). The implantation rate (efficiency) was also not affected (i.e. no preimplantation
loss was observed). However, the average number of resorptions as well as the resorption rate (post-
implantation loss) were affected at all doses. Although dose dependency was not evident, statistically
significant increases were observed at 100, 316 and 1000 mg/kg bw per day. The number of dead
fetuses was also increased at 100 mg/kg bw per day and above, but again, no dose responsiveness
was demonstrated, and the differences did not reach statistical significance. Fetal weights were about
14—17% lower at the top dose, compared with controls.

At the top dose, one individual exhibited a misplaced ureter and a cleft palate. Other findings
at the top dose included a heart ventricle anomaly and an externally visible abdomen swelling. Other
findings were observed at the low and/or intermediate dose, but not at the top dose. The absence of
dose responsiveness of these findings, along with the singularity of the above-mentioned malfor-
mations, indicated that they were incidental. In contrast, the increased litter incidence of partially
ossified sternebrae at 316 mg/kg bw per day and above was considered compound related. Further,
absence of ossification in the olecranon, patellae and phalanges was observed at the top dose.

The maternal toxicity NOAEL was 100 mg/kg bw per day, and the maternal toxicity LOAEL
was 316 mg/kg bw per day, based on decreased body weight (gain) and increased clinical signs.

The fetal toxicity NOAEL was 316 mg/kg bw per day, and the fetal toxicity LOAEL was
1000 mg/kg bw per day, based on decreased fetal weight.
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Table 48. Oral teratogenicity study of NTG in rabbits: fetal data*

Dose (mg/kg bw per day)

0 100 316 1000
Number of pregnant females 13 15 15 11
Corpora lutea 10.3£2.0 11.2+£2.5 11.1+1.7 11.0+1.9
Implantations 9.5+1.5 102+1.8 93+£20 9.6+£2.0
Implantation efficiency® (%) 93.5+9.9 92.9+10.7 95.9+18.3 90.1 +£15.6
Resorptions® 02+04 09+0.5 0.5+0.6 09+14
Resorption rated (%) 22+4.1 9.3 £5.0% 6.6 £ 8.3% 9.7+15.1%
Live fetuses 93+13 9.0£1.6 93+£3.0 87+£22
Live fetuses (%) 100.0 £ 0.0 97.5+53 99.3+2.8 98.2+3.8
Dead fetuses 0.0+0.0 0.3+£0.6 0.1+0.3 02+04
Dead fetuses (%) 0.0+0.0 2.5+53 0.7+2.8 1.8+3.8
Sex ratio (males/males + females) 0.424+0.230 0.484+0.202 0.441+0.171 0.471+£0.136
Fetal weight (g):
- males 428 +3.1 424+53 43.6 4.7 37.0 £ 7.0%
- females 434+38 40.8+£5.7 413+55 36.2+6.7*
Fetal crown—rump length (cm):
- males 10.5+£0.3 104+04 10.6 £0.5 10.0£0.7
- females 10.5+£0.4 10.3£0.5 104 +0.5 9.9+0.6
No. examined: fetuses (litters) 121 (13) 135 (15) 131 (15) 87 (10)
External/visceral examinations
Swollen abdomen — — — 1¢
Ureter transversing midline — — — 1¢
Enlarged heart ventricle — — — 1
Cleft palate™ — — — 1
Skeletal examinations
Cleft palate™ — — — 1
Partially ossified sternebrae" 10 (5) 24 (8) 20 (10) 15 (8)
(% litter incidence) (38%) (53%) (67%) (80%)
Overall incidence
Variations 46 (12) 64 (13) 61 (14) 52 (10)*

From Coppes et al. (1988)

m, malformation; v, variation; * P < 0.05 (Marascuilo’s test of multiple comparison of proportions); # P < 0.05 (Newman-Keuls test)
* Values are group average litter data ( =+ standard deviation), except when indicated otherwise.
® Implantation efficiency = (implantations/corpora lutea) x 100.
¢ Historical control (extracted from MARTA-MTA joint historical control data project, eight studies, 162 female Hra: (NZW)SPF, oral

gavage studies (in-house historical control data were unavailable). Total resorptions/litter: mean 0.36, range 0-0.7.
4 Resorption rate = (resorptions/implantations) x 100.
¢ Occurring in same fetus.

The developmental toxicity NOAEL was 100 mg/kg bw per day, and the developmental toxicity
LOAEL was 316 mg/kg bw per day, based on increased skeletal variants (incomplete ossifications).

The apparently increased rate of resorptions per litter at 100 and 316 mg/kg bw per day was
of dubious toxicological significance. As dose dependency was not evident and the incidences in the
middle dose group (0.5) were within the range of what could be expected in control animals (up to
0.7), the relevance of the observation was questionable (Coppes et al., 1988).
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Conclusion

In conclusion, metabolic activity in mammals and plants and hydrolytic activity in the environ-
ment result in the transformation of clothianidin to breakdown products that are relatively more toxic
or of the same order of toxicity as the parent compound. As many of them are rat metabolites, occur at
very low residue levels, are formed only under non-neutral acidity conditions or are environmentally
not pertinent, the risk from exposure to these metabolites is considered very low, and further testing
is not warranted.

(d)  Pharmacological studies

In order to evaluate the pharmacological effects of clothianidin, a series of non-guideline stud-
ies were conducted according to GLP. Male CD (SD) SPF rats and male CD-1 (ICR) SPF mice were
treated in vivo, and isolated ileum of male Hartley SPF guinea-pigs was treated in vitro, with clo-
thianidin (purity 95.5%; batch No. 30037120). In the in vivo studies, the substance was dispersed in
0.5% (w/w or v/v) gum arabic solution and administered by single gavage at dose levels of 50, 100,
200 and 400 mg/kg bw (dose volume 10 ml/kg bw).

Both rats and mice were about 5 weeks of age (body weights: rats, 136—174 g; mice, 25-33 g),
except for rats in the study of the circulatory system: 7 weeks of age (245-319 g). The doses were
determined in previous range-finding tests in which three animals per dose were administered 1750,
2280, 2960, 3850 and 5000 mg/kg bw (rats) or 200, 280, 930, 550 and 770 mg/kg bw (mice) and
observed during 1, 2, 4, 6, 8 and 12 hours and further daily for 1 week to monitor the appearance of
any acute toxic signs and mortalities.

The study is accepted.

Methodologies
The study methodologies are described briefly as follows:

Mouse experiments:
(1) Effects on the central nervous system

(i) General physical condition and behaviour. Irwin’s multiple observation method included
alertness, passivity, stereotypy, grooming, vocalization, restlessness, irritability, reactivity,
locomotor activity, response (touch, pain, startle), reflexes (Straub tail, pinna, corneal, ipsilateral
flexor, pupil size), palpebral opening, exophthalmos, urination, salivation, lacrimation,
writhing, piloerection, body temperature, skin colour, respiration, diarrhoea, tremors, twitching,
convulsions, body position, gait (staggering, abnormal), muscle tone (limb, grip strength, body,
abdominal), mortality. Observation periods after administration: 0.5, 1, 3, 6, 24 hours.

(ii) Anaesthetic effects. At 1 hour after administration, hexobarbital was injected intraperitoneally
(80 mg/kg bw), and the animals were laid on an approximately 37 °C warming plate. Sleeping time,
defined as the time between disappearance and recovery of the righting reflex, was recorded.

(2) Synergistic effects on convulsions (subthreshold stimulations)

(i) Electroshock stimulation. At 1 hour after administration, a current of 8.0 mA was applied
via corneal electrodes (pulse duration 5 milliseconds; stimulation interval 10 milliseconds,
stimulation period 0.6 milliseconds). Appearance of tonic flexor and extensor convulsions was
monitored immediately after the current pulse.

(ii) Pentylenetetrazole stimulation. At 1 hour after administration, pentylenetetrazole was
injected subcutaneously (55 mg/kg bw). Appearance of clonic and tonic extensor convulsions
was monitored for 30 minutes after injection.
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(3) Effects on the gastrointestinal system. At 1 hour after administration (subsequent to a fasting
period of about 19 hours), charcoal (5% suspension in 5% gum arabic) was given by gavage
(0.2 ml/animal). Animals were killed by cervical dislocation, and the gastrointestinal tract was
isolated 30 minutes after charcoal gavage. Both length from pylorus to the farthest point reached
by the charcoal (a) and total small intestine length (b) were measured. Transfer rate was expressed
as a/b in %.

(4) Effect on the skeletal muscles. At 1, 3 and 6 hours after administration, animals were placed with
their front paws on a horizontally stretched wire and observed as to whether they would grasp
the wire with their hind paws within 10 seconds. Only those animals previously successful in
grasping the wire within 5 seconds were selected for the experiment.

Rat experiments:

(1) Effect on body temperature. Before and 0.5, 1, 3 and 6 hours after administration, rectal
temperature was registered with a digital thermometer.

(2) Effect on the blood coagulation system. At 1 hour after administration, blood was sampled from
the inferior vena cava under ether anaesthesia. Trisodium citrate (3.2%) was added (1:9 v/v),
plasma was separated by centrifugation (4 °C, 3000 revolutions per minute, 10 minutes) and both
prothrombin time and activated thromboplastin time were determined using a fully automatic
coagulometer.

(3) Effects on the circulatory system. Before and at 0.5, 1, 3 and 6 hours, systolic and mean blood
pressure were determined plethysmographically by inserting the tail into the cuff of a non-
intrusive automatic blood pressure meter. Heart beat was determined based on the pulse wave.

Guinea-pig experiments (in vitro):

Ileum from six male guinea-pigs (422—448 g, 6—8 weeks, killed by exsanguination under ether
anaesthesia) was isolated and cut into strips (20—-30 mm). Each strip was affixed to a Magnus bath
containing 20 ml of Krebs solution (32 °C) and subjected to a static tensive load of approximately
0.5 g. The traction was measured by an isotonic transducer and recorded. Four strips per dose
(under stabilized contraction condition) were exposed for 5 minutes to clothianidin, dissolved in
DMSO, at final concentrations of 0 (solvent control), 107, 10 and 10~ mol/l, in the presence
and absence of the contractile agonists acetylcholine (107 mol/l), histamine (3 x 107° mol/l) and
barium (1073 mol/l).

Range-finding study in rat

Mortality was observed at 3850 mg/kg bw (1/3 at day 4) and at the top dose (2/3 at 8 hours
and day 6).

A decrease in spontaneous locomotor activity, prone posture and deep respiration were observed
at each dose level. Additionally, deep respiration and tremors were observed at 2280 mg/kg bw and
above, abnormal fur, prone posture and staggering gait at 2690 mg/kg bw and above, hunchback posi-
tion at 3850 mg/kg bw and above, and convulsions and skin cyanosis at the top dose. The majority of
the signs started on the day of administration, but some lasted until day 7 (last observation day). The
maximal dose without fatalities was 3000 mg/kg bw.

Range-finding study in mouse

Mortality was observed at 550 mg/kg bw (1/3 at 4 hours) and at the top dose (2/3 at 1 hour and
day 1).

A decrease in spontaneous locomotor activity, closed eyes and hypothermia were observed at
each dose level. Additionally, staggering gait and tremors were observed at 390 mg/kg bw and above,
hypothermia at 550 mg/kg bw and above, and closed eyes and skin cyanosis at the top dose. All signs
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Table 49. General physical condition and behaviour after administration of clothianidin to
female mice”

End-point Dose (mg/kg bw)

50 100 200 400
Decrease in spontaneous locomotor activity 3*:05h 3*++053h 3+++10.53h 3+ 056 h, 1 day
Tremor 1+; 05h l+; 0.5-1h 3+,++; 0.53h 3+7++; 0.5-6 h, 1 day
Deep respiration 1+1h 3+:053h 2+053h 3+ 05-6h
Hypothermia _ 3+ 1-3h 3+053h 4450561
Decrease in grooming — 3+05h 3++05-1h 3+ 0.5-6h
Mydriasis _ D+ 0.5-3h 2+053h Qi 056
Decrease in reactivity — 1+:05-3h 3+053h 3++056h
Prone position _ 1+053h 3+053h 3+++05-6h
Staggering gait _ 1+:05h 2+0.53h Jhh+505-6h, 1 day
Decrease in body tone — 1+:053h 3+053h 3H+05-6h
Decrease in abdominal muscle tone — 1+:053h 3++053h 34++05-6h
Decrease in touch response — — 3+:05-1h 3+05-6h
Decrease in grip strength — _ 2+05h 3##05-6h
Decreased limb tone — — _ Jhii1-6h
Inhibition of pinna reflex — — — 3+ 1-6h
Inhibition of ipsilateral flexor reflex — — — [Hth
Inhibition of corneal reflex — — — [*+1h
Straub tail — _ _ 151
Skin cyanosis — — _ 1rin
Death _ _ _ 133h

From Unakami (2000)

* Observation conducted before and 0.5, 1, 3 and 6 hours and 1 day after dosing; control group (vehicle control): no observable effects.
Values in table include number of animals with finding, degree of response (* slight, ** moderate, *** severe) and duration of clinical
sign (for all animals observed, i.e. n = 3/dose).

were remarkable on the day of administration and were resolved on day 2. Both onset and duration
of the signs were correlated with the administered dose. The maximal dose without fatalities was
400 mg/kg bw.

General physical conditions and behaviour in mice

Effects were observed at 50 mg/kg bw and above (Table 49). In an additional separate experiment
in which clothianidin was administered at 0, 12.5 and 25 mg/kg bw, no effects were observed.

Specific pharmacological effects in mice

The overall NOEL in these experiments was 12.5 mg/kg bw, based upon synergistic effects on
convulsions at 25 mg/kg bw (Table 50).

Specific pharmacological effects in rats

From the results, it could be concluded that the NOEL was 100 mg/kg bw, when body tempera-
ture, heart rate and blood pressure data are considered. In an additional separate experiment in which
clothianidin was administered at 0, 30 and 100 mg/kg bw, no statistically significant modification was
detected at 100 mg/kg bw (Table 51).
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Table 50. Specific pharmacological effects after administration of clothianidin to male mice

End-point n Dose (mg/kg bw)

0 6.25 12.5 25 75 225
Synergistic effects on convulsions®
Electroshock®:
- tonic flexor 10 1 3 2 8* 10* 10*
- tonic extensor 10 1 3 2 8* 10%* 10%*
Pentylenetetrazole:
- clonic 10 0 n.a. n.a.
- tonic extensor 10 2 n.a. n.a. 0

Muscle tension suppression:

-1h 8 0 n.a. n.a. 0 0 4

-3h 8 0 n.a. n.a. 0 0 4

-6h 8 0 n.a. n.a. 0 0 2

Sleeping time* 8¢ — n.a. n.a. — 126% 163%*

Intestinal transfer rate 8 — n.a. n.a. — 160%* 178%*
From Unakami (2000)

n, number of mice/dose; n.a., dose level not tested; * P < 0.05 (chi-squared test and Dunnett’s test)

* Chi-squared test.

® Results from two different experiments (trial 1 = dose 0, 6.25 and 12.5 mg/kg bw; trial 2 = dose 0, 25, 75 and 225 mg/kg bw; incidence
equal in both controls).

¢ Dunnett’s test.

4 n =8 mice/dose, except for the top-dose group, where n = 6 (two animals died after hexobarbital injection).

Effect on contraction agonists in guinea-pig ileum preparations

The effects of clothianidin on the contraction agonists acetylcholine, histamine and barium in
isolated guinea-pig ileum preparations are illustrated in Table 52.

Conclusions

As was observed in the toxicological studies, the mouse was the most sensitive species for the
effects of clothianidin. In the mouse, decrease of locomotor activity, tremors and deep respiration
were observed at 50 mg/kg bw and above. At the higher doses, up to 400 mg/kg bw, clinical signs
included hypothermia, mydriasis, abnormal gait/position and decreased muscle tone, indicating a
nicotinic effect on the central nervous system.

The observed decreased limb tone at 400 mg/kg bw, decreased muscle strength at 225 mg/kg bw,
decreased grip strength at 200 mg/kg bw and above and the reduced body tone and abdominal muscle
tone at 100 mg/kg bw and above illustrate the ability of the compound to exert a suppression of the skel-
etal muscular system, with a NOEL for this effect at 50 mg/kg bw. The compound exerted an effect on
the gastrointestinal system, as detected by charcoal transfer inhibition at 25 mg/kg bw and above. The
NOEL for this effect is accordingly 12.5 mg/kg bw. This effect was also observed in vitro with guinea-
pig ileum, where the contraction agonist barium was inhibited by about 12% by clothianidin. Sleeping
time was lengthened at 75 mg/kg bw and above. At 225 mg/kg bw, the death of two of eight animals
was considered the result of a synergistic action of clothianidin on the central respiratory centre depres-
sion by hexobarbital. At 25 mg/kg bw and above, both tonic flexor and tonic extensor convulsions were
induced in the presence of subthreshold electroshock application. From these results, the NOEL for the
central nervous effects of clothianidin is 12.5 mg/kg bw.

In the rat, the body temperature reduction at 300 mg/kg bw also indicates an effect on the cen-
tral nervous sytem. The NOEL for this effect in the rat was 100 mg/kg bw. The NOEL for effects on
the circulatory system was also 100 mg/kg bw (Unakami, 2000).
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Table 51. Specific pharmacological effects after administration of clothianidin to male rats”

End-point n Dose (mg/kg bw)

0 30 100 300 1000 3000
Rectal temperature:
-0.5h 6 — — — 11.3% 12.1%* 12.3%*
-1h 6 — — — 12.1%* 12.9%* 14.2%*
-3h 6 — — — 12.9%* 16.3% 110.3%
-6h 6 — — — 13.9%* 110.9% 117.0%
Heart rate:
-0.5h 4 — n.a. — 112.3%*  16.5% 12.3%
-1h 4 — n.a. — 14.2% 14.4% 18.8%
-3h 4 — n.a. — 14.2% 16.4% 17.4%
-6h 4 — n.a. — 110.5% 110.0% 111.0%
Systolic blood pressure:
-0.5h 4 — n.a. — — — 13.4%
-1h 4 — n.a. — — 113%* 18.9%
-3h 4 — n.a. — — 11.8% 14.5%
-6h 4 — n.a. — 11.8% 17.9% 111.4%
Mean blood pressure:
-0.5h 4 — n.a. — — 12.1% 14.2%
-1h 4 — n.a. — — 115%* 110%
-3h 4 — n.a. — — 15.4% 17.6%
-6h 4 — n.a. — 14.2% 115%* 112.5%
Prothrombin time, activated thromboplastin time 6 — n.a. n.a. — — —

From Unakami (2000)

n, number of rats/dose; n.a., dose level not tested; * P < 0.05 (Dunnett’s test trial 2)
* Results from two different experiments (trial 1 = dose 0, 30 and 100 mg/kg bw; trial 2 = dose 0, 300, 1000 and 3000 mg/kg bw).
Results are given as % relative to control.

Table 52. Effect of clothianidin on contraction agonists in isolated guinea-pig ileum preparations

Concentration (mol/l)

% of contraction induced by each agonist (mean + SD of four preparations/condition)

Acetylcholine (107 mol/l)

Histamine (3 x 107° mol/l)

Barium (107 mol/l)

0 101.6 1.4 99.0 2.0 101.9£3.8
107 101.1£24 98.9£1.8 98.1£23
10°° 1044 +£2.4 99.1+1.2 99.2+24
107 98.8+2.3 984 +£1.7 89.5 +5.8*
From Unakami (2000)

SD, standard deviation; * P < 0.05 (Dunnett’s test)

3. Observations in humans

No reports of adverse effects were identified during routine monitoring of production plant
workers and among personnel involved in experimental biological testing or field trials. There is no
evidence or information available to support any findings in relation to poisoning with clothianidin.
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Comments

Biochemical aspects

Clothianidin was almost completely (90%) absorbed from the gastrointestinal tract within 24
hours following oral dosing of rats. The rate and extent of absorption were essentially independent
of sex, dose or dose rate.

The compound was widely and homogeneously distributed throughout the tissues (time to
maximum concentration = 1.5 hours), with a rapid decrease of residues to levels at or near the limit
of quantification. There was no evidence of accumulation, although higher levels were detected in
kidney and liver up to 4 hours post-dosing.

Within 24 hours, about 94-96% of the compound was excreted. Urinary excretion was the
major elimination route, accounting for about 89-95%, with faecal elimination accounting for about
3—6%. The excretion profile over 72 hours after high-dose administration (elimination half-life = 1.9
hours) was almost identical to that after low-dose administration (elimination half-life = 1.2 hours),
although the plasma concentration exhibited biphasic kinetics, suggesting moderate enterohepatic
cycling.

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

Based upon the intended uses of clothianidin, representative metabolism studies in farm ani-
mals (goat, hen) were evaluated. It was demonstrated that the degradation pathways in farm animals
were roughly comparable to those found in the rat (although absorption was probably somewhat
lower) and that plant metabolism was less extensive. The major farm animal and plant metabolites
(> 5% of the TRR) were also found in the rat, were structurally related to rat metabolites and/or were
of lower toxicity. A notable exception was the plant metabolite MG, which is similar in toxicity to the
parent compound, but which was observed only at low residue levels (maximally 0.25 ppm in sugar
beet leaves at harvest).

Toxicological data

Clothianidin is of moderate acute oral toxicity, with an LD, between 523 and 1216 mg/kg bw
in rats and of 389 mg/kg bw in male mice. The dermal LD, is greater than 2000 mg/kg bw, and the
inhalation LC, is greater than 5.54 mg/I (by gravimetry). Clothianidin is not irritating to the skin, is
practically non-irritating to eyes and is not sensitizing to guinea-pig skin (maximization test).

In repeated-dose studies in mice, rats and dogs, no consistent toxicological profile was evident
in any of the species at any of the dose ranges or study durations tested. Effects included lower body
weights and body weight gains, decreased feed consumption and changes in some clinical chemistry
parameters. In the rat, mild induction of hepatic CYP enzymes was observed in the 90-day feeding
study. Hepatic induction was not assessed in either mouse or dog, although liver effects were also
detected in dogs at a high dose.

In a 28-day feeding study in the mouse, atrophic changes in ovaries and uterus were reported at
2000 ppm (equal to 491 mg/kg bw per day). These changes in the reproductive system are considered
to reflect the markedly reduced body weight gain.

Reports of increased ovary and uterus weights in a 90-day feeding study in rats at 1250 ppm
(equal to 119 mg/kg bw per day for females) and above, accompanied by gross pathological and
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histopathological findings (uterus fluid distension/uterus luminal dilatation), could not be confirmed
in a second study. In the dog, the targets were the haematopoietic system and lymphoid organs (anae-
mia and leukopenia). The findings in the 30-day study were consistent with those found in the 90-day
and 1-year study, with a peak effect around 5 weeks and a time-related adaptation at later times. The
overall NOAEL for these effects was 1500 ppm (equal to 36.3 mg/kg bw per day).

The lowest relevant NOAEL for short-term studies was 500 ppm (equal to 27.9 mg/kg bw per
day) from a 90-day study in the rat, on the basis of reduced body weight and body weight gain at
3000 ppm (equal to 202.0 mg/kg bw per day). A 90-day study in the mouse was considered unreliable
due to deficiencies in the conduct of the study.

In an 18-month carcinogenicity study in mice with dietary concentrations of up to 2000 ppm,
the onset of mortality in females occurred early in the study, and the overall mortality in females was
increased. This was most likely due to exceedance of the MTD for a few months while the dose was
adjusted. Body weight and body weight gain were reduced at 1250 ppm, and there was increased
vocalization at this and the highest dose. There was an increase in hepatocellular hypertrophy at
1250 ppm and above. Fibromuscular hyperplasia of the cervix at 1250 ppm and above was observed,
although such lesions are common in nulliparous ageing females. In males at 1250 ppm, there was
increased incidence of myocardial degeneration. There was no statistically significant increase in the
incidence of tumours of any site. The NOAEL was 350 ppm (equal to 47.2 mg/kg bw per day), based
on body weight effects, clinical signs, and heart and cervical lesions at 1250 ppm.

Clothianidin was not carcinogenic in mice.

In a 24-month feeding study in rats with dietary concentrations up to 3000 ppm, feed consump-
tion was reduced at 1500 ppm in males and at 500 ppm in females. Body weight and body weight
gain were reduced in both sexes at 1500 ppm and above, mainly during the first year. Feed efficiency
was unaffected. At the highest dose, there was clear histological evidence of local effects in the glan-
dular stomach. The NOAEL for non-neoplastic effects in this study was 150 ppm (equal to 9.7 mg/kg
bw per day), based on changes in terminal body weight and feed consumption at 500 ppm.

The incidence of hepatocellular carcinoma in male rats was slightly increased at 500 ppm (one
at termination, two in unscheduled deaths) and at 3000 ppm (four in unscheduled deaths). As there
was no relationship with dose or duration of treatment and as such tumours occur occasionally in
untreated rats, it was concluded that these tumours were not compound related. Increases in the inci-
dence of thyroid C-cell adenomas in the high-middle-dose and high-dose groups were not considered
to be compound related, as there was no dose—response relationship in the incidence of adenomas
plus carcinomas, and the combined incidence was not significantly increased in the top-dose group.

The Meeting concluded that clothianidin was not carcinogenic in rats.

The potential genotoxicity of clothianidin was tested in an adequate range of in vitro and
in vivo studies. In general, clothianidin showed no evidence of mutagenicity. There was some evi-
dence of clastogenicity in tests with mammalian cells in vitro at cytotoxic doses. Clothianidin was
consistently negative in tests for genotoxicity in vivo.

The Meeting concluded that clothianidin was unlikely to be genotoxic in vivo.

On the basis of the absence of genotoxicity in vivo and the absence of carcinogenicity in the rat
and the mouse, the Meeting concluded that clothianidin is unlikely to be carcinogenic in humans.

In a two-generation study of reproductive toxicity in rats at dietary concentrations up to
2500 ppm, both maternal and offspring toxicity were observed at 500 ppm and above, with decreased
body weight (F , F,) leading to lower body weight gains (F,). Offspring toxicity was observed at the
top dose and included delayed preputial separation and vaginal patency at clearly maternally toxic
doses. The NOAEL for both parental and offspring toxicity was 150 ppm (equal to 10.2 mg/kg bw
per day), based on decreased body weight at 500 ppm (equal to 32.7 mg/kg bw per day) for parental
animals and on decreased body weight and subsequent effects on preputial separation at 500 ppm
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(equal to 32.7 mg/kg bw per day) for offspring. The NOAEL for reproductive toxicity was 2500 ppm
(equal to 179.6 mg/kg bw per day), the highest dose tested.

In rat developmental toxicity studies, the maternal NOAEL was 10 mg/kg bw per day, based on
reductions in body weight gain and feed consumption. The NOAEL for developmental toxicity was
125 mg/kg bw per day, the highest dose tested.

In the rabbit, fetal and developmental toxicity occurred only at maternally toxic doses. The maternal
NOAEL was 10 mg/kg bw per day, based on clinical signs (starting at gestation day 13) at 25 mg/kg bw
per day, and the developmental NOAEL was 75 mg/kg bw per day, based on increased postimplantation
loss, reduced fetal body weight and retarded sternal ossification at 100 mg/kg bw per day.

The Meeting concluded that clothianidin induced developmental toxicity only in the presence
of maternal toxicity and that it was not teratogenic.

The acute neurotoxicity of clothianidin was investigated in three gavage studies in rats at doses
up to 400 mg/kg bw. Clinical signs, including behavioural effects, were observed at the top dose on
the day of treatment. Dose-dependent effects on arousal were observed at 100 mg/kg bw and above in
males and at 200 mg/kg bw and above in females. There were no compound-related histopathologi-
cal effects on neuronal tissue. The NOAEL for acute neurotoxicity was 60 mg/kg bw, on the basis of
reduced locomotor activity in males at 100 mg/kg bw.

In a 13-week rat feeding study of neurotoxicity with dietary concentrations up to 3000 ppm,
animals were assessed on weeks 4, 8 and 13 of clothianidin intake. No effects were observed on
motor activity, learning or memory capacity. There were no histopathological changes in neuronal
tissue. Thus, the NOAEL for neurotoxicity was 177 mg/kg bw per day, the highest dose tested.

A developmental neurotoxicity study was undertaken with clothianidin administered in the
diet to rats at concentrations up to 1750 ppm (equal to 142 mg/kg bw per day during gestation and
299 mg/kg bw per day during lactation). The NOAEL for fetal and maternal toxicity was 42.9 mg/
kg bw per day, based on changes in body weight at higher doses. At the top dose, subtle modification
of acoustic startle habituation and motor activity observed in the pups immediately after weaning
were considered secondary to nonspecific toxicity. No biologically significant effects on the central
nervous system were observed histomorphometrically or histologically.

The Meeting concluded that clothianidin is not a developmental neurotoxicant. At relatively
high doses, it can cause transient, acute neurobehavioural effects.

In a 28-day feeding study of the immunotoxicity of clothianidin in rats at doses up to 3000 ppm,
body weights and feed consumption were significantly reduced in the high-dose group. Based on
these changes, the NOAEL for systemic toxicity was 500 ppm (equal to 45.8 mg/kg bw per day).
Clothianidin had no effect on the [gM AFC response to the T cell-dependent antigen (sheep eryth-
rocytes). The NOAEL for immunotoxicity was 3000 ppm (equal to 252.8 mg/kg bw per day), the
highest dose tested.

In a developmental immunotoxicity study in rats, pregnant animals were offered diets contain-
ing up to 2000 ppm clothianidin from day 6 of gestation. The maternal NOAEL for systemic toxicity
was 500 ppm (equal to 35 mg/kg bw per day during gestation and 68.3 mg/kg bw per day during
lactation), based on reductions in body weight and feed consumption and an increased incidence of
ptosis at 3000 ppm. In the F, generation, the NOAEL for systemic toxicity was 150 ppm (equal to
26.4 mg/kg bw per day), based on reductions in body weight in males at weaning at 500 ppm. There
were no immunologically relevant adverse effects on humoral immunity or cell-mediated immunity
in male and female F, generation rats following exposure to clothianidin in the uterus during gesta-
tion, via maternal milk and maternal feed during the postpartum period or via the diet during the
post-weaning period.
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The Meeting concluded that clothianidin is not immunotoxic to adults or during development.

Some major (TZNG, > 5% of dose) and minor (TZMU, TMG, MG, < 5% of dose) metabolites
of clothianidin in the rat are also detected in the hen, goat, plants and environment. They all have
oral LD, values less than 2000 mg/kg bw and should thus be considered intrinsically harmful by
ingestion.

Other compounds, such as NTG (rat metabolite, 1-4% of the administered dose), ATG-Ac (hen
metabolite) and ATMG-Pyr (goat metabolite), were less toxic, with LD, s above 2000 mg/kg bw.

Metabolite MG may be considered a potential plant residue of concern (known neurotoxicant,
like most guanidino compounds), but it is a rat metabolite and it occurred at very low residue levels
in plant commodities used for animal feeding only. Thus, further testing on MG is not necessary.

Metabolite MNG was not tested for acute oral toxicity. However, as it was a rat metabolite
accounting for about 13% of the dose, it was considered to be covered by the toxicological assess-
ment of clothianidin.

Metabolites TZNG, TZMU, TMG, MG, MNG, ATG-Ac, ATGM-Pyr and MAI were tested in
the Salmonella typhimurium reverse gene mutation assay, and all were negative.

In conclusion, metabolic activity in mammals and plants and hydrolytic activity in the environ-
ment result in the transformation of clothianidin to breakdown products that are relatively more toxic
than or of the same order of toxicity as the parent compound. As many of these products are also rat
metabolites, occur at very low residue levels and are not genotoxic, further testing is not warranted.

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

Toxicological evaluation

An acceptable daily intake (ADI) of 0-0.1 mg/kg bw was established on the basis of the
NOAEL in the chronic study in the rat of 9.7 mg/kg bw per day for decreased body weight and feed
consumption. A safety factor of 100 was applied.

An acute reference dose (ARfD) of 0.6 mg/kg bw was established on the basis of the NOAEL
of 60 mg/kg bw in the acute neurotoxicity study in the rat, based on reduced locomotor activity at
100 mg/kg bw. A safety factor of 100 was applied.

The Meeting considered that the effects seen in mice at 50 mg/kg bw per day in pharmacologi-
cal studies were marginal and transient (less than 0.5—1 hour) at this dose level, whereas at the next
dose level, 100 mg/kg bw per day, several effects were evident simultaneously in the same animals
for longer times (3 hours).

Levels relevant to risk assessment

Species  Study Effect NOAEL LOAEL

Mouse Eighteen-month Toxicity 350 ppm, equal to 1250 ppm, equal to
study of toxicity and 47.2 mg/kg bw per day 171.4 mg/kg bw per day
carcinogenicity® Carcinogenicity 2000 ppm, equal to —

251.9 mg/kg bw per day®
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Species  Study Effect NOAEL LOAEL
Rat Ninety-day studies of  Toxicity® 500 ppm, equal to 1250 ppm, equal to
toxicity® 27.9 mg/kg bw per day 96.0 mg/kg bw per day
Two-year studies Toxicity 150 ppm, equal to 500 ppm, equal to
of toxicity and 9.7 mg/kg bw per day 32.5 mg/kg bw per day
carcinogenicity® Carcinogenicity 3000 ppm, equal to —
157 mg/kg bw per day®
Two-generation Parental toxicity 150 ppm, equal to 500 ppm, equal to
study of reproductive 10.2 mg/kg bw per day 32.7 mg/kg bw per day
toxicity® Offspring toxicity 150 ppm, equal to 500 ppm, equal to
10.2 mg/kg bw per day 32.7 mg/kg bw per day
Reproductive toxicity 2500 ppm, equal to —
179.6 mg/kg bw per day®
Developmental toxicity Maternal toxicity 10 mg/kg bw per day 40 mg/kg bw per day
d
study’ Embryo and fetal toxicity 125 mg/kg bw per day® —
Acute neurotoxicity Neurotoxicity® 60 mg/kg bw 100 mg/kg bw
study?
Developmental Maternal toxicity 500 ppm, equal to 1750 ppm, equal to
neurotoxicity study® 42.9 mg/kg bw per day 142 mg/kg bw per day
Offspring toxicity 500 ppm, equal to 1750 ppm, equal to
42.9 mg/kg bw per day 142 mg/kg bw per day
Developmental 1750 ppm, equal to —
neurotoxicity 142 mg/kg bw per day®
Immunotoxicity study® General toxicity 500 ppm, equal to 3000 ppm, equal to
45.8 mg/kg bw per day 252.8 mg/kg bw per day
Immunotoxicity 3000 ppm, equal to —
252.8 mg/kg bw per day®
Developmental Maternal toxicity 500 ppm, equal to 2000 ppm, equal to
immunotoxicity study® 35-68.3 mg/kg bw per 120.6-249.7 mg/kg bw
day per day
Offspring toxicity 150 ppm, equal to 500 ppm, equal to
26.4 mg/kg bw per day 88.9 mg/kg bw per day
Developmental 2000 ppm, equal to —
immunotoxicity 337.7 mg/kg bw per day®
Rabbit Developmental toxicity Maternal toxicity 10 mg/kg bw per day 25 mg/kg bw per day
d
study Embryo and fetal toxicity 75 mg/kg bw per day 100 mg/kg bw per day
Dog Thirteen-week and Toxicity 1500 ppm, equal to 2000 ppm, equal to

1-year studies of
toxicity™®

36.3 mg/kg bw per day

46.4 mg/kg bw per day

* Dietary administration.
® Highest dose tested.

¢ Values for NOAEL and LOAEL taken from two different studies.
4 Gavage administration.

¢ Two or more studies combined.

Estimate of acceptable daily intake for humans

0-0.1 mg/kg bw

Estimate of acute reference dose

0.6 mg/kg bw
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Information that would be useful for the continued evaluation of the compound

Results from epidemiological, occupational health and other such observational studies of
human exposure

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

Absorption, distribution, excretion and metabolism in mammals

Rate and extent of oral absorption Rapid; 90% within 24 h

Distribution Wide; highest concentrations in kidney and liver

Potential for accumulation None

Rate and extent of excretion Largely complete within 72 h

Metabolism in animals Moderately metabolized; excreted unchanged at 56—74% at 72 h;

main pathway was oxidative demethylation and cleavage of the
nitrogen—carbon bond between the thiazolyl-methyl position and the
nitroimino moiety

Toxicologically significant compounds in Parent compound and animal metabolites TZNG, MNG, NTG,
animals, plants and the environment MTCA and TMG; main plant metabolite is MG

Acute toxicity

Rat, LD, , oral 523-1216 mg/kg bw

Mouse, LD, , oral 389 mg/kg bw

Rat, LD, , dermal > 2000 mg/kg bw

Rat, LC,, inhalation > 5.54 mg/l (4.5 h, nose-only exposure)
Rabbit, dermal irritation Non-irritating

Rabbit, eye irritation Practically non-irritating

Guinea-pig, dermal sensitization Not sensitizing (Magnusson and Kligman test)

Short-term studies of toxicity

Target/critical effect Decreased body weights and body weight gain, decreased kidney
weights, decreased feed consumption, clinical chemistry changes

Lowest relevant oral NOAEL 27.9 mg/kg bw per day (90-day study in rats)

Lowest relevant dermal NOAEL 1000 mg/kg bw per day (28-day study in rats)

Lowest relevant inhalation NOAEC No data

Long-term studies of toxicity and carcinogenicity

Target/critical effect Decreased feed consumption and body weights
Lowest relevant NOAEL 9.7 mg/kg bw per day (rat carcinogenicity study)
Carcinogenicity Not carcinogenic

Genotoxicity

Clothianidin unlikely to be genotoxic in vivo; metabolites not
genotoxic (Ames test)

Reproductive toxicity
Reproduction target/critical effect None

Lowest relevant reproductive NOAEL 179.6 mg/kg bw per day (highest dose tested)
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Developmental target/critical effect Decreased fetal weight, increased postimplantation loss, decreased
sternal ossification centres

Lowest relevant developmental NOAEL 75 mg/kg bw per day (rabbit)

Neurotoxicity/delayed neurotoxicity

Acute neurotoxicity target/critical effect Decreased locomotor activity
Lowest relevant acute neurotoxic NOAEL 60 mg/kg bw per day
Short-term neurotoxicity target/critical effect Decreased body weight and feed consumption

Lowest relevant subchronic neurotoxic NOAEL 60 mg/kg bw per day
Developmental neurotoxicity target/critical effect No biologically significant effects

Lowest relevant developmental neurotoxic 142 mg/kg bw per day (highest dose tested)
NOAEL

Other toxicological studies

Twenty-eight-day immunotoxicity No effects on the immune system
Developmental immunotoxicity No effects on the immune system
Medical data
No data
Summary
Value Study Safety factor
ADI 0-0.1 mg/kg bw Rat, 2-year study 100
ARfD 0.6 mg/kg bw Rat, acute neurotoxicity study 100
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Explanation

Cyproconazole is the International Organization for Standardization (ISO)—approved name for
(2RS, 3RS, 2SR, 3SR)-2-(4-chlorophenyl)-3-cyclopropyl-1-(1H-1,2,4-triazol-1-yl)-butan-2-ol (Inter-
national Union of Pure and Applied Chemistry [[UPAC]), for which the Chemical Abstracts Service
(CAS) No. is 94361-06-5. The cyproconazole structure exists in four stereoisomeric forms as two
diastereoisomeric pairs of enantiomers. Cyproconazole is a 1:1 mixture of the two diastereomeric
pairs, each of which is a 1:1 mixture of the enantiomers (i.e. all four stereoisomers are present in
similar amounts).

Cyproconazole is a broad-spectrum triazole fungicide. It acts by inhibiting sterol biosynthesis
in fungi (demethylation inhibitor). Cyproconazole has not been evaluated previously by the Joint FAO/
WHO Meeting on Pesticide Residues (JMPR) and was reviewed at the present Meeting at the request
of the Codex Committee on Pesticide Residues (CCPR). All pivotal studies with cyproconazole were
certified as complying with good laboratory practice (GLP) unless otherwise stated.

Evaluation for acceptable daily intake

Unless otherwise stated, studies evaluated in this monograph were performed by GLP-certified
laboratories and complied with the relevant Organisation for Economic Co-operation and Development
(OECD) and/or United States Environmental Protection Agency (USEPA) test guidelines.

1.  Biochemical aspects

1.1 Absorption, distribution and excretion

Rats

The absorption, distribution and elimination of cyproconazole were studied after oral dosing of
cyproconazole radiolabelled with C, as shown in Figure 1.

The absorption, distribution and metabolism of cyproconazole labelled with “C [o-(4-
chlorophenyl)-a-(1-cyclopropyl-ethyl)-1H-1,2,4-triazole-1 (a-'*C) ethanol] (Figure 1) were studied
in Kfm: WIST Wistar rats. Cyproconazole (both carbon labelled and non-radioactive) was dissolved
in dimethyl sulfoxide (DMSO), and the radiochemical purity of the carbon-labelled cyproconazole
was greater than 97%. Cyproconazole was administered either by gastric intubation or by injection
into the femoral vein (0.3—0.5 ml volume). The specific activity of cyproconazole was 0.72 MBg/mg.
The radioactive dose ranged from 5.7 to 9.5 MBqg/kg body weight (bw) except for bile duct—cannu-
lated animals (0.93—1.2 MBq/kg bw). Pretreatment in the multidose experiment was with unlabelled
compound. The ratio of diastereomers was 1:1. The study design and sampling times are described
in Table 1.

No significant *CO, was detected in exhaled air in the pilot study with a 10 mg/kg bw single
gavage dose. More than 85% of the administered dose was excreted into urine and faeces within 168
hours after dosing. Female rats excreted more of the administered dose via urine (35-42%) than did
male rats (28—33%). The faecal elimination in female rats was less (43—54%) than that of male rats
(59-69%). The bile duct—cannulated rats excreted approximately 76% and 60% of the administered
dose in the bile in male and female rats, respectively (Table 2). Absorption was somewhat delayed in
the high-dose animals but remained linear in the dose range. After a single oral low dose, the maxi-
mal blood levels were reached after 3 and 9 hours in males and females, respectively (Table 3). After
the high oral dose administration, the maximum blood levels were reached later than in the low-dose
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Figure 1. Position of the radiolabel on cyproconazole used in pharmacokinetic studies in rats
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* position of label

Table 1. Study design and sampling details of cyproconazole absorption, distribution and
metabolism in Wistar rats

Experiment Dose (mg/kg bw) Route No. of animals Comments

Group 1 10 Intravenous 5 males/females ~ Sampling of urine was after 4, 7 and 24 h and at
daily intervals thereafter. Faeces were collected at
daily intervals. About 50 mg of blood was taken
from the tail vein at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4,
5,6,7,24,48,72,96, 120, 144 and 168 h. At 168
h post-dosing, 2 rats/sex were subjected to tissue
distribution analysis by whole-body autoradiogra-
phy and 3 rats/sex by liquid scintillation counting

(organs).
Group 2 10 Oral gavage 5 males/females  Same as Group 1
Group 3 10 Oral gavage 5 males/females  Urine, faeces and bile were collected at intervals of
(bile duct— 0-24, 24-48, 48-72 and 72—144 h. Radioactivity in
cannulated) carcass was determined after 144 h.

Group 4 10 for 14 days Oral gavage 6 males/females  Same as Group 1

Group 5 130 Oral gavage 5 males/females  Same as Group 1

study (at about 30—40 hours), indicating a lower absorption rate. The maximal blood radioactivity
levels amounted to 2.2 and 2.5 pg/ml for a single 10 mg/kg bw dose in males and females, respec-
tively. After pretreatment, these values were slightly lower. However, because of the similar urinary
excretion in these experiments, pretreatment is considered not to influence the extent of absorption.
Blood levels in females increased roughly linearly between the dose levels of 10 and 130 mg/kg bw.
In males of the high-dose group, the somewhat lower maximum concentration in blood (C _ ) was
probably due to the delayed absorption. The radioactivity is eliminated from the blood with a half-life
of about 25-30 hours, with no significant differences between sexes and dosing regimes (Table 3).
Most tissues were found to contain some traces of radioactivity at the end of the study (168 hours);
excretion was almost complete at this time. Approximately 75.5% (males) and 60% (females) of the
dose were excreted in the bile by 144 hours. At least 90% of the biliary excretion occurred within the
first 24 hours. About 20% of the radioactivity excreted by the bile was reabsorbed in the gastrointes-
tinal tract. The urinary excretion accounted for 30% and 40% of the administered dose in males and
females, respectively, which may reflect a reduction in the absorption of cyproconazole by males, as
levels of radioactivity were found to be the same in the bile.

Tissue residues at study termination (168 hours; Table 4) were highest in liver and adrenals
(mainly cortex), followed by the renal fat, kidney and spleen (after intravenous application only). In
all experiments, the tissue concentrations were slightly higher in females than in males. There was no
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Table 2. Cumulative excretion of radioactivity in rat urine, faeces and bile

Time % of administered dose

interval 10 mg/kg bw p.o. 130 mg/kg bw p.o. 10 mg/kg bw p.o. 10 mg/kg bw p.o. 10 mg/kg bw i.v.
(h) bile cannulated multiple dose

M F M F M F M F M F

Urine

0-24 9.0 14.5 24 2.2 34 5.5 133 15.3 13.7 12.1
0-48 20.6 33.6 9.0 13.5 9.2 25.3 21.7 29.0 25.9 25.8
0-72 24.4 373 20.4 30.2 9.4 26.2 25.6 32.7 29.3 34.0
0-144 27.7 40.7 28.0 414 9.5 26.8 27.6 34.7 32.6 38.2
0-168 27.8 41.0 28.5 41.7 — — 27.8 349 329 384
Faeces

0-24 12.4 18.7 9.3 1.6 — — 31.6 17.8 16.6 6.7
0-48 36.4 383 24.5 9.5 — — 48.7 36.5 49.1 25.8
0-72 46.3 474 424 29.1 — — 55.1 44.6 57.5 40.7
0-144 57.8 534 59.8 42.5 4.5 4.8 59.6 48.8 67.6 50.5
0-168 58.6 53.9 60.3 43.0 — — 60.1 49.2 68.5 50.8
Bile

0-24 — — — — 73.9 53.8 — — — —
048 — — — — 74.7 57.4 — — — —
0-72 — — — — 753 59.0 — — — —
0-144 — — — — 75.5 59.6 — — — —
Carcass — — — — 0.6 1.0 — — — —
Total 86.5 94.9 88.8 84.8 90.0 92.1 88.0 84.1 101.3 89.2
From Schweitzer (1987a)
F, female; i.v., intravenous; M, male; p.o., per os (by mouth)

Table 3. Blood level parameters in rat

Parameter 10 mg/kg bw p.o. 130 mg/kg bw p.o. 10 mg/kg bw p.o. 10 mg/kg bw i.v.

multiple dose
M F M F M F M F

C. .. (ng/ml) 22 2.5 134 23.6 1.7 1.2 4.1 29
Tmax (h) 3 9 43 36 5 5 n.a. n.a.
AUC?® (ug-h/ml) 6.0 8.5 5.7 9.6 3.7 4.0 8.6 11.1
t,, elimination (h) 29 31 25 30 30 33 26 29

From Schweitzer (1987a); Voéllmin & Karapally (1992)
AUC, area under the concentration-time curve; F, female; M, male; n.a., not applicable; #,, half-life; 7, time to C__
2 Blood concentrations used for AUC calculation were corrected for dose.

unusual retention of compound-derived materials in the rats, and multiple dosing did not influence
the distribution patterns.

In conclusion, absorption of cyproconazole was almost complete, independent of sex and dose
regime. It was almost completely excreted in the bile and urine in 168 hours. After 7 days, residues in
organs and tissues were very low (predominantly in liver and adrenal cortex via oral route), and there
was no significant accumulation in the body (Schweitzer, 1987a).
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Table 4. Residues in rat tissues 168 hours after dosing

Tissue Residues (mg/kg bw equivalents of cyproconazole)

10 mg/kg bw p.o. 130 mg/kg bw p.o. 10 mg/kg bw p.o. 10 mg/kg bw i.v.
multiple dose

M F M F M F M F

Blood 0.05 0.06 0.39 0.52 0.04 0.03 0.07 0.10
Plasma 0.04 0.04 0.39 0.65 0.02 0.02 0.05 0.07
Brain 0.01 0.02 0.13 0.26 0.01 0.01 0.02 0.04
Testicles 0.02 n.a. 0.13 n.a. 0.01 n.a. 0.01 n.a.

Epididymis 0.02 n.a. 0.26 n.a. 0.01 n.a. 0.02 n.a.

Uterus n.a. 0.04 n.a. 0.91 n.a. 0.03 n.a. 0.07
Ovaries n.a. 0.10 n.a. 0.65 n.a. 0.05 n.a. 0.46
Muscle 0.01 0.02 0.13 1.04 0.01 0.01 0.03 0.04
Skin 0.05 0.06 0.78 4.55 0.03 0.08 0.05 0.12
Renal fat 0.19 0.26 2.73 4.42 0.07 0.10 0.33 0.51
Heart 0.02 0.04 0.26 0.52 0.02 0.02 0.04 0.09
Thymus 0.01 0.02 0.13 0.26 0.02 0.01 0.05 0.10
Pancreas 0.03 0.04 0.26 0.52 0.03 0.03 0.06 0.13
Thyroid 0.02 0.08 0.26 091 0.02 0.02 0.05 0.10
Bone marrow 0.02 0.02 0.13 0.39 0.01 0.02 0.15 0.13
Lymph nodes 0.02 0.03 0.26 0.52 0.02 0.03 0.05 0.08
Salivary glands 0.02 0.04 0.26 0.39 0.02 0.02 0.04 0.07
Spleen 0.02 0.04 0.26 0.52 0.02 0.02 0.55 0.50
Adrenal 0.32 0.54 3.25 533 0.17 0.21 0.64 0.96
Kidney 0.15 0.14 1.82 1.82 0.10 0.07 0.23 0.27
Lung 0.05 0.05 0.52 0.65 0.03 0.05 0.17 0.32
Liver 0.59 0.52 5.46 6.50 0.36 0.32 0.92 1.22

From Schweitzer (1987a)
F, female; i.v., intravenous; M, male; n.a., not applicable; p.o., per os (by mouth)

In a whole-body autoradiography study, *C-labelled cyproconazole [a-(4-chlorophenyl)-o-(1-
cyclopropyl-ethyl)-1H-1,2,4-triazole-1 (a-'*C) ethanol] was administered to 10 female Kfm: WIST
Wistar rats as a single dose of 10 mg/kg bw by gavage intubation in DMSO. Two rats were sacrificed
at 3, 6, 24, 48 and 96 hours after dosing. Animals were immediately deep-frozen at —75 °C and
embedded in a 2% semiliquid gel of sodium carboxymethylcellulose (CMC). Sagittal slices (40 um
thick) were prepared and dehydrated. Tissue concentrations of radioactivity were determined directly
from the autoradiograms.

At all time intervals, most tissue levels were higher than that of blood, pointing to a large volume
of distribution. The maximal value amounted to about 20 mg equivalent of cyproconazole per kilo-
gram of tissue in the liver and adrenal. The maximal tissue levels reached at 6 hours post-dosing were
in good agreement with the half-life of absorption estimated in the female rats (3.3 hours). The elimi-
nation of radioactivity from most tissues occurred monophasically with a half-life of 11 hours, except
in liver (21 hours), blood (22 hours) and adrenal. In the adrenal, the elimination was rapid initially
until 24 hours and then significantly slower, with a terminal half-life of 47 hours. At 96 hours, radio-
activity in most tissues was below the limit of detection, except for liver, adrenal and kidney; the limit
of detection was 100 pg equivalent of cyproconazole per kilogram of tissue (Schweitzer, 1987b).
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In a separate rat metabolism study, [phenyl-U-*C]cyproconazole (radiochemical purity 95.9%)
in 2:2:1 polyethylene glycol 200:ethanol:water volume per volume (v/v) was administered to female
HanBrl: WIST (SPF) rats by gavage at a nominal dose level of 0.5 mg/kg bw. Animals were dosed
with the radioactive test substance daily for up to 14 days, and groups of four rats were killed 1, 7,
14 or 20 days after the first administration. The distribution of radioactivity between tissues was
determined in all subgroups. Radioactivity in the urine, faeces and blood was measured, and me-
tabolites in the urine and faeces were identified in the subgroup of rats killed 20 days after the first
administration.

Recovery of [phenyl-U-"*C]cyproconazole was 97.1% of the total administered dose 7 days
following 14 repeated doses (Table 5). An excretion steady state was reached 4 days after the first
dose, with the majority of the total administered dose (96.5%) recovered in the faeces (56.3%) and
urine (40.2%). The cage wash accounted for 0.19%, whereas the carcass/tissues retained less than
0.42% of the total administered dose. Three days after the final dosing, radioactivity was almost
completely excreted. Blood kinetics showed increasing residue values with ongoing administrations,
peaking at approximately 0.075 mg cyproconazole equivalents per kilogram within 8 days after the
start of dosing. The highest blood levels were found 10 days after the start of dosing (0.08 mg cypro-
conazole equivalents per kilogram). After administration of the final dose, blood residues declined
rapidly, with a depletion half-life of approximately 40 hours.

The distribution of radioactivity in tissues, blood and plasma is presented in Table 6. The lev-
els of radioactivity reached a plateau by 7 days after the start of dosing and decreased rapidly once
dosing ceased. The calculated half-life for the depletion of radioactivity (assuming monophasic first-
order kinetics) from the tissues ranged from 1 to 3 days. The greater persistence and longer half-life
of radioactivity in blood compared with plasma indicated some partitioning of radioactivity into the
red blood cells. The highest concentrations of radioactivity were observed in the liver (1.37 mg cy-
proconazole equivalents per kilogram), adrenals (0.93 mg/kg), lungs (0.56 mg/kg), fat (0.49 mg/
kg), kidneys (0.25 mg/kg), pancreas (0.22 mg/kg) and ovaries (0.16 mg/kg) 7 days after the start of
dosing. All other tissues had concentrations of radioactivity that were comparable to or below the
concentrations in blood over the time course.

1.2  Metabolism

The quantitative distribution of urinary metabolite fractions is presented in Table 7, and the
nomenclature and structure of cyproconazole and its metabolites are presented in Appendix 1. Urine
was found to contain at least 21 metabolite fractions by two-dimensional thin-layer chromatography
(TLC). Individual fractions were detected in similar proportions on days 0—1, 6—7 and 13—14. The
combined urinary metabolite fractions accounted for 20.8—41.0% of the daily administered doses.
More than 92.5% of the radioactivity was extractable from faeces, accounting for 25.6-56.3% of the
administered daily dose (Table 7). Faeces were found to contain at least 13 metabolite fractions by
two-dimensional TLC. The combined faecal metabolite fractions accounted for 23.7-52.5% of the
administered daily dose, whereas non-extractable radioactivity accounted for 1.9—3.8% of the daily
dose. Two of the fractions (fractions 9 and 10) were identified as unmetabolized parent, and fraction
6 was identified as NOA 421153 (a diol metabolite of cyproconazole).

In summary, the orally administered test substance was rapidly absorbed from the gastroin-
testinal tract into the systemic circulation and was almost completely excreted within 3 days after
the last dosing. Four days after the start of dosing, the amount of daily excretion remained nearly
constant during the dosing period. The major part of the daily administered dose was excreted with
the faeces, and a somewhat smaller part was excreted via the kidneys. The serial blood samples,
taken at daily intervals during the whole experimental period, reached a plateau residue level at about
0.075 mg cyproconazole equivalents per kilogram within 8 days after the start of dosing. After the
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Table 5. Mean recovery of radioactivity in excreta, tissues and carcass of female rats following 14
consecutive daily oral doses of [phenyl-U-"C]cyproconazole

Matrix Time interval (days) % of the administered dose
Urine 0-14 36.82 +1.73
0-20 40.17 +£1.93
Faeces 0-14 52.57+£2.74
0-20 56.29 +£2.48
Cage wash 0-20 0.19+0.10
Total excretion 0-20 96.65 +1.47
Tissues 0-20 0.06 £0.02
Carcass 0-20 0.36 £0.10
Total residues 0-20 042 +0.12
Total recovery® 0-20 97.07 £ 1.37
From Hassler (2003)

* Data were obtained from Tables 5 and 6 on pages 37 and 38 of the study report; data are the mean of four rats.
® Defined as the sum of urine and faeces (020 days), cage wash, tissues and carcass.

Table 6. Tissue concentrations of radioactivity during and following 14 daily oral doses of ['*C]
cyproconazole (0.5 mg/kg bw) to female rats"

Tissue Concentration (mg cyproconazole equivalents/kg) Half-life (h)
Days after start of dosing 1 7 14 20 —
Days after last dose 1 1 1 7 —
Adrenals 0.6461 0.9347 0.8639 0.0314 30
Blood 0.0288 0.0631 0.0687 0.0152 66
Brain 0.0544 0.0846 0.0864 0.0016 25
Fat 0.3298 0.4895 0.5078 0.0122 27
Kidneys 0.1403 0.2546 0.2615 0.0327 48
Liver 0.6591 1.3698 1.2526 0.0883 38
Lungs 0.3475 0.5618 0.5537 0.0185 29
Muscle 0.0366 0.0584 0.0599 0.0018 28
Ovaries 0.0959 0.1567 0.1531 0.0060 31
Pancreas 0.1093 0.2239 0.1901 0.0040 26
Plasma 0.0371 0.0658 0.0669 0.0028 31

From Hassler (2003)
* Data extracted from page 27 of the study report. Average of four rats per interval.

last of 14 consecutive daily doses, the blood residues declined rapidly, reaching half the maximum
concentration within 3 days. The tissue residues determined at four different time points during and
after the dosing period showed a profile similar to that observed in serial blood. The metabolite pat-
terns of urine and faeces, investigated at three different time intervals during the dosing period, were
essentially identical for all analysed time intervals. About 13% of the daily dose was excreted as
unchanged parent via the faeces. Besides parent, the metabolite NOA 421153 was assigned to the
faecal metabolite pattern, accounting for about 6% of the daily dose. There was no evidence for an
accumulation of cyproconazole and/or related residues in tissues and organs (Hassler, 2003).
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Table 7. Distribution of metabolite fractions in urine and faeces after single and multiple oral
dose administration of [“C]cyproconazole to female rats

Metabolite % of daily dose Metabolite fraction % of daily dose
fraction Urine Urine Urine Faeces  Faeces  Faeces
0-1 day 6-7 days 13-14 days 0-1day 6-7days 13-14 days

Fraction 1 0.9 1.8 1.3 Fraction 1 2.3 5.7 6.8
Fraction 2 0.8 1.8 1.3 Fraction 2 0.6 1.1 1.2
Fraction 3 24 43 3.1 Fraction 3 0.1 0.8 1.4
Fraction 4 1.2 33 3.0 Fraction 4 0.1 0.8 0.7
Fraction 5 1.2 1.9 14 Fraction 5 3.1 7.0 7.1
Fraction 6 0.2 0.4 0.4 Fraction 6 (NOA 421153) 2.2 6.2 6.9
Fraction 7 0.9 2.1 1.7 Fraction 7 2.2 33 34
Fraction 8 1.2 3.6 2.4 Fraction 8 0.3 1.1 1.3
Fraction 9 0.2 0.4 0.4 Fraction 9 (SAN 619 F) 1.1 1.1 1.1
Fraction 10 0.2 0.7 0.6 Fraction 10 (SAN 619F) 8.4 12.8 12.3
Fraction 11 0.1 0.2 0.1 Fraction 11 24 7.0 7.5
Fraction 12 2.0 43 4.0 Fraction 12 0.5 1.3 1.4
Fraction 13 23 3.7 2.9 Fraction 13 0.4 1.2 1.3
Fraction 14 4.5 6.0 6.0 Non-extractable 1.9 3.6 38
Fraction 15 0.3 1.2 4.8

Fraction 16 1.3 1.8 2.9

Fraction 17 0.2 0.5 33

Fraction 18 0.4 0.5 0.6

Fraction 19 0.1 0.2 0.2

Fraction 20 0.1 0.2 0.2

Fraction 21 0.2 0.7 0.4

Total 20.8 39.8 41.0 Total 25.6 53.1 56.3
From Hassler (2003)

The excreta (urine, facces and the bile) analysed were derived from an earlier toxicokinetic
study in the rat (Schweitzer, 1987a). Urine and faecal samples from the single oral low dose (10 mg/
kg bw), single oral high dose (130 mg/kg bw) and repeated-dose (0- to 168-hour interval) experi-
ments as well as bile from the single oral low dose study (0- to 144-hour interval) were collected and
stored for analyses. The faecal samples of male and female rats from 0 to 168 hours were pooled.
The faeces, bile and urine were successfully processed, and metabolites were extracted (methanol,
acetone, dichloromethane) and evaporated. The extractable (organic and aqueous phase) radioactivity
and non-extractable radioactivity were determined. An enzyme hydrolysis (B-glucuronidase, arylsul-
fatase) was also performed. The faecal samples were extracted by a suitable solvent, and separation of
the metabolites was achieved mainly by preparative TLC. The extracts were concentrated and applied
on other TLC plates for further separation by means of other solvent systems. For final separation
and purification, the samples were subjected to reversed-phase high-performance liquid chromatog-
raphy (HPLC). Information about the structure of the metabolites was obtained by nuclear magnetic
resonance (NMR) spectroscopy. The structure was then determined by fast atom bombardment mass
spectra and confirmed by electron impact mass spectra. Qualitative and quantitative compositions of
metabolites in the various extracts (urine, faeces, bile) were determined by comparative TLC with
reference standards. The radioactivity of the TLC scrapings was measured by liquid scintillation
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counting. The radioactivity of the extractable and non-extractable faeces (after combustion) was
determined by liquid scintillation counting.

Cyproconazole was extensively metabolized in the rat. In the excreta, 35 metabolites and the
parent compound were detected. Approximately 10% of the unchanged cyproconazole was primarily
in the faeces, and a trace amount (< 1%) was in the urine. Among the metabolites identified in the
urine and faeces, 13 were more prevalent, and all other metabolites were in very low quantity (< 1%).
Among the more prominent fractions in urine were NOA 421152 (M3 and M4), NOA 408616, NOA
421154 (M18) and NOA 452669 (M30/33) (Table 8). In faeces, NOA 421152 (M3 and M4) and NOA
421153 (M14) were the major metabolites besides parent (Table 9). Further metabolites at significant
amounts were NOA 421152 (M4), NOA 421153 (M9), NOA 452154, NOA 451353, NOA 421154
(M18) and NOA 452668. The cyproconazole diastereomer A (= M1) appeared to be metabolized to
a greater extent than the diastereomer B (= M2), which is corroborated by the lower amount of A
(0.6-2.1%) excreted by the rat, compared with that of B (5.3—12.0%). This difference was also ob-
served in slightly higher amounts of metabolites related to diastereomer A than to diastereomer B.
The metabolic pathway does not appear to depend on the dosage or sex of the animals.

The metabolic pathway of cyproconazole in rats involved the following reactions:

e oxidative elimination of the triazole ring;
e hydroxylation of the carbon bearing the methyl group;
e oxidation of the methyl group to the carbinol and further to the carboxylic acid;

e reductive elimination of the carbon bearing the methyl group, yielding a benzyl alcohol, which is
further oxidized to the corresponding ketone.

In summary, cyproconazole was extensively metabolized in rats, independent of the dose or
sex of the animals. Diastereomer A (= M1) was transformed more extensively than diastereomer B
(= M2) (Karapally, V6llmin & Spielmann, 1987a).

In the above-described metabolite identification study in rats by Karapally, Vollmin & Spiel-
mann (1987a), diastereomer A of cyproconazole seemed to be more extensively metabolized than
diastereomer B, as indicated by diastereomers A and B (M1 and M2, respectively) found in the ex-
creta. Therefore, a separate study was conducted to confirm the differences in the metabolism of di-
astereomers A and B. In this study, two groups of six female Wistar rats received a single oral gavage
dose of cyproconazole diastereomer A or B, each at 130 mg/kg bw. The radiochemical purity of '“C-
labelled cyproconazole diastereomer A and B was greater than 91% and 98%, respectively. DMSO
was used as the vehicle for administration. Urine and faeces were collected at 24-hour intervals for
4 days following administration. Faecal samples were extracted with methanol. All faecal extracts
from each of group A and group B were pooled and enzymatically hydrolysed (B-glucuronidase, ar-
ylsulfatase). All urine samples from each of group A and group B were pooled and then subjected to
enzymatic hydrolysis (B-glucuronidase, arylsulfatase). A two-dimensional TLC system was used to
determine the composition of metabolites in the various extracts. The radioactive spots were detected
by photographic techniques. Quantification of the metabolites was performed by scraping radioactive
spots from the plates, and the radioactivity was determined by liquid scintillation counting.

The excretion rates of both cyproconazole diastereomers A and B were found to be in the same
range (Table 10). Animals administered diastereomer A excreted less test substance via the urine
than did animals administered diastereomer B. In faeces, diastercomer A (= M1) was metabolized
to a greater extent than diastereomer B (= M2). The amount of unchanged diastereomer A (3.4%)
was approximately 5-fold less than the amount of unchanged diastereomer B (15.2%). This was fur-
ther corroborated by the amounts of metabolites derived from diastereomer A compared with those
derived from diastereomer B (Table 11).
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Table 8. Composition of the total excreted (0—168 hours) radioactivity in rat urine (free and

conjugated)
Metabolite No. % of administered dose
Male Female
Dose (mg/kg bw)
10 130 10 10 130 10
Single Single Multiple Single Single Multiple
SAN 619 A (M1) <0.1 <0.1 0.1 0.1 <0.1 <0.1
SAN 619 B (M2) <0.1 0.1 0.1 0.3 0.3 0.3
NOA 421152 (M3) 0.8 1.0 1.9 44 4.9 4.1
NOA 421152 (M4) 0.2 0.5 0.3 1.4 2.1 1.0
M5 <0.1 <0.1 0.1 0.2 0.1 0.2
M6 and/or M7 0.2 — 0.3 0.4 0.4 0.3
M8 — — — — — —
NOA 421153 (M9) <0.1 <0.1 <0.1 0.1 0.2 0.1
NOA 452154 (M10) 0.2 — <0.1 1.0 0.1 0.1
NOA 421154 (M11) 0.3 0.2 0.6 0.7 0.3 0.9
Mi2 0.3 0.5 0.8 0.7 0.6 0.7
NOA 451353 (M13) 0.3 <0.1 0.2 0.2 <0.1 0.2
NOA 421153 (M14) 0.7 0.7 0.8 1.6 1.4 1.2
NOA 408616 (M15) 0.6 1.6 0.7 1.0 2.1 0.5
CGA 123420 (M123420) 0.2 0.3 0.4 0.3 0.7 0.6
M17/35 0.1 0.1 0.1 0.2 0.2 0.1
NOA 421154 (M18) 0.3 — 0.2 0.9 0.4 2.0
M19 — — — — — —
NOA 452668 (M20) 0.9 1.0 1.6 0.6 0.4 0.9
NOA 405870 (M21) — — — 0.7 0.3 —
NOA 405872 (M22-M26/36) 1.6 1.8 0.8 1.9 1.7 1.2
M27 0.4 0.4 0.1 0.2 <0.1 —
M28 — — — — — —
M29 <0.1 <0.1 — — <0.1 —
NOA 452669 (M30/33) 0.2 0.8 0.2 2.3 4.6 0.8
M31 — — — 0.2 0.2 —
M32 <0.1 — <0.1 — —
M34 — — — — <0.1 —
M37 0.8 0.2 0.4 1.0 0.3 0.4
Sum of unknowns — <0.1 — 0.3 — —
Polar fraction 19.3 18.7 17.6 20.0 19.9 18.8
Non-extractable — — — — — —
Total 27.8 28.4 27.8 41.0 41.7 34.9

From Karapally, V6llmin & Spielmann (1987a)
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Table 9. Composition of the total excreted (0—168 hours) radioactivity in rat faeces (free and
conjugated)

Metabolite No. % of administered dose

Male Female

Dose (mg/kg bw)

10 130 10 10 130 10

Single Single Multiple Single Single Multiple
SAN 619 A (M1) 0.7 0.6 0.6 2.0 0.7 0.8
SAN 619 B (M2) 10.8 10.0 11.5 7.1 5.0 7.1
NOA 421152 (M3) 12.8 132 10.8 7.5 7.8 6.0
NOA 421152 (M4) 1.1 24 0.9 1.2 1.8 0.7
M5 0.1 0.4 <0.1 0.3 0.2 <0.1
M6 and/or M7 0.5 1.1 1.6 0.9 0.6 0.6
M8 — — 0.9 0.3 0.3 0.6
NOA 421153 (M9) 2.7 37 2.1 0.8 1.3 1.2
NOA 452154 (M10) 2.0 0.4 2.0 0.8 0.2 0.9
NOA 421154 (M11) 0.8 0.9 1.3 0.9 0.3 0.6
Mi2 — — — — — —
NOA 451353 (M13) 1.8 0.9 1.5 2.6 0.4 0.5
NOA 421153 (M14) 4.5 6.9 5.4 8.1 42 5.5
NOA 408616 (M15) 0.6 1.1 0.7 0.4 0.7 0.5
CGA 123420 (M123420) 0.1 0.5 <0.1 0.2 1.2 0.3
M17/35 — — — — — —
NOA 421154 (M18) 1.2 0.8 1.6 3.9 1.0 5.5
M19 — 0.4 <0.1 — — —
NOA 452668 (M20) 5.1 2.7 5.1 1.1 0.8 2.6
NOA 405870 (M21) 0.1 0.2 — 0.2 0.2 —
NOA 405872 (M22-M26/36) 0.4 0.3 1.3 0.3 0.5 1.3
M27 — — — — — —
M28 — — — — — —
M29 — — — — — —
NOA 452669 (M30/33) 0.3 0.3 — <0.1 0.5 0.2
M31 — — — — — —
M32 <0.1 <0.1 <0.1 <0.1 0.2 —
M34 — — — — 0.2 —
M37 — — — — 0.3 <0.1
Sum of unknowns — — — — — —
Polar fraction 7.7 7.8 6.7 8.4 8.9 9.2
Non-extractable 5.0 5.8 5.5 6.8 5.6 4.8
Total 58.6 60.2 60.1 53.9 43.0 49.2

From Karapally, V6llmin & Spielmann (1987a)
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Table 10. Cumulative excretion of radioactivity in urine and faeces of rat*

Time period (h) % of administered dose (mean + standard deviation)
Diastereomer A Diastereomer B
Urine
0-24 25+1.3 33+14
0-48 145+1.5 124+32
0-72 29.8+3.3 33.2+7.0
0-96 39.0+2.9 50.7+2.6
Faeces
0-24 — 23+3.0
0-48 26+22 6.8 +6.5
0-72 22.0+16.0 93+7.7
0-96 33.8+13.5 285+1.6
Total excretion
0-96 72.8+£13.8 79.2+4.1

From Karapally, V6llmin & Spielmann (1987b)
 Data extracted from Table 2 of the study report.

Eighteen metabolites from diastereomer A and 21 metabolites from diastercomer B were de-
tected in the excreta (Table 12). At least five metabolites were formed from both diastereomers,
indicating that no diastereomeric pair exists for these metabolites and that therefore at most one
chiral centre is left in their chemical structures. (This was later proved not to be the case for NOA
405870 [M21] [Vollmin & Karapally, 1992].) The following metabolites are found to be diastereo-
meric pairs: NOA 421152 (M3/4), NOA 421153 (M9/14), NOA 421154 (M11/18) and NOA 452669
(M30/33).

In summary, the route of excretion and its temporal course were about in the same range for
both diastereomers. Based on the amount of parent material found in the excreta, diastereomer A
was more extensively biotransformed than diastereomer B. Based on the metabolite profiles and the
structure of the metabolites, the course of metabolism was similar for both diastereomers. There were
a number of differences with respect to the absence or presence of individual metabolites, depending
on the individual diastereomer; however, these were at such low levels that they are not considered to
be significant (Karapally, Vollmin & Spielmann, 1987b).

A separate metabolism study in Wistar rats was conducted to verify the presence or absence of
two major metabolites (M21/M21a and M36), which were found in the milk and in the urine of lactat-
ing goats. Two groups of Han Ibm: Wistar rats (three of each sex per dose) were administered cypro-
conazole labelled with “C [o-(4-chlorophenyl)-a-(1-cyclopropyl-ethyl)-1H-1,2,4-triazole-1 (o-'*C)
ethanol] via single oral gavage dose at 10 or 130 mg/kg bw. The radiochemical purity was greater
than 98%. The animals were housed individually in metabolism cages for 7 days. The urine and
faeces of each animal were collected separately at 7, 24, 48, 72, 96, 120 and 144 hours post-dosing.
Urine samples were pooled separately for male and female rats and subjected to extensive extrac-
tion, portioning and enzymatic hydrolysis. Metabolites were isolated by TLC and identified by NMR
spectroscopy at 360 MHz, with the structures verified by fast atom bombardment mass spectra. Final
verification was by the comparison of the spectroscopic data with those of synthesized standards.

As a result of the low recovery of radioactivity, no further analysis was performed for the low-
dose group. From the urine of the high-dose male rats, a mixture of the diastereomers NOA 405870
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Table 11. Composition of the total excreted (0-96 hours) radioactivity in rat (free and
conjugated)

Metabolite No. % of excreted radioactivity

Diastereomer A Diastereomer B

Urine Faeces Total Urine Faeces Total
SAN 619 A (M1) 1.5 1.9 34 — — —
SAN 619 B (M2) — — — 4.7 10.5 15.2
NOA 421152 (M3) 133 18.8 32.1 — — —
NOA 421152 (M4) — — — 11.4 1.9 133
M5 0.2 — 0.2 — — —
M6 and/or M7 0.5 0.5 1.0 0.7 0.3 1.0
M8 — 0.8 0.8 — — —
NOA 421153 (M9) — — — 1.0 0.9 1.9
NOA 452154 (M10) — — — 0.6 <0.1 0.6
NOA 421154 (M11) — — — 1.2 <0.1 1.2
M12 — — — 1.0 <0.1 1.0
NOA 451353 (M13) — — — 0.4 <0.1 0.4
NOA 421153 (M14) 44 8.5 12.9 — — —
NOA 408616 (M15) 2.8 — 2.8 5.7 0.1 5.8
CGA 123420 (M16) 0.8 <0.1 0.8 4.6 <0.1 4.6
M17 0.3 <0.1 0.3 0.2 <0.1 0.2
NOA 421154 (M18) 0.7 1.3 2.0 — — —
M19 — — — 0.3 0.1 0.3
NOA 452668 (M20) 0.1 0.4 0.5 — — —
NOA 405870 (M21) 0.2 — 0.2 0.8 <0.1 0.8
M22 — — — 0.4 0.1 0.5
M23 — — — 0.2 — 0.2
M24 — — — 0.4 — 0.4
M25 0.2 — 0.2 — — —
M26 — — — 0.1 <0.1 0.1
M27 0.2 — 0.2 0.2 — 0.2
M28 <0.1 <0.1 <0.1 — — —
M29 <0.1 <0.1 <0.1 — — —
NOA 452669 (M30/33) 54 0.6 6.0 4.6 <0.1 4.6
M31 — — — 0.1 — 0.1
M32 0.2 — 0.2 — — —
M34 0.1 0.3 0.4 — — —
M35 — — — — <0.1 <0.1
NOA 405872 (M36) — — — — 0.1 0.1
Sum of unknowns 0.4 — 0.4 0.2 0.3 0.5
Conjugates — 0.4 0.4 — 0.9 0.9
Polar fraction + non-extractable 23.4 11.1 345 23.9 21.5 45.4
Total 55.0 45.0 100.0 62.7 37.3 100.0

From Karapally, V6llmin & Spielmann (1987b)
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Table 12. Composition of the total excreted (0-96 hours) radioactivity in rat (free and
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conjugated)

Metabolite No. % of excreted radioactivity

Diastereomer A Diastereomer B
Urine Faeces Total Urine Faeces Total

SAN 619 A (M1) 1.5 1.9 34 — — —
SAN 619 B (M2) — — — 4.7 10.5 15.2
NOA 421152 (M3) 13.3 18.8 32.1 — — —
NOA 421152 (M4) — — — 114 1.9 13.3
M5 0.2 — 0.2 — — —
M6 and/or M7 0.5 0.5 1.0 0.7 0.3 1.0
M8 — 0.8 0.8 — — —
NOA 421153 (M9) — — — 1.0 0.9 1.9
NOA 452154 (M10) — — — 0.6 <0.1 0.6
NOA 421154 (M11) — — — 1.2 <0.1 1.2
M12 — — — 1.0 <0.1 1.0
NOA 451353 (M13) — — — 0.4 <0.1 0.4
NOA 421153 (M14) 44 8.5 12.9 — — —
NOA 408616 (M15) 2.8 — 2.8 5.7 0.1 5.8
CGA 123420 (M16) 0.8 <0.1 0.8 4.6 <0.1 4.6
M17 0.3 <0.1 0.3 0.2 <0.1 0.2
NOA 421154 (M18) 0.7 13 2.0 — — —
M19 — — — 0.3 0.1 0.3
NOA 452668 (M20) 0.1 0.4 0.5 — — —
NOA 405870 (M21) 0.2 — 0.2 0.8 <0.1 0.8
M22 — — — 0.4 0.1 0.5
M23 — — — 0.2 — 0.2
M24 — — — 0.4 — 0.4
M25 0.2 — 0.2 — — —
M26 — — — 0.1 <0.1 0.1
M27 0.2 — 0.2 0.2 — 0.2
M28 <0.1 <0.1 <0.1 — — —
M29 <0.1 <0.1 <0.1 — — —
NOA 452669 (M30/33) 5.4 0.6 6.0 4.6 <0.1 4.6
M31 — — — 0.1 — 0.1
M32 0.2 — 0.2 — — —
M34 0.1 0.3 0.4 — — —
M35 — — — — <0.1 <0.1
NOA 405872 (M36) — — — — 0.1 0.1
Sum of unknowns 0.4 — 0.4 0.2 0.3 0.5
Conjugates — 0.4 0.4 — 0.9 0.9
Polar fraction + non-extractable 23.4 11.1 34.5 23.9 21.5 45.4
Total 55.0 45.0 100.0 62.7 373 100.0

From Karapally, V6llmin & Spielmann (1987b)
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(M21/M21a) was isolated. Based on the NMR spectrum, the ratio of isolated NOA 405870 (M21 to
M21a) was 10:1. The free extractable amounts of these metabolites accounted for 0.06% and 0.04%
of the administered dose in urine of males and females, respectively. NOA 405872 (M36) was not
detected in the urine of male and female rats in this study (V6llmin & Karapally, 1992).

A separate metabolism study was conducted to determine the presence of NOA 405872 (M36)
in the excreta of rats. This metabolite was detected in the milk and excreta of lactating goats. Two
groups of Han Wistar rats (three males and three females per group) were administered an oral dose
of ["*C-triazole]cyproconazole (purity > 98%) at about 5 mg/kg bw and 130 mg/kg bw. Urine and fae-
ces were collected separately daily for 4 days. Approximately 20% of the urine from male and female
rats of the same group was pooled for extraction. The urine samples were acidified and fractionated
by solid-phase extraction. The eluted methanol fractions were reduced to a small volume for TLC
analysis. For both groups, equal fractions of the faeces of each animal (20% for group A and 10%
for group B) were pooled and homogenized. The faecal samples were extracted several times with
methanol, and the extracts were pooled and concentrated to a small volume for TLC analysis. Isola-
tion and purification of cyproconazole metabolite NOA 405872 were done by a series of TLC runs
in different solvent systems. Identification was confirmed by two-dimensional TLC with a reference
standard, by HPLC co-chromatography and by mass spectroscopy.

NOA 405872 (M36) accounted for 0.056% of rat urinary radiocarbon in the low-dose group
(0.022% of the applied dose) and 0.037% in the high-dose group (0.019% of the applied dose). In fae-
ces, NOA 405872 (M36) accounted for 0.014% of the recovered radiocarbon in the low-dose group
(0.006% of the applied dose) and 0.011% in the high-dose group (0.003% of the applied dose).

In this study, the presence of NOA 405872 (M36) in the urine and faeces of rats was confirmed
(Briswalter & Yu, 1994).

An in vitro metabolism study was performed in order to compare the formation of metabolites
of cyproconazole during incubation with subcellular liver fractions of the rat and mouse. Liver sam-
ples from Han Wistar rats and CD-1 mice treated with cyproconazole were taken from a previously
conducted study. Two rats and two mice were used from the high-dose groups after 4 weeks of treat-
ment and from the control groups. High-dose rats were treated with 1400 ppm (107 mg/kg bw per
day) and high-dose mice with 200 ppm (28 mg/kg bw per day). Livers were frozen by immersion in
liquid nitrogen and kept frozen at about —70 °C. Subcellular fractions (microsomes and cytosol) were
prepared by tissue homogenization and centrifugation at 9000 x g and at 105 000 x g, respectively.
In vitro incubations were performed for 5 or 120 minutes at 37 °C using subcellular fractions (mi-
crosomes about 3.0-3.2 mg protein per millilitre and cytosol about 2.3—2.5 mg protein per millilitre)
in Tris HCI, about 35 MBg/ml ["*C]cyproconazole and one equivalent of “cold” cyproconazole. The
following cofactors were added to the assay: reduced nicotinamide adenine dinucleotide phosphate
(NADPH) (3 mmol/1), flavin adenine dinucleotide (50 pmol/l), pyridoxal phosphate (20 umol/l) and
glutathione (GSH) (1 mmol/l). All incubations were terminated with ice-cold methanol. Analysis
was performed using an HPLC system with ultraviolet (UV) diode array and/or radiochemical detec-
tor. The non-radioactive standards were detected from their UV signal at 288 nm. In order to reduce
interference from endogenous compounds and cofactors, backflush methodology was used.

Cyproconazole was metabolized in vitro by rat liver fractions from control and pretreated ani-
mals after 120 minutes of incubation at a rate of 6.5% and 20.5%, respectively (Table 13). In con-
trast to rats, control mice exhibited a much slower rate of metabolism in vitro, approximately 0.8%
after 120 minutes. In the presence of pretreated mouse liver fractions, the in vitro metabolism of
cyproconazole was increased to about 5.6% after 120 minutes.
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Table 13. In vitro metabolic rate of cyproconazole

Species Metabolic rate (%) Fold induction by pretreatment
Control 4-week pretreated

Rat 6.5 20.5 3.2

Mouse 0.8 5.6 7.2

From Dorobek & Miiller (1995)

A spectrum of about 20-30 different metabolites was observed during the in vitro incubations.
The metabolites NOA 421154 (M11 and M18), NOA 421153 (M9 and M14) and NOA 421152 (M4)
could be identified from control and pretreated rats. Metabolites CGA 123420 and NOA 408616,
however, were found only in very small quantities in pretreated rats only. The metabolic pattern
was identical in control and pretreated liver fractions, at least with regard to the relevant peaks/me-
tabolites and differing only in the rate of metabolism. The dominant metabolites in both control and
pretreated liver fractions were the diastereomers NOA 421153 (M9/M14), which together amounted
to about 50% of all the metabolites. Although the metabolic rate of cyproconazole in the presence of
mouse liver fractions was lower than that of the rat, similar spectra of metabolites were found. The
metabolites NOA 421154 (M11), NOA 421153 (M14), NOA 421154 (M18), NOA 421152 and NOA
408616 could be identified in control mouse incubations. The metabolite NOA 421153 (M9) was not
formed, whereas the peak area of metabolite NOA 421152 (M4) was not increased, compared with
the corresponding blank value. During incubations in the presence of pretreated mouse liver frac-
tions, a similar pattern of metabolites was detected, compared with control liver. Furthermore, the
metabolites M9 and M4 could be identified in at least one animal. In contrast to the rat metabolite
profile, the mouse metabolite profile showed no one predominating metabolite. Also noted was the
fact that the diastereomer pairs NOA 421252 (M3/M4), NOA 421153 (M9/M14) and NOA 421154
(M11/M18) occurred at similar levels.

The results of this study demonstrate that the in vitro clearance capacity of control and pretreat-
ed rat liver for cyproconazole is about 8- and 4-fold higher, respectively, compared with the mouse
liver. Although metabolism in mouse liver fractions occurred at a lower level, the increase between
control and pretreated liver was twice that of the rat. The data clearly show the inducibility of the
respective enzyme systems in both species. The rat liver in vitro metabolism of cyproconazole fol-
lows mainly one route (i.e. to metabolites NOA 421153 [M9/M14]), whereas the mouse liver formed
the metabolites NOA 421152 (M3/M4), NOA 421153 (M9/M14) and NOA 421154 (M11/M18) to a
similar extent. The patterns of the major metabolites found in the incubations with rat liver fractions
are essentially in agreement with the metabolism described for the rat in vivo. The comparison indi-
cates some quantitative and qualitative differences in the in vitro metabolism of cyproconazole in rat
and mouse liver (Dorobek & Miiller, 1995).

The proposed metabolic pathway of cyproconazole in rats is shown in Figure 2.

2.  Toxicological studies

2.1 Acute toxicity

The acute toxicity of cyproconazole is summarized in Table 14.
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Figure 2. Proposed metabolic pathway of cyproconazole in rats (modified from Véllmin &

Karapally, 1992)
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Table 14. Acute toxicity of cyproconazole
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Species Strain Sex  Route LD, (mg/kgbw) LC, (mg/l) Reference
Mouse NMRI M,F Oral M: 200 — Hamburger et al.
CD-1 M Oral M: 270 — Hamburger (1987)
Rat Han Wistar M, F Oral M: 1115 — Hamburger et al.
F: 1342 (1984a); Hamburger
Combined 1290 (1988)
Sprague-Dawley F Oral F: 350 — Durando (2005a)
Rabbit New Zealand F Oral F: 460 — Hamburger, Gerber &
White Klotzsche (1985a)
Rat Han Wistar M, F Dermal M and F — Hamburger et al.
> 2000 (1984C)
Sprague-Dawley M, F Dermal M and F — Durando (2005b)
>2000
Rabbit New Zealand M, F Dermal M and F — Hamburger &
White > 2000 Klotzsche (1985)
Rat Han Wistar M, F  Inhalation — M and F Ullmann (1985)
(nose only) > 5.645
Han Wistar M, F Inhalation — M and F Durando (2005¢)
(nose only) >2.03
Rabbit New Zealand M Dermal irritation Non-irritating — Hamburger, Gerber &
White Klotzsche (1985b)
New Zealand M, F Dermal irritation Slightly irritating — Durando (2005d)
White
Rabbit New Zealand M Ocular irritation Non-irritating — Hamburger, Gerber &
White Klotzsche (1985c¢)
New Zealand M, F  Ocular irritation Mildly irritating — Durando (2005¢)
White
Guinea-pig Ibm: GOHI; SPF F Dermal sensitization Non-sensitizing — Arcelin (1992)
(maximization test)
Dunkin-Hartley = M, F Dermal sensitization Non-sensitizing — Durando (2005f)

(Buehler test)

F, female; LC_, median lethal concentration; LD_, median lethal dose; M, male

50?

(@)

Mice

Oral administration

50°

Groups of male and female young adult NMRI mice (five of each sex per dose) were given
cyproconazole (purity 94.4%) as a single dose of 0, 125, 160, 250, 320, 400, 500, 640 or 800 mg/kg
bw by gavage in DMSO. A preliminary study was done in order to establish a dosing regimen testing
dose levels from 125 to 4000 mg/kg bw. Animals were treated orally by gavage at a dose volume of
10 ml/kg bw. Animals were observed for 1 hour following treatment and at hourly intervals on day 1
and twice daily thereafter. Body weights were recorded on days 1, 7 and 14. Necropsy was performed
on all animals.
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The most common symptoms were signs of daze (males and females), weakness (males and
females) and ataxia (females only) at all dose levels. Less common were exophthalmus and lacrima-
tion, also found to occur at all dose levels in both males and females. At higher dose levels, animals
showed signs of decreasing respiratory rate and laboured breathing. First onset of symptoms occurred
by 9—10 minutes after dosing in the 800 mg/kg bw dose group. The longest duration of symptoms
was 96 hours in the 320 mg/kg bw male group and 110 hours in the 500 mg/kg bw female group. Re-
covery was complete in all groups by 120 hours. There were no differences in terminal body weights
between the control and treated groups. There were no significant treatment-related effects noted at
necropsy in surviving and decedent animals. The oral median lethal doses (LD, for cyproconazole
in mice were 200 mg/kg bw for males and 218 mg/kg bw for females (Hamburger et al., 1984b).

Groups of male young adult CD-1 mice (five per dose) were given cyproconazole (purity
96.2%) as a single dose of 0, 100, 160, 250 or 400 mg/kg bw by gavage in deionized water. Animals
were treated orally by gavage at a dose volume of 10 ml/kg bw. Animals were observed for 1 hour
following treatment and at hourly intervals for the first 7 hours on day 1. On the following 12 days,
observations were done twice a day. Body weights were recorded on days 1, 7 and 14. Necropsy was
performed on all animals.

Earliest onset of lethality occurred 39 hours after dosing in the 400 mg/kg bw group. The most
common symptoms were weakness, dizziness, decreased movement, flaccidity, ataxia, and laboured
and decreased respiration. The first onset of symptoms was noted after 41 minutes post-dosing in the
400 mg/kg bw group. The longest duration of symptoms lasted 72 hours in the 250 mg/kg bw group.
Recovery was complete in the survivors of all groups by 96 hours. Gross pathology at necropsy did
not reveal any particular findings in any organ or tissue, except for the livers of dead animals, which
were partly autolytic. Histopathology revealed no clear signs of liver toxicity except for cytoplasmic
vacuolation found in two animals of the 160 and 250 mg/kg bw groups, respectively. The oral LD,
for cyproconazole in male mice was 270 mg/kg bw (Hamburger, 1987).

Rats

Groups of male and female young adult Han Wistar rats (five of each sex per dose) were
given cyproconazole (purity 95.7%) as a single dose of 200—6400 mg/kg bw for males and 200—
8000 mg/kg bw for females by gavage in DMSO. Animals were observed for mortality and clinical
signs at 1-hour intervals for the first day and twice daily thereafter for 13 days. Body weights were
recorded on days 0, 7 and 14. A gross necropsy was performed on all animals.

No treatment-related effects on body weight were observed, except for reduced body weights
in the 500 mg/kg bw females in the first 7 days. The most common symptoms were signs of daze
(males and females), weakness (males and females) and ataxia (females only) at all dose levels. Less
common were exophthalmus and lacrimation, also found to occur at all dose levels in both males
and females. At higher dose levels, animals showed signs of decreasing respiratory rate and laboured
breathing. First onset of symptoms occurred within 1 hour after dosing in all male groups and at
500 mg/kg bw and higher in females. Recovery of survivors occurred within 48—96 hours at lower
doses and by 12 days at higher doses. Gross pathology at necropsy did not show any particular find-
ings in any organ or tissue in decedents or in surviving animals. The oral LD, s of cyproconazole in
rats were 1115 mg/kg bw for males and 1342 mg/kg bw for females (Hamburger et al., 1984a). The
combined oral LD for both sexes was 1290 mg/kg bw (Hamburger, 1988).

In a second study, fasted female young adult Sprague-Dawley rats (1-3 animals per dose) were
given cyproconazole (purity 98.2%) as a single dose ranging from 110 to 1100 mg/kg bw by gavage
in 1% weight per weight (w/w) solution of CMC in distilled water using the up-and-down procedure.
Animals were observed for mortality and clinical signs within the first several hours after dosing and
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at least once daily thereafter for up to 14 days. Body weights were recorded on days 0, 7 and 14. A
gross necropsy was performed on all animals.

No treatment-related effects on body weight were observed. No treatment-related effects were
observed in females (two) treated at 110 mg/kg bw. Two animals at 350 mg/kg bw and one animal
at 1100 mg/kg bw died following signs of toxicity (including hypoactivity, abnormal posture and re-
duced faecal volume). The necropsy of the rats in the 110 mg/kg bw treatment group was unremark-
able. Gross necropsy of the decedents in the 350 and 1100 mg/kg bw cyproconazole treatment groups
revealed discoloration of the intestines. The acute oral LD, of cyproconazole was estimated to be
350 mg/kg bw in female rats, with a 95% confidence interval of 58.05—-1430 mg/kg bw (Durando,
2005a).

Rabbits

Groups of fasted female New Zealand White rabbits (five animals per dose; two animals at the
top dose) were given cyproconazole (purity 95.6%) as a single dose (0, 320, 500, 640 or 800 mg/kg
bw) by gavage in 4% w/w solution of CMC in distilled water. Animals were observed for mortality
and clinical signs at hourly intervals on the first day after dosing and twice daily thereafter for up to
14 days. Body weights were recorded on days 1, 7 and 14. A gross necropsy was performed on all
animals.

The most common clinical signs were weakness, daze, prone position (on side), decreased
movement, flaccidity, ataxia, and laboured and decreased respiration. The first onset of symptoms
occurred 3 hours after dosing in the 640 mg/kg bw group. The longest duration of symptoms was
384 hours in the 500 mg/kg bw group. Recovery was complete in survivors of all groups by 408 hours.
All surviving animals from the low dose had gained body weight at the termination of the study. All
other animals lost body weight. Gross pathology did not show any particular findings in any organ or
tissue at necropsy. The acute oral LD, of cyproconazole was estimated to be 460 mg/kg bw in female
rabbits (Hamburger, Gerber & Klotzsche, 1985a).

(b)  Dermal application

Rats

Five male and five female young adult Han Wistar rats were exposed dermally to cyproconazole
(purity 95.7%) at 2000 mg/kg bw applied to a shaved dorsal area representing about 10% of the body
surface at a dose volume of 4 ml/kg bw (of a 50% solution in DMSO). The treated area was covered
by porous gauze and attached by tape. The treated site was rinsed with water and soap 24 hours after
the treatment. Teflon collars were placed around the neck of the animals to prevent ingestion of the
test material. Animals were observed for mortality and clinical signs at hourly intervals on the first
day after dosing and twice daily thereafter for up to 14 days. Body weights were recorded on days 1,
7 and 14. A gross necropsy was performed on all animals.

No mortality occurred following dermal application of cyproconazole at a dose of 2000 mg/kg bw
for 24 hours. Body weight gain was slightly retarded during the first week in males, whereas all females
lost weight. Body weight development of both sexes recovered at least partly during the second week
after treatment. No clinical signs of toxicity were observed in the study, except that all animals showed
signs of weakness for 1-2 days after treatment. Necropsy revealed no abnormal changes. The dermal
LD, of cyproconazole in rats was greater than 2000 mg/kg bw for males and females (Hamburger et
al., 1984c).

In another acute dermal toxicity study, young adult Sprague-Dawley rats (five males and five
females) were dermally exposed to cyproconazole (purity 98.2%) as a dry paste (70% w/w mixture
in distilled water) for a single 24-hour application to approximately 10% of the body surface area at
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a limit dose of 2000 mg/kg bw. All animals were observed for mortality, signs of gross toxicity and
behavioural changes during the first several hours after application and at least once daily for 14 days
after dosing. Body weights were recorded on days 1, 7 and 14 (termination) following dosing.

No treatment-related effects were seen on mortality, clinical signs, body weights, irritation
or gross necropsy findings. The acute dermal LD, of cyproconazole technical was greater than
2000 mg/kg bw in male and female rats (Durando, 2005b).

Rabbits

Five male and five female young adult New Zealand White rabbits were exposed dermally to
cyproconazole (purity 95.6%) at 2000 mg/kg bw applied to approximately 10% of the (shaved) intact
body surface area, moistened with a 0.9% sodium chloride solution at 3 ml/kg bw. The test substance
was maintained in contact with the skin for 24 hours using a porous gauze and attached by tape at
the edges. The rabbits were observed for 14 days. Animals were observed for mortality and clinical
signs first after 2 hours from dosing and then every hour on the first day and twice daily thereafter
for 14 days. Body weights were recorded on days 1, 2, 3, 4, 6, 8, 10 and 14. A gross necropsy was
performed on all animals.

No treatment-related effects were seen on mortality, clinical signs, irritation or gross necropsy
findings. Body weight gain was reduced in males up to day 3 post-dosing, whereas females lost
weight over the course of the first 4 days. Body weight for both sexes partially recovered during the
remainder of the study. The dermal LD of cyproconazole in rabbits was greater than 2000 mg/kg bw
for males and females (Hamburger & Klotzsche, 1985).

(¢)  Exposure by inhalation

Rats

Groups of five male and five female young adult Han Wistar rats were exposed by nose only
to cyproconazole (purity 95.0%) for 4 hours at a concentration of 2606 or 5645 mg/m?>. Rats were
observed for 14 days. The actual concentration of cyproconazole in the chamber was determined
gravimetrically. The animals were observed for clinical signs of toxicity 4 times during the first day
and daily thereafter. Individual body weights were recorded at day 1 (pretest), day 8 and day 15 of
the test. A necropsy was performed on all animals. The following histopathology was done on the
high-dose animals: nasal cavity, lungs with mainstream bronchi, liver, kidneys, adrenal glands and all
gross lesions. For the low-dose animals, only gross lesions were examined.

The measured concentrations were within the acceptable range (2492-2710 mg/m?® and 5490—
5802 mg/m® at the low and high doses, respectively). The mean particle size distribution observed
was approximately 41% and 61% in the range of 1-5 um for the low and high doses, respectively.

No animals died during the study. Slight sedation, dyspnoea and ruffled fur were observed in
all animals 4 hours post-dosing. All rats had recovered completely 24 hours after initiation of expo-
sure. Body weight development was not affected by treatment. No treatment-related macroscopic or
microscopic findings were observed. Under the study conditions utilized, it can be concluded that the
inhalation LC,, of cyproconazole at 4 hours in rats was higher than 5645 mg/m?* air (5.65 mg/1 air)
(Ullmann, 1985).

In another acute inhalation study, groups of five male and five female young adult Sprague-
Dawley rats were exposed by nose only to cyproconazole (purity 98.7%) for 4 hours at a concentra-
tion of 2.03 mg/l. Chamber concentration and particle size were determined periodically. Following
exposure, the animals were retained without treatment for 14 days. All animals were observed for
mortality, signs of gross toxicity and behavioural changes at least once daily for 14 days after dosing
or until death occurred. Body weights were recorded prior to administration and again on days 7 and
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14 (termination) following dosing or after death. At the end of the scheduled period, the animals were
killed and subjected to a gross postmortem examination.

Atmospheres generated had mean aerodynamic particle sizes of 3.0-3.1 um, with a geometric
standard deviation of 1.90.

There were no treatment-related effects on mortality, clinical signs, body weights or necrop-
sy findings. Under the study conditions utilized, it can be concluded that the inhalation LC, of
cyproconazole at 4 hours in male and female rats was greater than 2.03 mg/l (Durando, 2005c).

(d)  Dermal irritation

In a study of primary dermal irritation, three male young adult New Zealand White rabbits were
dermally exposed to 1.0 ml of cyproconazole (purity 94.4%) applied to a 6 cm? gauze pad covered with
plastic. The test material was in contact with the skin for 4 hours. The adjacent skin area served as the
control. Dermal irritation was scored according to the “Method of testing primary irritant substances”
(Code of Federal Regulations Title 16, Section 1500.41) after 30 minutes and then daily for 3 days.

No irritation was observed on any rabbits following application of cyproconazole. Under the
conditions of this study, it is concluded that cyproconazole is non-irritating to the skin of rabbits
(Hamburger, Gerber & Klotzsche, 1985b).

In another study of primary dermal irritation, one female and two male young adult New Zea-
land White rabbits were dermally exposed to 0.5 g of cyproconazole (purity 98.2%) as a dry paste
(70% w/w mixture in distilled water) for a single 4-hour application to one 6 cm? intact site on each
animal. Dermal irritation was scored according to the Draize method after 60 minutes and then daily
for 3 days.

One hour after patch removal, very slight erythema was noted for all three treated dose sites.
All animals were free from dermal irritation within 24 hours. Under the conditions of this study, it is
concluded that cyproconazole is slightly irritating to the skin of rabbits (Durando, 2005d).

(e)  Ocular irritation

In a study of primary eye irritation, 100 mg of cyproconazole (purity 94.4%) was instilled into
the conjunctival sac of one eye of each of three male New Zealand White rabbits. The eyes were not
washed. Irritation was scored by the method of Draize at 0.5 hour and 1, 2 and 3 days after exposure.

Slight redness (grade 1) of the conjunctivae was noted 0.5 hour after treatment. No other find-
ings were noted thereafter. Under the conditions of this study, it is concluded that cyproconazole is
non-irritating to the eyes of rabbits (Hamburger, Gerber & Klotzsche, 1985¢c).

In another study of primary eye irritation, 0.1 ml (0.06 g) of cyproconazole (purity 98.2%) was
instilled into the conjunctival sac of one eye of each of three New Zealand White rabbits (one male
and two females). The eyes were not washed. Irritation was scored by the method of Draize at 1 hour
and 1, 2 and 3 days after exposure.

Within 1 hour after test substance instillation, “positive” iritis and conjunctivitis were noted for
all three treated eyes. The mean severity of irritation scores were 15.0, 4.0, 1.3 and 0.0 at 1, 24, 48
and 72 hours post-instillation. The overall incidence and severity of irritation decreased with time.
Under the conditions of this study, it is concluded that cyproconazole is mildly irritating to the eyes
of rabbits (Durando, 2005¢).

()  Dermal sensitization

In a study of dermal sensitization with cyproconazole (purity 95.6%), young female Ibm: GOHI
(Himalayan spotted) SPF guinea-pigs were tested using the maximization method of Magnusson &
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Kligman. For the main study, 10 female guinea-pigs were assigned to a control group, and 20 to the
treatment group. In this study, the test concentrations chosen were 5% for intradermal induction and
25% for epidermal induction and challenge. DMSO was used as the vehicle. Skin reactions at the
challenge sites were observed at 24 and 48 hours after challenge applications and graded according
to the Draize scoring scale. Body weights were recorded at the start and end of the test. A positive
control group with 2-mercaptobenzothiazol was included for a sensitivity check of the guinea-pig
strain.

Epidermal induction caused grade 1 erythema in 8 of 20 animals and in 2 of 20 animals after
24 and 48 hours, respectively. No positive reactions were evident at the application site in any of the
animals following 24 and 48 hours after challenge application. No toxic symptoms were evident in
the guinea-pigs of the control or test group. Under the study conditions utilized, cyproconazole is
considered as non-sensitizing in this maximization test (Arcelin, 1992).

In another study of dermal sensitization with cyproconazole (purity 98.2%), male and female
young adult Dunkin-Hartley guinea-pigs were tested using the method of Buehler. Ten animals were
used in the controls, and 20 animals in the test group. For the main study, the concentration of the test
substance was 75% (w/w) in a 1% w/w solution of CMC for three weekly inductions and the challenge
exposures. Results of the pilot study determined that a 75% test substance concentration was the high-
est concentration that caused no skin irritation. Once each week for 3 weeks, 0.4 g of the test substance
in vehicle formulation was applied to the left side of each animal using an occlusive 25 mm Hill Top
Chamber. The chambers were applied to the test sites on the left shoulder and secured by a bandage.
After 6 hours, the bandage and chambers were removed, and the test sites were cleaned. Approximately
24 and 48 hours after each induction application, skin reactions were scored using the Draize method.
Similarly, the challenge phase was conducted 27 days after the first induction dose. Body weights were
recorded prior to the initial induction and again the day after the challenge application.

Following challenge of previously induced guinea-pigs with a 75% w/w mixture of cyproco-
nazole technical in 1% w/w aqueous CMC, very faint erythema (0.5) was noted for 5 of 20 test sites
24 hours after challenge. Irritation cleared from all affected sites by 48 hours. Following challenge of
naive controls with a 75% w/w mixture of cyproconazole technical in 1% w/w aqueous CMC, very
faint erythema (0.5) was noted for 3 of 10 naive control sites 24 hours after challenge application.
Irritation cleared from all affected sites by 48 hours. The positive response observed in the histori-
cal positive control validation study with a-hexylcinnamaldehyde technical validates the test system
used in this study. There were no treatment-related effects on body weight during the study. Under the
study conditions utilized, it is concluded that cyproconazole is not a skin sensitizer in guinea-pigs as
determined by the Buehler method (Durando, 2005f).

2.2 Short-term studies of toxicity

(a)  Oral administration

Mice

In an oral study of toxicity in mice, cyproconazole (purity 95.6%) was administered to 10 CD-1
(Swiss origin) mice of each sex per dose at dietary concentrations of 0, 5, 15, 300 or 600 ppm (equiv-
alent to 0, 0.7, 2.2, 43.8 or 88.7 mg/kg bw per day for males and 0, 1.0, 3.2, 70.2 or 128.2 mg/kg bw
per day for females, respectively) for 13 weeks. The test concentrations were confirmed analytically;
almost all mean measured concentrations of the test diets were within £15% of nominal. Mortality
and clinical signs were checked twice daily (once daily on holidays and weekends). Body weights and
feed consumption were recorded weekly, including day 1. All animals were subjected to a detailed
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gross pathological examination. Organs were collected, weighed and prepared for histopathology in
accordance with OECD guidelines.

The study authors stated that there were no treatment-related clinical signs. Clinical signs were
not summarized in tables or reported for individual animals. There was no treatment-related mortal-
ity. One high-dose male was killed in a handling accident during week 4; all of the other animals
survived until terminal sacrifice. At 600 ppm, feed consumption was significantly decreased in fe-
males during week 1 (18%; P < 0.01), and overall average weekly feed consumption was decreased
by 10% (not significant). Feed consumption was decreased, but not significantly, in 600 ppm males
throughout the study. Body weight gain in treated male mice was reduced in the two highest dose
groups throughout the entire treatment period, resulting in terminal body weights that were 9.5% and
11% below those of controls for the 300 and the 600 ppm groups, respectively (Table 15). In female
mice, body weight gain was below control values at the high dose. Terminal body weight of this
group was 7.4% less than that of the control group. A less marked effect was also seen in 300 ppm
females. Males and females in the 600 ppm group had mean body weight losses during the first week
of treatment, whereas controls gained weight (males: —1.2 g vs +1.0 g; females: —0.2 g vs +0.7 g for
controls). No growth or very little growth was observed after week 8 in either sex administered the
300 or 600 ppm diets. Increases in feed conversion ratios (feed consumed per unit weight gain) were
observed in males and females, but not in a dose-related manner.

Absolute liver weights in the 300 and 600 ppm males and females were increased by 46%
and 79%, respectively, for males and by 63% and 100%, respectively, for females. Relative (to body
weight) liver weights were significantly increased by 63% and 104%, respectively, for males and
by 73% and 124%, respectively, for females. Relative spleen weights were statistically significantly
increased in males at 300 ppm (0.32 vs 0.22 in controls) and 600 ppm (0.33 vs 0.22 in controls) (an
increase of about 48—50% compared with controls). Gross findings included enlarged liver in 2 of
10 males at 600 ppm (0/10 controls) and accentuated lobular pattern in the liver in 5 of 10 males at
600 ppm (2/10 controls) and 9 of 10 females at 600 ppm (1/10 controls). Histopathological changes
included single-cell hepatocyte necrosis in 2 of 10 males and 3 of 10 females at 300 ppm and in 5 of
10 males and 7 of 10 females at 600 ppm; periacinar hepatocytic vacuolation in 4 of 10 males and 10
of 10 females at 600 ppm; periacinar hepatocytic eosinophilia in 7 of 10 males at 300 ppm and 8 of
10 males at 600 ppm; and centriacinar hepatocytic eosinophilia in 6 of 10 males and 8 of 10 females
at 600 ppm. None of these lesions were observed in male or female controls. The changes in the liver
were considered to be an adaptive response of the body and not adverse.

The lowest-observed-adverse-effect level (LOAEL) for cyproconazole in CD-1 mice was
300 ppm, equal to 43.8 mg/kg bw per day, based on decreased body weight gain in both sexes and
increased relative weight of spleen in males. The no-observed-adverse-effect level (NOAEL) was
15 ppm, equal to 2.2 mg/kg bw per day (Warren, Skinner & Karapally, 1987).

Rats

In a 28-day dose range—finding study of toxicity, groups of 16 male and 16 female Kfm: WIST
rats of Han Wistar origin were given diets containing cyproconazole (purity 95.7%) at a dietary
concentration of 0, 10, 30, 100, 300 or 1000 ppm (equivalent to 0, 0.8, 2.3, 8.1, 25.3 or 96.2 mg/kg
bw per day for males and 0, 0.9, 2.9, 9.8, 31.5 or 127.6 mg/kg bw per day for females, respectively)
for 28 days. Diets were analysed for homogeneity and stability of the test substance prior to study
initiation and at weeks 2 and 4 of the study. Mortality and clinical signs (including neurological, oral
and behavioural inspection) were checked daily. Body weights and feed consumption were recorded
weekly, including day 1. Laboratory investigations were carried out on eight animals of each sex per
group at the end of week 2 and at the end of the treatment period (animals investigated in week 2
were not investigated in week 4). All animals were necropsied, and selected organs were weighed. A
complete macroscopic and microscopic examination was performed.
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Table 15. Body weight gain of male and female mice treated with cyproconazole for 90 days

Sex Treatment Body weight gain (g)*
Weeks 04 Weeks 0-13
Males Control 3.0 6.8
5 ppm 3.7 (+23%) 7.1 (+4%)
15 ppm 3.3 (+10%) 5.9 (-13%)
300 ppm 1.6 (—47%) 3.9 (—43%)
600 ppm 1.4 (=53%) 2.17 (—68%)
Females Control 2.2 3.7
5 ppm 2.3 (+5%) 3.8 (+3%)
15 ppm 2.0 (-9%) 3.0 (—-19%)
300 ppm 1.3 (—41%) 2.9 (—22%)
600 ppm 0.3 (—86%) 2.4 (-35%)

From Warren, Skinner & Karapally (1987)
2 % difference from control shown in parentheses.

No mortality was observed in the study. No clinical signs of toxicity were observed in the study.
Body weights were decreased in high-dose males and females throughout the study. Body weights
were also decreased in males and females in the 300 ppm group during weeks 1 and 2; however,
they were comparable to respective control values at study termination. Body weight gain was also
decreased in high-dose males and females. Feed consumption was not altered in males. The only dif-
ferences from controls were noted in high-dose females, among which feed consumption increased
during weeks 2 (16.7%), 3 (28.7%) and 4 (47.8%). All of these increases were statistically significant,
but they were not consistent with the body weights. A statistically significant increase in the mean
corpuscular haemoglobin concentration (MCHC) was seen in high-dose males at week 2 but not at
week 4. Sporadic changes in haemoglobin, haematocrit, mean corpuscular volume (MCV), white
blood cell counts, lymphocytes and platelets were seen, but the changes were small and of doubt-
ful toxicological significance. Elevated levels of blood urea nitrogen were statistically significant in
high-dose males at both intervals (22—-28% increase) and in high-dose females (25% increase) at 2
weeks. Cholesterol was increased in high-dose females (77%), and an increased trend was evident
in males. Increased alanine aminotransferase (ALT) activity was observed in high-dose males (74%
at 2 weeks and 49% at 4 weeks) and high-dose females at 4 weeks (27%). Lactate dehydrogenase
(LDH) activity was increased in males and females in the 300 and 1000 ppm groups at 2 and 4 weeks,
which was statistically significant. Bilirubin was decreased in males at 300 and 1000 ppm at week 4
and in corresponding females at both intervals, but only the change in high-dose females at week 4
was statistically significant. It is evident from these data that compound-induced clinical chemistry
changes occurred in the 300 and 1000 ppm dose groups. The mean values indicate that there was a
trend towards increased calcium oxalate in dosed males and increased amorphous urate in high-dose
males and females; however, an examination of the individual data showed that these increases were
influenced by sporadic high values and/or abnormally low control values. Therefore, these changes
do not appear to be compound related.

Absolute liver weight in males was increased in a dose-related manner at 100 ppm and above,
reaching statistical significance at the high dose (41.3%). Relative liver weight was significantly
increased at 300 and 1000 ppm (16% and 62%, respectively). In females, absolute liver weight was
increased in a dose-dependent manner at 100 ppm and above and reached statistical significance
in the two highest dose groups (18% and 35%, respectively). The same holds true for the relative
liver weight, which reached significance at 300 and 1000 ppm (15% and 45%, respectively). Tubular
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calcification was observed in the kidneys of females at comparable rates in all groups; no relation-
ship to treatment was apparent. The only obvious treatment-related effects were observed in liver;
increased incidences of vacuoles, attributed to reversible storage, were present in males and females
at 300 ppm and in males at 1000 ppm. Hepatocytomegaly, predominantly centrilobular, was noted in
high-dose males and females. Focal mononuclear hepatitis was present in the same treatment groups,
but the incidence was not dose related. The liver toxicity seen in this study (increased liver weights,
liver-related clinical chemistry parameters and histopathological findings) was considered to be an
adaptive response of the body and not adverse.

Based on the results of this study, the NOAEL was 100 ppm, equal to 8.1 mg/kg bw per day,
based on reduced body weight gain in females, changes in clinical chemistry, organ weight changes
and histopathological findings in the liver seen at the LOAEL of 300 ppm, equal to 25.3 mg/kg bw
per day (Skinner et al., 1985a).

In an oral study of toxicity in rats, cyproconazole (purity 95.7%) was administered for 13 weeks
in the diet to 15 Kfm: WIST rats of Han Wistar origin of each sex per dose in the diet at a dose level
of 0, 20, 80 or 320 ppm (equal to 0, 1.5, 6.4 or 23.8 mg/kg bw per day for males and 0, 1.9, 7.0 or
31.1 mg/kg bw per day for females, respectively). An additional 15 animals of each sex in the control
and high-dose groups were observed for a 4-week recovery following a 13-week dietary exposure to
cyproconazole. Diets were analysed for homogeneity and stability of the test substance prior to study
initiation and at monthly intervals during the study. Mortality and clinical signs (including neurologi-
cal, oral and behavioural inspection) were checked daily. Body weights and feed consumption were
recorded weekly, including on day 1. Laboratory investigations (haematology, chemistry and urinaly-
sis) were carried out on 10 animals of each sex per dose at weeks 4, 8 and 13 and for recovery animals
at weeks 14 and 18. At study termination, all animals were subjected to a detailed gross pathological
examination. Organs were collected, weighed and prepared for histopathology.

The analytical data indicated that the mixing procedure was adequate and that the variation
between nominal and actual dosage to the animals was acceptable (85-101% of the nominal).

There were no mortalities in the study. The only clinical symptom noted in dosed animals was
piloerection, which was observed in males only (8/15 at the middle dose and 14/30 at the high dose).
In males, mean body weight was not affected during the first 8 weeks of treatment (Table 16). A slight
reduction in body weight gain was noted from week 8 until the end of treatment in high-dose males
(—10%; including recovery animals). Body weight gain during recovery was comparable between
control and high-dose males. The body weight of high-dose females was slightly below that of the
control group at the end of treatment (—3.5%; including recovery animals). Body weight gain was
reduced in high-dose females by 14% during the last 5 weeks of treatment. Body weight gain during
recovery was comparable between control and high-dose females. The two lower dose groups were
not affected.

Feed consumption was not affected by treatment except for a slight reduction in week 1 for the
high-dose males of the recovery group but not for the main group. Creatinine levels were increased in
20 and 320 ppm dose group females (P < 0.01) at all intervals during the treatment period and in 20
and 320 ppm dose group males at weeks 8 (P <0.01) and 13 (P <0.01 and P <0.05 for 20 and 320 ppm
dose groups, respectively). Calcium levels were depressed in 20 and 320 ppm dose group females at
week 4 (P < 0.05), in 20 ppm males (P < 0.01) and females (P < 0.05) at week 8 and in 20 ppm (P <
0.01) and 320 ppm males (P < 0.05) and 80 ppm (P < 0.05) and 320 ppm (P < 0.01) females at week
13. A slight increase in creatinine level was also observed in high-dose males of the recovery group at
week 14, but not at week 18. Calcium levels were not affected in animals of the recovery group both
at 14 and at 18 weeks. Sodium levels were significantly higher than those of the controls at week 13
among all males and females receiving 320 ppm. However, at week 4, sodium levels among males
receiving 80 or 320 ppm appeared lower than those of the controls. High-dose animals of the recovery
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Table 16. Body weight gain of control and high-dose animals for selected periods in the first
90-day toxicity study in rats with cyproconazole

Sex Treatment Body weight gain (g)*
Weeks 0—4 Weeks 4-8 Weeks 8-13 Weeks 0-13 Weeks 14-17
Males Control 129 64 49.5 242.5 22
320 ppm 127.5 (-1.2%) 61 (-4.7%) 44.5(-10.1%) 233 (-3.9%) 20 (—9.1%)
Females Control 51 24.5 21.5 97 10
320 ppm 48.5 (—4.9%) 24.5 (-0%) 18.5 (-14.0%) 91.5 (-5.7%) 10 (—0%)

From Skinner et al. (1985b)
* % difference from control shown in parentheses.

group of both sexes showed increased sodium levels at week 14, but not at week 18. The changes in
these clinical parameters are inconsistent from sampling point to sampling point and show no dose—re-
sponse relationship. Values for rats receiving 20 ppm often appeared more disturbed than those for rats
receiving 80 ppm. This absence of a dose-related pattern argues against these changes being a finding
of toxicological significance. However, the disappearance of these changes following a withdrawal
period of 4 weeks may be taken to indicate a substance-related change. A slight elevation of aspartate
aminotransferase (AST) values among females receiving 80 or 320 ppm was noted at week 13. How-
ever, the magnitude of the effect did not reach a level of toxicological significance. Blood urea values
were increased in high-dose males and females of the recovery group only. This effect was found both
at week 14 and at week 18. However, owing to the absence of any effect in the main study group at any
time point, the significance of a constant difference in urea levels among withdrawal group rats during
recovery was obscure. No treatment-related effects on the urinalysis parameters were observed.

No treatment-related lesions were observed during macroscopic examination. Although not
always statistically significant, increases in liver weights (absolute and relative to body weights) were
seen in 80 and 320 ppm males and 320 ppm females. Elevated liver weights were not observed in ani-
mals examined after the recovery period. Vacuolated hepatocytes with single large or several small
predominantly centrilobular vacuoles were present in 6 of 15 males treated at 320 ppm. This repre-
sents reversible lipid storage and is considered to be treatment related. Five males and four females
treated at 320 ppm showed a distinct lobular pattern, probably due to enlarged activated cytoplasm.
This is secondary to increased functional demands and is reversible. There were no treatment-related
liver changes in male or female recovery rats. The liver toxicity seen in this study (increased liver
weights, liver-related clinical chemistry parameters and histopathological findings) was considered
to be an adaptive response of the body and not adverse. No treatment-related changes were observed
in any other tissue or organ.

The NOAEL was 80 ppm, equal to 6.4 mg/kg bw per day. The LOAEL was 320 ppm, equal
to 23.8 mg/kg bw per day, based on slight impairment of body weight gain and increased creatinine
levels. The study authors set a no-observed-effect level (NOEL) at 20 ppm, equal to 1.5 mg/kg bw
per day (Skinner et al., 1985b).

In a second oral study of toxicity in rats, cyproconazole (purity 95.5%) was administered for
13 weeks to 15 Hanlbm: WIST (SPF) Wistar rats of each sex per dose in the diet at a dose level of
0, 20, 350, 700 or 1400 ppm (equivalent to 0, 1.4, 24.7, 52.8 and 106.8 mg/kg bw per day in males
and 0, 1.6, 29.6, 57.3 and 118.1 mg/kg bw per day in females, respectively). Five rats of each sex
per dose were subjected to neuropathological examination and also evaluated in the functional ob-
servational battery (FOB) and for the assessment of motor activity. Diets were prepared at monthly
intervals and stored at room temperature. Stability, homogeneity and dietary concentrations were
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confirmed analytically. All rats were examined twice daily for signs of toxicity and mortality. Body
weight, water consumption and feed consumption were measured weekly. Ophthalmoscopic exami-
nations were performed on all animals prior to initiation of treatment and on all controls and 1400
ppm animals on day 86. Urinalysis parameters were evaluated in all animals at the end of treatment.
FOBs were performed at pretest and at weeks 4, 9 and 13 at about the same time each day and were
always conducted before the assessment of motor activity. Animals were observed in the home cage,
during handling and in an open field. Observations covered the functional domains of central nervous
system activity, central nervous system excitation and sensorimotor, autonomic and physiological
functions. Neurological examinations were performed, including sensorimotor functions (approach,
touch, vision, audition, pain, vestibular), autonomic functions (pupillary reflex, body temperature)
and sensorimotor coordination (grip strength, landing footsplay). At termination, blood was taken for
haematological and clinical chemistry analysis. Animals were then subjected to a gross necropsy, and
organ weights were obtained for selected organs. Histopathological examination of selected tissues
was conducted on all animals. Animals scheduled for neuropathology were deeply anaesthetized with
pentobarbital (supplemented with heparin) and sacrificed by in situ perfusion with neutral buffered
formalin (4%). Appropriate samples of organs and tissues were collected as outlined in the guide-
lines (OECD guideline 408; USEPA Federal Insecticide, Fungicide, and Rodenticide Act guideline
82-1). Processing and microscopic examination of these tissues were done for control and high-dose
animals only.

The analytical data indicated that the mixing procedure was adequate and that the variation
between nominal and actual dosage to the animals was acceptable. The prepared samples were stable
at room temperature.

No treatment-related effect was observed on survival, clinical signs, the FOB, feed consump-
tion ratios, water consumption, the eyes, gross pathology or neuropathology. A minimal, transient
(week 4) decrease in mean rectal temperature in high-dose animals was considered likely to be re-
lated to exposure to the test item, but was not toxicologically significant. Body weights were statisti-
cally significantly decreased throughout treatment in the 700 ppm males (10-14%) and 1400 ppm
males (19-28%) and females (10—18%). Cumulative body weight gains (Table 17) were statistically
significantly decreased throughout the study in the 700 ppm males (15-35%) and 1400 ppm males
(28-69%) and females (17-76%). Cumulative body weight gain was most severely curtailed during
the first week of treatment and progressively became more like that of controls throughout the study.
Body weight was decreased in the 700 ppm females at week 1 (8%), and body weight gain was de-
creased by 31% during the first week. This transient response was not considered adverse. The body
weights and body weight gains of the other treated groups were similar to those of the controls.

At and above 350 ppm, absolute and relative (to body weight) liver weights were increased
(P < 0.05) by 13-55% in both sexes. Increased incidences of liver fatty change in males and liver
hypertrophy in both sexes were observed. Increased incidences of thyroid gland follicular hyper-
trophy were noted in both sexes. Pituitary gland distal lobe hypertrophy was observed in the males.
Additionally, relative (to body weight) spleen weights were decreased (P < 0.05) in the females
by 14-25%, compared with controls. Additional effects were observed on the liver. Increased (P <
0.001) y-glutamyl transpeptidase (GGT) was observed in the 1400 ppm males and in the females at
and above 700 ppm. Additional differences (P <0.01) noted at 1400 ppm included increased ALT and
AST activities in the males, decreased triglyceride levels in the males and increased cholesterol and
globulin levels in the females. Increased (P < 0.05) leukocytes were observed in the groups at and
above 700 ppm. Several types of leukocytes were increased in number in the 700 and/or 1400 ppm
groups, including neutrophils, lymphocytes, monocytes and large unstained cells. Urinary leukocyte
levels were increased (P < 0.05) in the 1400 ppm males. In addition to the increase in relative spleen
weight, spleen congestion was also observed in the females at and above 700 ppm. Additionally,
a decreased incidence of extramedullary haematopoiesis in the spleen was noted in the 1400 ppm
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Table 17. Decrease in cumulative body weight gain in the second 90-day toxicity study in rats
with cyproconazole

Sex Treatment Weeks 0—4 Weeks 4-8 Weeks 8-13 Weeks 0-13

Body % difference Body % difference Body % difference Body % difference
weight from control weight from control weight from control weight from control

gain (g) gain (g) gain (g) gain (g)

Males Control 157.0 — 76.7 — 42.2 — 2759 —
20 ppm 153.1 -2.5 81.4 6.1 433 2.6 277.8 0.7
350ppm 1432 8.8 83.6 9.0 44.8 6.2 2715 -1.6
700 ppm  117.2 254 71.2 -7.2 46.9 11.1 2353 -147
1400 ppm  88.9 —43.4 70.4 -8.2 40.7 -3.6 200.0 275

Females Control 79.9 — 28.2 — 15.9 — 1240 —
20 ppm 78.8 -1.4 31.7 12.4 18.1 13.8 128.6 3.7
350 ppm  69.3 -13.3 31.5 11.7 19.2 20.8 1200 32
700 ppm  69.8 -12.6 28.5 1.1 16.8 5.7 115.1 =72
1400 ppm  59.7 -253 25.8 -85 17.9 12.6 103.3  -16.7

From Gerspach (1999)

group. Increased incidences of the following microscopic lesions were also observed: 1) fatty change
in the adrenal cortex in males at and above 700 ppm; 2) single-cell necrosis in the adrenal gland cor-
tex in females at and above 700 ppm; 3) ceroid deposition in the adrenal gland cortex in females at
and above 700 ppm; and 4) renal haemosiderosis in the 1400 ppm males and in females at and above
700 ppm. The liver toxicity seen in this study (increased liver weights, liver-related clinical chemistry
parameters and histopathological findings) was considered to be an adaptive response of the body
and not adverse.

The NOAEL was 20 ppm, equivalent to 1.4 mg/kg bw per day. The LOAEL was 350 ppm,
equivalent to 24.7 mg/kg bw per day, based on decreased body weight gains (Gerspach, 1999).

When the results of the two dietary studies of toxicity were combined, an overall NOAEL of
80 ppm, equal to 6.4 mg/kg bw per day, was established, based on decreased body weight gains seen
at the LOAEL of 320 ppm, equal to 23.8 mg/kg bw per day and above.

Dogs

In a 90-day study of toxicity, groups of four male and four female Beagle dogs were given
diets containing cyproconazole (purity 95.6%) at a concentration of 0, 20, 100 or 500 ppm (equal to
0, 0.8, 4.0 or 18.2 mg/kg bw per day for males and 0, 0.7, 3.3 or 19.2 mg/kg bw per day for females,
respectively) for 13 weeks. The dogs were inspected twice per day for mortality, moribundity and
clinical signs. Eyes of the controls and 500 ppm dose groups were examined prior to dosing and at
termination. Body weights were recorded weekly. Feed consumption was measured twice weekly
and calculated on a weekly basis. Blood for measurement of haematological and clinical chemistry
parameters was collected from all dogs before the test and after 4, 8 and 13 weeks of treatment. Uri-
nalysis was conducted 2 weeks prior to the initiation of the study and at weeks 4, 8 and 13. At the end
of the study, a complete gross postmortem examination was done. Selected organs were weighed, and
a comprehensive range of tissues was preserved and examined microscopically.

The prepared diets were stored at 3—5 °C. Stability of the test material was analysed prior
to commencement of feeding and at monthly intervals thereafter. The mean concentrations of
cyproconazole in the diets (weeks 1, 4, 8 and 13) were within acceptable limits (£15% of nominal).
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All dogs survived until the scheduled terminal sacrifice. The investigators indicated that “slack
muscle tone” was observed in all animals at 500 ppm. This change was first observed in week 1, and
all dogs were affected after 2 weeks of treatment. This effect persisted until the end of the study in
three of four males and two of four females. No other relevant clinical changes were noted. No le-
sions were reported during ophthalmoscopic examination. Body weight gain was inhibited in males
and females at 500 ppm. Mean terminal body weights of dogs in this group were 11% and 9% for
males and females, respectively, relative to corresponding control weights. Body weight gain was
more pronounced in male dogs of the 500 ppm dose group in the first 6 weeks of the study (—64%
of the controls) (Table 18). In 500 ppm dose males, feed consumption was slightly lower throughout
the study: 19% lower during the first 6 weeks and 11% lower during the last 7 weeks, in comparison
with controls.

Increased platelet counts were observed in 500 ppm dose males and females only. These counts
exceeded control as well as baseline values at all post-treatment intervals. Haematological analysis
revealed a reduction in red blood cell parameters (haemoglobin, haematocrit and red blood cells) at
the study initiation. This reduction progressed to a greater than 7% reduction by week 13 in males
of the 500 ppm dose group. Similarly, females of the 500 ppm dose group showed a reduction in
red blood cell parameters, but not as great as those observed in 500 ppm males. Changes in clinical
chemistry parameters observed in 500 ppm dose dogs that appeared to be treatment related included
decreases in levels of bilirubin, total cholesterol, high-density lipoprotein (HDL; HDL cholesterol),
triglycerides, total protein and albumin and increases in alkaline phosphatase and GGT activities.
Other fluctuations noted in 500 ppm dose animals that did not appear to be related to treatment be-
cause they were not dose related or were comparable to baseline values included increases in creati-
nine, ALT, creatine phosphokinase, glutamate dehydrogenase, cortisol and testosterone levels, as well
as decreases in calcium and inorganic phosphorus levels.

Although not always statistically significant, the noted treatment-related changes were observed
in both sexes at the 4-, 8- and 13-week intervals, with the exception of decreased cholesterol (total
and HDL) levels, observed at weeks 8 and 13 (only intervals for measurement), and increased GGT
activity at week 13 (measured at weeks —1, 0 and 13). There were no noted changes in the investi-
gated urinary parameters indicative of a compound-related effect. Absolute and relative liver weights
of males and females of the 500 ppm dose group and males of the 100 ppm group were higher than
those of the controls; statistical significance was achieved among 500 ppm animals only. Absolute
and relative brain weights of 500 ppm females were slightly increased compared with control values.
This difference was minimal in degree and, in the absence of a similar effect among male dogs, is
not considered to represent an effect of toxicological significance. Macroscopic examination did not
reveal treatment-related changes. The only microscopic changes that appeared to be related to treat-
ment were observed in the liver of males and females of the 100 and 500 ppm dose groups. Hepato-
cytomegaly occurred at a frequency of two of four for both males and females at 100 ppm and to a
mild or moderate degree in four of four males and females at 500 ppm. Also, degeneration of single
hepatocytes and cytoplasmic inclusions were each observed at a rate of one of four at the 500 ppm
dose in both males and females. Other noted changes occurred sporadically or were observed at
comparable frequencies between groups and could not conclusively be associated with treatment.

In summary, treatment at 500 ppm caused retardation of body weight gain and well-defined
hepatotoxicity. At 500 ppm, there were clear changes in clinical chemistry parameters (levels of bi-
lirubin, cholesterol, albumin, etc.) as well as a significant increase in the number of platelets. These
changes in clinical chemistry parameters can possibly be associated with interference with the adren-
ocorticosteroid synthesis pathway, as similarly observed in a previous 3-month feeding study in the
rat (Gerspach, 1999). However, histological examination revealed no changes in the adrenal gland.
A number of these changes have also been associated with toxic effects on the liver and, due to their
slight recovery over the study progression, indicate a reversible response. Furthermore, histological
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Table 18. Body weight gain of male and female dogs in a 90-day toxicity study with
cyproconazole

Sex Treatment Body weight gain (kg)*
Weeks 0-6 Weeks 0-13
Males Control 1.4 2.1
20 ppm 1.4 (0%) 2.4 (+14%)
100 ppm 1.6 (+14%) 2.4 (+14%)
500 ppm 0.5 (—64%) 1.4 (-33%)
Females Control 0.7 1.2
20 ppm 1.0 (+43%) 1.9 (+58%)
100 ppm 0.7 (0%) 1.3 (+8%)
500 ppm 0.3 (-57%) 0.5 (—58%)

From Warren et al. (1986)
* % difference from control shown in parentheses.

analysis of dogs receiving 100 ppm over a 52-week treatment period (Warren et al., 1988a) revealed
similar and less severe histopathological findings in one male dog only, further indicating that this is
an adaptive response. The increased liver weight and histological analysis demonstrate that at doses
above 100 ppm, this adaptive response degenerates into a toxic effect with the manifestation of in-
creased hepatomegaly and single-cell death, which are consistent with initiation of liver damage due
to exposure to cyproconazole.

The NOAEL was 100 ppm, equal to 3.3 mg/kg bw per day, based on decreased body weight
gain and increased alkaline phosphatase activity seen at the LOAEL of 500 ppm, equal to 18.2 mg/kg
bw per day. The study authors set a NOEL of 20 ppm, equal to 0.7 mg/kg bw per day (Warren et al.,
1986).

In a 1-year study of oral toxicity, groups of four male and four female Beagle dogs were given
diets (dietary admixture) containing cyproconazole (purity 95.6%) at a concentration of 0, 30, 100 or
350 ppm (equal to 0, 1.0, 3.2 or 12.1 mg/kg bw per day for males and 0, 1.0, 3.2 or 12.6 mg/kg bw
per day for females, respectively) for 53 weeks. The dogs were inspected twice per day for mortality,
moribundity and clinical signs, except for weekends and holidays (checked once per day). Eyes of
the control and 350 ppm dose groups were examined prior to dosing and at termination. Body weight
and feed consumption were recorded weekly. Blood for measurement of haematological and clinical
chemistry parameters was collected from all dogs before the test (—2 weeks and —1 week) and during
treatment at 3, 6 and 9 months as well as at termination. Urinalysis was conducted 2 weeks prior to
the initiation of the study and at 3, 6 and 9 months during treatment and at termination. At the end of
the study, a complete gross postmortem examination was done. Selected organs were weighed, and a
comprehensive range of tissues was preserved and examined microscopically. Samples of livers from
all dogs were analysed for cytochrome P450 (CYP) content, GSH content, glutathione S-transferase
(GST) activity and p-aminophenol hydroxylase activity.

The prepared diets were stored in a refrigerator at 4 °C. Stability and homogeneity of the diets
were analysed. Analysis of the diets provided indicates that the test substance was homogeneously
distributed in the diets and the measured concentrations were within the acceptable range of target
concentrations.

There were no deaths or unscheduled sacrifices during the study. Subdued behaviour (during
weeks 4-8) and lower body weight gain (during the first 4 weeks) were observed in one high-dose
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female. Feed consumption also tended to be low in this animal up to week 10. Thereafter, this ani-
mal displayed behaviour comparable that of the other dogs. One 100 ppm female displayed subdued
behaviour, with body weight loss and low feed consumption during week 2. One high-dose female
failed to come into heat during the study, and terminal histological examination revealed immature
ovaries. Body weight gain for the high-dose males was decreased during the first few weeks of the
study; the decrease was greatest at week 9 (25% of the controls) and became comparable to that of
controls thereafter (Table 19). Males in the 100 ppm dose group showed slightly increased body
weights. Over the study, treated males had higher feed consumption compared with controls. There
were no effects of treatment on feed consumption except that a few individuals showed slightly
diminished values at the beginning of the treatment.

There were no treatment-related ocular changes in either sex. Increased platelet counts were
observed in the high-dose animals throughout the study. Marginal changes in the platelets were also
observed in the males at 100 ppm at various sampling points; however, there was no clear effect of the
treatment. No effects on prothrombin time were observed in the 100 ppm and 350 ppm dose group
animals at week 48, even though the platelet counts were increased. A tendency to depressed levels
of bilirubin (never achieved statistical significance), cholesterol (statistically significant in males and
females at weeks 13 and 38, in females at week 51), total protein (statistically significant in males
and females at week 13 and in males at weeks 25 and 38) and albumin (statistically significant in both
sexes at all time points) was noted at 350 ppm. The minimal depression of bilirubin levels in males
receiving 100 ppm at week 25 is considered to be of no biological relevance, as the bilirubin level in
males receiving the high dose on this occasion was comparable to that of controls. Triglyceride lev-
els were lower in females receiving 350 ppm throughout the study (statistically significant at weeks
13 and 38). In males of this group, a depression in triglyceride levels was seen only at week 13 (not
significant). Triglyceride levels of males in the middle-dose group were marginally depressed at week
13. Calcium levels among males and females of the high-dose group were lower than those of con-
trols; statistical significance was achieved in males and females at week 13 and in males at week 25.
Alkaline phosphatase values in males and females of the high-dose group were markedly higher than
those of the controls throughout the study, achieving statistical significance at week 13 (females only)
and at weeks 25, 38 and 51 (males and females). The reduced calcium levels were not accompanied
by any bone abnormalities; therefore, they were not considered to be toxicologically relevant. Alka-
line phosphatase levels were non-significantly increased in females (from the start of treatment) of
the middle-dose group. Glutamate dehydrogenase activities were also slightly elevated in high-dose
males and females, achieving statistical significance at one occasion only (in males only, at week 25).
ALT activities of only one male dog of the high-dose group appeared to be elevated throughout the
study, but no other dog of this group appeared affected until week 51, when the mean for this group
became significantly higher than that of the controls. There were sporadic statistically significant
alterations in a few urinary parameters compared with control values, but none could be attributed
to the treatment. The pH of the high-dose males was more alkaline than the control value at weeks
12, 25 and 38, but statistical significance was not attained. The CYP content in the liver showed a
statistically significant increase at 100 ppm in female dogs and at 350 ppm in both sexes. In contrast,
the results obtained from measurements of p-aminophenol hydroxylase activities (marker enzyme
for cytochrome P448 induction) indicate no induction at any dose level. Therefore, cyproconazole is
considered to be a CYP inducer and is not associated with cytochrome P448. Analysis of GSH levels
displayed a reduction across all dose levels, without a dose—response relationship, significant at 30
and 100 ppm in males and at 100 ppm in females, in comparison with control values.

The livers of two males of the high-dose group appeared enlarged, with pronounced lobular
patterning. No other macroscopic findings considered to be treatment related were observed. Abso-
lute and relative liver weights of male dogs showed a dose-related increase; however, only those of
animals treated at 350 ppm were statistically significantly increased. A minor, non-significant effect
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Table 19. Body weight gain of male and female dogs treated with cyproconazole for 1 year

Sex Treatment Body weight gain (kg)*
Weeks 0-9 Weeks 0-52
Males Control 1.9 34
30 ppm 1.9 (0%) 5.3 (+56%)
100 ppm 2.1 (+11%) 4.5 (+32%)
350 ppm 1.4 (—26%) 3.7 (+9%)
Females Control 1.0 2.3
30 ppm 0.8 (—20%) 2.0 (-13%)
100 ppm 1.5 (+50%) 3.2 (+39%)
350 ppm 0.8 (—20%) 1.8 (—22%)

From Warren et al. (1988a)
* % difference from control shown in parentheses.

on liver weights of females was seen. Minimally increased relative weights were observed for kidney
and pituitary of high-dose dogs, without achieving statistical significance. However, there was no
clear treatment-related trend with respect to the kidney and pituitary, and, in the absence of corrobo-
rative evidence, these apparent findings are considered to be of dubious toxicological significance.
The liver was shown to be the target organ. The most prominent findings were laminar eosinophilic
intrahepatocytic bodies, present in all male and two female dogs treated with 350 ppm and in one
male of the 100 ppm group. These bodies are thought to be associated with hypertrophy of the en-
doplasmic reticulum, which is an adaptive change allowing increased metabolism of xenobiotics.
The presence of large masses of endoplasmic reticulum will result in increased liver size and weight.
Canalicular bile plugs were found in two males of the 350 ppm group. The liver toxicity seen in
this study (increased liver weights, liver-related clinical chemistry parameters and histopathologi-
cal findings) was considered to be an adaptive response of the body and not adverse. An increase
in intrahepatocytic pigment was also apparently related to treatment in male dogs (one at 100 ppm
and three at 350 ppm), but not in females. These findings may reflect a slight degree of intrahepatic
cholestasis, which is supported by the increased alkaline phosphatase activity. Occasional occurrence
of changes in other tissues, which are considered not to be treatment related, included immaturity of
the ovaries in one female of the 350 ppm group, degeneration of the testicular germinal epithelium in
one male of the 100 ppm group, glomerular lipoidosis of kidneys in one male of the 100 ppm group,
unilateral renal aplasia with compensatory hypertrophy of the centrolateral kidney in one female of
the 100 ppm group, perivascular mixed inflammatory cells in the cerebrum and midbrain of one male
of the 350 ppm group and an aggregation of subpendymal plate cells in the midbrain of one male of
the 100 ppm group. Other recorded lesions were those commonly found in Beagle dogs at this age.

The NOAEL is 100 ppm (equal to 3.2 mg/kg bw per day), based on decreased body weight gain
in male dogs seen at the LOAEL of 350 ppm (equal to 12.1 mg/kg bw per day). The study authors set
a NOEL of 30 ppm (equal to 1.0 mg/kg bw per day) (Warren et al., 1988a).

(b)  Dermal application

Rats

In a repeated-dose dermal toxicity study, groups of 10 Hanlbm: WIST (SPF) rats of each sex
per dose received a dermal application of cyproconazole (purity 95.5%) in an aqueous suspension
of 1% CMC and 0.1% Tween 80 at doses of 0, 10, 100 or 1000 mg/kg bw per day, 6 hours per day,
5 days per week, for the first 3 weeks and every day thereafter. Approximately 10% of the total body
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surface area on the back of each rat was clipped free of hair prior to study initiation and as neces-
sary thereafter. The appropriate volume (5 ml/kg bw) of cyproconazole suspension was applied to
the clipped dorsal area and held in contact with the skin with gauze patches. Patches were covered
with aluminium foil and fastened with adhesive tape. After 6 hours, the dressings were removed, and
the treated sites were rinsed with lukewarm water. Dosing solutions were analysed for concentration,
homogeneity and stability of the test substance. Animals were examined for mortality and signs of
toxicity twice daily. Detailed clinical examinations (in the home cage, in a standard arena and dur-
ing handling) were performed pretest and once weekly thereafter. Animals were weighed daily, and
body weights were recorded weekly. Water consumption was measured weekly. Feed consumption
was measured pretest and weekly thereafter. Ophthalmoscopic examination was performed on all rats
before the start of dosing and prior to termination (control and high-dose groups). Urinalysis was
not conducted. At termination of the dosing period, haematological and clinical chemistry determi-
nations were performed, and each animal was examined externally and internally for macroscopic
changes. Selected organs were weighed, and a comprehensive range of tissues was preserved and
examined microscopically.

The concentrations in the dosing solutions were within the acceptable range. The dosing
solutions were homogeneously distributed and were stable at room temperature.

There were no treatment-related deaths, clinical signs of toxicity or clinical signs of irritation
and no biologically significant treatment-related effects on body weight, body weight gain, feed con-
sumption, motor activity or ophthalmoscopic examination. Males and females in the 1000 mg/kg bw
per day group had increases of 36% in haemoglobin distribution width, suggesting anisochromia of
red blood cells. Prothrombin time was also increased in males and females in the 1000 mg/kg bw per
day group by 29% and 32%, respectively, compared with controls. In addition, males and females in
the 1000 mg/kg bw per day group also had increases in monocyte counts of 54% and 34%, respec-
tively, compared with controls. An increase of 88% in large unstained cell counts was noted in 1000
mg/kg bw per day females when compared with controls. Plasma globulin levels were significantly
increased (P < 0.01) in males in the 1000 mg/kg bw per day group by 9% and in females in the 100
and 1000 mg/kg bw per day groups by 8% and 16%, respectively. The albumin to globulin ratio was
significantly decreased (P < 0.01) in males and females in the 1000 mg/kg bw per day group by 13
and 11, respectively. Protein levels were significantly increased (P < 0.05 or P < 0.01) in females in
the 100 and 1000 mg/kg bw per day groups by 5% and 9%, respectively. Cholesterol levels were sig-
nificantly increased (P <0.01) in females in the 100 and 1000 mg/kg bw per day groups by 43% and
39%, respectively. Minor effects were noted in several electrolytes in males and females in the 100
and 1000 mg/kg bw per day groups. There was a significant increase in one hepatic enzyme (ALT)
and a marginal increase in a second hepatic enzyme (AST) in males in the 1000 mg/kg bw per day
group. No treatment-related effects were observed on organ weights except for increased absolute
and relative liver weights in high-dose males (19-25%) and females (26-28%). No treatment-related
macroscopic findings were reported, except for the enlargement of the liver observed in one male and
one female in the 1000 mg/kg bw per day group. There was an increased incidence and/or severity
of acanthosis at the skin application sites in males and females in the 100 and 1000 mg/kg bw per
day groups. There was an increased incidence of centrilobular hepatocellular hypertrophy in males
in the 100 and 1000 mg/kg bw per day groups and in females in the 1000 mg/kg bw per day group.
An increased incidence of haemosiderosis of the spleen was observed in males in the 1000 mg/kg bw
per day group and in females in the 100 and 1000 mg/kg bw per day groups. An increased incidence
of hypertrophy of the thyroid follicular epithelium was observed in males and females in the 100 and
1000 mg/kg bw per day groups. The study author suggested that the hypertrophy of hepatocytes and
thyroid follicular epithelium as well as the higher protein levels and increased enzyme activities are
indicative of adaptive metabolic processes and therefore are not considered as adverse. However,
there appears to be a mild anaemia present, with additional evidence provided by the deposition of
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haemosiderin in the spleen. This would not constitute an adaptive metabolic process. In addition, the
effects on the liver appear to be more extensive than just an adaptive response when there are effects
on protein metabolism and the formation of increased cholesterol.

The LOAEL was 1000 mg/kg bw per day, based on the range of effects observed (haematol-
ogy, clinical chemistry and histopathology) at 1000 mg/kg bw per day. The NOAEL (systemic) was
100 mg/kg bw per day (Sommer, 2000).

(¢)  Exposure by inhalation

Rats

In a 16-day study of toxicity after repeated doses by inhalation, groups of five male and five
female KFM-Han Wistar rats were exposed to cyproconazole (purity 96.2%) via the nose only for
6 hours per day, 5 days per week, for a total of 12 exposures. The nominal dose levels were 0, 0.01,
0.1 and 1.0 mg/l. Mean air flow in the exposure chambers was 1.4 I/min per animal. Recovery dura-
tion after the last exposure was 15 days. Aerosol concentration was determined gravimetrically using
glass fibre filters once pretest and daily thereafter during exposure periods. Particle size distribu-
tion was determined at least once daily in the high dose and in one of the lower doses using a stage
cascade impactor. Oxygen concentration, humidity and temperature in the exposure chamber were
measured daily. The animals were observed twice daily for mortality and once for clinical signs of
toxicity. Feed consumption was recorded weekly, and individual body weights were recorded twice
during the acclimatization period (9 days) and weekly thereafter. Blood samples for haematology and
clinical chemistry were collected from all animals of the control and low-dose groups and from three
males and three females of the mid-dose group on day 17 and from two males and two females of the
mid-dose group following the 15-day recovery period. At termination, each animal was examined ex-
ternally and internally for macroscopic changes. Selected organs were weighed, and a comprehensive
range of tissues was preserved and examined microscopically.

Gravimetric determination of the aerosol concentrations revealed means of 0.017 mg/l (low
dose), 0.099 mg/l (middle dose) and 1.026 mg/l (high dose). Particle size determinations showed
comparable distributions over time and dose. As a mean of all determinations, 90% of the particles
were found to be smaller than 3.0 um.

All animals in the high-dose group either died or were sacrificed by day 6. All high-dose ani-
mals exhibited slight hunched posture, laboured respiration, ruffled fur and weakness. In mid-dose
animals, slight squealing, howling and crying were noted in one male and three females. The same
symptoms were observed in one male and two females of the low-dose group. Feed consumption
was comparable in the treated and control groups. No effects of treatment on body weights of treated
males and females were noted. No treatment-related effects were observed on haematological param-
eters, except for slightly dose-related increases in white blood cell counts in male and female rats.
Bilirubin levels were slightly, but statistically significantly, reduced in male animals of the low- and
mid-dose groups. LDH and alkaline phosphatase activities were slightly lower in mid-dose males
(not statistically significant). In female animals, effects were seen only in the middle-dose group;
these effects were related to liver toxicity—slight to moderate increases in AST and ALT levels
and high LDH activity. None of these effects were statistically significant. After recovery, they all
returned to normal levels. In male animals, there was a statistically significant increase in absolute
liver and kidney weights in the low- and mid-dose groups and in relative liver and kidney weights in
the mid-dose group. In female animals, there was only a slight increase in relative liver weight in the
mid-dose group. Recovery data indicate the reversibility of these effects.

No macroscopic findings were recorded. Treatment-related findings were recorded in the res-
piratory tract, liver and spleen. In the high-dose rats, slight squamous metaplasia of nasal epithelium
was recorded in two females. Slight or moderate hepatocellular hypertrophy occurred in four males
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and two females. Minimal to marked fatty change of liver cells was recorded in five males and four
females. Minimal or slight vacuolation of macrophages in the splenic pulp was recorded in two males
and two females, and slight to moderate depletion of lymphocytes was evident in the spleen of four
females. Hepatocellular hypertrophy was also recorded in two males and one female of the mid-dose
group and one male of the low-dose group. At the end of the recovery period, hepatocellular hyper-
trophy was not recorded in two males and one female of the high-dose group. Spleen weights were
not recorded in this study; however, histopathological examination revealed effects at the high dose
and haemosiderosis in the females at the middle dose. Haemosiderosis has previously been noted in
other subchronic studies with cyproconazole and is considered treatment related.

As the weak effects observed at the lowest concentration represent the kind of effects from
which the animals recovered completely at the higher concentration of 0.1 mg/l, this nominal con-
centration of 0.01 mg/l, corresponding to an achieved concentration of 0.017 mg/l, is considered
to represent the no-observed-adverse-effect concentration (NOAEC) of the study (Bernstein et al.,
1987). On a body weight basis, this concentration corresponds to 4.9 mg/kg bw per day (6 hours of
exposure per day; 0.8 litres of air per kilogram body weight per minute).

2.3 Long-term studies of toxicity and carcinogenicity
Mice

In a study of carcinogenicity, groups of 50 male and 50 female CD-1 mice, including two con-
trol groups, were given diets containing cyproconazole (purity 95.6%) at dose levels of 0, 5, 15, 100
and 200 ppm, equal to 0, 0.69, 1.84, 13.17 and 27.85 mg/kg bw per day for males and 0, 1.03, 2.56,
17.65 and 36.30 mg/kg bw per day for females, for 81 and 88 weeks, respectively. An additional 10
animals of each sex in the 0 and 200 ppm groups were sacrificed at week 13 as satellite groups. The
initial age was 6 weeks. Premix and final diets were analysed for homogeneity and stability of the
test substance at least every 2 months. The mice were housed individually. Mortality and gross signs
of ill-health or reaction to treatment were checked twice a day. Body weight and feed intake were
measured weekly throughout the entire study period. After 52 and 78 weeks and (for females) prior
to termination, blood smears were prepared from all surviving animals following superficial venesec-
tion of the tail. Differential white blood cell counts were performed only on the smears of all animals
from the 0 and 200 ppm dose groups. All animals were subjected to a detailed gross pathological
examination. At termination, organ weights were obtained for adrenals, brain, heart, kidneys, liver,
gonads, pituitary and spleen. Histopathological examination of selected tissues was conducted on all
animals in the control and high-dose groups.

Values for test compound were generally in agreement with nominal values. The percentage
deviation from nominal values, determined at various intervals throughout the treatment period, were
—20% to +36%, —13% to +27%, —16% to +23% and —22% to +6% at dose levels of 5, 15, 100 and
200 ppm, respectively. Homogeneity and stability results were not provided in the study report. It was
not considered that these variations were sufficient in degree or frequency to affect the interpretation
of results of the study.

Mortality among mice in both sexes at 100 or 200 ppm appeared less than that among the
controls or among mice receiving 5 or 15 ppm (Table 20).

No treatment-related symptoms were observed. The majority of symptoms were signs of ill-
health preceding death. Serology samples showed the presence of antibodies to mouse hepatitis virus,
Mycoplasma pulmonis and Sendai virus. The presence of antibodies, however, did not correlate with
an adverse effect on the study due to these pathogens. Body weight developments in both sexes at 100
or 200 ppm were retarded. Feed consumption was not affected by treatment. No treatment-related
differences were revealed in blood smears in both sexes at 0 and 200 ppm at different time points. At
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Table 20. Mortality in a carcinogenicity study in mice

Period Number of decedents/total number of animals®

0 ppm (control 1) 5 ppm 15 ppm 100 ppm 200 ppm 0 ppm (control 2)
Males
Week 0—termination 31/50 (62%) 30/50 (60%) 25/50 (50%) 21/50 (42%) 14/50 (28%) 34/50 (68%)
Females
Week 0—-termination 33/50 (66%) 26/50 (52%) 30/50 (60%) 14/50 (28%) 23/50 (46%) 27/50 (54%)

From Warren et al. (1989)
* % mortality shown in parentheses.

termination, relative liver weights of animals of both sexes that received 100 or 200 ppm were signifi-
cantly increased: in males by 22% and 42% at 100 and 200 ppm, respectively, and in females by 29%
and 59% at 100 and 200 ppm, respectively. The analysis of the effect of the presence of liver nodules
on the liver weights indicated that the increase in liver weight was not a consequence of the masses.
Absolute and relative liver weights of the satellite groups (200 ppm) terminated after 13 weeks of
treatment were significantly increased in males and females. There was a significant increase in the
incidence of hepatic accentuated lobular pattern and of hepatic masses at 15, 100 and 200 ppm in
males and at 100 and 200 ppm in females compared with each of the two control groups. The hepatic
masses corresponded to the treatment-related increases in hepatic adenomas and carcinomas in both
sexes. The females at 200 ppm also had an increased incidence of areas of hepatic change and en-
largement. The males at 200 ppm also had a small increase in the incidence of granular liver. In the
males at 100 and 200 ppm, there were reduced incidences of gastrointestinal tracts with abnormal
contents in all regions examined apart from the stomach, which was unaffected. This treatment-
related effect was not seen in females. Renal findings that may relate to treatment were restricted to
a reduction in the incidence of granular kidneys in the 200 ppm females and to an apparent reduc-
tion in size of the kidneys in the 200 ppm male group. Skin ulceration was increased in the 200 ppm
female group. In the males at 100 and 200 ppm, oedema of the subcutis was reduced in incidence. In
the 100 ppm female group, the same effect was observed. The incidence of flaccid testes correspond-
ing to an increased testicular germinal epithelial deficit was increased in males at 200 ppm only. The
major treatment-related non-neoplastic changes are shown in Table 21.

In the liver, the major toxic changes (single-cell necrosis, diffuse hypertrophy, centriacinar
hepatocytic vacuolation) were increased at 100 and 200 ppm in both sexes, although the male mice
were more severely affected. The incidence of focal hepatocytic hyperplasia was increased at 200
ppm in females. Several non-neoplastic changes in male mice were increased: optic nerve gliosis
(200 ppm), skin ulceration (200 ppm) and cellulitis (100 and 200 ppm), epididymal aspermia (100
and 200 ppm) and testicular germinal epithelial deficit (100 and 200 ppm). In females, aortic arteritis
(200 ppm) and lymphoid hyperplasia in the mesenteric lymph modes (200 ppm) were increased. The
lack of dose dependencies in the incidences of testicular lesions and aspermia in the epididymis and
lack of testicular toxicity in the 90-day study of mice conducted at doses up to 88.7 mg/kg bw (War-
ren, Skinner & Karapally, 1987) indicated that cyproconazole has no potential for testicular toxicity.
In the satellite group (13 weeks of treatment), the incidences of periacinar hepatocytic hypertrophy
in both males and females, periacinar hepatocytic vacuolation in males and non-zonal hepatocytic
fat vacuolation in females were significantly increased by the treatment. Treatment-related effects on
incidences of neoplastic changes are shown in Table 22.

The incidences of hepatocytic adenoma in males at 100 and 200 ppm and in females at
200 ppm and of hepatocytic carcinoma in males at 15 and 100 ppm and in females at 200 ppm
were significantly increased for all animals. The incidence of hepatocytic carcinoma in males at
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Table 21. Non-neoplastic findings in a carcinogenicity study in mice*

Incidence (number observed out of total evaluated)

Males Females

Oppm 5 15 100 200 Oppm Oppm 5 15 100 200 Oppm
(con- ppm ppm ppm ppm (con- (con- ppm ppm ppm  ppm  (con-

trol 1) trol 2) trol 1) trol 2)
Liver
Total evaluated 50 50 50 50 50 50 50 50 50 50 50 50
Focal inflammation 1 1 4 5* g** 1 1 5 9 5 4
Single-cell necrosis 0 2 3 [4*** 25%*x ) 0 3* 2 4% gF*x
Diftuse hepatocytic 4 4 6 20%*%  36%** 10 5 6 6 7 20%*% 8
hypertrophy
Periacinar hepatocytic 1 2 5% 4% 2 0 0 1 0 0 3* 0
hypertrophy
Centriacinar hepatocytic 0 0 0 1 3* 0 0 0 0 4% 3* 0
vacuolation
Periacinar hepatocytic 0 4* 3 1 1 1 0 0 1 17%%% o** 1
vacuolation
Focal hepatocytic 1 0 2 2 2 1 0 0 1 0 S¥k 0
hyperplasia
Testes
Total evaluated 50 50 50 50 50 50 — _ = — —
Germinal epithelial deficit 22 31 29 34%% 33*% 23 — _ = — — —
Epididymides
Total evaluated 50 50 50 50 50 50 — _ = — — —
Aspermia 10 20 15 26%*  21%* 15 — —_ = = — —
Optic nerve
Total evaluated 45 45 44 45 46 41 — —_ = — — —
Gliosis 0 2 2 2 3* 0 — —_ = — — —
Skin
Total evaluated 50 50 50 50 50 50 50 50 50 50 50 50
Ulceration 4 5 4 6 9% 2 1 4 3 5 6 3
Cellulitis 4 5 6 8* 8* 1 1 4 3 5 6 3
Heart
Total evaluated 50 50 50 50 50 50 50 50 50 50 50 50
Aortic arteritis 0 0 0 0 0 1 1 0 0 2 4* 0
Mesenteric lymph nodes
Total evaluated 48 45 49 49 47 50 47 49 46 50 50 50
Lymphoid hyperplasia 0 0 2 2 0 1 3 2 1 2 13* 7

From Warren et al. (1989)
* P<0.05; ¥* P<0.01; *** P<0.001 (compared with pooled controls 1 + 2)
 Data extracted from Table 5 of the study report.

15 ppm was increased. To confirm the significance of the increase, an analysis of trends in asso-
ciation between incidences of all neoplastic tumours and dosage of cyproconazole was performed
(Table 23).
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Table 22. Neoplastic changes in a carcinogenicity study in mice

Incidence (number observed out of total evaluated)

Males Females

0 ppm 5 15 100 200 Oppm 0 ppm 5 15 100 200 Oppm
(control 1) ppm ppm ppm ppm (control2) (control 1) ppm ppm ppm ppm (control 2)

All animals

Total evaluated 50 50 50 50 50 50 50 50 50 50 50 50
Hepatocytic 3 4 5 12%% 12%* 3 0 0 0 2 6** 0
adenoma
Hepatocytic 0 0 3* 3% 1 0 0 0 0 0 TEEEQ
carcinoma

Animals killed or dying during the treatment period

Total evaluated 31 30 25 21 14 34 33 26 30 14 23 27
Hepatocytic 1 2 1 0 2 0 0 0 0 0 3 0
adenoma

Hepatocytic 0 0 2 2 1 0 0 0 0 0 5% 0
carcinoma

Animals killed after 82 weeks of the treatment period

Total evaluated 19 20 25 29 36 16 17 24 20 36 27 23
Hepatocytic 2 2 4 12* 10 3 0 0 0 2 3 0
adenoma

Hepatocytic 0 0 1 1 0 0 0 0 0 0 2 0
carcinoma

From Warren et al. (1989)
* P<0.05; ** P<0.01; *** P<0.001 (compared with pooled controls 1 + 2)
* Data extracted from Tables 5, 8 and 10 of the study report.

Table 23. Combined liver adenoma and carcinoma in a carcinogenicity study in mice

Males Females

Dietary concentration (ppm)

0 5 15 100 200 O 5 15 100 200

No. of animals 100 50 50 50 50 100 50 50 50 50
No. of affected animals 6 4 8 15 13 0 0 0 2 13
Statistical significance (not adjusted for age) ### n/s F *RE KRR 4 n/s n/s n/s FFFE
Age-adjusted analysis: statistical significance ## n/s n/s  ** n/s ### n/s n/s n/s  FF*

From Warren et al. (1989)

##, significant trend over affected groups, P < 0.01; #i##, significant trend over affected groups, P < 0.001; n/s, not significant pairwise
comparison, P > 0.05; *, significant pairwise comparison, P < 0.05; **, significant pairwise comparison, P < 0.05; ***_ significant
pairwise comparison, P < 0.001

The analysis of the liver tumours indicated a positive association at doses of 15, 100 or 200 ppm
in males and 200 ppm in females (Table 23). However, there is an uneven distribution of survival in
this study (see Table 20). Better than expected survival was found in males at 15, 100 and 200 ppm and
in females given 100 ppm. Animals with longer survival have a greater risk of developing tumours.
Thus, males with the greater lifespan bore the most liver tumours. The Peto analysis (age-adjusted
analysis for fatal, incidental and total tumours) sets out to assess whether the greater lifespan was the
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only cause of the greater incidences or whether there was an effect of treatment (Table 23). The results
in Table 20 indicate an effect of difference of survival; that is, there was a treatment-related effect
in the combination of fatal and incidental tumours in males at 100 ppm and in females at 200 ppm.
In addition, in female mice of all three categories (fatal, incidental and combined), the effect was
present at the highest dose level only. In male mice, the effect (combined) of the 15 ppm group was
no longer significant with Peto analysis (P = 0.188), and that of the 200 ppm group fell just below the
level of significance (P = 0.052). In male mice of the 100 ppm group, the effect was significant in the
combined and incidental tumour categories, but not in the fatal tumour group. Although there were
a number of neoplasms present in animals of the control and treated groups, their incidences, except
liver tumours, were not statistically significant, and they were considered not to be treatment related.

The LOAEL in this study was 100 ppm, equal to 13.2 mg/kg bw per day, based on reduced
body weight gains, the toxic changes in the liver and the increase in incidence of adenoma and ad-
enocarcinoma in the liver. The NOAEL in this study was 15 ppm, equal to 1.84 mg/kg bw per day
(Warren et al., 1989).

Mode of action (MOA) studies for liver tumour development were conducted (see section 2.6
and Appendix 2).

Rats

In a combined long-term study of toxicity and carcinogenicity, groups of 70 male and 70
female Han Wistar (Kfm: WIST) rats were given diets containing cyproconazole (purity 95.6%) at
dose levels of 0, 20, 50 or 350 ppm, equal to 0, 1.01, 2.22 and 15.59 mg/kg bw per day for males
and 0, 1.24, 2.73 and 21.76 mg/kg bw per day for females, for 118-119 weeks and 121-122 weeks,
respectively. Premix and final diets were analysed for homogeneity and stability of the test substance
prior to study initiation and at monthly intervals during the study. Mortality was checked twice a day.
Detailed examination of skin, fur, eyes, mucous membranes, and respiratory and circulatory activity
and palpation of masses (if indicated) were conducted biweekly. Body weight and feed consumption
were determined weekly up to 13 weeks of treatment, then for weeks 15, 17, 19 and 21, then again
weekly. Ophthalmological examination was performed during weeks 98 and 99 on all surviving rats
of the control and 350 ppm groups. Haematological, clinical chemistry and urinalysis examinations
were carried out on 10 rats of each sex per group at weeks 14, 26, 52, 78 and 105 and at treatment ter-
mination. Ten rats of each sex per group were sacrificed after each of 52 and 78 weeks of treatment.
For the rats killed at week 52, samples of the liver were frozen and analysed for glycogen content,
glucose-6-phosphatase activity and fructose-1,6-diphosphatase activity. The remaining surviving
animals were sacrificed at treatment termination. A gross necropsy was conducted on all animals. At
interim and terminal sacrifices, organ weights were obtained for adrenals, brain, heart, kidneys, liver,
gonads, pituitary (termination only) and spleen from all animals. Histopathological examination of
selected tissues was conducted on all animals.

The analysed concentrations of test material in the diets were reported as generally acceptable
and within 10% of nominal concentrations. All dietary concentrations were higher (22-50%) than
nominal concentrations at 28 weeks. Deviations from nominal were greater than 15% at seven, six
and two intervals of analysis at nominal levels of 20, 50 and 350 ppm, respectively. Mean concentra-
tions for the entire study, however, were within 5% of the nominal at all dose levels. Homogeneity
and stability were not provided in the study report. Dietary concentrations at 50 ppm and lower doses
sometimes deviated over 30% during the first 8 months, which raises concern as to the exact dose
delivered to the animals.

A slightly lower number of decedents was noted among rats of the high-dose group (350 ppm)
by week 79. However, at termination, the mortality of the males was 72%, 68%, 68% and 56%, and
the mortality of the females was 64%, 62%, 58% and 66%, at 0, 20, 50 and 350 ppm, respectively.
There were no treatment-related symptoms during the study. The behaviour of control and treated rats
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remained similar. Mean body weights of both sexes at 350 ppm were significantly depressed through-
out the study. The cumulative body weight gains were below control levels, varying by 5-10% and 10—
21% in males and females, respectively. Body weight and body weight gain of both sexes at 20 or 50
ppm were not affected by treatment with cyproconazole. Feed consumption was increased in high-dose
females during the first 13 weeks by 7% compared with the control group. Part of this increase may
be due to food scattering. No effect was seen in males. No treatment-related findings were observed
in ophthalmological examination. No treatment-related changes in haematological parameters were
observed except for a significant decrease in lymphocytes and a significant increase in neutrophils in
males at 350 ppm at week 14. These changes were considered to be of no toxicological relevance, be-
cause of lack of time and dose dependency and no corresponding findings among females. At the clini-
cal chemistry examination, a decrease in total bilirubin level and increase in GGT activity in both sexes
at 350 ppm were observed at many time points, although the changes were not statistically significant.
The levels of bilirubin and GGT in the rat are normally very low and close to the limit of detection by
the methodology employed. The significance of these findings is therefore questionable. Significant
increases in total protein and globulin levels in females, a higher trend of cholesterol levels in females
and increases in AST and ALT values in males were observed at 350 ppm during the late portion of
the study, although the magnitudes of these changes were small. A marginal but consistent increase
in urea levels in females at 350 ppm was noted. Corticosteroid levels at week 52 were unaffected.
No treatment-related changes in urinalysis were observed. Analysis of livers for glycogen content,
glucose-6-phosphatase activity and fructose-1,6-diphosphatase activity revealed no clear treatment-
related effects. A marked reduction in body weight (varying from 15% to 20%) in females at 350 ppm
at all scheduled sacrifices affected the analysis of organ weights to a small extent. Relative liver and
kidney weights were significantly increased in females at 350 ppm at all or most time points. There
were no treatment-related gross findings. Histopathologically, hepatocellular fatty change was found
in males at 350 ppm, with increased incidence and severity at all time points. An increased incidence
of hepatocellular hypertrophy was seen in females at 350 ppm at week 78 (Table 24).

Numerous other non-neoplastic lesions were diagnosed in various organs and tissues. The type,
incidence and severity of these lesions were considered to be similar in both treated and control
rats. A number of neoplasms were diagnosed in rats of all dose groups. The type, incidence and
malignancy of these neoplasms were considered to be similar in both treated and control rats.

The LOAEL was 350 ppm (equal to 15.59 mg/kg bw per day), based on the body weight
depression in both sexes. The NOAEL was 50 ppm (equal to 2.22 mg/kg bw per day). Under the
conditions of this study, cyproconazole was not carcinogenic to rats (Warren et al., 1988b).

2.4 Genotoxicity

Cyprocobazole was negative for mutagenicity in various in vivo and in vitro genotoxicity
assays (Table 25).

2.5 Reproductive toxicity
(a)  Multigeneration studies

Rats

In a two-generation study of reproductive toxicity, groups of 26 male and 26 female KFM Wistar
rats were given diets containing cyproconazole (purity 95.6%) at a concentration of 0, 4, 20 or 120 ppm
(equal to 0, 0.28, 1.39 and 8.29 mg/kg bw per day for males and 0, 0.33, 1.67 and 9.88 mg/kg bw per
day for females, respectively). Treatment started after a 14-day acclimation period and 10 weeks before
mating and continued for the dams through weaning of offspring at 21 days postpartum. Treatment
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Table 24. Selected non-neoplastic findings in the liver in a 2-year rat study

Findings Incidence

Males Females

Control 20 ppm 50 ppm 350 ppm Control 20 ppm 50 ppm 350 ppm

Hepatocellular fatty change

Terminal sacrifice, including ~ 23/50 19/49 29/50 38/50 23/50 15/50 15/50 10/50
intercurrent deaths

Interim sacrifice week 52 4/10 5/10 7/10 10/10 1/10 — — 1/10
Interim sacrifice week 78 3/10 1/10 4/10 10/10 — — — —
Hepatocellular hypertrophy

Terminal sacrifice, including — — 1/50 1/50 — — — —
intercurrent deaths

Interim sacrifice week 52 — — — — — _ _ _

Interim sacrifice week 78 — — — — — — — 4/10

From Warren et al. (1988b)

for males was continued for approximately 3 weeks after termination of the mating period. On day 4
postpartum, litters were culled to four males and four females per litter, when more than four fetuses
of each sex were in the group. Randomly, 26 males and females of the F, generation (one male and
one female per litter if possible) were treated at the same dose levels as the F, parents from the time of
weaning. These treated rats were then mated at 15 weeks of age. Mating of siblings was avoided. Dos-
ing continued through the weaning of F, offspring. Males of both generations were weighed weekly
throughout the study. Dams were weighed weekly during premating periods and on days 0, 7, 14 and
20 of pregnancy. Dams and offspring were weighed on days 0, 7, 14 and 21 postpartum. All animals
were examined daily for mortality and clinical signs, and females were observed 3 times a day from
day 20 of gestation for signs of parturition. Feed consumption was monitored at the same time as body
weight was recorded, except during the mating period, when both males and females had access to the
same feeder. Parturition was observed and described. Litter size, sex distribution and malformations of
pups were recorded. Sacrificed parental animals were necropsied. Organs or tissues with major macro-
scopic abnormalities were removed and processed for histopathology. The liver of each animal killed
at scheduled termination was weighed and investigated histopathologically. In addition, the follow-
ing tissues were prepared for histopathological investigations: vagina, cervix, uterus, ovaries, testes,
epididymides, seminal vesicles, prostate, coagulating gland and pituitary gland.

Prepared diets were analysed for stability, homogeneity and concentrations before the start
of the treatment and every second month thereafter. Prepared diets were stable for 14 days at room
temperature.

No treatment-related clinical signs were noted in either the F or F, parental generation, and no
parental animals died during treatment. The only clinical signs noted in F animals were in a single
high-dose female that failed to deliver and showed signs of distress and increased respiration. Clinical
signs in the F, generation were minor and did not appear to be treatment related. No treatment-related
mortality occurred in the parental animals of both generations. Body weight and feed consumption
were comparable between treated groups and controls during the entire study period. A marginal/
slight increase in relative liver weight was seen in F males (5.5% greater than controls) and females
(4.4% greater than controls), attaining statistical significance in males only (P > 0.05). Slight liver
fatty change was noted at increased incidence in high-dose F males (Table 26). This observation is
of questionable significance, as no toxicity was seen in F females or F| males and females. No other
treatment-related changes were observed. Indices reflecting mating success were comparable between
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Table 25. Results of studies of genotoxicity with cyproconazole

End-point Test system Concentration or dose Purity (%) Result Reference
In vitro
Reverse mutation Salmonella typhimu-  1.0-5000 pg/plate + meta- 95.6 Negative Hoorn
(Ames test) rium strains TA9S, bolic activation in DMSO (1986)

TA100, TA1535,

TA1537 and TA1538
HGPRT gene Chinese hamster ovary 20-200 pg/ml £ metabolic 94.4 Negative Miltenburger
mutation cell line V79 activation in DMSO (1985b)
Mitotic non- Saccharomyces cer- 10-550 pg/ml £ metabolic ~ Not Negative Hoorn
disjunction assay evisiae activation in DMSO specified (1985)
(aneuploidy)
Chromosomal Chinese hamster ovary 100-200 pg/ml without and  95.6 Weakly Enninga
aberration cells 100-250 pg/ml with meta- positive (1988)

bolic activation in DMSO Negative McEnaney
(re-evaluation) (1992)
Chinese hamster ovary 60-500 pg/ml without and  95.6 Negative Murli (1990)
cells 15-200 pg/ml with meta-
bolic activation in DMSO

Chinese hamster ovary 25-800 pg/ml £ metabolic 100 Negative Saigo (1995)

cells activation in DMSO
UDS (DNA repair)  Rat primary hepato- 0.15-15 pg/ml + metabolic ~ 96.2 Negative Curren

cytes activation in DMSO (1988)
Morphological Syrian hamster embryo 20-200 ug/ml + metabolic ~ 94.4 Negative Miltenburger
transformation assay cells activation in DMSO (1985a)
In vivo
Micronucleus Swiss random mice 0,16.7,55.7,167 mg/kg bw  Not Negative Taalman
formation (5 males and 5 females (single oral dose in DMSO)  specified (1985)

per group)
Cytogenetic assay ICO:CDI (CRL) mice 0, 50, 100, 200 mg/kg bw in  95.5 Negative Ogorek
(chromosomal (5 males and 5 females arachis oil (1999)
aberrations) per group)
Dominant lethal Sprague-Dawley rats 0, 20, 40, 80 mg/kg bw in 95.6 Negative Putman
assay (20 males per group)  corn oil (1991)

DNA, deoxyribonucleic acid; UDS, unscheduled DNA synthesis

treated groups and controls. Several females in all groups of both generations failed to become preg-
nant; however, there were no treatment-related differences between treated and control groups. The
fertility indices in the F  and F, females were comparable between treated and control groups. Num-
bers of implantation sites per dam did not significantly differ among groups. The mean pregnancy
length in the low-dose F and F, females was comparable to that of their respective controls. An
increased gestation length was observed in some mid- and high-dose F females. A single mid-dose
animal delivered a single pup on day 24 of gestation. A single female of the high-dose F group failed
to deliver and was not included in the calculations of gestation length. However, this female had only
a single implantation site and no fetuses at termination. In the F generation, the females delivered on
day 22 or 23; however, the distribution between those 2 days varied among groups. Delivery on day
22 occurred for 66% of the controls and 50% of the dams in the 20 and 120 ppm groups, indicating a
slight increase in the length of pregnancy in some animals of these dose groups, which may have been
related to treatment. However, there was no such increase in the F, generation dams.
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Table 26. Incidence of liver fatty changes in F, males in a two-generation reproductive toxicity
study in rats

Liver fatty change Incidence (number out of total number evaluated)
Controls 4 ppm 20 ppm 120 ppm

No. of tissues evaluated 26 26 26 26

Total 10 12 12 19*
Minimal 4 3 2 4

Slight 6 8 9 14
Moderate — 1 1 1

From Eschbach et al. (1987)
* P<0.05

No treatment-related malformations were evident. Treatment did not have an apparent effect
on sex distribution in either F| or F, pups. No treatment-related clinical signs were noted in F, or F,
pups. No treatment-related effects on body weights were observed at any of the investigated postnatal
intervals in either F or F, pups. The mean number of implantation sites was decreased in the high-dose
group (—7.2% compared with controls); however, the value was within the historical control range. A
decreased litter size at birth was seen in this group (—12% compared with controls). Neither parameter
was affected in the F, generation. Among pups in the F, generation, there was a dose-related increase
in prenatal/perinatal mortality in the mid- and high-dose groups (13.6% and 16.3%, respectively). The
prenatal/perinatal mortality, 10.7%, was also considered relatively high in the control group by the au-
thor. As shown in Table 27, there was a corresponding slight increase in postnatal mortality (days 0-21
postpartum) in the mid- and high-dose groups (6.6% and 8.1%). Postnatal days 0—4 were most affected.
However, the apparent increases at 20 ppm in prenatal/perinatal and postnatal mortality in the F litters
result from one single F dam that lost 100% of its pups (12/13 prenatal/perinatal losses, the single sur-
viving pup dying in the first 4 days). As there was no effect in the F, generation, this event was unlikely
to be treatment related. In the F, litters, there was a slight increase in prenatal/perinatal mortality at
the high dose only. There was a slightly higher postnatal mortality during days 04 in the F, high-dose
group only (7.6% greater than controls). Pup weights were not affected in either F or F| generations.

Administration of cyproconazole in the diet of rats in this two-generation reproductive toxic-
ity study produced minimal signs of parental toxicity in F  males at the highest dose tested. A slight
(statistically significant) increase in relative liver weight was associated with a marginally increased
incidence of liver fatty change. This observation is of questionable significance, as no toxicity was
seen in F females or F| males and females. In addition, the 90-day rat studies (Skinner et al., 1985b;
Gerspach, 1999) indicated that the NOAEL for liver effects was in excess of 80 ppm (6.4 mg/kg bw
per day). An increase in gestation length in some high-dose F females may have been related to treat-
ment, but was not observed in the F, generation. In the F| generation, there was a slight, statistically
non-significant decrease in the number of implantations in the high-dose group. In addition, there
was a dose-related increase in prenatal/perinatal mortality in the high-dose groups in the F and F,
generations (16.3% and 12.6%, respectively). There was a corresponding slight increase in postnatal
mortality (days 0-21 postpartum) in the high-dose group of the F  and F generations (8.1% and
7.6%, respectively). Treatment with cyproconazole had no effects at 4 ppm.

The NOAEL for parental systemic toxicity was 20 ppm (equal to 1.39 mg/kg bw per day),
based on slight fatty changes (vacuolated hepatocytes) seen at the LOAEL of 120 ppm (equal to
8.29 mg/kg bw per day). The NOAEL for reproductive and offspring toxicity was equal to or greater
than 120 ppm (equal to or greater than 8.29 mg/kg bw per day), the highest dose tested. The LOAEL
for reproductive and offspring toxicity was not established. The study authors set a NOEL of 4 ppm
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Table 27. Litter data (calculated from litter values) in the two-generation reproductive toxicity
study in rats

Parameter Generation 0 ppm 4 ppm 20 ppm 120 ppm

Mean live pups/dam:

-Day 0 F, 11.2 11.5 10.8 9.8]

- Day 4 7.8 7.7 7.5 7.2

- Day 21 7.8 7.7 7.4 7.1}

-Day 0 F, 11.0 11.7 12.0 10.9{

- Day 4° 7.7 7.7 7.8 7.2}

- Day 21 7.7 7.6 7.7 7.1]

Prenatal and perinatal loss (%) F, 10.7 7.8 13.61 16.31
5 11.3 7.3 5.6 12.61

Mean postnatal loss (%):

- Days 04 F, 0.3 1.6 5.6 7.61

- Days 0-21 0.3 1.6 6.6 8.11

- Days 04 F, 22 42 1.4 5.81

- Days 0-21 22 5.9 29 7.61

Sex ratio at birth (males/females) F, 0.49 0.47 0.49 0.49
5 0.48 0.50 0.49 0.55

Mean pup weight at birth (g):

- Male F, 59 5.8 5.9 59

- Female 5.6 5.5 5.6 5.7

- Male F, 5.8 6.0 5.8 6.0

- Female 5.5 5.8 5.4 5.7

Mean pup weight at day 21 postpartum (g):

- Male F, 45.8 454 46.4 442

- Female 44.1 44.6 44.4 43.5

- Male F, 46.2 49.4 49.0 47.1

- Female 44.9 47.6 46.9 45.5

From Eschbach et al. (1987)

* After culling.

(equal to 0.33 mg/kg bw per day) (Eschbach et al., 1987). However, the original report did not con-
sider the fact that apparently increased litter mortality in the 20 ppm group was considerably affected
by the total loss of one single dam (Doubovetzky, 1998).

(b)  Developmental toxicity

Rats

In a non-GLP range-finding study of developmental toxicity, groups of five pregnant KFM-
Han Wistar rats were given cyproconazole (purity 95.6%) at a dose of 0, 7.5, 30, 75 or 120 mg/kg
bw per day by gavage in 4% CMC in distilled water from day 6 to day 15 of gestation, inclusive. The
dosing solutions were prepared daily. All rats were observed twice daily for clinical signs of toxicity,
mortality and moribundity. Maternal body weights were recorded on day 0 until day 21 postpartum.
Feed consumption was recorded on days 6, 11, 16 and 21 postcoitum. On day 21 of gestation, all
surviving dams were sacrificed and subjected to gross necropsy. Fetuses were removed by caesarean
section. Examinations at sacrifice comprised uterine weight, number and positions of implantations,
number of corpora lutea in each ovary, individual fetal weights, percentage preimplantation loss,
percentage postimplantation loss, and early and late intrauterine deaths. All fetuses were weighed,
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Table 28. Maternal body weight gain in a range-finding teratogenicity study in rats"

Gestation period Maternal body weight gain (g)°
Dose (mg/kg bw per day)
0 7.5 30 75 120
Days 0-6 23 22 23 22 20
Days 6-11 17 12 (=29%) 12 (=29%) 10 (—41%) 3 (—82%)
Days 11-16 23 26 (+13%) 21 (-9%) 15 (—55%) 18 (—22%)
Days 6-16 40 38 (—5%) 33 (—18%) 25 (—38%) 21 (—48%)
Days 16-21 46 56 (+22%) 47 (+2%) 31 (—33%) 33 (—28%)
Days 6-21 86 94 (+9%) 80 (=7%) 56 (—35%) 54 (=37%)
From Becker (1985a)

* No statistical evaluation of the data was performed.
b % difference from control shown in parentheses.

sexed and examined for external malformations/variations. The uteri of all females found to be not
pregnant at necropsy were placed in an aqueous solution of ammonium sulfide to accentuate possible
haemorrhagic areas of implantation sites.

No deaths occurred and no symptoms or clinical signs were observed in any group. No abnor-
mal findings were noted at necropsy in any females. A reduction in body weight gain was apparent
in the high-dose animals (2/5 with live fetuses) in the early days of treatment (Table 28). Weight
gain was otherwise similar to that of controls in other groups. Mean body weights were lower from
30 mg/kg bw per day upwards, but this was due to the greatly reduced number of fetuses. Feed con-
sumption was reduced in the 75 and 120 mg/kg bw per day groups throughout treatment, amounting
to 10% less than controls at 75 mg/kg bw per day and 16.7% less at 120 mg/kg bw per day.

Reproduction parameters were not affected at 7.5 mg/kg bw per day. At 30 mg/kg bw per day and
above, increased numbers of early resorptions (24—-54% of implants) and reduced fetal body weights
were observed. Two of five dams at 75 mg/kg bw per day and three of five dams at 120 mg/kg bw
per day were found to have lost all implantations by resorption. The following malformations and/or
anomalies were found upon external investigations:

e Control no malformations or anomalies
e 7.5 mg/kg bw per day no malformations or anomalies
e 30 mg/kg bw per day 1 palatoschisis (in 47 fetuses)
e 75 mg/kg bw per day 1 palatoschisis (in 16 fetuses)

e 120 mg/kg bw per day 10 of 11 fetuses with palatoschisis (2 litters)

The NOAEL for maternal toxicity was 30 mg/kg bw per day. The LOAEL for maternal toxicity
was 75 mg/kg bw per day, based on decreased body weight gain and feed consumption. The NOAEL
for developmental toxicity was 7.5 mg/kg bw per day, based on a dose-related increase in early re-
sorption at 30 mg/kg bw per day and above and a dose-related increase in palatoschisis (cleft palate)
seen at the LOAEL of 30 mg/kg bw per day and above. The study author concluded that the NOAEL
was 7.5 mg/kg bw per day (Becker, 1985a).

In the main study of developmental toxicity, groups of 25 pregnant KFM-Han Wistar rats were
given cyproconazole (purity 95.6%) at a dose of 0, 6, 12, 24 or 48 mg/kg bw per day by gavage in
4% CMC in distilled water (10 ml/kg bw volume) from day 6 to day 15 of gestation, inclusive. The
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Table 29. Maternal body weight gain in main teratogenicity study in rats

Gestation period Maternal body weight gain (g)*

Dose (mg/kg bw per day)

0 6 12 24 48
Days 0-6 18 18 17 18 17
Days 611 17 16 (—6%) 14 (—18%)** 12 (=29%)** 11 (=35%)**
Days 11-16 27 26 (—4%) 25 (-7%) 23 (—15%)** 22 (—19%)**
Days 6-16 44 42 (—5%) 39 (—11%) 35 (—20%)** 33 (—25%)**
Days 16-21 48 51 (+6%) 53 (+10%) 43 (—10%)** 42 (—12%)**
Days 6-21 92 93 (+1%) 92 (0%) 78 (—15%)** 75 (—18%)**
From Becker (1985b)
** P<0.01

2 % difference from control shown in parentheses.

dosing solutions were prepared daily. The concentration, stability and homogeneity of the dosing
solution were determined once during the treatment period. All rats were observed twice daily for
clinical signs of toxicity, mortality and moribundity. Maternal body weights were recorded on day 0
until day 21 postpartum. Feed consumption was recorded on days 6, 11, 16 and 21 postcoitum. On
day 21 of gestation, all surviving dams were sacrificed and subjected to gross necropsy. The fetuses
were removed from the uterus by caesarean section, sexed, weighed, examined for gross external
abnormalities and fixed either for viscera and brain investigations according to Wilson (1/3 fetuses)
or for skeletal examination (2/3 fetuses). The uteri and contents of all pregnant females were weighed
on the day of scheduled sacrifice and used to determine the corrected body weight gain. The uteri of
all females found to be not pregnant at necropsy were placed in an aqueous solution of ammonium
sulfide to accentuate possible haemorrhagic areas of implantation sites.

No deaths occurred and no symptoms or clinical signs were observed in any group of this
study that could be considered treatment related. Similarly, no treatment-related findings were noted
macroscopically at necropsy in any females. Evidence of maternal toxicity included inhibited body
weight gain (18%) during treatment (gestation days 6—11) at dose levels of 12 mg/kg bw per day and
above (Table 29). Body weight gain of the 12 mg/kg bw per day group beyond day 11 was similar to
that of the control group. Decreased body weight and feed consumption among females were seen
in the 24 and 48 mg/kg bw per day dose groups. These differences in maternal body weights could
have been influenced by treatment-related intrauterine effects (e.g. increased number of resorptions,
decreased fetal weight). Net body weight change (= body weight gain from day 6 to day 21 minus
uterine weight) showed no difference among groups.

Evidence of fetal toxicity was apparent from observed dose-related increases in the number
of litters with supernumerary ribs at doses of 24 and 48 mg/kg bw per day. The increase in super-
numerary ribs at 6 (5.6%) and 12 (8.2%) mg/kg bw per day was within the historical control range
(8.3% of the historical control value). At 24 and 48 mg/kg bw per day, a significantly increased
postimplantation loss was noted, which was dose related. The total losses consisted mainly of early
resorptions and, to a lesser extent, late resorptions; these amounted to 22.2% and 30.6% of the im-
plantations at 24 and 48 mg/kg bw per day, respectively. Preimplantation loss was not affected by
treatment. The mean fetal body weights in the 24 and 48 mg/kg bw per day groups were significantly
reduced (—8.3%) compared with that of the control. External investigations revealed the presence of
one runt in each of the 6, 12, 24 and 48 mg/kg bw per day groups. This finding was considered to be
incidental and not related to cyproconazole treatment. At the highest dose, one fetus was noted with
a hydrocephalus, and two fetuses, one of which was a runt, had a palatoschisis (also reported as cleft
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Table 30. Fetal abnormalities observed in main teratogenicity study in rats

Parameter Dose (mg/kg bw per day)

0 6 12 24 48

External examinations

No. of fetuses examined 248 248 271 217 177
No. of malformations (no. of litters affected) 0(0) 1(1) 1(1) 1(1) 3(3)
Visceral examinations

No. of fetuses examined 78 79 91 71 60
No. of malformations (no. of litters affected) 0(0) 0(0) 0(0) 1(1) 3(3)
Total no. of palatoschises (no. of litters affected) — — — — 2(2)
Total no. of hydrocephalus (no. of litters affected) — — — 1(1) 2(2)
Skeletal examinations

No. of fetuses examined 170 169 180 146 117
No. of anomalies (no. of litters affected) 54) 44) 10 (7) 14 (8) 6 (6)

From Becker (1985b)

palate) (Table 30). At 24 mg/kg bw per day, a hydrocephalus internus was noted during the visceral
investigations. In the 24 and 48 mg/kg bw per day groups, the incidence of incompletely ossified
phalangeal nuclei and calcanea with still absent ossification was increased compared with that of the
control. These findings were considered to be the result of the reduced mean body weights of fetuses
and not a specific effect of treatment on skeletal development.

The maternal toxicity NOAEL was 6 mg/kg bw per day, based on body weight gain reduc-
tion during early treatment at the LOAEL of 12 mg/kg bw per day. The developmental NOAEL was
12 mg/kg bw per day, based on reduced fetal body weight, increased postimplantation loss, increases
in supernumerary ribs and increased fetal malformations seen at the LOAEL of 24 mg/kg bw per
day and above. The study author considered the NOEL to be 12 mg/kg bw per day (Becker, 1985b);
however, the study author did not consider the decrease in body weight gain at 12 mg/kg bw per day
to be a treatment-related effect (Eschbach, 1989).

In a non-GLP published study of developmental toxicity, groups of 20 pregnant Wistar rats
were given cyproconazole (unknown purity) at a dose of 0, 20, 50 or 75 mg/kg bw per day by gavage
in aqueous solution of CMC (10 ml/kg bw volume) from day 6 to day 16 of gestation, inclusive.
Groups of five pregnant females were treated at a dose of 100 mg/kg bw per day. Other procedures
were similar to those of the standard guideline developmental toxicity study in rats.

Treatment of pregnant rats revealed maternal toxicity at all investigated dose levels as mani-
fested by reduced body weight gain early during treatment. The depressed body weights during the
early treatment period (6—11 days) were 37%, 37% and 63% below the control values at 20, 50
and 75 mg/kg bw per day, respectively. The full biological and toxicological relevance of this effect
cannot be assessed due to the lack of individual data on weight gains. Fetotoxicity in the form of
increased fetal resorptions and reduced body weight and size was statistically significant at 50 mg/kg
bw per day and above. Fetotoxicity was also evident in the low-dose group in terms of reduced mean
fetal weights. A treatment- and dose-related increase in serious developmental effects, including cleft
palate, internal hydrocephali and hydronephrosis of the ureter as well as delayed ossification, was
seen at all doses. The effects were apparent at 20 mg/kg bw per day, at lower incidence and/or lower
degree of severity. No NOEL could be established in this study, either for maternal or for embryo/
fetotoxicity (Machera, 1995).
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Rabbits

In a study of developmental toxicity, groups of 16 pregnant hybrid Chinchilla rabbits were
given cyproconazole (purity 95.6%) at a dose of 0, 2, 10 or 50 mg/kg bw per day by gavage in 4%
CMC in distilled water (dose volume 4 ml/kg bw) on days 6—18 of gestation, inclusive. The dosing
solutions were prepared daily. Concentration, stability and homogeneity of cyproconazole in the ve-
hicle were determined once during the treatment period. Body weight was recorded daily from day 0
until day 28 postcoitum, and feed consumption was recorded on days 6, 11, 15, 19, 24 and 28 post-
coitum. Mortality, clinical signs and symptoms were recorded at least twice daily. All females were
killed on day 28 postcoitum by cervical dislocation, and fetuses were removed by caesarean section.
Postmortem examinations included gross macroscopic inspection of all internal organs, with empha-
sis on the uterus, uterine contents, position of fetuses in the uterus and number of corpora lutea. The
fetuses were removed from the uterus, sexed, weighed, examined for gross external abnormalities and
prepared for internal examinations. Fetuses were dissected carefully to investigate body cavities and
organs. Skin was removed, and crania were examined for ossification. Heads were fixed and cross-
sectioned to examine the cephalic viscera. Trunks were then cleared in a potassium hydroxide solu-
tion, and skeletons were stained for examination. The uteri and contents of all pregnant females were
weighed on the day of scheduled sacrifice and used to determine the corrected body weight gain.
The uteri of all females found to be not pregnant at necropsy were placed in an aqueous solution of
ammonium sulfide to accentuate possible haemorrhagic areas of implantation sites.

The measured concentrations of cyproconazole ranged from 73.3% to 93.3% and from 48.0%
to 80.0% of nominal concentrations immediately after preparation and 90 minutes after preparation,
respectively. The test material concentrations in the dosage suspensions for the 10 and 50 mg/kg bw
per day groups were not within acceptable limits (£15% of nominal concentration) immediately after
preparation. Ninety minutes after preparation, none of the dosage suspension/test material concen-
trations were within acceptable limits. Triplicate analyses of each dosage suspension also showed
that these mixtures were not homogeneous. In the face of such inconsistency, it is difficult to have
confidence in the exposure levels reported for the study.

No deaths occurred and no symptoms or clinical signs that could be considered treatment re-
lated were observed in any group of this study. Similarly, no treatment-related findings were noted
macroscopically at necropsy in any females. Body weight development of dams of the low- and
middle-dose groups did not differ from that of the control group (Table 31). High-dose animals
showed a mean loss in body weight between the first and second days of treatment of 105 g. They
returned to their day 6 body weight by day 12 only. Day 6 to day 11 body weight gain was therefore
127% below control. Animals partly recovered from this, resulting in an overall body weight gain
during the entire treatment period that was 38% below control. Mean corrected body weight gains
(= body weight gain from day 6 to day 28 minus uterus weight) were similar in all groups, indicating
that maternal changes in body weight gain could be due to increased resorptions. Feed consumption
was decreased (—26.9%, P < 0.05) in the high-dose group during the initial phase of the treatment
period (days 6-11). Noted differences between treated and control groups at other intervals were not
remarkable. Reproduction parameters were not affected in the 2 mg/kg bw per day group (Table 32).
A significantly increased postimplantation loss was recorded at 50 mg/kg bw per day. An apparently
treatment- and dose-related increase in implantation loss was also seen at 10 mg/kg bw per day. The
total losses consisted mainly of early resorptions and late resorptions; these amounted to 7% and
16.4% of the implantations at 10 and 50 mg/kg bw per day, respectively. The mean fetal body weights
were not affected.

Evidence of developmental toxicity included hydrocephalus internus, observed in one fetus
at each dose level, and one agenesia of the diaphragm in the control, one partial agenesia of the
diaphragm at 10 mg/kg bw per day and one agenesia of the left kidney and ureter at the high dose.
Slight microphthalmia was found in four fetuses of one litter in the 10 mg/kg bw per day dose group.
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Table 31. Differences in body weight gain of dams over the treatment period in the developmental
toxicity study in Chinchilla rabbits with cyproconazole

Group Body weight change (g)* Corrected
(mg/kg bw . body weight
per day) Days postcoitum gain (%)°
0-6 6-11 11-15 15-19 6-19 19-24 24-28 6-28
1(0) 152 45 85 48 178 60 34 272 —4.9
(+4.7%)  (+1.3%) (F2.5%) (+1.4%) (+14%) (+1.7%) (+0.9%) (+8.0%)
2(2) 125 55 75 71 201 68 40 309 —4.5
(+4.1%)  (+1.7%) (+2.3%) (+2.1%) (+6.3%) (+20%) (+1.2%) (+9.6%)
3(10) 160 71 69 59 199 63 37 299 -3.7
(+5.2%)  (F2.2%) (+2.1%) (+1.7%) (+6.2%) (+1.8%) (+1.1%) (+9.2%)
4 (50) 187 -12 50 73 111 66 33 210 —4.9
(+6.2%)  (—0.4%) (+1.6%) (+2.2%) (+3.4%) (+2.0%) (+1.0%) (+6.5%)
From Becker (1986)

% change shown in parentheses.
b Corrected body weight gain as a percentage of weight on day 6.

The incidence of hydrocephalus internus was 0.85, 0.83 and 0.93 for the low-, mid- and high-dose
fetuses and 0.08 for the historical control incidence. Hydrocephaly was also seen at two dose levels
in a developmental toxicity study in rats (Eschbach, 1989) and also in the published study in rats with
this test material (Machera, 1995); however, this anomaly did not occur in the concurrent controls of
either study. In another developmental toxicity study in New Zealand White rabbits, hydrocephaly
was not seen (Miiller, 1991).

The maternal NOAEL was 10 mg/kg bw per day, and the LOAEL was 50 mg/kg bw per day,
based on decreased body weight gains and feed consumption. The developmental toxicity NOAEL was
10 mg/kg bw per day, based on increases in postimplantation loss seen at the LOAEL of 50 mg/kg bw
per day, the highest dose tested. The study author set a NOAEL for maternal toxicity at 10 mg/kg bw
per day and concluded that there was no embryotoxicity or teratogenicity at doses up to and including
50 mg/kg bw per day (Becker, 1986).

In a second study of developmental toxicity, groups of 18 pregnant New Zealand White rabbits
were given cyproconazole (purity 94.8%) at a dose of 0, 2, 10 or 50 mg/kg bw per day by gavage in
1% CMC in distilled water (dose volume 5 ml/kg bw) on days 618 of gestation, inclusive. The dos-
ing solutions were prepared weekly as a suspension in vehicle. The concentration and homogeneity of
cyproconazole in the vehicle were determined during the first and last weeks of the treatment. It was
stated in the study report that the stability was determined and proven during the range-finding study.
All animals were examined twice daily for morbidity and mortality. Body weight was recorded on
days 0, 6,9, 12, 15, 19, 24 and 28 postcoitum. Feed consumption was recorded for days 0-2, 2—4, 4-6,
6-9,9-12,12-15,15-17, 17-19, 19-21, 21-24, 24-26 and 2628 postcoitum. On day 28 postcoitum,
surviving female rabbits were killed, dissected and examined macroscopically for pathological chang-
es. Animals found dead and females showing signs of abortion were also necropsied and examined
for pathological changes. Ovaries and uteri were removed and examined. Uterine contents, position of
fetuses in the uterus and number of corpora lutea were recorded. Fetuses were killed by intrapleural
injection of sodium pentobarbital, sexed, weighed, examined for gross external abnormalities and pre-
pared for internal examinations. Fetuses were microdissected to investigate body cavities and organs.
Heads were removed from approximately half of the fetuses, fixed and examined for visceral abnor-
malities by modified Wilson’s technique. In the remaining fetuses, examination of the brain was per-
formed by a mid-coronal cut. The carcass of all fetuses was examined for skeletal abnormalities after
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Table 32. Summary of reproduction data in the developmental toxicity study in Chinchilla rabbits
with cyproconazole

Parameter Dose (mg/kg bw per day)

0 2 10 50
Number of mated females 16 16 16 16
Number of non-pregnant females 1 1 — —
Number of females aborted — 1 — —
Number of females with live fetuses at necropsy 15 14 16 16

(= numbers used for calculations)

Number of corpora lutea:

- Per group 133 124 137 138
- Mean per dam 8.9 8.9 8.6 8.6
Number of implantations:
- Per group 126 119 129 128
- Mean per dam 8.4 8.5 8.1 8.0
Preimplantation loss:
- Per group 7 5 8 10
- Mean per dam 0.5 0.4 0.5 0.6
Live fetuses:
- Per group 123 118 120 107
- Mean per dam 8.2 8.4 7.5 6.7
- % of implantations 97.6 99.2 93.0 83.6
- % males 53.7 46.6 50.8 48.6
Dead fetuses 0 0 0 0
Early resorptions:
- Per group 3 0 7 10
- Mean per dam 0.2 0.0 0.4 0.6
- % of implantations 2.4 0.0 5.4 7.8
Late resorptions:
- Per group 0 1 2 11*
- Mean per dam 0.0 0.1 0.1 0.7
- % of implantations 0.0 0.8 1.6 8.6
Total resorptions:
- Per group (= total postimplantation losses) 3 1 9 21%*
- Mean per dam 0.2 0.1 0.6 1.3
. . 24 0.8 7.0 16.4
- % of implantations
Mean weight of live fetuses 35.1 354 36.8 342
From Becker (1986)
* P<0.05

Alizarin staining. The uteri of apparently non-pregnant females at necropsy were placed in an aqueous
solution of ammonium sulfide to accentuate possible haemorrhagic areas of implantation sites.

The data provided show that the test material was suspended homogeneously in the CMC, and
the concentrations attained were close to the nominal concentrations (89—105% for homogeneity and
91-94% for concentration measurements). Stability data were not provided in the study report.

There were two deaths, one in the mid-dose group (14 days postcoitum) and one in the high-
dose group (22 days postcoitum), which were apparently incidental. Low water consumption was
observed in all groups, but the incidence was greatest at the high dose level. Two animals aborted in
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Table 33. Maternal body weight gain in a teratogenicity study in New Zealand White rabbits

Gestation period Maternal body weight gain (g)*

Dose (mg/kg bw per day)

0 2 10 50
Days 0-6 357 292 319 279
Days 6-9 71 71 (0%) 55 (—23%) =37*%*% (=152%)
Days 9-12 102 58 (—43%) 69 (=32%) 121 (+18%)
Days 12-15 72 80 (+12%) 83 (+16%) 47 (~34%)
Days 15-19 105 72 (—32%) 64 (—39%) 91 (—-14%)
Days 6-19 350 281 (-20%) 268 (—23%) 222 (=37%)
Days 19-28 193 253 (+31%) 223 (+15%) 270 (+40%)
From Miiller (1991)
** P<0.01

2 % difference from control shown in parentheses.

both the low-dose and high-dose groups (on postcoitum days 27 and 20 at the low dose and both on
day 19 at the high dose). The author stated that as there was no dose-response relationship and as
similar incidences of abortions have been observed in this strain of rabbit at this testing facility, as
reported in the historical control data submitted in the final report, the abortions in this study are con-
sidered incidental. There was 100% intrauterine death at necropsy in three low-dose, one mid-dose
and one high-dose female. There was no dose—response relationship observed, and similar incidences
are reported in the historical control data. No other findings were reported. In high-dose animals, a
group mean body weight loss was observed from day 6 to day 9 postcoitum (Table 33). Beyond day
9, no significant effects on body weight development were seen. The high-dose group displayed a
statistically significant decrease in mean daily feed consumption compared with the control value
from days 6 to 9 postcoitum (and from days 6 to 19 postcoitum; P < 0.05 not attained). Necropsy of
females did not reveal any treatment-related findings. The highest number of non-pregnant animals
occurred in the high-dose group.

There was a dose-related decrease in the number of implantations compared with the control
group when comparing all does or only those with live fetuses at necropsy. Although all dose levels
displayed an increased per cent postimplantation loss (when all does were considered), the increase
was inversely related to dose. Number of fetuses per doe, fetal sex distribution and mean fetal weight
were similar in all groups. Fetal malformations and variations were observed in all three dose groups
and in the control group (Table 34). In the control group, three fetuses from three litters showed
external or skeletal malformations: kinked tail, fused ribs or malpositioned digits. In the low-dose
group (2 mg/kg bw per day), one fetus was viscerally malformed, showing dysplasia of the retina. In
the mid-dose group (10 mg/kg bw per day), six fetuses (one of them dead) from three litters showed
external/visceral and skeletal malformations. Some of these malformations concerned ribs and ver-
tebrae, the position of hindlimbs, the tail and the abdominal wall. The outcome of this group was
dominated by one litter. Four of the six affected fetuses were from this single litter (positions 14 in
right horn of uterus). One of these four was found dead at necropsy, and two others had extremely low
body weights (21.5 and 22.8 g compared with the group mean of 40.8 g). These three fetuses were
found with omphalocele, umbilical hernia and arthrogryposis. The remaining three affected fetuses
of this group were found with skeletal malformations only. In addition to the one dead fetus, there
were four resorptions. In the high-dose group (50 mg/kg bw per day), 15 fetuses from seven litters
were malformed. These malformations were found in sternebrae and ribs, vertebral column, hind-
limbs, tail and kidneys. In one of these fetuses, a general oedema was found. Owing to the types and
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Table 34. Fetal abnormalities in a teratogenicity study in New Zealand White rabbits*

Parameter Dose (mg/kg bw per day)

0 2 10 50
No. of fetuses examined externally 110 (1) 90 75 (2) 60 (1)
(no. of dead fetuses)
No. of fetuses examined viscerally 110 90 73 59
No. of fetuses examined skeletally 110 90 73 59
Malformations
No. of fetuses with external/visceral malformations 2(2) 1(1) 2(1) 7(5)
(no. of litters affected)
No. of fetuses with skeletal malformations 1(1) 0(0) 3(3) 13(7)

(no. of litters affected)

Total no. of fetuses with malformations:

- No. of fetuses (no. of litters affected) 3(3) 1(1) 503) 15 (7%)
- Average % malformed fetuses 2.7 1.1 6.1 25

- % of litters affected 18.8 9.1 214 70
Variations

No. of fetuses with external/visceral variations 3(2) 3(1) 3(2) 2(2)
(no. of litters affected)

No. of fetuses with skeletal variations 110 (16) 88 (11) 72 (14) 58 (10)
(no. of litters affected)

From Miiller (1991)

*P<0.05

* Data extracted from Table 11 in the study report, page 56.

incidences of malformations, and when compared with the concurrent and historical control data, a
treatment-related effect is concluded for the high-dose group. A significant incidence of malrotated
hindlimbs was recorded in the high-dose animals. There was one incidence of this malformation in
the 10 mg/kg bw per day group also. This malformation was not seen in the historical control data
presented, and association with treatment cannot be excluded at present.

The maternal NOAEL was 10 mg/kg bw per day and the LOAEL was 50 mg/kg bw per day,
based on decreased body weight gain and feed consumption. The developmental toxicity NOAEL
was 10 mg/kg bw per day and the LOAEL was 50 mg/kg bw per day, based on the increased incidence
of malformed fetuses and litters with malformed fetuses, mainly affecting sternebrae, ribs, vertebral
column, hindlimbs and tail. The study author indicated that there was no developmental toxicity at
10 mg/kg bw per day (Miiller, 1991).

2.6 Special studies
(a)  Acute neurotoxicity
No studies were submitted.

(b)  Short-term study of neurotoxicity

No studies were submitted.

(c)  Studies on metabolites

Metabolites M21/M21a and M36 (also named NOA 405870 and NOA 405872, respectively)
were found in the milk and in the urine of lactating goats. They were found in the rat in minor

CYPROCONAZOLE 117-202 JMPR 2010



170

amounts only (0.02—0.06% of applied dose in urine). Therefore, the toxicological profile of these
metabolites was investigated. The [UPAC name for metabolite M21/M21A is 5-(4-chlorophenyl)-5-
hydroxy-4-methyl-6-(1H-1,2,4-triazol-1-yl)-2-hexanoic acid. The IUPAC name for metabolite M36
is 5-(4-chlorophenyl)-3,5-dihydroxy-4-methyl-6-[ 1,2,4]triazol-1-yl-hexanoic acid.

(i)  Acute oral toxicity study of metabolite NOA 405870 (M21/M21a)

Groups of male and female young adult HanIBM: Wistar rats (five of each sex per dose) were
given cyproconazole metabolite M21/M21a (purity 99.8%) as a single gavage dose of 2000 mg/kg
bw. The test substance was administered as a solution in polyethylene glycol 400 (dose volume of
10 ml/kg bw). Animals were observed for mortality and clinical signs at 1-hour intervals for the first
day and twice daily thereafter during weekdays and once on weekends. Body weights were recorded
on days —7, 0, 1-3, 7 and 14. A gross necropsy was performed on all animals.

No mortality was observed during the study. No treatment-related effects on body weight
were observed. Symptoms were unspecific, including piloerection, reduced activity, slowed and
laboured breathing and hunched posture. All animals were free of symptoms by day 5. No treat-
ment-related abnormal findings were noted at the necropsy. The acute oral LD, of cyproconazole
metabolite M21/M21a was greater than 2000 mg/kg bw for male and female rats (Warren, Miiller
& Carpy, 1992a).

(i)  Genotoxicity of metabolite NOA 405870 (M21/M21a)

In a microbial reverse gene mutation study, Salmonella typhimurium strains TA98, TA100,
TA102, TA1535 or TA1537 were exposed to cyproconazole metabolite M21/M21a (purity 100%) at
doses of 85000 pg/plate with or without S9 activation (initial trial) and 312.5-5000 pg/plate with or
without S9 activation (confirmatory trial). The S9 fraction was derived from Aroclor 1254—induced
Sprague-Dawley male rat livers, and the test material was delivered to the test system in DMSO.

Slight toxicity was noted in the first experiment at the highest concentration with strains TA98
and TA1537 (without S9) and TA102 (with S9). A narrower concentration range was selected for all
strains in the second experiment. In this experiment, slight toxicity was seen at the highest concen-
tration with strain TA98 (without S9) and TA1537 (with and without S9). Metabolite NOA 405870
(M21/M21a) did not reveal an increased incidence of revertant colonies in any of the experiments
conducted. The positive controls induced the expected mutagenic responses in the appropriate tester
strain. There was, however, no evidence that the cyproconazole metabolite M21/M21a induced a
mutagenic effect under any test conditions (Clare, 1992a) (see Table 35 below).

(iii)  Acute oral toxicity study of metabolite NOA 405872 (M36)

Mice

Groups of male and female young adult Crl:CD1 (ICR) BR mice (five of each sex per dose) were
given cyproconazole metabolite M36 (purity 98.0%) as a single gavage dose of 2000 mg/kg bw. The test
substance was administered as a solution in polyethylene glycol 400 (dose volume of 10 ml/kg bw). Ani-
mals were observed 4 times during the day of treatment and once daily for the following 14 days. Body
weights were recorded on days 1 (pre-administration), 4, 8 and 15. A gross necropsy was performed on
all animals.

One female animal died spontaneously on test day 7. There were no clinical signs and no find-
ings at necropsy with this animal. Therefore, this death was considered not to be treatment related.
No other death occurred during the 14-day observation period after treatment with cyproconazole
metabolite M36. No clinical signs were observed. No treatment-related effects on body weight were
observed. The acute oral LD, of cyproconazole metabolite M36 was greater than 2000 mg/kg bw for
male and female mice (Pfister, 1995).
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Rats

Groups of male and female young adult HanIBM: Wistar rats (five of each sex per dose) were
given cyproconazole metabolite M36 (purity 97.0%) as a single gavage dose of 2000 mg/kg bw. The
test substance was administered as a solution in polyethylene glycol 200 (dose volume of 10 ml/kg bw).
Animals were observed for mortality and clinical signs at 1-hour intervals for the first day and twice
daily thereafter during weekdays and once on weekends. Body weights were recorded on days —7, 0,
1-3, 7 and 14. A gross necropsy was performed on all animals.

No animals died during the 14-day observation period after treatment with cyproconazole me-
tabolite M36. Symptoms were unspecific and mainly limited to piloerection. All animals were free of
symptoms by day 8. No treatment-related abnormal findings were noted at the necropsy. The acute
oral LD, of cyproconazole metabolite M36 was greater than 2000 mg/kg bw for male and female
rats (Warren, Miiller & Carpy, 1992b).

(iv)  Short-term toxicity study of metabolite NOA 405872 (M36)

Rats

In a 28-day study of toxicity, groups of five male and five female Hanlbm: WIST Wistar rats
were given diets containing cyproconazole metabolite M36 (purity 98%) at a dietary concentration of
0, 1500, 5000 or 20 000 ppm (equal to 0, 155, 527 and 2772 mg/kg bw per day for males and 0, 176,
528 and 2126 mg/kg bw per day for females, respectively). Diets were prepared weekly. All rats were
observed for mortality and signs of toxicity twice a day (once on weekends), and each was subjected
to a detailed check for signs of reaction to treatment once a week, which included palpation. Body
weights were recorded on the day before commencement of treatment and weekly thereafter. Mean
feed consumption was determined weekly. Haematological and clinical chemistry investigations
were carried out on all animals after 4 weeks of treatment at necropsy. Urinalysis was performed af-
ter 2 weeks of treatment. Eye examinations were not performed. At study termination, animals were
sacrificed by carbon dioxide asphyxiation. All animals were subjected to a detailed gross pathological
examination. Organs were collected, weighed and prepared for histopathology.

Test diets were analysed prior to study initiation for homogeneity of mixing and stability of
test material in diet as part of another study (Study No. 553R; a 5-week study), and the results were
provided in the study report (Warren et al., 1995a).

There were no deaths in either sex at the low- and mid-dose levels and no apparent signs of tox-
icity. At the high dose, two rats of each sex died (one female after 6 days of treatment, one male after
12 [13, according to the pathology report] days, one female after 17 days and one male after 23 days).
The deaths were sudden with no prior evidence of a toxic effect, and none of the rats that died was
observed in a moribund state. Because two of the dead rats were partially cannibalized when found,
the remaining high-dose rats were individually housed for the remainder of the study (from day 18).
Piloerection and emaciation were observed most frequently in the high-dose group in both sexes. In
the results section of the report text, it is stated that minimal degrees of hunched posture and lethargy,
recorded only in high-dose rats, were noted in logbook notes of the Study Directo