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MEMORANDUM

SUBJECT: 625 6(A)(2). Thiophanate-methyl. Review of
Chronic/Oncogenicity Feeding Study in- Rats

PC Code 102001 -

Tox. Chem. No. 375 A

Project No. D195040 o

Submission No. S448036 e .
- MRID No. 428966-01

- TO: Shanaz. Bacchus .

~ Accelerated Reregistration Branch
Special Review and :
Reregistration Division (7508W)

FROM: Pamela M. Hurley, Toxicologist A?1Y¥ :
Section I, Toxicology Branch I &947/l5'
Health Effects Division (7509C)

THRU: Roger L. Gardnef, Section Head /Z’““g51£“4/

Section I, Toxicology Branch I )
Health Effects Division (7509C) . ?—27—45 Y.
| f 4';%’3‘

Backaround and Request:

‘ E1f ATOCHEM North America has submitted a combined chronic

feeding/oncogenicity study for thiophanate-methyl in response to
reregistration requirements. The study has been classified as
6(A) (2) data. The Toxicology Branch:  (TB-I) has been- asked to
review and comment on the study.

Toxicology Branch Response:

The Toxicology Branch has reviewed the combined chronic
feeding/oncogenicity study for thiophanate-methyl and has
determined that it satisfies the regulatory requirement for
toxicology testing guideline number 83-5 for thiophanate-methyl ~
‘(chronic feeding/oncogenicity study in rats). The study is . A
classified as Core Guideline. TB-I notes, however, that the way
the study was reported made interpretation more difficult and
time consuming. It would have heen helpful if tables with
combined incidences from both the terminal sacrifice and the
unscheduled deaths for each of the macroscopic.and microscopic
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data tables were included in the report. 1In addition, in order
to complete our analysis,- TB-I is requesting two items:
historical control data for adrenal pheochromocytomas in males
and mononuclear cell leukemia in the spleen of females and the
reports on the mechanistic investigation of the effect of
thiophanate~-methyl on. the thyroid and liver which were summarized
in Annex 5 of the combined chronic toxicity/oncogenicity study in
rats. The following paragraphs summarize the results of ‘the’
study. - - :

In a 2-year feeding/oncogenicity study,. thiophanate methyl was -
administered in the diet to 60 -male and 60 female F344 rats/group
at 0, 75, 200, 1200, or 6000 ppm. After week 52, 10 S
rats/sex/dose were sacrificed, except only five 6000 ppm males
were sacrificed because 8 males died from non-treatment related
injury at weeks 11 and 12. The mean compound consumption for the
study was 0, 3.3, 8.8, 54.4, and 280.6 mg/kg/day for males and 0, -
"3.8, 10.2, 63.5, and 334.7 mg/kg/day for females.

Rats fed 75 and 200.ppm had no significant treatment-related
toxic effects. Male rats fed 1200 ppm and 6000 ppm had
significantly decreased mean body weights and net weight gains at
the end of the study. The mean weight of 1200 ppm males was 84%
of controls (p<(.001), and the net gain was 79% of controls .
(p<0.001), whereas the two 6000 ppm males which survived to' week
104 had a mean weight 73% of controls and net weight gain 63% of
controls. Female rats had significant body weight changes only
in the 6000 ppm dose group, the mean weight was 78% (p<0.001) and
the mean net gain was 69% (p<0.001) of controls at the end of the
study. The 1200 and 6000 ppm males and females had decreased
food efficiency. Food efficiency in rats fed 1200 ppm was
reduced to 78% and 88% of controls in males and females,
respectively, while in 6000 ppm rats, the efficiencies were
-lowered to 65% and 71% in males and females. There was a
treatment-related decrease in survival in only the 6000 ppm group
males (2/55 survivors vs. 37/50 controls, p<0.001); the marginal
increase in mortality (p<0.05) in the 200 ppm group males
appeared spurious. Other male groups and all female dose groups
were unaffected. ‘Non-neoplastic pathological changes were
observed primarily in 1200 and 6000 ppm rats in the liver (dose-
related weight increase and hepatocellular hypertrophy), kidney
(surface changes, dose-related increase in weight and severity of
nephropathy), and thyroid (dose-related weight increase,
follicular cell hypertrophy and hyperplasia, and T, and T,
hormone level decreases). The levels of. thyroid siimulating
hormone (TSH) were elevated, though pituitary weights were -
unchanged. A LOEL of 1200 ppm was identified for both male (54.4
mg/kg/4ay) .and female (63.5 mg/kg/day) rats, based on treatment-
related ‘effects in the liver, kidneys, and thyroid. The -
corresponding NORL was 200 ppm in both sexes of rats . :
(corresponding to 8.3 mg/kg/day for males and 10.2 mg/kg/day for
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" females), based on lack of signzfxcant toxic effects at this
dose. . )

The toxic effects observed in the thyroid in 1200 and 6000 ppm
male and female rats were accompanied by a dose-related increase
in the incidence of follicular cell adenoma (males: 1/50, 0/48,
0/50, 3/50, 12/55 and females: 0/50, 0/49, 0/50, 1/50, 2/50 for
doses of 0, 75, 200, ‘1200, and 6000 ppm,: respectlvely). The
increase was statistlcally significant (p<0.01) cnly in males at
6000 ppm,- a dose which was shown to exceed the maximum tolerated .
by males by. the high mortality it caused. The thyroid adenoma
was likely a secondary effect.of the thyroid-pituitary hormonal
imbalance induced by chronic compound treatment. The increased
incidences .of neoplasms in the spleen and adrenal medulla were
not dose—related and were of uncertain biological significance
(spleen mononuclear cell leukemia im 75 and 200 ppm males and in
-75, 200, and 1200 ppm females and adrenal medulla '
pheochromocytoma in 75, 200, and 1200 ppm males). There were also
several neoplasms which were statistically elevated but
incidental, to treatment. (skin papilloma in 75 ppm males,

) pltultary adenoma in 200 ppm males and mammary gland fibroadenoma
in 1200 ppm females). Based on the 51gn1f1cant depresslons in
mean body weights and mean net body weight gains in the. rats, it
appears that the maximum tolerated dose (MTD) was achieved in the
study for both males (1200 ppm or 54.4 mg/kg/day) and females
(6000 ppm or 334.7 mg/kg/day).
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[THIOPHANATE METHYL] Chronic Fzeding/Oncogenicity Study (83-5)

EPA Reviewer: P. Hurley, Ph.D. - | \‘PM‘MM - Date: HZH/ 95

Review Section |, Toxicology Branch | (7508C) . :
EPA Section Head:M. Copley, Ph.D., D.A.B.T. Date%%ég_r , |
Review Section |, Toxicology Branch | (7608C} / : ‘

A : DATA EVALUATION REPORT
STUDY TYPE: Chronic FegdinglOncogenicity— Rat (83-5)
TOX. CHEM.-NO: 375A o
P.C.CODE,: 102001
MBID NO,: 428955-01'
IE_SJ‘_MAI_EBLAL: Thi§phan§te methyl

SYNONYMS: Thiophanate-methyl, Topsin-M, dimethyl;4,4'-(o—phenylene)-bis(3-
thioallo phanate), dimethy! [1 .2-phenylene-bis(iminocarbonothioyl)]-bis(carbamate)

STUDY NUMBER: 0566

SPONSOR: Nippon Soda Co., LTD., 2-1, 2-Chome, Ohtemachi, Chiyodaku, Tokyo,
Japan ‘

TESTING FACILITY: Toxicology Institute, Environmental Toxicology Laboratory,
Nippon Soda Co., LTD., 345 Takada, Odawara, Kanagawa, Japan

TITLE OF REPORT: Thiophanate-méthyl - Combined Chronic Toxicity/Oncogenicity
Study in Rats ' '

AUTHOR: H. Takaori
REPORT ISSUED: August 17, 1993

- EXECUTIVE SUMMARY: [n a 2-year feeding/oncogenicity study, thiophanate methyl
was administered in the diet to 60 male and 60 female F344 rats/group at O, 75,
200, 1200, or 6000 ppm. After week 52, 10 rats/sex/dose were sacrificed,
except only five 6000 ppm males were sacrificed because 8 males died from non-
treatment related injury at weeks 11 and 12. The mean compound consumption for

the study was 0, 3.3, 8.8, 54.4, and 280.8 mg/kg/day for males and O, 3.8, 10.2,

63.5, and 334.7 mg/kg/day for females.
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[THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study (83-5)

Rats fed 75 and 200 ppm had no significant treatment-related toxic effects. By

study termination, males had significantly decreased mean body weights in the

1200 ppm group (84% of controls, p<0.001) and in the 6000 ppm group (2

surviving males, 73% of controls (no statistics)). The mean net bodyweight gains

were 79% of controls (p <0.001) for the 1200 ppm group and 63% of controls for

the high dose group. Female rats had significant body weight changes only in the

6000 ppm dose group, the mean weight was 78% (p <0.001) and the mean net

gain was 69% (p<0.001) of controis at the end of the study. Food efficiency in

rats fed 1200 ppm was reduced to 78% and 88% of controls in males and

females, respectively, while In 6000 ppm rats, the efficiencies were lowered to

65% and 71% in males and females. There was a treatment-related decrease in 2
survival in only the 6000 ppm group males (2/55 survivors vs. 37/50 controls, .
p<0.001); the marginal increase in mortality (p<0.05) in the 200 ppm group I
males appeared spurious. Non-neopiastic pathological changes were observed
primarily in 1200 and 6000 ppm rats in the liver (dose-related weight increase and
hepatocellular hypertrophy), kidney (surface changes, dose-related increase in
weight and severity of nephropathy), and tt.yroid (dose-related weight increase,
follicular cell hypertrophy and hyperplasia, and T, and T, hormone level decreases).
The levels of thyroid stimulating hormone (TSH) were elevated, though pituitary
weights were unchanged. A LOEL of 1200 ppm was identified for both male (54.4
mg/kg/day) and femaie (63.5 mg/kg/day) rats, based on treatment-related effects
in the liver, kidneys, and thyroid. The corresponding NOEL was 200 ppm in both
sexes of rats {(corresponding to 8.8 mg/kg/day for males and 10.2 mg/kg/day for
females), based on lack of significant toxic effects at this dose.

The effects observed in the thyroid in 1200 and 6000 ppm male and female rats

were accompanizd by a dose-related increase in the incidence of follicular cell -
adenoma (males: 1/50, £/48, 0/50, 3/50, 12/55 and females: 0/50, 0/49, 0/50,

1/50, 2/50 for doses of O, 75, 200, 1200, and 6000 ppm, respectively; ' -
statistically significant (p <0.01) in males at 6000 ppm. There were statistically
significant but non-dose related increases in the incldences of neoplasms in the
spleen and adrenal medulla which were of uncertain biological significance (spleen
mononuclear cell leukemia in 75 and 200 ppm males and in 75, 200, and 1200
ppm females and adrenal medulla pheochromocytoma in 75, 200, and 1200 ppm
males). Based on the significant depressions in mean body weights and mean net
body weight gains in both sexes and on the high mortality rate in males, it appears
that the maximum tolerated dose (MTD) was exceeded at the high dose in males
but achieved for males at 1200 ppm or 54.4 mg/kg/day and for females at 6000
ppm or 334 7 mg/kg/day.

This study-is classified as core guideline and satisfies the requlrements for an 83-5
Chronic Feedlngl Oncogenicity Study in rats

Special Review Criteria (40 CFF: 154.7) Norie ' . : ]
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[THIOPHANATE METHYL] Chronic Feeding/OncoZzenicity Study (83-5)
A. MATERIALS
1. Test matecial: Thiophanate methyl

C"’Y

Description: pale brown powder ' o OI 31
Lot/Batch No.: TIF-1016 ' o )

Purity: 96.55% a.i.

Stability of compound:Stable at room temperature (not specified for how long)

CAS No.: 23564-05-8 ‘ .

Structure:
R
@NH-CM-C-O&
S o]
2. Vehicl r itiv ntrol

The test material was ground and mixed into the basal diet. No vehicle or
positive control was included.

3. Test animals

Species: Rat
Strain: Fischer 344 .
Age and weight at study initiation: Rats were 6 weeks old. Weight, males:
109.9-132.7 g, females: 92.9-106.8 g.
Source: Charles River Japan, Inc., Atugi, Kanagawa, Japan
Housing: Rats were housed individually in stainless steel mesh cages. Males
were moved to larger cages at 11 weeks. »
Environmental conditions:
Temperature: 20.0-27.2°C
" Humidity: 38.1%
Air changes: 10 times/hour
Photoperiod: 12 hours light, 12 hours darkness
Acc.imation period: one week
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{THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study {83-5)
B. STUDY DESIGN

1. Animal assignment
Animals were randomly assigned to the test groups in Table 1 by computer,
with the criteria that the groups have similar values for mean weights and
standard deviations.
TABLE 1. STUDY DESIGN
Doses Number of Aﬂltm:l:E
Dosage achieved*® Main study Interim sacrifice
Dose in diet (Mean) (mg/kg/day) {104 weeks) {52 weeks)
Male Female Male Female Male Female
0 ppm 0 0 50 50 10 10
75 ppm 3.3 3.8 50 50 10 10
200 ppm 8.8 10.2 50 50 10 10
1200 ppm 54.4 63.5 50 50 10 10
6000 ppm 280.8 334.7 55¢ 50 5¢ 10

®Doses were calculated by study authors using food consumption and body weight data and
nominal concentrations, and are presented in Text Table IV, p. 28, MRID No. 428966-01.

bData was taken from MRID No. 428966-01 (e.g. p. 12).

Yn the 6000 ppm group males, fifty animals were intended to be in the main study group and 10
in the interim sacrifice group at the beginning of the study. Due to non-treatment related loss of
8 males at weeks 11 and 12, only 5 males were sacrificed after 52 weeks and the other 55 were
considered by the authors to be part of the main study group.

2.

Dose selection rationale: Doses tested were based on the results of a previous
subchronic (90-day) range-finding study in rats (Nishibe and Takaori, MRID No.
420017-01). In this study, toxicity occurred at doses of 2200 ppm and higher
(4200, 6200, and 8200 ppm); concentrations and resuits of lower doses were
not reported. Effects caused by thiophanate methyl included anemia,
hepatocellular hy;-ertrophy, nephropathy, and thyroid follicular hypertrophy and
hyperplasia. No body weight depression was noted at the highest dose tested
(8200 ppm). The authors thus estimated that 6000 ppm could be the
maximum tolerated dose (MTD) for a 2-year study, and doses of 75, 200,
1200, and 6000 ppm were selected.

Di . | analysi

The test diet was prepared monthly by mixing with a blender appropriate
amounts of ground test substance with the basal diet. The mixture was stored
at -20°C until use. Homogeneity and concentration were tested for all doses
of each monthly preparation, samples being taken at the top, middle, and

March 1995 4




[THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study (83-5)

bottom position of each lot. The stability of thiophanate methyl in the
formulated diet was confirmed prior to initiating the subchronic study by Nippon
Soda Co., LTD. The stability, homogeneity, and concentration were tested by
HPLC analysis.

Results - . :

a. Homogeneity/Concentration analysis — Each dietary concentration (75, 200,
1200, and 6000 ppm), at sach sample position tested (top, middle, and
bottom), had a mean analytical concentration which was from 94.1% to
110.9% of the target value.

b. Stability analysis - HPLC analysis 'showed that thiophanate methyl was
stable for up to 7 days at room temperature (using 100 ppm), and for up to
58 days in a freezer at -20°C (using 75 ppm). The concentration of test

" compound determined by HPLC in the diet (mean of 3 measurements) was
within 3% of the theoretical concentraticn at time O at each assay time.

3. Diet

Animals received food (basal diet M, Oriental Yeast Co., Ltd., Tokyo) and tap
water ad libitum.

4. Statistics

The following statistical tests were used to analyze the resuilts:

Chi-square test:
mortality, clinical observation, ophthalmoscopic examination, macroscopic
observation data, microscopic observations {neoplastic lesions)

Bartlett's test for homogeneity of variances?:
body weights, food consumption values, clinical laboratory measurements,
absolute and relative organ weights

Mann-Whitney U-test!:
graded urinalysis data, microscopic observations (non-neoplastic lesions)

1The Fisher's exact test (two-tsiled) was used when the number of snimals was bslow

6/group )
2¢ the variances wers equal, parametric procedures were used (standard one-way ANOVA). For
nonparametric procedures, the Kruskal-Wallis test was used. For both procedures, Dunnett's test
or Scheffa's test wers uged to identify means which wers significantly different from the control.

5. Signed and dated GLP and quality assurance statements were present.

March 1995 5
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[THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study (83-5)
C. METHODS AND RESULTS -

1. QObservations

Animals were inspected at least once daily for signs of mortality, morbidity, and
overt toxicity. Detailed clinical examinations were done weekly to assess gross
pathological findings and palpable masses.

Results - Clinical observations that were statistically different from controls
(p< 0.05 or p<0.01) are shown in Table 2. Tissue masses in the subcutis
and/or on -the skin were found in- both sexes of rats. Skin and mucous
discoloration was found predominantly in males, while alopecia was dose-
related and significantly elevated only in females. The incidence of tissue
masses in the subcutis of 1200 ppm females was 2-fold greater in treated than
control females from week 91 to 105, though the increase was statistically
significant only at week 100. Significant elevations in the frequency of eyelid
lacrimation were seen sporadically in 75, 200, and 1200 ppm females, while
other eye effects (cornea, crystalline lens, skin} occurred in 200 ppm males,
though these effects were likely incidental to compound treatment.

_ _
TABLE 2. TREATMENT-RELATED CLINICAL ,
OBSERVATIONS IN RATS FED THIOPHANATE METHY!.
Concentration Week(s) of
Sex Cinical observations
» %%
: Tissue masses in the subcutis,
Male 1200 95-101 including in the lip
Male 1200, 6000 91 and/or 92 Tissue masses on ths skin
77 to study . . .
Pale discoloration of skin and
Male 6000 terminsation {(most mucous membranas
weeks)
pnaR L D
Femasle - 1200 100 Tissus mass in the subcutis
Female 6000 79-104 Alopecia |
0

Data was teksn from Tables 1 and 2 (pages 49-122), MRID No. 428966-01.

Statistically significant increases in the mortality of males were seen at several
weekly timepoints with lower doses: in the 200 ppm group at week 79 and at
most weeks between weeks 94-105, and in the 1200 ppm group only at week
105. In the 6000 ppm male dose group, statistically significant elevations in
mortality occurred from week 11 through study termination (105 weeks). Eight
males of this group were killed in extremis or found dead at Weeks 1 1o0r12,
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[THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study (83-5)

although their deaths were due to fracture of the nasal bone, considered by the
authors to be due to problems with the cage feeder plate. The authors did not
_prepare Kaplan-Meier survival curves or in any other way censor the 8
treatment-Unrelated deaths in 6000 ppm males. Among the female groups,
treatment had no effect on mortality at any time. The mortality data is
summarized in Text Table I, p. 26, MRID No. 428966-01, and is reproduced
below (the total number of females at week 80 at 6000 ppm was changed from
60 to 50, correcting a typographical error) as Table J.

_lale - :;:_nge —
) v 104 wk 4
T e Ty Ty e
T 0o Lswey [omco  Tyecn 11/5e) |
20 Vel 0 | (0 | /000s (om0 Tus() | 4806 |
0 Vs 0) e /8 0) v 0)
(00 [8/60(13)s | IV/S5(Me_ | U508 11/00(2) | YA(H) 11/50(22

Significatly different from control, a: p<0.05, & p<0.0C1 (Chi-square test)

Data was taken from Text Table I, p. 26, MRID No. 428968-01A. The total number of females a2 week 80
atGOOOppmwasd\anoedfromBOto§0,mmmb!vomwthgatypoqrapﬁcdmor.

2. Body weight

Animals were weighed once each week through treatment week 14, then at
week 16, and once every 4 weeks thereafter.

Results ~ The mean body weight of male rats was statistically significantly
lower than that of controls from week 84-104 in the 1200 ppm dose group and
from week 52-104 in the 6000 ppm dose group. A biologically significant
weight decrease {>10%) was first seen dutng weeks 100 and 68 in the 1200
and 6000 ppm males, respectively. Tha mean weights at 104 weeks were
84% (1200 ppm) and 73% (6000 ppm) of controls. Among females,
statistically significant depressions in mean body weight occurred from weeks
20-52 and at week 88 in the 1200 ppm group, and from week 2-104 in the
6000 ppm group. The decreased mean weights of 1200 ppm females were not
biologically significant at any week examined during the study, the weight being
91% of controls at week 104, The weight of 6000 ppm females fell below
80% of controls starting at week 48, and was 78% of controls at week 104.
The decrease in mean body weights in both male and female rats w-s dose- and
time-dependent throughout the study. Results are summarized in Text Table
Il, p. 27, MRID No. 428966-01, and are presented below as Table 4. The
group mean body weight curves are presented in Figures 1 and 2 (p. 444 and
445) of MRID No. 428966-01.
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[THIOPHANATE METHYL) Chronic Feeding/Oncogenicity Study (83-5)
IABLE 4, MEAN BODY -WEIGHTS (g) AND RATIOS TO CONTROQL (%)
hale Fmmle

Dose (ppe) | % U3 &S LY &I k0 & k¥ % {0

] 330000 | .80 | @S (00 |6 (100 isa (oo | EL{I00 | 8.7 (100 .3 40

B B.2008 |y @18 | RN |IKS (108 241 3123 (1@} 3.5 (o)

0 BAT(O [ama(ion [@s(% Q08 % |11 (9 S0 | w7110 W

120 Bi(W W(% [ @.L1(% | MI(We)MI(W WA MA{H | B

L) BAOK [si(osjl(BelBI(Tq]10S (%0 _g_tggc | BLACRD | 2.4 Me
Sigeificmtly éiffermnt from cmtrel, Mo 8L, .00 (Ghi-smare tast)
¢ Statistical wafveis me mt performd das to the smell posbar of wer..ix ioimls

{11521

Dets wae taken from Text Table i, p. 27, MRIO Ko. 428968-01A

The net body weight gains were depressed in both the male and female rats
treated with 1200 and 6000 ppm thiophanate methyl. At the end of the stucy,
the net gain of the 1200 ppm and 6000 ppm males were 79% and 63%,
respectively, of the controi males. In the female 1200 and 6000 ppm dose
groups, tne net gains wers 88% and 69%, respectively, of the controls at week
104. There was a dos- related decrease in mean net weight gain in both sexes
of rats throughout thu swudy. The pattem of weight gain duri..g the study is
presentsd in Text Table il, p. 27, MRID No. 4289166-01, and is shown below
as Table 5. Based on the > 10% depression of body weight gain at study
termination in rats treated with 1200 ppm, the study authors propose this
concentration as the MTD in both males and famales. The reviewer, however,
feels that for the females, 6000 ppm is the MTD because the mean bcdy
weight of the ammals was depressed by only 9% at the end of the study (see
Table 4 above), which was not biologically or statistically significant.

Dose (pew) ?ﬁ &S L 1] 1] tf-'n. &k %l ;1;'1.

i - R R - RR( ] XD jI(om |99 (K | 155 (1) .9 (169 {

] WS (m (i [an3(0 |weoe 1010 jati (i ) ms(m
-] A | 5.2 (1) W.1(% | s3I0 |40 l!.; QQL :;m nlé:(:
12 COERITEREY I (MelBs(e [107(0y|INS(W (® |
(oo (e e |y (sorim(me] s (e [y (oo | it (el 1510 (6] 193 (Ehe ]

Sigiificastly éiffermt frem contrad, Bptl L, cipcl. 0 (Chi-symre tast)
¢ Satigtial Iblil-l!nfb!ﬂhhh-llﬁ;l:ﬁf!f-h

Dats wa_ .sxon from Text Table i, p. 27 MKID Ne. 428868-01A,

BEST COPY AVAILABLE
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(THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study (83-5)
3. Food consumption and compound intake

Food consumption for each animal was determined once each week for a
24-hour period through treatment week 14, then at week 16, and once every
'4 weeks thereafter. "Mean daily diet consumption. was calculated as g
. food/animal/day and as g food/kg body weight/day. Only selected food
efficiency values ([body weight gain (g/day) /food consumed (g/day)] X 100}
. were calculated by study authors. Compound intake {(mg/kg/day) values were
calculated as time-weighted averages from the food consumption and body
weight data.

Results — .-
a. Food consumption - Calculated as g/animal/day, food consumption was
. statistically significantly altered lincreased or decreased) occasionally
throughout the study in both sexes. The changes were small (usually <
109%) and not related to dose. The 6000 ppm groups had fairly consistent
increases (generally <20%) in food consumption/body weight starting at
week 32 in males and starting at week 5 in females, through the remainder

of the study. The food consumption/ kg body weight/ day was increased or
decreased during several penods of the first year for both males and females

at various doses, while during the second year, values for both sexes fed .
6000 ppm were increased at almost every time point examined. Overall,
there was a dose-related increase in the g food/kg body weight/day. Resuits
are summarized in Table 6. The mean daily food consumption {g/animal/day)
for the rats and are presented graphically in Figures 3 and 4 (p. 446 and
447) of MRID No. 428966-01.

TABLE 6. MEAN DAILY FOOD CONSUMPTION AND FOOD EFFICIENCY OF
. RATS -FED THIOPHANATE METHYL IN THE DIET FOR 104 WEEKS
Food Consumption r )
. , Food efficiency®
gl:t\huldw ’glgg bedy weight/day l

Dose Maie Female . Male Femasle Male Female

" 0 ppm 18.8 129 43.9 50.6 2.3 2.4
75ppm | 189 | 1238 44.3 50.0 2.2 24 .

200 ppm 189 | 128 44.1 50.9 2.2 2.3

‘1200 ppm | 18.9 128 | 4s3 52.9 1.8 2.1

6000 ppm | 18.4 12.4 46.8 55.8 . | 1.5 ‘1.7

Data was taken from Text Tabie [V, p. 28, MRID No. 428966-01. ]

'Thcfoodefﬁcimdu'mcdwlaudbyﬂ\envbwermhgﬂumemnotmightgah dsta

from Text Table lil, p. 27, MRID No. 428966-01 and the food consumption data (g/animal/day)
- from this table. .. - . . .
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[THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study (83-5)

b. Compound consumption {time-weighted average) — The group mean values
over the 104-week study period for the O, 75, 200, 1200, and 6000 ppm
animais were 0, 3.3, 8.8, 54.4, 280.6 mg/kg/day for males and O, 3.8,
10.2, 63.5, and 334.7 mg/kg/day for females.

c. Food efficiency ~ The authors calculated food efficiencies for selected
weekly intervals (weekly through treatment week 14, then at wesk 10, and
once every 4 weeks thereafter); the values for the entire study (weeks 1-
104) were calculated by the reviewer by dividing the total body weight
gained by-the total mean food consumption (consumption/day X 728 days
(104 weeks)) X 100. There was a dose-related decrease in the food
efficiency in both sexes of rats, values ranging from 63% to 96% of
controls for the males and from 71% to 101% of controls for females (high-
dose to low-dose groups). The relatively minor changes in total food
consumption coupled with the marked decrease in total body weight gain
suggest that the decreased efficiencies are due to compound consumption.
The results are presented in Table 6. '

4. Ophthalmoscopic examination

Eyes of all animals were examined with the direct ophthalmoscope and the
fundus camera prior to study initiation and at months 12 and 24, All animals
from the control and highest dose groups (6000 ppm) were also examined at
6 and 18 months.

Results— All the rats chosen for the study had normal ophthalmoscopic resuits
(7 rats that had abnormalities were excluded from the study). No
treatment-related lesions were found in any group at any of the times examined.

5. Blood was collected from the retro-orbital sinus of 10 rats/sex/dose group for
hematology and clinical chemistry analysis (except from only one male of the
6000 ppm group at month 24). Only 8 rats/sex/group were analyzed for thyroid
hormones (T5 and T,) and TSH, while no 6000 ppm males were examined at
month 24. Collection of blood for hematology analysis (no fasting) was at
months 3, 6, 12, 18, and 24 of the study. Animals were fasted for 16 hours
prior to withdrawal of blood for blood chemistry analysis at months 6, 12, 18,
and 24. Slides for examining differential leukocyte counts were prepared at all
blood collection times for the control and high-dose groups, and at months 12,
18, and 24 for the intermediate dose groups (75, 200, 1200 ppm). The
CHECKED (X) parameters were examined.
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[THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study (83-5)
a. Hematology
X X
x | HematocrittHcT)* X | Leukocyte differential count®
X | Hemoglobin {(HGB)* X | Mean corpuscular HGB (MCH)
X 1 Leukocyts count (WBC)* X | Mean corpusc. HGB conc. (MCHC)
X | Erythrocyte count (RBC)* X |1 Mean corpusc. volume (MCV)
X | Plateiet count® Reticulocyte count
Blood clotting messurements
(Thromboplastin time)
{Clotting time) .

* Required for subchronic and chronic studies.

Results - In 6000 ppm males, statistically significant decreases ware seen in the

hematocrit (4%-17% at months 3-18), hemoglobin levels (6%-21% at months

3-18), MCH (4%-8% at months 3-18), the RBC count (8%,14% at months

12,18), the MCV (2% at months 3,12), and the MCHC (2%, 5% at months 3,

18). Increases were seen in the platelet count (5%-48% at months 3-18) and

in white blood cells (WBC) (14%-63% at months 6-18). In 1200 ppm males,

a 5% decrease in hemoglobin levels occurred at 12 months. Females treated

with 6000 ppm thiophanate methyl had statistically significantly decreased

hematocrit (7%, 5% at months 6,12), hemoglobin (5%-7% at months 3-12),

MCV (3%-6% at months 3-18), MCH (5%-9% at months 3-12) and MCHC (2%

at 3 months). At 1200 ppm, females had lowered MCV (3% at month 12) and

MCH (2%, 4% at months 3, 12). The number of platelets was increased only

at 6 months (13%) in 6000 pm females, whereas the WBC was unaffected.

There were no significant changes in the differential leukocyte counts at any

dose tested in either sex. In both male and female rats, the severity of the

observed effects increased with time, though a clear dose-response for the |
various parameters was not usually seen. The persistent and time-dependent
changes in the hematocrit, hemoglobin, MCH, platelet and WBC counts at 6000
ppm suggests these effects (constituting a mild anemia) were treatment-related,
though the small magnitude of the changes relative to controls indicates they
were not biologically significant in either sex.
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b. Cl- . l l by 23 I

éec’trolytes:
X Calcium*
x | Chioride®
' ' Magnesium. -
X | Phosphorus*®
Potassium*
Sodium*
Enzymes
_ X | Alkalir - phocphmu (ALK)
X | Cholinestersse (ChE)
X Cresatinine phosphokinase (CPK)
X Lactic acid dehydrogenase (LDH)
X s“ﬁlu:o alsa&upn% :minomfemo
X S«(v.:l.noa%%aét_la_)te sminotransferase
Gamma glutamyl transferase (GGT)
Glutamate dehydrogenass
X | Triiodothyronine (T5)
X | Thyroxine (T,)
X | Thyroid stimulating hormone (TSH)

* Required for subchronic and chronic studies.

March 1995
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X X X X

X ‘X

Albumin®
Blood creatinine®

Blood urea nitrogen®

" Cholesterol®

Globuling

Glucose*

Total bilirubin

Total serum protein (TP)*
Tﬁgtyoeﬁde?

Serum protein electr;:phoresis
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Results - The most marked clinical chemistry change was the increase in the
total serum cholesterol at 1200 and 6000 ppm, which was dose- and time-
dependent (6-24 months) in both sexes of rats. The albumin/globulin (A/G) ratio
was depressed in 6000 ppm males at 6, 12, 18 and 24 months (p<0.01,
except at 24 months there was no statistical analysis), and in 1200 ppm males
at 24 months (p>0.01). In 8000 ppm females, the A/G ratio was depressed at
6 and 24-months (p<0.01). The A/G ratio was generally dose- and time-
dependent in both sexes. The blood urea nitrogen (BUN) was increased in 6000
ppm males at 12 and 18 months (p<0.01), while at 24 months the BUN was
increased by >50% in all dose groups. Males (1200 and 6000 ppm) also had
increased serum creatinine (about 1.5-fold) and somewhat decreased serum
albumin {<30%) at 12 months or later, the changes in both parameters were
typically greater at higher doses. Other parameters were altered in both sexes
of rats (total protein, electrolytes, enzyme levels) though they were not
considered to be treatment-related because they only occurred at 6 and/or 12
months, or the changes were not biologically significant (< 10% different from
‘controls). No changes were noted in sodium, calcium, alkaline phosphatase, or
glucose. Table 7 presents the significant clinical chemistry changes in males and
females. )
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TABLE 7. CLINICAL CHEMISTRY PARAMETERS IN THIOPHANATE

METHYL TREATED AND CONTROL RATS

tor Dose Month
Parame {ppm) 8 | 12 ] 18 24
. —
Males
o 80.3 111.0 159.9 239.8
75 84.3 110.3 137.9 276.1
Total cholesterol | 200 89.6 134.4 {156.8 332.6
1200 100.7°* 142.7 196.5 389.1°
6000 192.8°° 285.0°* 330.5° 405.8 (NA)
0 17.9 21.1 19.5 19.4
75 17.9 20.3 19.3 32.4°°
BUN 200 17.7 21.4 18.2 29.3°
1200 16.3 21.6 20.7 38.6°*
6000 18.5 28.5%° 44.5°° 51.2 (NA)
) 0.77 0.65 0.67 0.85
75 074 0.85 0.64 1.06
Creatinine 200 0.87 0.63 0.78 1.07
1200 0.83 0.69 0.80 1.34%¢
8000 0.85 0.73 1.20° 1.42 (NA}
° 4.7 4.5 4.1 3.7
75 4.8 4.5 4.0 3.2
Albumin 200 4.8 4.5 4.0 3.4
1200 4.9 4.3 3.7° 2.7°°
6000 4.6 3.8°° 3.2¢° 3.4 (NA)
) 1.35 1.34 1.22 1.02
75 1.33 1.37 1.18 0.86
AJSG ratio 200 1.34 1.31 1.10 0.85
1200 1.31 1.21 1.0% 0.69 **
6000 1,120 0.92°° 0.78°° 0.72 (NA)
Females
) 102.7 129.6 1378 150.8
75 103.3 134.6 136.6 170.5
Total cholesterol | 200 107.9 138.5 1319 160.0
1200 124.0°° 170.2°° 155.3 209.8
6000 204.2%* - |247.1°° 247.9°° 366.6°*
0 1.52 1.74 1.48 1.42
75 1.52 1.68 1.48 1.48
AJG ratio 200 1.48 1.65 ~ 1ha2 1.41
1200 1.41 1.62 1.49 1.27
*
8000 okl 1.45 126 1.07°°

Deta was taken from Tables 19 and 20, MRID No. 428966-01.
Significantly different from control: *p<0.05 °°p<c0.01,°*° p < 0.001,
NA = No statistical analysis performed becauss only one animal was examined.
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Chronic Feeding/Oncogenicity Study (83-5)

Minor alterations in serum cholinesterase activity occurred in male and female
rats. In males, there was most commonly an increase in the levels, which was
statistically significant (p <0.05) at 6 and 12 months (6000 ppm), though nhot
biologically relevant. .The > 10% decreases in males at 18 months (75 ppm)
and 24 months (6000 ppm) were spurious and not statistically significant. In
females, there was a transient, dose-related decrease in serum cholinesterase
levels-at 6 and 12 months, while-at 18 and 24 months, only slight decreases
{<10%) were seen at all doses except 1200 ppm. The effects in the females
did not appear to be biologically significant, as there were no associated clinical
(neurological) effects. Results for males and females are presented in Table 8.

TABLE 8. SERUM CHOUMESTERASELEVELS I
THIOPHANATE METHYL TREATED AND CONTROL RATS
[ ] 12 18 24 € 12 ‘18 24
4] 658 1072 1302 2280 4071 4741 "{3657 39¢1
75 627 (96) |1273 (119) | 1027 (79 |2141 (s«4) | 3822 (96] |4784 - (101) | 3723 (106) 4“8(101‘
200 (698 (107} 1330'(120 1214 (83 |2662(117) [ 3639 (90) [4596 (87 |3459 (s71 |3818 (96
1200 1598 (1961 | 1261 (117) | 1344 (103) | 2072 (81) 3274« (81) |3876°°(82) {2816 (82} |3118°(79)
6000 | 782°(142) | 1612°°(141] 1624 (1171 |[14131%62)} | 2629°°(65) | 3783°°(80) 3328 {(84) |3768 (96)

Dm“ﬂmﬁuﬂfﬁh‘ 1!.#20(9.9..202-&4).!«.4238“41.‘
*Numbers in parentheses are the % of controls valuee for the individial time points. .
*Number in braciets was not-analyzed statistically due to insdequete number of snimals.

p< 0.06

. Significantly ditfersnt from centrel, ©

:°°p< 0.01

The levels. of the thyroid. hormones T, and T were significantly lowered

" primarily in 6000 ppm males throughout the 2-year study. The levels generally

decreased with time, though a clear dose-response was not observed. At 6000
ppm, T, levels were 86% (p<0.05) and 74% (p<0.01) of controls at months
12 and 18, respectively; 6000 ppm males were not examined at 24 months.
At 1200 ppm, male T, levels were significantly altered only at 24 months, being
76% (p <0.05) of controls. T, levels were depressed at months 6, 12, and 18
in 6000 ppm malés (being 66%, 80%, and 45% of controls, respectively, p<
0.01), ‘and at month 24 in 1200 ppm males (55% of controls, p<0.05). TSH

- was elevated 1.5 to 2-fold in 6000 ppm males at months 6, 12, and 18

{p <O 01 ) and 9 modest increase (22%, p <0.05) was seen at1 8 months in the

March 1935 ‘ _ 15




W

p11531

[THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study {83-5)

1200 ppm group. Female thyroid hormone levels were changed less than that -

of the males: significant changes in T, levels were not observed, whereas T,
was decreased only. at month 18 (73% of controls at 6000 ppm, p<0.01).
TSH was increased 1.4 to 1.8-fold at months 12, 18, and 24 in 6000 ppm
females (no time-dependency; p<0.01 at 12 and 18 months, p>0.05 at 24
months). Results for males and females are presented in Table 9.

"TABLE 9. HORMONE LEVELS N THIOPHANATE METHYL TREATED AND CONTROL RATS

A}

Dose I ’ SRales (month) . . Females {month)
{ppm) j .
12 18 24 6 12 18 24
Triiodothyronine (T,)
) 0.918 0.913 0.776 0.791 0.976 0.828 0.705 0.830
7 0.090 (108 |0.821 900 |0.793 11071 |0.755 96 fo.ses wm |0.798 4 |0.7%0 em- |o.800 e

200  Jo.sos 9?1 |0.860 83 |0.775 (1001 [0.776 (8% §0.860 (8% |0.899 (109) 0.796 (101) ‘lo.870 {106)

1200 1.031 (1131 {0.918 (100§ (0.764 (88 10.600° (74 d.sa3 e |0.089 (118) {0.918 (1171 [0.948 (114

8000 0.801 (881 [0.783° (88) [0.673°°(74) [NE 0.894 (82) [0.983 (1201 [0.848 (108 0.936 (113
Thyroxine (T,)
0 7.08 .89 .38 2.7 4.65 3.4 470 284

T 684 (80 |B29 (90} [4.96 (82} 288 (9%) 4.73 (1020 |3.38 (96) (4.13 (a8} 291 (102)

200 6.3 (90) [6.41 (82 6.48 (1020 ‘{248 (87) 4.08 (98) [3.81 (97) (4.08 (9¢) 271 (W

1200 .40 (907 [6.61 (96) 4.33 (82) 148° (55) N4.00 (06) (424 (108 (£.13 (88) 3.06 (107}

0000 §4.70°° (&) [4.70° (801 [2.41°c 4;)  jmE ao1 (89 |ase 112m lasreegn 234 @
Thyroid stimulating hormone (TSH)
) Io.oos 0.648 “lo.roe 0.774 1.621 0.473 1.11¢ 0.58%

7% 0.701 (118 [o.816 (961 [0.733 (1123 |1.17% (152 f1.008 (10m jo.488 (107 {1.218 (108) [0.804 (102

200 C.733 (121) [0.781 (1231 [0.870 (123 ' {0.863 (111) F1.181 (116} j0.406 (106){1.238 (111) [O.€78 (87)

1200 0836 I1ﬂ‘ 0.768 (118) ]0.966°® (1221 [C.941 (100 § 1.07€ (106) {0.609 (108) }1.208 (11X) }0.681 Ml

. 9000 1”“‘21“ 1.083°° (168} | 1.044°%2(147) J‘ 1.28¢ (127 o.m--nm{z.ou" {190} {0.813° ﬂ’7‘
&

Deta wes talna from Tahies 19 end 20 (pages 202-234), MRID Ne. 428988-01.

* Siguificantly different from centrels: © p< 0.06, °° p< 0.01, % p< 0.001

NE = Siot examined . .

Tmborm In peranthcecs am the % of contreis veives for the individual Sme points.

\
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Additional experiments performed and included along with this study examined
the mechanism of the effect of thiophanate methyl on the thyroid (and liver) are
presented in Annex 5 (pages 529-535) of MRID No. 428966-01, and are
summarized on Appendix pages A-1 and A-2.

6. Urinalysis

' Urine was collected from 10 fasted rats/sex/group at months 6, 12, 18, and 24
(only one male at month 24). Urine sediment was analyzed from 5
rats/sex/group at 6 months, and from 10 rats/sex/group at 12, 18, and 24
months. Because the 18 month urinary protein levels exceeded the upper limit
of detectability in the original protein assay used (CLINITEK 100), an alternate
method (nephelometry)- was also used for all time points (with frozen urine).
Water consumption was measured at months 18 and 24 because an increase
in the urinary volume of 6000 ppm males was noticed at 12 months. The
CHECKED (X) parameters were examined. ’

X X

X | Appesrance*® X | Glucose*

X | Volume* X 1 Ketones*

X | Spaecific gravity*® X | Bilirubin®

X1 pH X | Blood*

X | Sediment (microscopic)* Nitrate

X | Protein® X | Urobilinogen

* Required for chronic studies.

Results - Few treatment-related changes were seen in urinalysis parameters,
primarily occurring in males fed 6000 ppm thiophanate methyl. Significant,
dose-related increases (3 to 7-fold) in urinary protein were seen in 6000 ppm
males at 6 months (p<0.01), 12 months (p<0.05), and 18 months (p<0.01).
The one 6000 ppm male at 24 months had a 3-fold increasa in total protein. In
males fed 1200 ppm, urinary protein was elevated 2.5 (p<0.05) and 3-fold
(p<0.01), respectively, at months 12 and 24. The 2-fold increase (p<0.05) in
urinary protein in 200 ppm males at month 24 was likely not biologically
significant, as no histological effects were seen in the kidneys at this dose.
There were other parameters in 1200 and/or 6000 ppm males which had
significantly different values than controls, and may have been secondary
effects of the observed liver and kidney degeneration in the animals. These
effects include increases in ketone bodies (6, 12 months), water consumptior:
(18 months) and in urinary volume (12,18 months), and decreased urine pH
(6,12, 18 months) and specific gravity (12, 18 months). Females treated with
6000 ppm thiophanate methyl had increases in urine protein (12 months) and
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[THIOPHANATE METHYL] '~ Chronic Feeding/Oncogenicity Study (83-5) 2

water consumption (18 months) which were incidental to treatment.
Microscopic examination of the urine sediment of both sexes of rats showed no
dose-related effects, though statistically significant changes were seen
sporadically in the number of hyaline casts, triple phosphate crystals, and in the
number of epithelial cells. The color, glucose content, bilirubin, occult blood,
and urobilinogen were similar to that of controls at all test times.

7. Sacrifice and pathology

All animals that died spontaneously or were sacrificed in extremis or on
schedule (52 or 104 weeks) were subject to-a-complete necropsy. Rats were
fasted 16 hours prior to sacrifice and weighed. Animals killed in extremis were
not fasted. Interim-sacrifice rats were killed by sodium pentobarbital
anesthetization and exsanguination whereas animals sacrificed in extremis or .
after 104 weeks were killed by chloroform inhalation. The CHECKED (X) tissues
were collected for histological examination. Organs and tissues were preserved
and fixed in 10% buffered formaldehyde solution and paraffin sections were
stained with hematoxylin and eosin. Histopathology was performed on all
organs in all interim-sacrificed animals, controls, 6000 ppm males and females,
1200 ppm males, and animals that died or were killed during the study. In the
other dose group animals, the lung, liver, kidney, thyroid, parathyroid, pituitary,
adrenal, and all gross lesions were examined. The (XX} organs. in addition, were
weighed.
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X X X )
Digestive system Cardiovasc./Hemat. Neurologic
TongL.l.e Aorta® xx Brain®**
x Salivary glands* Heart* X Periph. nerve*®
x Esophaﬁus' Bone marrow * x Sinal cord (3 leveals)*
x Stomach® Lymph nodes® xx | Pituitary®
b Duodenum* Spleen x Eyes {optic n.)*
x Jejunum*® Thymus* Glandular |
x lleum*® Urogenital xX Adrenal gland*
x Cecum® Kidneys®* Lacrimal gland
x Colon* -Urinary bladder® x Memmary gland®
x Rectum*® Testes®* xx | Parsthyroids®**
xx Liver®** Epididymides X Thyroids® **
Gall bladder® Prostate Other
x Pancreas*® Seminal vesicle x Bone*®
Respiratory Ovaries® * x Skeletal muscle*
x | Traches® Uterus® x | skin* 4
xx Lung*® x All gross lesions and masses®
Nose
Pnarynx
Larynx

* Required for subchronic and chronic studies.
*+ Organ weight required in subchronic and chronic studies.
++ Organ weight required for non-rodent studies.

Results —

a. Organ weight — Male and female rats treated with 1200 and/or 6000 ppm
thiophanate methyl had statistically significant increases in both the
absolute and relative weights of the thyroid, liver and kidney at 12 and 24
months. The weight increases were generally dose- and time-dependent in
both sexes of rats. The greatest organ weight increase was seen in the
thyroid in 6000 ppm rats. The relative and/or absolute thyroid weight was
about 2-fold greater than of controls at 12 months in both sexes and at 24
months in females (the two 24-month surviving males had an even greater
increase in thyroid weight). In the lungs and spleen, either the absolute and
relative weights or only the relative weights were increased in various dose
groups at 12 or 24 months. Only the relative weight was increased in the
heart, adrenals, brain, and ovaries in 1200 and/or 6000 ppm treated
groups. The weight changes of the heart, adrenals, brain, ovaries and lungs
were probably not treatment-related since pertinent histological changes
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were not seen in the organs at 1200 and/or 6000 ppm, and may be due to
the depressions in overall body weights that were seen in the treated rats.
The absolute and relative weight of the pituitary and testis were not
affected in any group. Results for the thyroid, liver, kidney, and pitui.ary
are presented in Table 10, the latter being included because an increase in
TSH was observed in many animals.

TABLE 10. ABSOLUTE AND RELATIVE (%) MEAN ORGAN WEIGHTS (g}
FOLLOWING TREATIMENT OF RATS WITH THIOPHANATE METHYL
Males - 12 Months Femeles - 12 Morthe
{ppen) Thyroid Pitultary Uver Kidney (R"f] Thyroid | Pitultary Liver Kidney (R)*
0 0.024 0.010 11.237 1.329 0.017 0.017 5.523 0.763
{0.005® | (0.002 (2.564) {0.3031 {0.007) {0.007 (2.203) {0.307)
75 0.028 0.012 11.588 1.371 0.018 0.014 6.045 ' 0.823°
{0.006} {0.003} (2.848) {0.313) {0.007) {0.005) (2.352) {0.321)
200 0.029 0.011 12.100 1.392 0.019 0.014 6.036 0.801
{0.0086) (0.002) (2.673) {0.308) {0.008} {0.008) (2.462) {0.328)
1200 ] 0.033" 0.011 13.288°"° 1.412° 0.023°° 0.014 6.403° 0.842°°
0.0081"° | (0.003 | (3.0671°° (0.327n° 0.010}°° | 0.008 | 2.817n" 0.374)"°
6000 | 0.080°"" 0010 | 17.849""° | 1.847°" 0.035°° 0.018 8.123"° 0.884°°
0.015)°°° | (0.002) | 14.343)"*° | 10.402)°*" § (0.016)"° | 10.007 | (3.749)"" | (0.408)""
Sy
Males - 24 Months Fommles - 24 Months
0 0.033 0.036 12.841 1.623 0.022 0.057 7.685 1.081
{0.008) {0.009) (3.087 (0.381) (0.007) {0.021) (2.492) (0.347)
75 0.034 0.025 13.484 1.836 0.027 0.025 8.039 1.059
{0.009) (0.006} (3.375) (0.427) {0.009) {0.009) (2.595) 15.342)
200 0.071 0.036 13.811 1.752 0.033 0.030. 8.271 1.093
(0.022} {0.009) (3.455) (0.443) {0.012) {0.011) 2.781) (0.3701
1200 § 0.041°°° 0.069 | 16.021°"° | 1.943°" 0.028°° | 0.025 9.548°"" 1.148°
0.012)°*° | (0.0227 | 4.827"° | 10.571)°"" § (0.010)°*° | (0.009) | (3.439) 0.4131"°
8000° 0.320 0.013 19.141 ~1.901 0.039°"° 0.023 10.807°°° 1.2168"°°
(0.103) (0.004}) (8.451) (0.635) 0.0171°°° | 0.010) | «4.6020°°" | 0.517""°

Deta wes taken from Tables 23-26 (peges 270-293), MRIO No. 428366-01.

esults for the left kidnsy were nearly identical ss the results for the right kidney

*Numbers in paranthesss are the reistive organ weights (mean organ weight/body weight ratic (%))
“Statistical analysis was not performed for the males due to inadequats number of animails (2).
Significantly ditferent from control: “ p< 0.05; *° p< 0.01; **° p<:0.001
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b. Gross pathology - At the interim (12 month) sacrifice, statistically

significant incidences of pathologic changes occurred in the liver (brownish-
black or brown) and kidney (granular and/or brownish black)} in both male
and female 6000 ppm rats. Some kidney discoloration was also seen at
1200 ppm in both sexes. ' ‘

In the main study, animals examined after death (24-month sacrifice and
unscheduled death) had numerous pathological lesions, the most significant
treatment-related effects occurring in the kidneys and thyroid in both sexes.
In males, there was a dose-related increase in kidney lesions {(granular, pale
brown) and in thyroid swelling, the increases being quite merked at the
6000 ppm dose (p<0.001). The nonsignificant increase in thyroid masses
in 6000 ppm males was also likely treatment-related, as the thyroid was
identified as a target organ for compound toxicity by clinical and histological
analysis. The increased incidences of lesions in the heart, ventricles, and
descending thoracic aorta (6000 ppm males) may have been a secondary
effect of kidney degeneration, and were consistent with histological
changes (calcification, fibrosis) seen in the hearts of males. There were
spurious increases in subcutaneous tissue masses and submandibular lymph
node swelling in males at 1200 ppm. The decreased number of masses in
the testes (38/50 in controls vs. 24/50 at 200 ppm and 30/55 at 6000
ppm) and pituitary (16/50 in controls vs. 0/55 at 6000 ppm) were not
biologically relevant. In females, significantly increased incidences of
lesions occurred in the skin (alopecia), kidney (black, brownish black), and
thyroid (swelling) at 6000 ppm. The incidences of the lesions in females
generally increased with dose. The decrease in the number of females with
pituitary masses (17/50 in controls vs. 6/50 at 6000 ppm) was incidental
to treatment. The gross pathology results are summarized in Table 11.
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TABLE 11. MACROSCOPIC CHANGES IN TERMINAL SACRIFICE AND
-- UNSCHEDULED-DEATH RATS ADMINISTERED THIOPHANATE METHYL®
=
Dose (ppm)
Organ Morphology
. 0 75 2C90 1200 6000
Mgeles

Subcutaneols oo .
tissue Mass ‘ 4/50 12/50 8/50 14/50 3/55
Heart Area, white® 0/50 0/50 0/50 1/50 8/55*
Ventricls Area, white® , 0/50 2/50 4/50 3/50 8/55*
Descending . . - .o
thoracic aorts Distended 1/50 1/50 0/50 2/50 11/55
Submandibular " ) - -
lymph node Swalling 3/50 4/50 _ 6/5G A 9/50 3/55
Kidney Grariular, pale - . Qe e eces

brown® 359 6/50 8/5G 17/50 26/55

. Mass 4/50 2/50 2/50 3/50 8/55
Thyroid Swelling® 1/50 2/50 1/50 5/50 38/55°**
Females
skin Alopecia® 11/50 8/50 14/50 18/50 21/50°*
Spleen Swelling §/50 9/50 5/50 12/50* 8/50
Kidne Black® 0/80 1/50 1/50 1/50 6/50*
Y Brownish-black® 4/50 /50 | 1/50 1/50 12/50*

Thyroid Mass 0/50 2/50 2/50 1/50 1/50

Swelling® 0/50 1/50 3/50 1/50 15/50°°**

tData was taken from Tables 27-30, MRID No. 428966-01, and is presented ss the number of animals
showing a lesion/number of animals examined. Statistical significance was calculated by the reviewer using
the Fischer exact test. Significantly different from controls: *p < 0.05, ** p < 0.01, *** p < 0.001

bCochran-Armitage trend test indicated thers was a doss-related response (p < 0.05) for the four tested doses.

c. Microscopic pathology —

March 1995

1) Non-neoplastic - At the interim sacrifice (12 months), significant
treatment-related non-neoplastic lesions were seen in the liver, thyroid,
adrenal cortex, and kidney. The resuits are summarized in Tabie 12.
Hepatocellular hypertrophy and deposition of lipofuscin pigment

occurred in the liver in both male and female 1200 and 6000 ppm

group rats. In the thyroid, follicular hypertrophy and hyperplasia were
found in 1200 and 6000 ppm males and females. Focal hyperplasia
of thyroid follicular cells occurred in two 6000 ppm females, and
although not statistically significantly elevated, was probably
treatment-related. There was a significant elevation of cytop'asmic
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lipid in adrenal cortical cells in 1200 ppm females and in both sexes of
6000 ppm rats. Lipofuscin pigmentation and an increase in the
severity of nephropathy occurred in the kidneys of male and female
6000 ppm rats. Several statistically significant changes were seen
which were likely spontaneous events, including decreases in the
severity of thyroid parafollicular cell hyperplasia and mesenteric lymph
node microgranuloma in 1200 and/or 6000 ppm females, and an
increase in thyroid calcium deposition in 75 ppm males.

TABLE 12. NONNEOPLASTIC LESIONS IN RATS ADMINISTERED
THIOPHANATE_METHYL AFTER 12 MONTHS (INTERIM SACRIFICE)®
Dosss (ppm}
Organs/lesions
0 76 200 1200 €000
Males
LiverHypertrophy and Lipofuscin 0/10 0/10 0/10 10/10°* (1.7)] 5/6°° (3.0
Kidney/Nephropathy 10710 (2.0) { 10/10 (1.8} | 10/10(2.0) | 10110 (2.5) | 6/6." (3.0}
fUipofuscin pigmantation 0110 0/10 0/10 0/10 4/5° {1.0)
Thyroid/ Calcium deposition 2110 (1.0} | 8/10° (1.0) | 2/10 (1.0} | 6/10 (1.0 1/6 (1.0)
Hypertrophy and Hyperplasia 0/10 0/10 0110 10/10°° (1.0} 5/56°° (2.2)
Adrenal cortex/ Lipidosis 0/10 0110 2/10 {1.0) { 0510 4/6° (1.0)
Females
e o 10110 (2.01 | 1010 (1.8) | 10710 (1.6) | 810" (1.3 | 10110"* (1.3)
Liver/ Hypertrophy snd Lipofuscin 0/10 /10 0/10 10710°* {1.1}] 10/10"* (2.0)
Kidney/ Nephropathy 10/10 (1.0) | 10110 (1.0 { 10110 01.1) | 10710 (1.1} | 10/1077 (1.9)
{Uipotuscin pigmentation 0/10 0/10 0/10 0/10 10/10°° {1.0)
Thyroid/ Hyperplasia, focal 0/10 0/10 010 0/10 2/10 (1,5)
Hypectrophy and hyperplasia 0/10 0/10 0/10 5/10 {1.0) 10/10°° (2.1)
Mypecplasia, parsfollicular celt 10710 (2.1) { 10/10 (2.0} | 10710 (1.9 § 10/10(2.0) | 10/10° (1.4}
Adrenal cortex/ Lipidosis 0/10 3/10(1.00 | 0110 810" (1.0) | 10/10° (1.0)

*Data weas taken from Tables 31 and 32, MRID No. 428966-01, and is presented &s the number of animals showing
a lesion/nurmber of animals examined. mmmb«llnpumdmnﬂummuv«nynﬂmorm 1=
minimal, 2 = mild, 3 = modonu,4-marbd

Significantly different from control:

March 1995

°p<0.05 **p<0.01, **° p < 0.001,

Histological analysis of the main study rats showed that the most
significant treatment-related lesions occurred in the liver, kidney, and
thyroid in both sexes of rats (see Tables 13 and 14). Liver
hypertrophy and lipofuscin pigmentation and thyroid hypertrophy and
hyperplasia were the most dramatically elevated in both males and
females, being found in 0-2% of controls and in 84-98% of animals at
6000 ppm. The incidences of both lesions were dose-related. Other
significant effects seen in the liver of males were focal fatty
degeneration and focal necrosis at 6000 ppm, and multiple focal
hyperplasia at 200 and 1200 ppm. Thyroid focal hypertrophy was
increased in males, and thyroid focal hyperplasia in females at 600C
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ppm. The incidence of kidney lipofuscin pigmentation was signifi-
cantly elevated at 200 and/or 1200 and 6000 ppm in both sexes, and
was accompanied by in increase in the severity of nephropathy (from
moderate to marked in males and from mild to moderate in females).

Statistically significant increases of lesions which had no obvious
relationship to compound treatment were found sporadically in the
eyes (acute inflammation, 6000 ppm), the adrenal medulla (focal
hyperplasia, 75 and 200 ppm), and the sternum bone marrow
(granulocytic hyperplasia, 200 ppm) in males and in the retina
(atrophy, 200 and 6000 ppm) and clitoral gland (chronic inflammation,
200 ppm) in females. The statistically significantly increased incidence
of pituitary focal hyperplasia in 6000 ppm females may have been
caused by the treatment-induced increase in TSH production, though
it was not accompanied by an increase in organ weight. Leydig cell
hyperplasia in the testis was both statistically decreased (6000 ppm)
and increased (75, 200, and 1200 ppm), though historic control rates
were not provided to establish the biological significance of the
changes. The effects observed in the adrenal cortex of males (fat
depletion at 1200 and 6000 ppm, focal necrosis at 6000 ppm) and
females (lipidosis at 200, 1200, and 6000 ppm) may have been
treatment-related, perhaps due to stress and/or changes in lipid
metabolism, though they were not significant toxicologically. The
chemically induced hyperparathyroidism in males likely caused or
contributed to effects including renal failure, eye corneal calcification,
heart medial calcification and fibrosis, femur and sternum osteoclastic
resorption, and stomach and coagulating gland calcium deposition.
Thyroid calcium deposition and lung medial calcification also occurred
in females, although no changes were seen in the parathyroids. A
significant dose-dependent increase in skin follicular cell atrophy
occurred in females, reaching statistical significance at 200 and 6000
ppm. This increase parallels the increases in alopecia in females, both
effects possibly being secondary resuits of lowered thyroid hormones.

The incidence of several lesions was statistically decreased in males
(spleen hemosiderin deposition and extramedullary hematopoiesis, liver
perilobular fatty degeneration, eosinophilic and basophilic cell foci,
femur bone marrow microgranuloma, adrenal cortex focal hyperplasia,
thyroid parafollicular cell focal hyperplasia) and in females (liver perilo-
bular fatty degeneration and basophilic cell foci, kidney calcium deposi-
tion, and spleen hemosiderin deposition and extramedullary hema-
topoiesis), though these changes were not biologically relevant. The
results for males are shown in Table 13, and for females in Table 14.
Information about the severity of the lesions is not included because
it was not tabulated for the total main study group by the authors.
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[THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study (83-5)
TABLE 13. INCIDENCE OF NONNEOW LESIONS WHICH WERE STATISTICALLY SIGNIFICANTLY
CHANMGED N MALE RATS ADMINISTERED THIOPHANATE METHYL (MAIN STl_JDY)‘
Doses (ppm)
Organs/Lesions o | 75 | 200 | 1200 | 6000
Lesions having increesed incidencs In males
Eye/ Inflammation, acute® : 2/60 2122 3731 2/60 14/656°*
ICslcification, comneal 29/60 6/12 15/31 40/60° 28/66
Hesrt! Medial calcification® ) 2/60 2,17 1724 2/60 24/66°%°*
[Fibcosis® 8/60 10/17°%°* 14/24%°* 17/60°* 32/66°*
Bone mamrow of sternum/ Hyperplasia, granutocytic 5/60 17 9/24°° 249 4/54
Femur/ Resorption, osteociastic” 2/60 2117 2/24 7/60 36/65°°* :
Sternum/ Resorption, osteociastic® 2780 N7 2124 7/49 34/64*** §
Liver/ Hypertrophy snd lipofuscin pigmentstion® 0/60 0/60 0/60 19/60°*° | 48/66°**
1 Focsl fatty degeneration® 9/60 7/60 10/60 12/60 27/65%°*
/ Necrogls, focal® 0/60 2/50 -} 2180 2/60 - 6/65°
1 Muitipie focal hyperplasis 2/60 6/50 9/50°* 9/50° 5/65
Stomach/ Calcium deposition® 1/60 2119 2/23 5/60 29/65%**
Coeguiating gland/ Calcium deposition® 0/48 onz 0/24 0/60 7/63¢*
Thyroid/ Hypertrophy and Hyperplasia® 0/60 0/48 0/60 13/60°°* | 63/65*°**
IFocal hypertrophy® 3/60 2/48 2/80 3/50 15/66°°
Parathyroid/ Hypectrophy and Hyperplasis® 6/48 1/47 2/48 7/47 34/80°*°
Kidney/Lipofuscin pigmentation® 1/60 2/50 6/60° 8/60° 8/56*
Tastis/ Laydig cef! hyperplasia 13/60 26/48°* 29/44°°° 28/60°° 7/586°
Adrenal cortex/ Fat depletion® 3/50 0/50 4/49 14/50°°* 19/65°°*
IFocal necrosis® 0/60 0/50 0/49 0/50 5/65°
Adrenal meduile/ Focal hyperplasia 3/60 13/50°*. 11/60° 8/60 8/566
Lesions having decreesed incidence in insles
Spleern/ Hemosiderin deposition 47/60 13721°° 14/24°°° 31/60 50/65
[Hematopoiesis, extramedullary 48/50 127214+ 16/24°* 35/60°° 48/65
Liver/ Porilobular fatty degenecation® 19/50 14760 16/60 5/60¢°¢° orsge**
[Eosinophific cefl focus® 25/60 27/80 22/50 20/580 8/566°°*
fBasophilic cell focus® 36/50 27/80° 23/60°° 24/50° 10/60°¢*
Bone marrow of famur/ Microgranuioma® . 7/50 onz 1/24 2/60 o/66°*
Adrenal cortex/ Focal hyperplasia® 36/50 33/80 29/50 30/50 14/65°%**
Thyroid/ Pacafoliicular cefl focal hyperplasia® 16/60 8/48° 8/60° 11/60 4755
0000

*Data taken from Tables 31 and 33, MRID Na. 428968-01, and is presented ss the number of animals showing a
lesion/number of animals examined. Statistical significance was csiculatad by the reviewsr using the Flacher sxact
test. Significantly different from control: ® p £ 0.05, *° p < 0.01, *** p < 0.001

bCochran-Armitage trend test indicated there was & dose-related response (p < 0.05) for the four tected doses.

March 1995 25 97



= i

O3

(THIOPHANATE METHYL] Chronic Feeding/Oncogenicity Study {83-5)

TABLE 14. INCIDENCE OF NONNEOPLASTIC LESIONS WHICH WERE STATISTICALLY SiGNIFICANTLY
CHANGED IN FEMALE RATS ADMINISTERED THIOPHANATE METHYL (MAIN STUDY)*
Doees { )
Crgens/ Lesions pom
o | 7 | 200 | 1200 | 6000
[ Lesions having increesed incidence in females

Skiry Follicular atrophy 13/50 ms 13721 17/60 21/50°
Eye/ Retinal atrophy® $/60 2720 g/e* 4/50 26/60°*°
Uiver/ Hypertrophy and Eipofuscin® 0/80 0/50 0/50 28/60%* 42/50°°°
Kidney/ Lipofuscin pigmentation” 4/60 6/60 8/60 18/60°°* 44/650%°*
Thyroid/ Csicium deposition 3/50 1/48 0/60 1/50 36/60% ¢

[Hypertrophy and hyperplasia® 1/80 1/49 0/60 23/60°+° 49/60°°°

[Hyperplasia, focsl® 0/60 1/49 0/60 4/60 6/50°
Lung/ Medial ceicification 168/60 15/60 18/60 24/60° 18/60
Pituitary/ Foca! hyperplasia® 18/60 16/60 13/80 23/48 32/50°° _
Adcanal cortsx/ Lipidosis® 5/60 8/60 13/60° 17/60°* 14/60°
Clitoral gland/ Clwonic inflammation 10/47 39 6/8°* 3n2 6/48

Lesione heving decreased incidence in females

Liver/Perilobular fatty degeneration® 23150 25/50 22180 12/60* 2/50°°*

Basophilic cell focus® 398/60 39/50 44/50 38/60 17/60%°°
Kidney/Calcium deposition® 48/650 46760 42550 42/50 27/60°
Spleen/ Hemosiderin deposition 1 45/80 7/18%** 7/113°° 8/19%°* 38/50

[Hematopoiesis, extrameduilary 45/60 8/18°** 7/17%%° 9/17°* 37/50

"D ata taken from Tables 32 and 34, MRID No. 428966-01, and is prasentsd as the number of animais showing 2 lesion/number

of snimals examined. Statistical significance was caiculated by the reviewer using the Fischer exsct test. Significantly
different from control: * p < 0.05, °* p < 0.01, *** p < 0.001

'Codrmkmmmmmmmodthuuwuldo«mm(p<0.0SHorthofoutuuddocu. : "

2) Neoplastic - At the interim sacrifice, one or two neoplasms were
found in several rat tissues (no statistical significance). In males, there
‘was one pituitary adenoma, one thyroid adenoma, and one external
auditory canal Zymbal gland carcinoma at 1200 ppm. In females, one
subcutaneous fibrosarcoma, one lung fibrosarcoma, and 2 pituitary
adenomas were found in control (untreated) females, whereas a uterine
endometrial stromal polyp was found at both O and 200 ppm.

In the main study, results indicated that the most significant treatment-
related induced neoplasm was thyroid follicular cell (FC) adenoma in
males. The incidence of adenoma was dose-related, statistical
significance being achieved (p<0.01) in the 6000 ppm males. There
was also a small, dose-related (statistically non-significant) increase in
the incidence of thyroid FC adenocarcinoma in the males. Numerous
thyroid pathological changes (hypertrorhy and hyperplasia, focal
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hypertrophy, increased organ weight, lowered hormone levels) were
associated with the neoplastic lesions. In females, there was a
statistically non-significant dose-related increase in thyroid FC
adenoma. Because the FC adenoma was almost exclusively seen at
the two highest doses in both males and females, the adenoma may
be a threshold response.

Two other types of tumors were also statistically significantly elevated
in the rats, though it was unclear whether they were caused by
compound administration: adrenal medullary pheochromocytoma in
males (at 75, 200, and 1200 ppm) and spleen mononuclear cell
leukemia in both males (at 75 and 200 ppm) and females (at 75, 200,
and 1200 ppm). The incidence of adrenal medullary
pheochromocytoma had an inverse relationship with dose (being
highest at 75 ppm), and was paralleled by an increased incidence of
focal hyperplasia at 75 and 200 ppm. The lack of other pathological
changes in male rats at 75 and 200 ppm suggests that the

_pheochromocytoma was not biologically relevant; historical controls

were not provided for reference. The increase in spleen mononuclear
cell leukemia in both sexes was seen at only intermediate doses where
just 13-24 (instead of 50) animals were examined. Significant gross,
clinical, or microscopic changes in the spleen did not accompany the
neoplasia. The persistence of the increased incidence of leukemia in
female spleens and the finding of its metastasis to the liver

(statistically significant at 1200 ppm) and mesenteric lymph nodes:

(statistically significant at 75 and 1200 ppm) suggests the effect may
be biologically significant in this sex. Historical controls were not
provided for comparison. Several other organs had statistically
significant increases in tumors which were likely spontaneous events,
as there was no dose-response and the tumors occurred at only one
intermediate dose: skin papilloma (at 75 ppm) and pituitary adenoma
(at 200 ppm) in males and mammary gland fibroadenoma in females
(at 1200 ppm). The neoplastic lesions in males and females are
summarized in Table 15.
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TABLE 15. TOTAL INCIDENCE OF NEOPLASTIC LESIONS IN RATS ADMINISTERED THIOFHANATE
METHYL (I{!USCHEDULED DEATH AND TERMINAL SACRIFICE ANIMALS COMBINED)®
Doses (ppm)
Organs/Lesions 0 75 200 1200 6000
F
Males
Skin/Papilioma (benign) 0/49 4124 2131 3/50 2/55
Spleen/Mononuclear cell lsukemia (malignaent) .| 4/50 7/21* 9/24°° 9/50 "6/56
Adrenal medulle/ Pheochromocytoma (benignl-} 0/50 9/50°** 8/50* - | 5/50* 1/55
Pituitary/Adenoma (benign) 23/50 16/49 31/49° 25/49 2/55
Thyroid/ FC adenoma® 1/50 0/48 0/50 3/60 12/55*°*
{FC adenocarcinoma® 0/50 0/48 0/50 0/50 3/55
/C-cell adenoma 12/60 10/48 13/50 12/60 3/55
/C-cell adenocarcinoma 2/50 0/48 1/50 0/50 0/55
TOTAL number of animals with tumors 50/50 49/560 48/50 49/50 46/50
Femnales
Mammary gland/Fibroadenoma (benign) 4/50 3/18 312 10/21%¢* 5/50
Spleen/Mononuciear cell leukemia (malignant) 4/50 8/16¢°** 6/13** 13/212%° 9/50 ‘ .
Mesenteric lymph node . e ‘ .
Mononuclear cell lsukemia (metastatic) 1750 312 o8 413 4/50
Liver/Mononuciesr cell feukemia (metastatic) 4/50 - 750 8/50 12/50° 9/50
Thyroid/FC adenoma 0/50 - 0/49 0/50 1/50 2/50
/FC adenocarcinomsa 0/50 0/49 0/50 0/50 0/50
/C-csll adenoma 6/50 9/49 8/50 9/50 5/50
/C-cell adenocsarcinoma 0/50 1/49 1/50 0/50 0/50
TOTAL number of animals with tumors 39/50 36/50 33/50 40/50 33/50
"

*Dsta taken from Tables 31-38 (pages 337-443), MRID No. 428966-01, and is presentad as the number of animais
showing a lesion/number of animals examined. A description of the tumor type is enclosed in the parentheses.
Statistical significance was caiculated by the reviewer using the Fischer exact test. Significantly increased relative
to control: * p < 0.05, ** p < 0.01, *** p < 0.001

bCochran-Armitage trend test indicatad thers was a dosa-related response (p< 0.05) for the four testad doses.
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D. DISCUSSION

This study was well conducted. However, there were two omitted items that
made interpretation of the study difficuit. These were lack of historical control
data for certain neoplastic lesions and. the lack of combined incidences of
neoplastic lesions for unscheduled deaths and terminal sacrifice. These omissions
are discussed later. The study is graded Core Guideline and mests the regulatory

- requirement for a chronic feeding/oncogenicity study in rats (83-5) for thiophanate
methyl. The following paragraphs summarize and discuss in more detail the effects ‘
observed in the study.

Male rats fed 1200 and 6000 ppm had slgmﬁcantly lowered mean body weights
" (73-84% of controls) and net body weight gains (63-79% of controls) at study
termination. Significant weight effects were also seen in 6000 ppm females,-the
mean body weight and net weight gain being 78% and 69% of controls,
respectively, after 104 weeks. Food efficiency was depressed in both sexes at
1200 and 6000 ppm, though total food consumption was unchanged, indicating
compound toxicity was causing the decreased relative weight gain. Significant
effects on mortality were only seen In the 6000 -ppm group males, just 2/55 rats
survived to the end of the 2-year study. Ophthalmoscopic examination revealed no
- treatment-related findings in any of the dose groups.

Statistically significant and dose-related changes were found in hematclogy

parameters in both sexes at 1200 and 6000 ppm. The RBC (males: only),

hematocrit, hemoglobin, MCV, MCH, and MCHC were decreased, whereas the

platelet count and/or WBC were increased at one or more test times. The changes

seen were relatively minor, and not biologically: significant. In males, the mild

anemia correlated with the clinically'observed pale discoloration of the skin. It is
not obvious how compound treatment caused these effects; there was no ev:dence

of decreased hematopoiesis in the bone marrow or spleen.

The liver, kldneys, and thyroid were the majortarget organs for thlophanate methyl
toxicity, while minor effects were also observed in the adrenal cortex of both sexes
- of rats. Liver weights (absolute and relative) were significantly increased in both
1200 and 6000 ppm males and females, and there was some dark dlscoloration
(not statistically sugmﬁcant) Microscopic examination revealed “centrilobular
hepatocellular hypertrophy and lipofuscin pigmentation in male and female 1200
and 6000 ppm rats at both the interim and final sacrifice. The total serum
cholesterol of 1200 and/or 6000 ppm male and female rats..was elevated
throughout the 2-year experiment. The study authors noted that hepatocellular
hypertrophy was correlated with the- induction of microsomal enzymes, total
cholesterol, and liver cell proliferation in several additional short-term experiments
-(see Appendlx pages A-1 and A-2 of this report). The induction of -hepatic
enzymes may account for some of the increased total serum protein seen in the 2-
" year study in both sexes &t several test times..
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The absolute and relative kidney weights were increased and kidney color or sur-
face texture were altered in both sexes of 1200 and 6000 ppm animals. Altera-
tions in clinical blood chemistry parameters indicative of renal damage in 1200 and
6000 ppm rats included increased BUN and serum creatinine, increased urine
protein and ketone bodies, and decreased serum albumin. Nephropathy was
exacerbated in male and female 1200 and/or 6000 ppm rats, and was generally ac-
companied by lipofuscin pigmentation. The nephropathy was dose-related, increas-
ed in severity with time, and was more severe in males than in females. Renal
failure was the most common cause of death among 6000 ppm group male rats.

In the adrenal cortex, the incidence of lipidosis was significantly-increased in the
6000 ppm interim sacrifice male rats, and in the interim sacrifice (1200, 6000
ppm) and main study (200, 1200, 6000 ppm) female rats. (The incidence of fat
depletion and focal necrosis were also significantly elevated in the main study 1200
and/or 6000 ppm males). The authors suggest that the lipidosis may be due to a
disturbance of lipid metabolism (which is also manifest as increased serum
cholesterol) or to a general stress response (increased endogenous steroid
production). The biological significance of the adrenal cortical changes was
relatively minor.

A NOEL of 200 ppm (8.8 mg/kg/day for males and 10.2 mg/kg/day for females)
was identified for male and female rats fed thiophanate methyl in the diet for 2
years, based upon the lack of significant treatment-related toxic effects at this
dose, while the next higher dose (1200 ppm) was identified as the LOEL (54.4
mg/kg/day for males and 63.5 mg/kg/day for females).

A significant (p<0.01), dose-dependent increase in thyroid follicular cell adenoma
was seen in 6000 ppm group males, as well as a non-significant increase in FC
adenocarcinoma. A small non-statistically significant increase in FC adenoma
occurred in 6000 ppm females. The thyroid neoplasia was correlated with
numerous clinical, macroscopic, and microscopic changes in both sexes at 1200
and/or 6000 ppm. Thyroid weights (absolute and relative) were significantly
increesed, thare was a marked decrease in T4 and/or T, levels and an increase in
TSH levels (with no significant gross or microscopic changes in the pituitary), and
diffuse hyperplasia and hypertrophy and focal hyperplasia occurred in follicular
cells, which are responsible for T, and T, production. Because the thyroid
adenoma and toxic effects were seen almost exclusively at 1200 and 6000 ppm,
these lesions appear to be a threshold response to the thyroid-pituitary hormonal
imbalance, the chronic overstimulation of thyroid FC cells culminating in neoplasia.
The study authors conducted a series of short-term experiments (summarized on
Appendix pages A-1 and A-2) using thiophanate methyl, propyithiouracil (FTU), and
phenobarbital (PB) to study the mechanism by which thiophanate methyi causes
thyroid toxicity. Their found that thiophanate methyl behaved in some ways like
PTU, a known thyroid peroxidase inhibitor (caused increased thyroid weight,
depressed T and T, increased TSH, inhibited porcine thyroid peroxidase activity
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in vitro), while also inducing hepatic microsomal enzymes, as did phenobarbital.
They also showed that thyroid hypertrophy was reversed upon removal of
thiophanate methyl, and that simuitaneous addition of thiophanate methyl and T,
negated effects caused by the compound alone (and had no effects on liver hyper-
trophy and total serum cholesterol). Judging by these data, it cannot be
determined whether the thiophanate methyl-induced thyroid toxicity was due to
inhibition of thyroid peroxidase (and hormone synthesis) or the increased elimina-
tion of T, by hepatic drug metabolism enzymes, or a combination of the two.

Only a few tumors were found in interim sacrifice animals, whereas in the main
study group incidences of a variety of neoplasms were statistically significantly
elevated. The data indicated that some of the tumors were incidental to treatment
(skin papilloma and pituitary adenoma in males and mammary gland fibroadenoma
in females), while the biological significance and relationship to treatment of two
tumor types was equivocal (spleen mononuclear cell leukemia in males and females
and adrenal medullary pheochromocytoma in males). The MTD appears to have
been achieved in the study for-both males (1200 ppm or 54.4 mg/kg/day) and
females (6000 ppm or 334.7 mg/kg/day). The MTD was exceeded at the dose
showing a statistically significant increase in thyroid FC adenoma in males (6000
ppm), as only 2/55 rats survived to study termination.

. STUDY DEFICIENCIES

There were no deficiencies of sufficient gravity to invalidate the interpretation of
the results of this 2-year study. There were, however, several notable
shortcomings, a major one being the fack of historical control data to aid in
determining the significance of results. There were several instances where the
reviewer would have been more comfortable with the conclusions drawn from the
obtained results (e.g. lack of significance for male adrenal pheochromocytoma and
male and female spleen mononuclear cell leukemia) if there was supporting
historical control data. )

The survival of male rats in the 6000 ppm dose group was below thekguideline

requirement for a 2-year chronic feeding/oncogenicity study in rats, though the .

three lower doses tested were acceptable to fulfill the requirement. The mortality
data would have better reflected treatment-related effects in the 6000 ppm male
group if the 8 males which died due to treatment-unrelated injury during weeks 11
and 12 had been excluded.

The macrqscbpfc and ‘microscopic .animal data for terminal sacrifice and
unscheduled-death rats should have been combined in tabular form because these
animals were all treated and assessed for toxicitv in the same manner, and

. together constituted the main study group. The interiir-sacrifice tumor data should

‘not have been combined with the main study data to tabulate the total incidence
of neoplasms because the animals in the interim-sacrifice group were not allowed
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the same amount of time to develop neoplasms (and most of the neoplasms found
in this study did not develop until the second year).

The mvestlgators also did not prowde adequate quantltatlve data from their range-
fmdlng studies.
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Summary of the Mechanistic Investigation of the Effect of
Thiophanate Methyl on Thyroid and Liver

A series of 6 c-ute short-term experiments were carried out by the same investigators
to explore the mechanism by which thiophanate methyl causes pathological changes
in the thyroid and liver. The experiments are detailed in Annex 5 (pages 529-535) of
the study (MRID No. 428966-01). Male and female F344 rats (S/group), male ICR
mice (5/group), and porcine thyroid microsomes were treated with either thiophanate
methyl (TM), propyithiouracil (PTU, a thyroid hormone synthesis inhibitor), or

phenobarbital (PB, a liver microsomal enzyme inducer). Exposure was for 2 and/or 8 -

days in food (TM, 6000 ppm; PB, 500 ppm) or distilled water (PTU, 1000ppm). The
Student’s t-test and Mann-Whitney U-test were used to assess the significance
between control and dosed groups (* p< 0.05; **p < 0.01; *** p < 0.001). The
individual experiments and their resuits are summarized as follows:

Experiment 1 — Rats were treated with TM, PB, or PTU for 2 or 8 days and killed. The
effects on liver and thyroid weights and serum total cholesterol were measured,
and radioimmunoassay was used to quantitate levels of thyroid hormones (T4 and
T,), and TSH. The resuits are presented in Annex 5, Table 1 (page 532, top),
MRID No. 428966-01. After 2 and/or 8 days, TM and PTU significantly decreased

- T3 and T4 levels and increased TSH levels, thyroid weight, and total serum
cholesterol. PB caused either less severe or no effect on these parameters. PB and
TM both caused liver hypertrophy, while there was a marginal weight decrease in
the PTU treated group after 2 days.

Experiment 2 - Female rats were treated for 8 days with TM or PB, and thyroid weight
was measured after sacrifice either at day 8 or at day 16. Results show that
thyroid weights retumed to normal 8 days after TM treatment was discontinued,
after having more than doubled during the 8-day treatment (see Table 2, page 532,
MRID No. 428966-01). PB caused no change in thyroid weight compared to
controls after 8 or 16 days.

Experiment 3 ~ Rats were treated with TM, T, (subcutaneous daily injection of 30
ua/kg), or a combination of the two for 8 days to see whether supplementing with
exogenous T, would change the effects caused by TM treatment alone. The
results (presented in Annex 5, Table 3 (page 533) of MRID No. 428966-01) show
that T, supplementation suppressed thyroid hypertrophy and TSH increases caused
by TM, though it had no effect on the induced liver hypertrophy or increased total
cholesterol. .

Experiment 4 — Microsomes were isolated from the livers of Experiment 1 rats treated
with TM or PB and sampled on day 8. The microsomal protein, P-450, cytochrome
b5, NADPH-cytochrome ¢ reductase (NCCR), and UDP-glucuronosylitransierase
(UDP-GT) activities were measured. UDP-GT is believed to affect T4 excretion by
the liver. The results (Table 4 of MRID No. 428966-01, p. 533) indicate that both
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TM and PB induced production of almost all these drug-metabolizing enzymes and
protein (NCCR levels in TM-treated animals were unchanged).

Experiment 5 — The microsome fraction was isolated from commercially obtained
porcine thyroids and peroxidase activity was measured (guaiacol assay method) in
the presence of TM (10 to 10 M) or PTU (10 to 10® M). TM and PTU both
inhibited thyroid peroxidase activity, though the inhibition by PTU was 30-fold
greater. (Results are presented in Table 5 (page 533, bottom) of MRID No.
428966-01.) _ :

Experiment 6 - The ability of TM and PB to cause proliferation of liver cells was
.assayed by staining cells of treated male F344 rats and ICR mice for proliferating
cell nuclear antigen (PCNA). Animals were administered the compounds for 2 or
8 days, sacrificed, and liver paraffin sections were prepared for staining.
Microscopic examination revealed that there were significantly more PCNA positive
cells on day 2 in both in mice and in rats, and on day 8 in mice. The results are
summarized in Tables 6-1 and 6-2 (p. 534) of MRID No. 428966-01. :

Summary/Conclusions

Treatment of rats for 2 or 8 days with 6000 ppm thiophanate methy! caused thyroid
and liver hypertrophy, decreased thyroid hormone levels (T3 and T,), elevated TSH,
and induced liver microsomal enzymes. Treatment caused proliferation of liver cells

in mice and rats, and an in vitro study showed thyroid peroxidase was inhibited.
Thyroid hyperplasia caused by TM treatment was reversible. ‘

PB and PTU both caused some of the same effects on the liver and thyroid as
thiophanate methyl. PTU, a known thyroid hormone synthesis inhibitor, decreased
thyroid hormone levels, increased TSH levels, caused thyroid hypertrophy, and
- inhibited porcine thyroid peroxidase in vitro. Like thiophanate methyl, PB caused liver
hypertrophy, liver cell proliferation, and induced liver microsomal drug-metabolizing
enzymes (including UDP-GT, which helps clear T, from the liver), though it caused only
minimal increase in TSH and did not cause thyroid hypertrophy. Thus, the mechanism
of action of TM appears to be more like that of PTU than like PB, i.e., inhibition of
thyroid hormone metabolism. Consistent with this, and suggesting the involvement
of a negative feedback loop, adding exogenous T, together with TM negated the
effects of TM on thyroid hypertrophy and hormone levels and on TSH levels, though
it had no effect on liver weight or total cholesterol.
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