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SUBJECT: Experimental Use Permit {EPA Reg. No. 45639-EUP-GG) and Tolerances
for Residues of APOLLO® on Apples. Meat, and Milk (Petition Nos.
6F3392 and 6H5500) Tox. Chem. No. 593A; Tox. Project Nos.

8-0366, 8-0453, and 8-0572.

Actions Reguested

1. Experimental Use Permit for a 50 SC formulation (45639-EUP-GG) on
fresh apples.

2. Permanent Tolerances for residues of APOLLO® on fresh apples—at‘l ppm
{Petition No. 6F3392) and in cattle (fat, meat and meat by products)

and milk at 0.01 ppm, kidney at 0.05 ppm, and liver at 0.1 ppm (Petition
No. 6H5500).

3. Review of studies listed in Appendix II below.

Recommendations and Conclusions

la. Acute oral and dermal toxicity studies suggest that technical grade
clofentezine should be classified into Toxicity Category III. An
acute inhalation toxicity study with an 80 WP formulation Suggests
that the technical grade material should also be classified into
Toxicity Category III for acute inhalation. Results of a primary
dermal irritation study indicated that technical grade clofentezine
should be classified into Toxicity Category IV, and a study on the
80 wp formulation suggests that technical clofentezine should be
classified into Category IV with respect to eye irriration The tech-
nical material is also a skin sensitizer.
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~ Acute oral and dermal toxicity studies-om-the 50 SC formulation indi-

cate that it should be classified into Toxicity Category IV. Studies
with the formulation indicate that it should be placed in Category
IV for skin and eye irritation.

The lowest no-observed-effect level (NOEL) was >stablished at 50 ppm
(1.25 mg/kg/day) in a one-year dog feeding study. Observed effects
included elevated serum cholesterol and triglyceride levels in
animals given diets cocntaining 1000 or 20,000 ppm. The LEL was
established ac 1000 ppm (25 mg/kg/day).

A chronic feeding study in rats indicated that the NOEL is 40 ppm (2
mg/kg/day), and the LEL is 400 ppm (20 mg/kg/day; highest dose
tested). The effects included increased liver weights and liver-to-
body weight ratios, increased incidence of centrilobular hepatocyte
hypertrophy, and elevated free thyroxine levels in 400 ppm dose
group males. These results are consistent with subchronic study
results.

The incidence of thyroid follicular cell tumors was increased in male
rats given clofentezine in the diet at a level of 400 ppm for 27
months. The only tumors that were apparently increased by clofente-
zine in the diet of mice were liver cell adenomas and carcinoma in
females. These results have been considered by the Toxicology Branch
Peer Review Committee (see Point 12 below).

Maternal toxicity (slight centrilobular hepatocellular enlargement)
was observed in pregnant rats given 3200 mg/kg/day during gestation.
The NCEL for that effect was 1280 mg/kg/day. No teratogenic or
fetotoxic effects were reported at any of the doses tested, and the
NOEL was reported to be the highest dose tested (3200 mg/kg/day).

The adult-to developmental toxicity ratio (A:D ratio) in rats is
less than one.

In rabbits, slight maternal toxicity (reduced food consumption and
body weight gain) as well as slight fetotoxicity (reduced litter and
fetal weights) were observed at the 3000 mg/kg/day dose level (highest
dose tested). The NOEL for these effects was 1000 mg/kg/day. No
campound related increases in developmental effects were observed in
the study. The A:D ratio suggested by these results is one.

Results of a multigeneration réproduction study suggest that APOLLO®

has no reproductive toxicity in rats at dietary levels of 4, 40, or
400 ppm.

Apollo did not induce point mutations in bacteria (Salmonella
typhimurium). There were no dominant lethal.mutations induced by
the chemical in rats, and no induction of micronuclei was observed
in treated mice. There were also no gene conversion and mitotic
recombination eff°cts in yeast exposed to Apollo

No point mutations were induced in mammalian cells in vitro (mouse
lymphoma cells), but the study did not contain specific historical

control data to ccmpletely support the conclusions of the investica-
tors.
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B8a. Treated rats readily absorbed sirgle orgl doses of clofentezine with
maximum accumulation of resi.. =s in the liver and kidney. Those
residues were subsequently cieared within 24 hours after treatment.
Almost all of a single oral dose is excreted within 24 to 48 hours
after administration regardless of its amount, and the major route
of excretion is the feces. Metabolites identified in the urine of
treated rats and baboons were free and conjugated hydroxylated
derivatives of clofentezine. No fecal metabolites have been iden-
tified.

8b. Repeated dosing of rats demonstrated that tissue levels of clofente-
zine residues reach a plateau after 5 to 15 daily doses. Residue
concentrations in the liver and kidneys were 2 to 4 times those
reported after a single dose. One study also indicated that the
chemical does not readily pass across the placenta in pregnant rats.

9. A dermal absorption study showed that absorption was low (less than
1%) during the 10 hours that followed application of a simulated 50
SC formulation to the skin of rats.

10a. Data gaps include an acute inhalation study or data to indicate that
the formulation is not in a respirable form under conditions of
normal application, identification of fecal metabolites of clofente-
zine, and data on historical control cultures from the laboratory
where the mouse lymphoma mutation assay was conducted.

10b. A long-term feeding study (>13 weeks in duration) with a broad dose
range (>400 ppm) and serial sacrifices is needed to more substantially
support the proposed mechanism of thyroid tumor induction observed
in the rat chronic feeding study. A protocol for this study shouid
be submitted for approval by the Agency before the study is initiated.

11. Using the NOEL established in the one-year dog study and a Safety

Factor of 100, an Acceptible Daily Intake (ADI) of 0.0125 mg/kg/day.
is derived. - '

12. Available data have been considered in a weight-of-the-evidence analy-
sis by the Toxicology Branch's Peer Review Committee and the FIFRA
Science Advisory Panel, and clofentezine has been classified into
Group C (possible human carcinogen). A quantitative risk assessment
is considered inappropriate for the following reasons:

a. The increased tumor incidence was marginally increased above the
control incidence (p = 0.048) only at the highest dose tested (400
ppm) in the chronic feeding study.

b. The increased incidence was observed only in male rats.

c. The thyroid tumor incidence in the chronic feeding study's highest
dose group (20%) was slightly greater than the historical range
provided by limited data (7.5 to 15%; from 2 studies). (Data were

adjusted fc- animals dying prior to appearance of the first thyroid
tumor. )
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d. The additional thyroid function studies suggest the possibility of
an indirect mechanism for follicular cell tumor induction tkat may
be associated with clofentezine's liver toxicity.

13. There are adequate Toxicology data to support the requested Experi-
mental Use Permit and proposed tolerances on apples, meat and meat
by products of cattle, liver, kidney, and milk provided dietary
exposure estimates do not exceed the ADI (see Point 11. above).

I. Background

A. General Information

APOLLO® is proposed for use as a miticide on apples. 1Its common name is
clofentezine, and its chemical name is 3,6~bis[2~chlcrophenyl]-1,2,4,5-
tetrazine. The pesticide is formulated for the proposed use as a suspen-
sion concentrate (50% active ingredient). The inert ingredients have
been cleared for food use.

The formulation, which is called APOLLO MITICIDE (50% SC), is to be
applied at the rate of 4 to 8 oz./A according to the label, and the
seasonal application rate is not to exceed one pint per acre. The miti-
cide is to be sprayed with ground equipment.

B. Summary of Previously Submitted Data

Appendix I includes the Toxicology Branch "One-Liners" for the studies
described in this Section.

1. ‘Acute Toxicity

The acute toxicity categor1es for technical grade and 50 SC formulatlons

of clofentez1ne are summarized as follows:

41

Toxicity Categories
Technical APOLLO®

Type of Toxicity grade 50 SC
Acute oral 111 v
Acute dermal ' II1 v

Acute inhalaticn - —
Primary skin irritation v v

Primary eye irritation -1 IIT _

*Based on a study with an 80% WP formulation (see Appendix I
below).

**This study is discussed in Section I. C. 1. on page 8 below.
Previously, data on the 80 WP formulation were used and sug-
gested a Toxicity Category III for acute inhalation tcxicity.
iThese data are unavailable on the technical grade material.
However, a study on an 80 WP formulation (80% a. i.) suggested
a Toxicity Category of IV.

L)
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The most frequently observed compound-related effect reported in all but
the dermal studies was the discoloration of feces in treated animals.
The test substance was described as a magenta colored powder, and the
feces of treated animals appeared pink in color for 25 to 30 hours after
treatment (84 hours after i. p. injection). At necropsy in an intrape-
ritoneal study, precipitate of the test material was observed in the
abdomen of treated rats.

Clofentezine-caused dermal sensitization in two of twenty treated female
guinea pigs which suggested that the chemical is a weak sensitizer.

2. Subchronic Toxicity

In the 90-day rat f.ing study a no-obcerved-effect level (NOEL) of 40
ppm (2 mg/kg/day) was demonstrated, and the lowest-effect-level (LEL) was
reported to be 400 ppm (20 my/kg/day). Effects noted at that dose level were

_ centrilobular hepatocellular enlargement, elevated mixed-function oxidase

enzyme activities and a slight increase in liver weights.

In a 90-day dog study, a NOEL wac not established with respect to increased
liver weights or changes in electrocardiograms. The lowest dose tested was
3200 ppm (80 mg/kg/day).

Discoloration of the urine and feces by clofentezine was also noted in
treated animals in these subchronic studies.

3. Chronic Toxicity

a. Rats

The NOEL in a 27-month feeding study was 40 ppm (2 mg/kg/day), and the
LEL was 400 ppm (20 mg/kg/day, highest dose tested). Effects at the 400

ppm dose for male rats included a slight increase in free thyroxine

levels in blocd sampled at 27 months, increased liver weights and liver-
to-body weight ratios, centrilobular hepatocyte hypertrophy and vacuola-
tion, focal cystic degeneration of hepatocytes, and diffuse distribution of
fat deposits in the liver. The only changes observed in 400 ppm group
females were slightly increased liver weights.

Based on these observations, a no-effect level was established at 40 ppm
(2 mg/kg/day), and the lowest-effect level was 400 ppm (20 mg/kg/day).

b. bogs

"In a one—year}dog feeding study using levels of 0, 50, 1000, or 20,000 ppm,

a NOEL with respect to elevated serum cholesterol and triglyceride levels
was established at 50 ppm (reported daily intake ranged from 1.52 to 2.47
mg/kg/day). Electrocardiograms were not affected in dogs given the 20,000,
1000, or 50 ppm diets. Based on these results a NOEL of 50 ppm (1.25
mg/kg/day) and an LEL of 1000 ppm (25 mg/kg/day) is suggested for dogs.
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4. oOncogénicity

‘a. Rats

In the rat chronic feedlng study described above, the incidence of thyroid
follicular cell tumors in male rats was statlstlcally significantly in-
creased (see Table 1).

o . Table 1 : -

The Incidence of Benign and/or Malignant Thyroid
Follicular Cell Tumors in Male Rats.

Dose level (ppm)

Qbservation 0 10 40 400
Type of tumor
Benign 1/70 1/70 0/70 3/70
Malignant 1/70 1770 2/70 5/70
Total* 2/70 2/70 2/70 8/70%*

*Statistically significant positive dose-related trend (p<G.05).
**Stat1st1ca11y significantly different from control group (p=0.048:
Fisher's Exact Test)

b. Mice

Clofentezine was administered in the diet to mice for up to 105 weeks at
levels of 0, 50, 500, or 5000 ppm. Statistically significant reductions
in group mean body weight (approximately 7% below control mears) and body
weight gains (approximately 15 to 22% less than that for control group)
were observed in males at 5000 ppm. The highest dose group males showed
a statistically significantly increased incidence of altered hepatocytes
(areas or foci- of eosinophilic hepatecytes).” In female mice given the
5000 ppm diet for up to two years, there were statistically significant
increases in liver weights and the incidence of altered hepatocytes
{eocsinophilic and/or basophilic areas or foci).

The incidence of hepatocellular tumors was increased in some test groups,
but the increases were not dose-related in either sex.

5. Developmental Toxicity

Maternal toxicity (slight centrilobular hepatocellular enlargement) was

observed in pregnant rats given 3200 mg/kg/day (highest dose tested)

" during gestation. The NOEL for that effect was 1280 mg/kg/day. No
teratogenic or fetotoxic effects were reported at any of the doses testeqd,

and the NOEL was reported to be the highest dose tested (3200 mg/kg/day).

In a study with rabbits, slight maternal toxicity (reduced food consump-
tion and body weight gain) as well as slight fetotoxicity (reduced litter
and fetal weights) were observed at the 3000 mg/kg/day dose level (highest
dose tested). The NOEL for these effects was 1000 mg/kg/day. No compound-
related increases in teratogenic effects were observed in the study.

) . . .z . ..
* 2 e - % . . Ce el Feam e ’
P T . . .
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6. Reproduction Toxicity

There were no reproductive effects observed in rats given diets containing
0, 4, 40, or 400 ppm clofentezine. The 400 ppm diet caused centrilobular
hepatocyte hypertrophy in the male rats in the study, and the NOEL W1th
respect to that effect was 40 ppm.

7. Mutagenicity .
No mutagenic effects were reported in bacterial point mutation assays,
gene conversion and mitotic recombination studies in yeast, a mouse
micronucleus test, or a dominant lethal study in rats.

Although a dose-related increase in mutation frequency was noted in a
mouse lymphoma point mutation assay, the report did not contain specific
information to support the conclusions of the investigators.

8. Metabolism

Studies with rats, mice, dogs, rabbits, and baboons demonstrated that the
feces was the major route of excretion (70-80% of the administered dose
in all species).

Almost all of the administered dose was recovered within 24 to 48 hours
after treatment, and in rats the proportion of fecal excretion at high
doses (10CY mg/kg) increased to 95-98% of the dose. The plasma half life
of clofentezine in rats after administration of 1000 mg/kg was 3.6 hours.

‘The metabolites identified in the urine of treated rats and baboons were
free and conj'gated hydroxylated derivatives which accounted for approxi-
mately 70-80% of the radiolabel extracted. The feces were not analyzed
for identification of residues.

In the rat, intravenous administration resulted in approximately the same
proportions of excreted residues in the feces and urine as were noted after
oral dosing suggesting excretion in the bile as the major route. Wwhole
body radiography of treated rats also demonstrated the accumulation of
residues in the liver and kidney which were subsequently cleared within 24
hours after treatment. Repeated dosing of rats at 20 mg/kg/day demonstrated
that tissue levels of clofentezine residues reached a plateau after 5 to 15
daily doses. Residue concentrations in those two organs were 2 to 4

times those reported after a single dose.

The fetuses of pregnant rats treated with 3200 mg/kg/day doses of clofen-
tezine during gestation had residue concentrations which were cnly one-
fifth that of maternal blood or tissues which indicates that the chemical
does not readily pass -across the placenta.

9. Dermal Absorpt1on

Radiolabeled clofentezine in a 50 SC formulation was applied to the skin
of male rats at dose levels of 4.8, 44, or 180 mg per kg body weight, and

absorption was low (less than 1%) during the 10 hours that followed
application of all doses. : :
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10. sSpecial Studies ~ Thyroid Effects

Because of the thyroid effects observed in the chronic rat feeding study,
a series of studies were conducted, and they indicated the following:

a) There was no preferential accumulation of Apollo in the thyroid.

b) Apollo caused statistically significant treatment-related
decreases in the thyroxine half-life in treated rats.

c) There was a significant and rapid increase in thyroid uptake of
iodine in Apollo-treated rats.

In a 6-week feeding study, groups of male and female rats were fed diets
containing 0, 400, or 30,000 ppm Apollo. Increases in thyroxine, free
thyroxine index, thyrotrophin, progesterone, and dehydroepiandrosterone
were seen in both sexes at 30,000 ppm. Males given the highest dose also
showed an increased level of tri-iodothyroxine. At the 400 ppm dose

level, males also had increased thyroxine levels, and females had increased .
dehydroeplandrosterone levels.

C. Previous Agency Assessments of Clofentezine Toxicity

1. Data Gaps

Technical difficulties with generation of test atmospheres were described
as the reason an acute inhalation IC 5p could not be determined. Efforts
to overcome the difficulties did not include dilution of the test sub-
stance with water as is recommended on the proposed label for use of
APOLLO® 50 SC in the field. Therefore, an acute inhalation study or data
to indicate that the formulation is not in a respirable form under condi-
tions of normal application is needed. \
The highest mutation frequency observed in mouse lymphoma cell cultures
treated with clofentezine was within a normal range of 4.4 to 15.3 per

105 cells. However, no specific information regarding the range such as
an average mutation frequency, the number of control groups used to obtain
the range, or individual control group values were included. These
specific data are needed before the report can be considered complete.

The major route of excretion of clofentezine residues in treated rats is
.the feces, but metabolites are identified only in the urine. Based on
the importance of bile and feces as a route of excretion and the results
of long-term feeding studies in rats and mice, identification of fecal

metabolites is needed to support a complete assessment of clofentezine
toxicity.

2. Reference Dose (RfD)

The lowest NOEL was established in the one-year dog study at 1.25 mg/kg
/day, and a Safety Factor of 100 was applied to obtain an RfD of 0.013
mg/kg/day.
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3. Toxicology Branch Peer Review

- On September 16, 1987, the Toxicology Branch Peer Review Committee consi-

dered the data described in Section I. B. above in a weight-of-the-evidence

analysis and classified the oncogenic potential of clofentezine into
Category C (possible human oncogen) based on the following:

a. Clofentezine was associated with an increase in tumors -(benign
and malignant combined) in only one of two species tested, and
the tumors occurred in one sex of a single strain of the rat.

b. The observed response exceeded the historical control range, and
was observed at the highest dose tested which was well below the
Maximum Tolerated Dose (MID) predicted by subchronic feeding
studies.

c. Clofentezine was not mutagenic.
d. The chemical is not structurally related to known carcinogens.

In addition, the available information on specific thyroid effects consi-
dered by the Committee (see Section I. B. 10.) did not indicate that the
production of thyroid tumors was related to inhibition of thyroid function
by clofentezine treatment in the rat.

A quantitative risk assessment was conducted based on the adjusted inci-
dences of combined benign and malignant thyroid tumors in male rats in
the 27-month feeding study. The unit risk in human equivalfnts (multi-
stage model Q;*) based on those data was 0.053 (mg/kg/day)™.

4. scientific Advisory Panel Review

On March 2, 1988, the Federal Insecticide, Fungicide, and Rodenticide Act
Scientific Advisory Panel (SAP) considered the Agency's weight-of-the-evi-
dence considerations and classification of the oncogenic potential of
clofentezine in a public meeting. Additional data provided by the Regi-
strant and discussed in Section III. below was also considered by the
Panel. ‘

The Panel commented on the biological significance of follicular cell
tumors in male rats given clofentezine as follows:

Thyroid tumors in rats may or may not be biologically signi-
ficant for humans. If data clearly demonstrate increases in
TSH (thyroid stimulating hormone) and the subsequent responses
in the thyroid (hyperplasia and neoplasia), this endpoint

does not provide evidence of direct, compound-induced carcino~
genicity. However, if such data do not exist for other
chemicals, thyroid tumors should be considered as evidence

for carcinogenic potential.

The Panel agreed with the Peer Review determinations that there were no
compound-related effects on tumor incidence in the mouse oncogenicity

study and that clofentezine is not mutagenic. However, they did not:. & .

[ !




- 10 - OOéle

| 006783
believe that failure to achieve a Maximum Tolerated Dose (MID) compromises
the rat study or that the thyroid tumors in male rats provide evidence of

human risk for carc1nogen1c1ty Based on these considerations, the Panel
concluded:

...(clofentezine) belongs in category D. This interpretation
is based primarily on the data demonstrating increased TSH,
nyperplasia, and decreased half-life of T4 and T3. It is
well known that this sequence leads to thyroid tumors in
rats. Exposure to agents that cause this sequence in rats
has not resulted in increased TSH, hyperplasia, and thyroid
tumors in humans. Therefore, there is inadequate data for
suggesting human carcinogenicity.

The Panel then concluded that the data were not adequate for a quantita-
tive risk assessment.

IT. New Informaticn
A. New Data

Two Studies in which male rats were given diets containing 0 or 30,000
ggm clofentezine for two to five weeks followed by an intravencus dose of
51- -thyroxine (Dawson, 1988; and Needham, 1988) showed the following:

1. Bile flow rate in clofentezine treated rats was nearly twice that
in control rats.

2. A greater proportion of administered 1251 in the bile of pretreated
rats was associated with thyroxine metabolites than was observed in
~untreated control rats. ..

3. Clofentezine pretreatment altered the route of excretion for
chyroxine and decreased the blood levels of exogencus thyroxine
below those observed in control rats.

_‘a. Fecal excretion over a 72 hour period rose from approximately
26% of the administered radioactivity in control rats to 40%
in pretreated rats.

b. Urinary excretion fell from 27% of the adm1n1stered thyrox1ne
dose to 15%.

c. The mean concentration of radioactivity in the blood of test
rats was reported to be 0.058 and 0.02% ug/kg in the control
and pretreated groups, respectively.

Histological re-evaluations of the thyroid glands from male rats in several
feeding studies (Ginnochio and Maor, 1988a, b, and ¢; Mallyon and Major,
1988) indicated dose-related increases in the degree of colloid depletion
and follicular cell hypertrophy. These observations were noted at dose
levels as high as 27,000 ppm, and they were reversible at those dose levels
in: treated rats after 4 weeks on a control diet (Mallyon .and Major, 1988).

- ~

-)‘ .

-
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B. Registrant Comments
1. Proposed mechanism for thyroid tumor development -

Based on special studies described above, thyrcid effects were characte-
rized as an indirect result of enhanced metabolism and clearance of
peripheral thyroid hormones in rats (Cochburn, 1988). A direct mechanism
for the effects was dismissed for the following reasons:

...Clofentezine is (1) negative in a full battery of mutage-
nicity assays, (2) negative in a mouse oncogenicity study,

(3) causes no decrease in latency period for thyroid tumor
development nor metastases in tl.e rat, (4) does not accumulate
preferentially in the thyroid of treated rats, and (5) only
increases tumor production at very high dose levels (400 ppm)
in rats at which biochemical and endocrine disturbances take
place; below this threshold no untoward effects are seen.

The Registrant also noted that several studies suggested the lowest-effect-
level for clofentezine's direct effects was 400 ppm (20 mg/kg/day) in
rats. That dose and higher levels were associated with elavated mixed-
function oxidase enzyme activities which, in three special studies
(Needham, Challis, and Campbell, 1981, 1982, and 1983), were shown to be
. reversible after withdrawal of clofentezine from test diets for two to six
weeks.

The Registrant concluded that these direct effects caused an increase in
the metabolism and excretion of thyroxine. This increased turnover was
associated with a reduction in the level of circulating thyroxine. The
pituitary, through the hypothalamus, responds to reduced thyroxine blood
levels by secreting thyroid stimulating hormone (TSH). Eievated TSH levels
then stimulated follicular cells of the thyroid gland to replenish depleted
reserves of the hormone in clofentezine treated rats.

The Registrant noted:

The thyroid changes resulting from TSH stimulation follow a
time-related course of colloid depletion, follicular cell
hypertrophy, hyperplasia, adenoma, and carcinomg,...For
example, the novel Hjy antagonist SK&F 94379 which increases
TSH secretion in rats due to increased T4 clearance has been
found to cause characteristic morphological changes culmina-

ting in both benign and malignant thyroid tumors after long
term administration.

2. similar effects of other chemicals '

Phenobarbitone was characterized as the most widely studied of those
chemicals affecting the thyroid gland in a manner similar to that proposed
for clofentezine, and its effects in rats were described as foliows:

After large doses (100 mg/kg for several days) have been given
to rats to induce increased liver weight; the hepatic uptake .-

of T3 and T4 is markedly increased, and-biliary excretion of = == - -

-

e e



JRUVENEVU AR e —

s - 00e783

the hormones rises, owing to increased bile flow and to
_ increased bile:plasma ratios. The deiodinative metabolism of
- T4, but not of T3, is also enhanced...A marked increase in -
fecal excretion of T4 results, -the. net effect of which is to
alter tissue hormone levels and to activate TSH secretion.

Specific comments on observations made in the chronic feeding study with
rats were as follows:

... (after 27 months) Colloid depletion and follicular cell
hypertrophy were minimal and this contrasted with the marked
effects seen at 400 ppm in interim kill rats from the same
study, after 12 months treatment.

The probable reason for this reduction in effect is the known
decrease in the percentage induction of microsomal enzymes
throughout the adult life-span of the rat. This would in

turn progressively reduce the excessive hepatic disposal of
thyroid hormones, reduce pituitary feedback and hence reduce
the TSH drive cn the thyroi® gland, with time. Phenobarbitone
in particular shows this marked reduction of induced hepatic
microsomal enzymes, especially in the second year of life...in
the rat carcinogenicity study with clofentezine, centrilobular
hepatocyte enlargement was seen in 18/20 interim kill males

at 400 ppm but only in 13/50 decedents aad terminal kill
animals at this dose level. The presence of marginally high
serum T4 levels was indicative of a compensatory effect on
thyroid function...

3. Species differences and risk extrapolation

Thyroid physiology and biochemistry in the rat and man were cited as
further evidence that the thyroid tumors observed in the clofentezine
chronic feeding study are not appropriate for risk extrapolation to
humans {Cochburn, 1988). The principal differences between the rat and
. humans were stated as follows:

1. The relatlvely low binding capacity and af1n1ty of T4 for plasma
proteins in the rat.

2. An androgen-mediated sex difference in the rat's reguléf1on 6fA’
’ thyroid control which makes the occurrence of thyroid tumors -
more likely in male than female rats.

According to the Registrant's discussion; the 1oﬁ°bindihg capacity of T4
for plasma proteins in rats is associated with a more rapid turnover of
the, hormone (a plasma half-life of 12 to 24 houts) than in humans (5 to 9

day plasma half-life). The discussion summarized the 1nportance of the
specles dlfferences as follows:

...hepatic enzyme induction leads to increases in liver T3. .
and ‘T4 uptake;, conjugation and- netabollsm. B111ary excretlon - LA Serlede ol
of -the: thyroid hormones therefore riseés” owing- to increased o~ j_ZZ : g :2’
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hormone levels in the bile and/or-increased bile flow. This
compromises the efficiency of enterchepatic recirculation and
recovery from the gqut of excreted thyroid hormones which is
resorbed and rapidly re-excreted in the bile. This process
is believed to be less important in the:maintenance of the
thyroid economy in man than is the case for the rat.

ITI. Discussion

A. Thyroid Function Studies

Since two experiments demonstrated that clofentezine did not selectively
accumulate in the thyroid gland and since iodine uptake was increased in
the gland, an indirect effect was investigated. The additional studies
showed that short-term administration of high doses of clofentezine (3000
to 30,000 ppm in the diet) caused increased liver enzyme activity and
increased bile flow in male rats. Results of two subchronic experiments
at 30,000 ppm suggested that these effects changed the metabolism and
excretion pattern for thyroid hormone, but the studies did not indicate
that these changes would be biologically significant when a lower dose
level (400 ppm) is administered chronically.

Enhanced clearance of thyroid hormones could reduce blood levels of
thyroxine sufficiently to cause the pituitary gland to secrete thyroid
stimulating hormone (TSH) to increase thyroid gland activity. In male
rats given diets containing 30,000 ppm clofentezine for 6 weeks, elevated
TSH levels were observed, but thyroxine levels were also increased. 1In
addition, the thyroxine levels were elevated in male rats at the end of
the chronic study without an increase in their TSH levels. No thyrcid
blood chemistry tests were conducted during earlier portions of the
chronic feeding study, and the 400 ppm dose level in a 6 week feeding
study did not significantly increase thyroxine or TSH levels. These
circumstances suggest that a longer study over a broader dose range would
more clearly characterize the biological significance of clofente21ne s
effects on the thyroid in male rats.

Microscopic observation of thyroids from rats in chronic and subchronic
studies indicated increased activity in'the glands of treated male rats.
There was a dose-related increase in the severity of colloid depletion
along with dose-related increases in the incidence and severity of folli- .
cular cell hypertrophy, and an increased ‘incidence of hyperplasia.

In short-term stuvdies at high doses (3,000. to 30,000 ppm), follicular

cell hypertrophy was reversed in the three weeks follOwing a 9-week treat-
ment period. Observation of hyperplasia was limited to the chronic
feeding study, and its ircidence was not duse-related. : Thyroid weights .
were increased along with these microscopic changes but not in a statisti-
cally significant manner. These marginal changes further emphasize the
need for a chronic study using a broader 'dose range to more clearly support
the suggested indirect mechanism for clofentezine's oncogenic potential.
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"B. ‘Similarities to other chemicals T

The apparent reversal of non-neoplastic changes in older rate in the
chronic feeding study suggests that clofentezine is generally similar to
phenobarbitone with respect to its non-neoplastic effects on the thyroid
gland of male rats (see page 11 above). In addition, the histamine
antagonist example (also described on page 11) indicates that other
substances enhanc1ng the rate of thyroxine clearance from rats can induce
thyroid tumors in that species at toxic dose levels.

C. Peer Review Reconsideration

On May 18, 1988, the Toxicology Branch Peer Review Committee met to

assess the SAP review and the available data on thyroid effects (see DER

in Appendix III. below for summary of data presented to the Committee).

The thyroid data were evaluated according to six indicators of pituitary-
thyroid hormone imbalance which are described in a draft document entitled
Thyroid Follicular Cell Carcinogenesis: Mechanistic and Science Policy
Considerations prepared by the Technical Panel of the Agency's Risk Asses-
sment Forum (dated December 15, 1987). The Peer Review Committee concluded:

1. Goitrégenic activity of clofentezine in vivo included follicular
cell hypertrophy and possibly hyperplasia.

2. Clinical chemistry changes did not consistently indicate a pituitary-
thyroid hormone imbalance since both TSH and thyroid hormone were
increased by a high dose level of clofentezine (30,000 ppm in the
diet of rats for 6 weeks).

3. Increased bile flow and a shift toward fecal excretion of thyroxine
suggested that clofentezine may enhance clearance of thyroid hormone.

4. 32ecause of the uncertainty regarding clofentezine's induction of
follicular cell hyperplasia (point 1. above), a complete progression
of lesions showing cellular hypertrophy and hyperplasia, nodular -
typerplasia, and neoplasia (benign and possibly mallgnant tumors)
wes not demonstrated over the limited duse range in the chronic
feeding study (10 to 400 ppm).

5. Follicular cell hypertrophy and colloid depletion were ﬁeversed .
following withdrawal of clofentezine from treated rats.’ i

6. Clofentezine is.not related to a class of compounds with chemical
structures that show a correlation with thyroid tumor induction.

The Committee concluded that an additional study of greater than 13 weeks''
duratior with:a broader dose range (>400 ppm) with interim thyroid bioche-
mistry anc necropsy observations would be needed to more completely

define ths méchanism of clofentezine's thyroid tumor induction in terms -

of the six inqicator$s mentioned above. The Committee further concluded
that the evidence was not sufficient to change the classification of
clofentezine from Categroy C. A quantitative risk assessment based on .
the thyroid tumor incidence is considered inappropriate by the Committee : . :

for the follow1ng reasons: : ) il
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l.A The increased tumor incidence was harginally increased above the
control incidence {p = 0.048) only at the highest dose tested (400
ppm) in the chronic feeding study.

2. The increased incidence was observed only in male rats.

3. The thyroid tumor incidence in the chronic feeding study*'s highest
dose group (20%) was slightly greater than the historical range
provided by limited data (7.5 to 15%; from 2 studies). (Data were
adjusted for animals dying prior to appearance of the first thyroid
tumor. )

4. The additional thyroid function studies suggest the possibility of
an indirect mechanism for follicular cell tumor induction that may
be associated with clofentezine's liver toxicity.
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APPENDIX I1

DATA EVALUATION RECORDS
for New Toxicology Data

Dawson, J. January 5, 1988. The Effect of the Dietary Administration o:
Clofentezine on the Biliary Excretion of a Single Intravenous Dose of
L{1251)-Thyroxine Unpublished report no. ENVIR/87/49 prepared by Scherina
Agrochemicals Ltd. Submitted by Nor-Am Chemical Co., Wilmington, DE. MRID No.
404679-07.

Needham, D. January 5, 1988. The Effect of the Dietary Administration
of Clofentezine on the Excretion of a Single Intravenous Dose of L[1251)-
Thyroxine. Unpublished report no. ENVIR/87/50 prepared by Schering
Agrochemicals Ltd. Submitted by Nor-Am Chemical Co., Wilmington, DE MRID
No. 404679-08

Mallyon, B. A., and I. R. Major January 5, 1988. Technical Clofentezine:
6 Week Dietary Investigation of Thyrcid Function in the Rat. (Histo-
pathology review of the thyroid gland) Supplement to Original Report.
Unpublished report nos. TOX/85/167-77 and TOX 85014 Schering Agroche-
micals Ltd. Submitted by Nor-Am Chemical Co., Wilmington, DE. MRID No.
404679-03

Mallyon, B. A., and L. P. Markham. January 5, 1988. Technical NC 21314:
Investigation into Effects on the Thyroid in the Rat. Unpublished report
nos. TOX/87/167-98, and TOX 87293 prepared by Schering Agrochemicals

Ltd. Submitted by Nor-am Chemical Co., Wilmington, DE. MRID No. 404679-09

- Ginocchiu, A. V., and I. R. Major. January 5, 1988. Unpublished report
nos. TOX/84/167-70 and TOX 82003 prepared by Schering Agrochemicals Ltd.
Submitted by Nor-Am Chemical Co., Wilmington, DE. MRID No.. 404679-06.

Ginocchio, A. V., and I. R. Major. January 5, 1988. Technical NC 21314:
90-Day Dietary Toxicity Study in the Rat (Histopathology review of the
thyroid gland) Supplement to Original Report. Unpublished report nos.
TOX/81/167-22 and TOX 81001 prepared by Schering Agrochemicals Ltd. Sub-
mitted by Nor-Am Chemical Co., Wilmington, DE. MRID No. 404679-04.

Ginocchio, A. V., and I. R. Major. January 5, 1988. The 90-Day Dietary
Toxicity Study of Technical NC 21314 (CR 20099/5, Pilot Plant) to the
Male and Female Rat (Histopathology review of the thyroid gland). Sup-
plement to the Original Report. Unpublished report nes. TOX/81/167-23/1
and TOX 81019 prepared by Schering Agrochemicals Ltd. Submitted by
Nor-Am Chemical Co., Wilmington, DE. MRID No. 404679-05.

Capen, C. September.1l, 1987. Histopathologic Evaluation of Thyroid and
Parathyroid Glands from Male and Female Sprague-Dawley Rats Fed Clofente-
zine and Benazolin-Ethyl. Unpublished report no. TOX 82003 prepared by
Ohio State University, Department of Veterinary Pathology. Submitted by
Nor-Am Chemical Co., Wilmington, DE. MRID No. 404679-10
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DATA EVALUATION RECORD
STUDY TYPE: Biliary excretion of thyroid hormone
MRID NUMBER: 404579-07

TEST MATERIAL: Technical grade Clofentezine described as a magenta
crystaline powder (99.3% purity; lot no. CR 20099/15).

SYNONYMS: NC 21314; Apollo; 3,6-bis[2-chlorophenyl]-l,2,4,5-tetrazine

STUDY NUMBER(S): E'NVIR/87/ 49

SPONSOR: Nor-Am Chemical Co., Wilmington, DE

TESTING FACILITY: Schering Agrochemicals Ltd.

TITLE OF REPORT: The Effect of the Dietary Administration of Clofentezlne
on the Biliary Excretion of a Single Intravenous Dose of L{12 I]-Thyroxine

AUTHOR(S) » Dawson, J.
- REPORT ISSUED: January 5, 1988

CONCLUSIONS: Two groups of male Sprague-Dawley strain rets were given
diets containing 0 or 30,000 ppn clofentezine for 2 to 3 weeks. At the
end of that time, the test animals were given an intra-venous dose of

251-thyroxine, and bile and blood samples were collected at intervals
during the 4 hours that followed administration of the hormone.

There are adequate data presented in the report to indicate that clofen-
tezine increases the bile flow and thyroxine metabolism in male rats.

The report indicated that, immediately after dosing, blood levels of

51 were higher in clofentezine-pretreated rats suggesting that those
animals could have received a higher dose of lzsI-thyroxine. Since no
individual animal data were presented in the report, the significance of
the greater amount of hormone.in pretreated animals with respect to
conclusions about excretion rates, blood clearance rates, and cumulative
excretion of radiolabel could not be characterized.
Core classification: - Supplementary. The study was conducted to 1nvest1gate
the effects of clofentezine on the thyroid of male rats rather than to
establish no-effect levels, and the data as reported were not sufficient
to unequivocally support the conclusions discussed below (Section III.).
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m‘éage 2 . . Special Study
Thyroid Function

I. PROTOQOL . ‘ 006783

MATERIALS

Test species: Male Charles River Sprague-Dawley strain rats were
used. They weighed from 198 to 228 g at the start of the study.

Radiolabeled substances: L-[I125]-thyroxine with a specific activity
of 200 uCi/ml (in an ethanol/water solution) was used. Radioactive
half-life was stated to be 60 days.

Diet preparation: Basal diet consisted of Rat and Mouse Diet No. 1

supplied by SDS, Ltd.
STUDY DESIGN

Animal assigrment: Animals were randomly assigned to test groups as
follows:

Test groups pose Animals
No. Designation (ppm) per group

1 Control 0 ' 6
T2 . .High (HDT)- -30,000 o 6

These diets were fed to the test animals for 2-3 weeks.

Animal observations: After 2 to 3 weeks on test diets, each animal

was weighed, anesthetized, and the bile duct was cannulated. BAnesthesia
was maintained throughout the sampling period (approximately 4 hours),
and bile samples were collected (including a blank sample just before
administration of thyroxine).

Approximately 100 ng of L[I125]-thyroxine (5 ug/kg) was injected intra-
venously in the tail vein. Blood samples were taken as soon as
possible after dosing and at 15, 30, 45, 60, 90, 120, 150, 180, and

240 minutes after the thyroxine was administered.

The animals were sacrificed at the end of the 4-hour sampling -period.

Analysis of samples: Bile samples were collected, weighed, and counted

directly. Counts per ml of bile and cumulative excretion of 1231 were
calculated. - ) )

Blood samples were collected and counted directly. The amount Of
rad*oact1v1ty was determined and expressed as g eduivalents.

The report stated that bile samples collected.-at 45-60, 105-120, 165~
180, and 225-240 minutes after treatment with thyroxine were prepared
for thin layer chromatography. The pH of each 150 ul aliquot of

these samples was adjusted with 6 N HC1l and a solution of beta-
glucuronidase (5000 units/ml) was added. These samples were incubated
at least 16 hours at 37° C. . .

£62900




Page 3 Special Study
‘ , " Thyroid Function

3. Analysis of samples (continued)

Twenty ul aliquots of the hydrolyzed and unhydrolyzed bile were
spotted on silica gel thin layer chromatography (TLC) plates along
with standard solutions of thyroxine (T4) and tri~-iodothyroxine (T3).
The plates were then-developed with a butanol:ethanol:2 N ammonium
hydroxide (6:3:1) solvent system. The radioactivity on the developed
plates was then quantified with a TLC linear analyzer to determine
the amount of T4 present.

] 1I. REPORTED RESULTS

According to the report, the bile flow rate in treated rats was approxi-
mately double that observed in untreated rats (see Figure 1 in the Adden-
dum below). Four hours after administeration of the radiolabeled thy-
roxine, the clofentezine treated rats excreted 10.2% of the 1251 in
comparison to 6.4% for the control group rats (see Figure 2 in the adden-
dum below). The biliary concentration of 1251-thyroxine in treated animals
was higher than that in control animals only during the first 30 mirutes
following administration. Thereafter, the concentration of 1251 in the
bile from treated rats was lower than that in control rats (see Figure 4
in the Addendum below).

The report noted that the blood level of radiclabeled thyroxine was
higher in treated rats than it was in control animals just after dosing,
and the rate of blood clearance during the first 15 minutes following
administration of thyroxine was higher in treated rats (2.20 ml/hr com-
pared with 1.45 ml/hr in control animals) (see Figure 3 in the addendum
below). The report further stated that the clearance rates beyond two
hours after thyroxine administration were similar in the control and
treated groups.

according to the report, the profile of thyroxine metabolites in the bile
was changed by clofentezine pretreatment. The report indicated that the
proportion of excreted radioactivity represented by thyroxine was less in-
clofentezine treated animals than that in control rats (see Addendum

below for tabulated group mean values).. The proportion of excreted
radiocactivity represented by the glucuronide conijugate of thyroxine was
higher in treated rats than in the control group amimals during the first
two hours following administration of radiolabeled thyroxine. After

that time the proportion of excreted activity represented by the conjugate
in treated rats was less than that for control group animals.

The total amount of*125T excreted in the bile was higher at.all time :
points for treated rats than control animals during the 4-hour observation
period, but the proportion of radiocactivity excreted as thyroxine was

lower for clofenteziné pretreated rats than the control animals.

162900 | | T 1



Page 4 ' Special Study
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_IL.. DISCUSSION

Investigators' conclusions: The report concluded:

Dietary dosing of clofentezine at 30000 ppm to male rats for

2-3 weeks resulted in the doubling of bile flow rate and an

increase in the excretion rate of an intra-venous dose of .
(1251)-thyroxine (1.6 fold). The initial blood clearance rate

was also increased by more than 50% when compared to control

animals.

The (1251) excreted into bile of control rats contained a
higher level of thyroxine and thyroxine glucurcnide than did
the bile of treated rats. This indicated a higher level of
altarnative metabolic routes being prevalent in the livers of
treated rats, which excreted a higher overall level of

(1251) into bile than control rats.

The results obtained all indicate that the effect which
clofentezine has on the thyroid gland is due to an increased
turnover of the thyroid hormones, resultirg in an increased
biliary excretion of metabolites of thyroxine. The effects
of clofentezine on thyroid hormone turnover are most likely
caused by the induction of various hepatic enzymes which are
responsible for the catabolism of thyroxine.

Reviewer's Discussion: The observations of greater blood clearance rate
for radiolabeled thyroxine in pretreated rats and increased cummulative
biliary excretion of 1251 thyroxine and metabolites in those rats suggest
that clofentezine pretreatment increases the turnover rate of thyroxine
in male rats. However, the report stated that blood levels observed in -
samples collected immediately after administration of 1251—thyroxine were
higher in pretreated rats than they were for controls. Therefore, the
observations of increased clearance rate and increased bile concentrations
in pretreated rats could also be the result of administration of a higher
dose of 1251- -thyroxine which the pretreated rats excrete in order to
malntaln the thyroxine level attained during the pretreatment period.

Results supporting the second possibility include the observation that -
bile concentrations were higher in pretreated rats only during the first
30 minutes following administration of 1251I-thyroxine. For the remaining
#-5 hours of the sampling period bile levels of 1251 were lower in
pretreated rats than in-controls.

The report did not include 1251 measurements in the livers of pretreated
and control group rats to support the conclusion that liver enzyme induc-
tion increased ‘thyroxine uptake and metabolism in that organ, but the
‘decreased proportion of excreted 1251 in bile samples represented by
thyrox1ne suggests that thyroxine is metabollzed at a greater rate in

: clofentezlne pretreated rats.

:
1
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Thyroid Function

Reviewer's Discussion (continued)

Individual data were not presented in the report to determine the effect
of the higher blood levels of 125I-thyroxine noted immediately after its
administration on the blood clearance rates, the initiaily elevated bile
251 concentrations, or the apparently increased thyroxine metabolism
observed.

There are adequate data presented in the report to indicate that clofen-
tezine increases the bile flow and thyroxine metabolism in male rats.

| S 42
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ADDENDUM

Results as Reported on Blood Levels, Bile Levels,
and Relative Bile Concentrations of Thyroxine and Its
Metabolites in Male Rats
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DATA EVALUATION RECORD

STUDf TYPE: Excretion of thyroid hormone

MRID NUMBER: 404679-08 |

TEST MATERIAL: Technical grade Clofentezine described as a magenta
crystaline powder (99.3% purity; lot no. CR 20099/15). ..

SYNONYMS: NC 21314; Apollo; 3,6-bis[2-chlorophenyl]-1,2,4,5-tetrazine

STUDY NUMBER(S): ENVIR/87/50

SPONSOR: Nor—-Am Chemical Co., Wilmington, DE

TESTING FACILITY: Schering Agrochemicals Ltd.

TITLE OF REPORT: The Effect of the Dietary Administration of Clofentezine
on the Excretion of a Single Intravenous Dose of L[1231]-Thyroxine

AUTHOR(S): Needham, D.
REPORT ISSUED: January 5, 1988

CONCLUSIONS: Groups of 5 male rats were given diets containing 0 or 30,000
ppm clofentezine for 5 weeks. At the end of the teeding period, the rats
were given an intravenous dose of 125I-thyroxine, and placed into metabolism
cages. Urine and feces were collected at intervals during the 72-hour
period following administration of the thyroxine, and at the end of the
72-hour observation period the rats were sacrificed. Blood samples were
collected, and the gastrointestinal tract was removed for analysis.

The results of the study suggested that clofentezine pretreatment might
alter the route of excretion for thyroxine. Fecal excretion over a 72
hour period rose from approximately 26% of the administered radioactivity
in control rats to 40% in pretreated rats, and urinary excretion fell

from 27 to 15% of the administered thyroxine dose. The mean concentration
of radioactivity in the blocd cf test rats was reported to be 0.058 and
0.029 ug/kg in the control and pretreated groups, respectively. These
results suggested that clofentezine pretreatment increased the excretion
of thyroxine in male rats.

The toxicological significance of these results could not be determined
from the data as reported (see "Reviewer's discussion" in' Section III.
below). -

Core classification: Supplementary. The study was designed to evaluate a
specific effect of clofentezine on the thyroid gland of male rats.

51
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Thyroid Effects

I. PROTOOOL 00¢783
MATERIALS

Test species: Male Charles River Sprague-Dawley strain rats were
used. They weighed from 198 to 228 g at the start of the study.

" Radiolabelled substances: L—[1125] thyroxine with a specific activity

of 200 uCi/ml (in an ethanol/water solution) was used. Radioactive
half-life was stated to be 60 days.

Diet preparation: Basal diet consisted of Rat and Mouse Diet No. 1
supplied by SDS, Ltd.

Tissue solubilizer: The SHT solubilizer consisted of 80 g sodium
hydroxide in 100 ml Triton X-405, 300 ml methanol, and 600 ml water.

STUDY DESIGN

Animal assignment: Animals were randomly assigned to test groups as
follows:

Test_groups Dose Animals

No. -Designation { ppm) per _gqroup
1 -Control - 0 6
2 High (HDT) 30,000 6

- These diets were fed co the test animals for approximately 5 weeks,

Animal observations: After 5 weeks on test d1ets, each animal was
weighed, and approximately 100 ng of L[1125)- -thyroxine (5 ug/kg) was
injected intravenously in the tail vein. The animals were placed in
metabolism cages, and their urine and feces were collected at 3, 6, 9,
12, 24, 28, 32, 48, 54, and 72 hours after the thyroxine was admini-
stered.

At the end of the observation period the animals were anesthetized
and blood was collected from the aorta. They were then sacrificed.

Analysis of samples: Aliquots of 0.1 to 1.0 ml urine or blood were
placed into counting tubes. Feces were hamogenized in water and
approzimately 1 g aliquots were weighed into counting tubes. At’
sacrifice of test rats the gastrointestinal tract was removed and
solubilized in SHT tissue solubilizer. The report noted that 1 g-
aliquots of the sciubilized G. I. tract tissue were put into counting
tubes.

32



page3” “ Special Study
~ Thyroid Effects

II. REPORTED RESULTS 006783

Table 1 summarizes the mean percentage of administered radioactivity
recovered in urine and feces for the two test groups.
Table 1

Summary of 125I-thyroxine Excretion (expressed as
per cent of administered radiocactivity) in Male Rats*

Observation Urine Feces
time (hours) Control Pretreated Control Pretreated .
3 0.35 0.71 - 0.00
6 1.77 1.19 - 0.00
9 0.39 0.22 - 0.00
12 2.43 2.03 - ) 0.78
24 7.68 3.97 3.69 7.33
‘28 0.43 0.21 - 3.57
32° 3.38 0.98 1.60 4.12
48 4.96 3.66 10.42 13.06
54 2.07 0.73 1.06 2.54
72 3.74 l.61 11.48 14.99

Total 27.23 15.31 26.45 40.40

*No statistical analysis was performed on these data.

The amount of radiocactivity recovered from the gastrointestinal tract
{expressed as a percentage of the administered 231) was 3.03% for the
control group and 2.57% for the clofentezine pretreated group. Total
recoveries were 56.71 and 58.27% for the control and pretreated groups.
respectively.

The mean concentration of radioactivity in the blood of test rats was
reported to be 0.058 and 0.029 ug/kg.

Curves for cummulative excretion in urine, feces, and total -excretion are
included in the Addendum below.

IIT. DISCUSSION
Investigators' conclusions: The investigators stated that clofentezine
pretreatment at a dietary level of 30,000 ppm for 5 weeks altered the
route of excretion for thyroxine. Fecal excretion over a 72 hour period
rose from approximately 26% of the adminisctered radiocactivity in control
rats to 40% in pretreated rats, and urinary excretion fell from 27 to 15%
of the administered thyroxine dose.

Reviewer's discussion: Although the results as reported suggest that

total excretion of exogenous thyroxine is increased from approximately 56
to 58% of the administered radioactivity, the biological .significance of

these results is difficult to judge because the study is limited in scope. -
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Reviewer's discussion (continued)

" Its design is limited to only 5 animals per dgroup, ana approx1mate1y 40%
of the administered radioactivity is unaccounted for.

" The vaplab111ty of measurements reported in the individual amimal data is
greater in the pretreated animals than in controls (total recovery ranging
from 49.98 to 67.45% of the administered dose for pretreated animals;
total recovery in control group animals ranging from 52.59 to 61.84%).

The medians for the two groups are 58.22 and 57.22% for the control and
pretreated groups, respectively. With this kind of variation and the
limited numbers of animals used in the experiment, statistical analysis
may be misleading, especially without some measure of the recovery
efficiency for the methods used in the study.

In addition, the tissue distribution of thyroxine is not 'limited to the
gastrointestinal tract, and other tissues should have been analyzed to -

cccount for a larger proportion of the administered radioactivity. The
11ver is of partlcular interest since it is the organ the investigators
have implicated in the metabolism and excretion of the administered 125
thyroxine.

Based on these considerations, this study can not be used to determine
" the toxicological significance of the change in the route of thyroxine
excretion caused by clofentezine pretreatment at 30,000 ppm in the diet
of male rats for five weeks.

51




ADDENDUM

‘Cummulative Excretion Data as Presented in a Repor':t on
Clofentezine Pretreated Rats
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" Reviewed by: Roger Gardner R -4 -39
Section 6, Toxicology Branch (TS 769C) _
Secondary Reviewer: Judith Hauswirth, Ph. D. i}ud&tk.uJ.Haa4A44¢HujuL
Section 6, Toxicology Branch (TS 769C) qu/yg'
' DATA EVALUATION RECORD
STUDY TYPE: Subchronic feeding studymsupplenent
MRID NUMBER: 404679-03
TEST MATERIAL: Technical grade Clofentezine (see Addendum)
SYNONYMS: NC 21314; Apollo; 3,6-bis{2-chlorophenyl]-1,2,4,5-tetrazine

STUDY NUMBER(S): TOX/85/167-77; TOX 85014

SPONSOR: Nor-Am Chemical Co., Wilmington, DE

_TESTING FACILITY: Schering Agrochemicals Ltd.

TITLE OF REPORT: Technical Clofentezine: 6 Week Dietary Invéstigation of
Thyroid Function in the Rat. (Histopathology review of the thyroid gland)
Supplement to Original Report.

AUTHOR(S) : Mallyon, B. A., and I. R. Major
REPQORT ISSUED: January 5, 1988

DISCUSSION AND CONCLUSIONS: There were adequate data presented in the re-
evaluation of thyroid tissue sections to support the conclusions of the
supplemental report. The investigators concluded that there was a clear effect
on colloid depletion and follicular cell histology in the thyroid of high dose
group male and female rats. The lowest effect level (LEL) was 30,000 ppm and
the no—observed-effect level (NOEL) for those effects was 400 ppm.

Core Classification:'Supplementary. The report was an ammendment to a previously
submitted study. N

I. BACKGROUND

This supplemental report describes a re-evaluation of thyroid tissue sections
from a subchronic study designed to further investigate effects observed at the
end of a long-term feeding study in rats given diets containing up to 400 ppm
clofentezine for 27 months [Ginnocchio, A. V.; and Mallyon, B. A. pecember 17,
1985. The Oncogenicity and Chronic Toxicity of Technical NC 21314 (Chlofentezine
in the Diet to the Rat (Final Report). Unpublished Report No. TOX/84/167-70
‘prepared by Huntingdon Research Centre and FBC Limited. Submitted by Nor-Am
Cehmical Co. EPA Acc. No. 262268.]. No attempt was made to establish a

NOEL. The Data Evaluation Record on the 6-week study is included in Addendum I
below. :
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Page 2 . §82-1
Study Amnendnent

I1. MATERIALS AND METHODS
The thyroid sections originally stained with hematoxylin and eosin were recoded
and examined by another pathologist. The tissue sections were taken fram 30
animals given diets containing 0, 400, or 30,000 ppm clofentezine for six weeks.

The report noted that the richt and left lobes were examined separately and
scored according to the following:

1. Colloid depletion - a reduction in the overall luminal size and
staining intensity (degree of eosinophilia) of the colloid.

2. Follicular cell enlargement - cells lining the lumen of the
follicle were either squamous in the resting follicles, low
cuboidal, cuboidal or columnar in highly active follicles, and
lobes with a greater proportion of cuboidal and columar cells
were given a higher score for this condition.

Numerical scores were given for these conditions as follows: 0 = absent, 1 =
minimal, 2 = slight, 3 = moderate, 4 = severe, and 5 = very severe.

Results were analyzed by the Kruskal-wallis Rank test.
III. REPORTED RESULTS
Tabulated results as reported are included in Addendum II below.

The investigators noted that all five control group males scored moderate for
colloidal depletion. Two of the five males in the high dose group showed severe
depletion, and the remaining three in the group had at least slight depletion.
In the low dose group, the authors noted that one of the five males exhibited
severe depletion and two had less than slight colloid depletion. The remaining
two low-dose group males had moderate colloid depletion. The investigators
"characterized the results in the control group males as unusual, but they
concluded that there was a clear effect on colloid at_the 30, 000 ppm dose and

an egquivocal effect in the low dose males.

The investigators also described the results in female rats as unusual but not -
to the degree observed in males. They also concluded that the high dose had a
clear effect on colloid depletion in female rats, and no apparent effect was
observed in the low dose group females.

Results with respect to effects on follicular cells were 51m11ar to those with
colloid depletion according to the investigatars.
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ADDENDUM I
Data Evaluation Record for

Saunders, P. C.. and B. A. Mallyon. January 27, 1986. Technical Ciofentezine:
6 Week Dietary Investigation of Thyroid Function in the Rat. Unpublished

report no. TOX/85/167~TT prepared by FBC Limited. Submitted by Nor-Am Chemical
Co.; EPA Acc. No. 262268.
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DATA EVALUATION RECORD
CEDMICAL NAME: N7 2131k, Clofentezine, APOLLO® 3,6-bis[2-~chlorophenyl}l,2,4,5-

tetrazine

STUBY/ACTION TYPE: Sutchronic feeding study (6 weeks) - rat

STUDY IDENTIFICATION: Saunders, P. C., ani B. A, Mallyon. January 27, 1986,
Technical Clofentezine: 6 Week Dietary Investigation of Thyroid Function in the
Rat. Unpublished report no. TOX/85/167-77 prepared by FBC Limited. Submitted
by Nor-Am Chemical Co.; EPA Acc. No. 262268.

REVIEWED BY:
Neme: Roger Gardner
Title: Toxicologist Signature:
Organization: Review Section 6 Date:
Toxicology Branch
APPROVED BY:
~ Name: Judith Hauswirth, Ph. D.
Title: Section Head Signature: W ;
Organization: Review Section 6 Date: -
Toxicology Branch
DISCUSSION AND CONCLUSIONS: Male and female rats were fed diets containing

0, 400, or 30,000 ppm clofentezine for 6 weeks in an experiment to investigate
the pesticide's effect on thyroid function.

The test substance increased absolute liver weights and liver-to-body weight
ratios for both sexes at the 30,000 ppm level and for males given the
LOO ppm diet.

Increases in thyroxine, free thyroxine index, thyrotrophin, progesterore, and
dehydroepiandrostercne were seen in both sexes at 30,000 ppm. Males given the
highest dose also showed an increased level of tri-fodothyroxine. -At the 40O
ppm dose level, males also had increased thyroxine levels, and females had
increased dehydroepiandrosterone levels.

Based on the liver weight and hormone observations, a no-observed-effect level
(NOEL) was not established in this experiment.

Sacgground: This study was conducted to investigate effects observed at the

end of a long~term feeding study in rats given the highest does tested (L0O

ppm) [Ginnocchio, A. V.; and Mallyon, B. A, December 17, 1985. The Oncoge-

nicity and Chronic Toxicity of Technical NC 21314 (Chlofentezine in the Diet to

the Rat (Final Report). Unpublished Report No. TOX/ 8L/167-T0 prepared by :
Huntingdon Research Centre and FBC Limited. Submitted by Nor-Am Cehmical Co. ‘
EPA A¢c. No. 262268.]. No attempt was made to establish a NOEL.

Core Classification: Supplementary based on the stated purpose of the study

which was to investigate the specific nature of clofentezine's effect on thyroid

- 62
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I. MATERIALS AND METHODS
MATERIALS

Test csrecjes: Male andi female Charles River CRl: COBS CD (SD) BR Sprague-
Dawley rats ware used. They were 2§ days of age on arrival at the laboratory
conduzting the experiment, and body weights ranged from 66 to 85 g for

males and 52 to T4 g for females.

Test substance: Technical grade clofentezine (Batch no. 20099/1L, 99.3 +
1.0% purity) were used.

Diet preparation: Basal diet consisted of Modified SQC Expanded Rat and

3.
Mouse Maintenance Diet No. 1 supplied by Special Diets Services, Ltd.,Stepfield,
Witham, Essex, UK. Test diets were prepared weekly and stored at room
temperature. oo
B. STUDY DESIGN
1. Animal assignment: Animals were randomly assigned to test groups as follows:
Test groups - Dose
No. Designation (ppm) Animals/sex
1 Control 0 Lo
3 Low (LDT) L00 Lo
Y High (HDT) 30,000 Lo
2. Observations schedule
Number of animals
Type of observation per sex per group Frequency
Mortality A1l Twice -a day®
Signs of toxicity All Twvice a day®
Blood samples 10 At 6 weeks
Necropsy 10 ' At termination (6 weeks)
C. METHODS
1. Observation of blood samples: Blood was collected from the abdominal aorta
of anesthetized animals after 6 weeks on the test diets. Observations
included the following:
Total tri-iodothyroxine Free T, iadex (FTLI) Estradiol i
(Total T3) Thyrotrophin Progesterone
Thyroxine Testosterone - Dehydroepiandrosterone
Ty-binding capacity (TBI) ’
2. Necropsy The first 10 animals of each sex from each group vere anesthetized

and blood samples were collected. The livers of each animal were weighed.

. 83
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P.  STATISTICAL ANALYSIS

1. feontinuous variatles: fbody weight, clinical chemistry, and liver weight.

Statistical

procedure ___Purpose
Bartlett's Test | Determine homogeneity of variance.®
One-way analysis Determine significance of variability among all groups.*®

of variance

Students "t" test Determine signiricance of differences between the control
and each treatment group.*¥

Kruskal-Wallis Test Detect any significant group differences.®***

*If variances are not homogeneous (p>0 05). the data are transformed (log
transformation is used)
®%Jsed on transformed or untransformed data only when variances are shown to
. be homogeneous or equal.
***Nonp&rametric test performed on data with heterogenous variances.

II. REPORTED RESULTS

The report stated that there were no mortalities or clinical signs observed in
the study. The only effect on body weight noted was a decrease in the weight
of females given the 30,000 ppm diet after 6 weeks. The high dose group mean
weight was reported to be 197 g, and that for the control group was 27k g.
These values were statistically significantly different (p<0.001),

There were statistically significant increases in absolute and relative liver
weights for both sexes given the 30,000 ppm diet as well as for males given the
LOO ppm diet when compared with controls (see Addendum I below).

Addendum IT shows group mean clinical chemistry results. The report noted
significant {ncreases in thyroxine, free thyroxine index, thyrotrophin,
progesterone, and dehydroeplandrosterone in both sexes at 30,000 ppm. The

males given the highest dose also showed a significantly increased level of tri-
iodothyroxine. At the L0O ppm dose level, males exhibited a significant increase
in thyroxine levels, and females had increased dehydroepiandrosterone levels

(see Addendum II below).

6.1
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ADDENDUM I

Summary (as reported) of Body Weight, Liver Weight,
and Liver-to-Body Weight Ratio Results
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DATA EVALUATION RECORD
STUDY TYPE: Subchronic feeding study - thyroid function
MRID NUMBER: 404679-09

TEST MATERIAL: Technical grade Clofentez1ne described as a magenta
crystaline powder.

SYNONYMS: NC 21314; apollo; 3,6-bis[2—chloropheny1]—1,2,4,5-tetrazine

STUDY NUMBER(S): TOX/87/167-98; TOX 87293

SPONSOR: Nor-Am Chemical Co., Wilmington, DE

TESTING FACILITY: Schering Agrochemicals Ltd.

TITLE OF REPORT: Technical NC 21314: Investigation into Effects on the
Thyroid in the Rat

AUTHOR(S): Mallyon, B. A., and L. P. Markham
REPORT ISSUED: January 5, 1988

DISCUSSION AND CONCLUSIONS: In a 4-week feeding study, groups of 60 male
rats were given diets containing 0, 10, 40, 400, or 30,000 ppm clofente—
zine. There were no effects observed on survival, and no clinical signs
or macroscopic pathology were observed in treated animals. Body weight
gain was reduced by 15% for the first 3 weeks in the 30,000 ppm dose
group, and food consumption for that group was reduced by 3%. The highest
dosed group also had increased total protein, globulin, and total chole-
sterol as well as decreased albumin/globulin ratios. Microsomal UDPGT
activity was increased along with liver weight and liver to body and
brain weight ratios in the highest dosed qroup. Thyrotrophin levels were
statistically significantly increased, and free tri-iodothyroxine levels
were decreased in the 30,000 ppm group males also. The highest dose
level was associated with a statistically significant increase in the
severity of colloid depletion in the thyroid and a statistically signifi-
cant increase in the incidence of follicular cell hypertrophy.. The
incidence of slight to severe focal hypertrophy of the pituitary was also
increased in the 30,000 ppm dose qroup. There was a 10% increase in the
liver weight of males given the 400 ppm diet, and microsomal UDPGT acti-
vity in those animals was also statistically significantly increased.

Based on these results, a no-observed—-effect level (NOEL) was established
at 40 ppm, and the lowest-effect level (LEL) was 400 ppm.
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DISCUSSION AND CONCLUSIONS {continued)
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There were adequate data presented in the report to support the conclu-
sions of the investigators.

Core Classification: Supplementary. The study was designed to investigate
clofentezine's effect on the thyroid gland of male rats treated for only -
4 weeks.

I. PROTOCOL
A. MATERIALS

1. Test compound: The test compound is described as a magenta crystaline
substance with unspecified purity.

2. Test species: Male 4-week old Charles River Crl:CD (SD)BR Sprague-
Dawley strain rats were used. They weighed from 127 to 190 g at the
start of the study. The animals were approximately 6 weeks of age
when placed on test diets.

3. Diet preparation: Basal diet consisted of Modified SQC Expanded Rat
and Mouse Maintenance Diet No. 1 supplied by Special Diets Services,
Ltd., Stepfield, Witham, Essex, UK. Test diets were prepared weekly
and stored at room temperature. Samples of test diets were analyzed
for stability, homogeneity and accuracy of test concentration before
the study was bequn. Diets were analyzed for concentration of test
substance during the study at unspecified intervals.

B. STUDY DESIGN

1. Animal assigrment: Animals were randomly assigned to test groups as

follows:
Animals per group
Test dgroups Dose Clinical Histo-
No. Designation (ppm) chemistry pathology
1 Control 0 10 10
2 Low (LDT) 10 10 10
3 Low mid 40 10 10
4 High mid 400 10 10
5 High (HDT) 30,000 10 10

These diets were feed to the test animals for 4 weeks.

Each test group contained 40 additional animals, but only 10 were
used for clinical investigations, and 10 were used for histopathological
examinations.
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2+ Observations schedule

Number of animals

Tyoe of cobservation per sex per group Frequency
Mortality 60 Twice a day*
3ians of toxicity ‘ 60 Twice a day*

0dy weight 60 At pre-test during rando-
, mized group assignment,
and at weekly intervals

thereafter
Food consumption ' 60 Week 1y**
3lood samples 10 After 4 weeks
Necropsy | 10 ‘ After 4 weeks

*The report stated that observations were made only once each day on
weekends and holidays. The signs, their severity, time of onset, and
duration were recorded.

**7or each cage of 5 animals.

C. METHODS

1. nbservation of blood samples: Blood was collected from animals following
decapitation at specified times during the study (see I. B, above).

" a2, 31ood chemistry:

Total protein Albumin/globulin ratio
Albumin . Total cholesterol
Total globulins

b, Additional tests: The following tests were also conducted:

Thyrotrophin (TSH) Total tri-iodothyroxine (TT3)
Total thyroxine (TT4) Free tri-iodothyroxine (FT3)
“ree thyroxine {FT4) Reverse tri-iodothyroxine (rT3)
2. .ther special observations: Microsomal uridine diphosphoglucuronéte

filcuronyl transferase activity in liver samples prepared at necropsy.

3. ecroosy Gross lesions were noted.

a. Aeiched organs: These included the brain and liver.
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Tissues examined microscopically: The thyroid and pituitary glands

were prepared for microscopic examination

The thyroid sections were first examined for histopathology. Then
they were recoded and examined again. The report noted that the
sections were scored according to the following:

1. Colloid depletion - a reduction in the overall luminal
size and stalning 1ntensxty (degree of eosinophilia)
of the colloid.

2. Follicular cell enlargement - cells lining the lumen
of the follicle were either squamous in the resting
follicles, low cuboidal, cuboidal or columnar in
highly active follicles, and lobes with a greater
proportion of cuboidal and columnar cells were given
a higher score for this condition.

3. Central resting follicles: - islands of follicles were
readily distinguished by their large size, eosinophilia
of the colloid and squamous appearance of the lining
cells from the surrounding, more uniform follicular
tissues in some "glands.

For the first two conditions, numerical scores were given for these
conditions as follows: 0 = absent, 1 = minimal, 2 = slight, 3 = mode-
rate, 4 = severe, and 5 = very severe. The third condition was only
rated as present or absent.

The scoring system was also used in examination of pituitary sections.
The pituitary lesions were described as follows:

4. Focal hypertrophy - individual and small groups of
cells were observed, scattered throughout the anterior
lobe, which were enlarged, degrenulated and less
intensely stained than the surrounding cells.

5. Congestion - the extent to which the'sinusoids were
engorged with blood.

Statistical analyses: According to the report, parametric statistical

tests. based on the assumption of normally distributed results were
used. For results not normally distributed, nonparametric tests such
as the Mann Whitney U test were used. Significant differences between
treated and control groups were determined by two-tailed procedures,
and a probability value of less than 5% (p<0.05) :as considered
statistically significant.
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' 11. REPORTED RESULTS

There were no dose or treatment related signs of toxicity or mortalities
in the study according to the investigators.

The highest dosed group showed a 15% decrease in body weight gain for the
4-week feeding period in comparison to the control group value. The
highest dosed group also consumed 3% less food than did the control group
during the study. These results are summarized as follows:

Week of control 30,000 ppm

Observation Study qroup dose group
Mean body weight (q) 0 153.2 153.6
1 195.5 188.2*% -
2 231.9 220.3*
3 274.5 250.5*
4 305.4 287.0*%
Body weight gain (q) 0-4 ~152.2 133.4
Mean food consumption 1 21 20
(g/animal/day) 2 22 21
3 23 23
4 24 23

*Statistically significant from controls (p<0.05; Dunnett's test).

The report stated that the daily test substance intakes for the 10, 40,
400, and 30,000 ppm dose groups were 0.92, 3.73, 37.5, and 2780 mg/kg/day,
respectively. :

According to the report, the liver-to-body weight ratios for the 400 and
30,000 ppm dose groups were significantly increased above that for the
_control group. Those results are summarized as follows:

Control 400 ppm 30,000 ppm

Observation group dose qroup dose group
Terminal body weight (q) 313 299 282%*
Brain weight (qg) 1.91 1.88 1.91
Liver weicht (q) 11.86 12.45 S 18 11%%%
Liver to body weight ratio (%) 3.80 4,17%%*> 6.43%**
Liver to brain weight ratio (8) 621 . 652* 951 ***

*Statistically significantly different fram controls (p<0.05)
***Statistically significantly different fram controls (p<0.001)

The authors noted that total protein levels were statistically significantly
increased in the 30,000 ppm dose group compared to that of controls, and
glopulin was statistically significantly increased above the control

group value. The globulin increase was reflected in the decreased
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“II.- REPORTED RESULTS (continued) ' o
albumin-to-globulin ratio observed at the highest dose level. Total
cholesterol was also significantly increased for the highest dosed group
above the control value. These values are summarized as follows:

Control 30,000 ppm

Observation qgroup dose group
Total protein (g/1) 56.4 L 62,4
Total globulin (g/1) 28.2 33.2%%*
A/G ratio 1.0 0.Qk*x
Total cholesterol (mol/l) 1.79 2.65%**

**gtatistically significantly different fram controls (p<0.01)
**kgtatistically significantly different fram controls {p<0.001)

The 30,000 ppm dose group also showed a statistically significant increase
in thyrotropin and a statistically significant decrease in free tri-iodo-
thyroxine. Those results are summarized as follows:

Control 30,000 ppm

Observation group dose qroup
Thyrotropin (ng/ml) 6.0 12.4%%*
Free tri-iodothyroxin (umol/1) 2.1 1.7+

*Statistically significantly different from controls (p<0.05)
***gkatistically significantly different fram controls (p<0.001)

Liver microsomal UDPGT activity was also increased significantly (p<0.001)
in the rats from the 30,000 ppm dose group. The control group value was

24 and the high dose group value was 101 (units are expressed as the change
in absorbance of nitrophenol per minute per mg microsomal protein). The
400 ppm dosed group also had an increased UDPGT value of 43 which was
statistically significantly greater than the control group's value
(p<0.001).

There were no other differences in clinical chemistry observations that
could be associated with treatment according to the investigators.

According to the report, there were no macroscopic observations that were
related to treatment. )

The report described the histopathology observations as follows:

At 30000 ppm, slight to severe focal hypertrophy of the
pituitary was seen in 7/10 animals. In the thyroid there was
a statistically significant increase (p<0.05) in severity of
colloid depletion and moderate to severe hypertrophy of the
follicular cells.

The incidences of these lesions as summarized in the original report are
presented in the Addendum below.
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ADDENDUM

Incidence as Reported of Microscopically

Observed Histopathology in Rats Given Clofentezine
in Their Diet for 4 Weeks

79
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DATA EVALUATION RECORD’
STUDY TYPE: Subchronic feeding study supplement ) T -
MRID NUMBER: 404679-04 ' |
TEST MATERIAL: Technical grade Clofentezine (see Addendum)
SYNONYMS: NC 21314; Apollo; 3,6-bis[2-chlorophenyl]-1,2,4,5-tetrazine

STUDY NUMBER(S): TOX/81/167-22; TOX 81001

SPONSOR: Nor-Am Chemical Co., Wilmington, DE

TESTING FACILITY: Schering Agrochemicals Ltd.

IITLE OF REPORT: Technical NC 21314: 90-Day Dietary Toxicity Study in the Rat
(Histopathology review of the thyroid gland) Supplement to Original Report,

AUTHOR(S) : Ginocchio, A. V., and I. R. Major
JEPORT ISSUED: January 5, 1988

JISCUSSION AND CONCLUSIONS: There were adequate data presented in the supplemen~
:al report to indicate that depletion of colloid and follicular cell hypertrophy
)xccurred in male and female rats given diets containing 3000, 9000, or 27,000
pm for 9 or 13 weeks (see Addendum II below). Those effects were more marked
ifter 13 weeks in comparison to those observed after 9 weeks. These effects
iere almost completely reversed after four weeks of a cecovery period. A no
ffect level was not established for the thyroid effects in the study.

cre classification: Supplementary. The report is an ammendment to a previously
‘eviewed study.

I. BACKGROUND

‘his supplemental report describes a re-evaluation of thyroid tissue sections
rom a 90-day feeding study in rats given diets containing up to 27,000 ppm
‘lofentezine [Ginnocchio, A. V.; and P. N. Brooks. Decenber, 1981. The 90-Day
ietary Toxicity of Pilot Plant Technical NC 21314 (CR 20099/5) to the Rat.
‘npublished Report No. TOX/81/167-22 (Study no. 81001) prepared by Huntingdon
esearch Centre and FBC Limited. Submitted by Nor-Am Cetmical Co. EPA AccC.

0. 262268.]. The Data Evaluation Record on the 90-day study is included in
ddendum I below. The re-evaluation was performed because of the observation
hat clofentezine caused follicular cell tumors in male rats in a chronic
oxicity/oncogenicity study [Ginnocchio, A. V.; and Mallyon, B. A, December

7, 1985. The Oncogenicity and Chronic Toxicity of Technical NC 21314 (Chlofen-
azine in the Diet to the Rat (Final Report). Unpublished Report No. TOX/84/
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I. BACKGROUND (continued)

167-70 prepared by Huntirigdon Research Centre and FBC Limited. Submitted by
Nor-Am Cehmical Co. EPA Acc. No. 262268.].

II. MATERIALS AND METHODS

The thyroid sections originally stained with hematoxylin and eosin were recoded
and examined by another pathologist. The tissue sections were taken from rats
given diets containing 0, 3000, 900( »>r 27,000 ppm clofentezine for nine or 13
weeks. The latter time pericd also = :luded a recovery group (see Addendum I
below) . :

The report noted that the right and left lobes were examined separately and
scored according to the following:

1. Colloid depletion - a reduction in the overall luminal size and
staining intensity (degree of eosinophilia) of the colloid.

2. Follicular cell enlargement - cells lining the lumen of the -
follicle were either squamous in the resting follicles, low
cuboidal, cuboidal or columnar in highly active follicles, and
lobes with a greater provortion of cuboidal and columnar cells
were given a higher score for this condition.

3. Central resting follicles: - islands of follicles were readily
distinguished by their large size, eosinopailia of the colloid
and squamous appearance of the lining cells from the surrounding,
more uniform follicular tissues in some glands.

For the first two conditions, numerical scores were given for these conditions .
as follows: 0 = absent, 1 = minimal, 2 = slight, 3 = moderate, 4 = severe, and
5 = very severe. The third condition was only rated as present or absent. The
investigators stated that the incidence of effects in the right and left lobes
were similar, and they were combined in the tabulated results (see Addendum II
below).

Results were analyzed by the Kruskal-wallis Rank test.
ITI. REPORTED RESULTS

The investigators noted that they observed a clear depletion of colioid and
follicular cell hypertrophy in treated male and famale rats given diets containing
3000, 9000, or 27,000 ppm for 9 or 13 weeks (see Addendum II belov). They also
stated that the effects were more marked after 13 weeks in comparison to those
observed after 9 week>. These effects were almost ccmpletely reversed after

four weeks of a recovery period. A no effect level was not established for the
thyroid effects in the study. :

§3
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ADDENDUM I

Data Evaluation Record for

Ginnocechio, A. V. and P. N. Brooks. December, 1981. The $0-Day Dietary
Toxicity of Pilot Plant Technical NC 2131k (CR 20099/5) to the Rat. Unpublished
Report No. T0X/81/167-22 (Study no. 81001) prepared by Huntingdon Research -
Centre and FBC Limited. Submitted by Nor-Am Cehmical Co. EPA Acc. No. 262268,




DATA EVALUATION RECORD —

(593A-56) -

Citation: Ginocchio, A.W., and P.N, Brooks. January, 1982, The
90-day dietary toxicity of pilot plant Technical NC 21314 (CR
20099/5) to the rat. Unpublished report no., TOX 81/167-22 (study
no. 81001) prepared by FBC. Submitted by BFC’ Chemicals, Inc.

EPA Acc. No. 070962.

Materials and Methods

Test substance: Technical NC 21314 (99% purity).

Test species: Male and female Charles River COBS CD Sprague- B -
Dawley rats were used. The animals were approximately 6 weeks
old:when the experiment began.

Experimental procedure: Rats were assigned to four groups
each contzining 30 individuals of each sex. Immediately prior to
the start of the test, 10 animals of each sex from each group
were used for collection of pre-test blood samples. The remaining
20 male and 20 female rats in each group were then given diets
containing 0, 3000, 9000, or 27,000 ppm test substance.

‘The authors noted that results from measurements of total
plasma cholesterol at 4 and 6 weeks of the study indicated that a
no~observed-effect level (NOEL) would not be established at the
dose levels tested. The report also stated that the protocol was
modified tc evaluate the effects indicated by the elevated total
plasma cholesterol levels found in treated rats. The modifications
included sacrificing 5 rats of each sex from each group after 64
days of test diet administration. At the end of the 90-day
feeding period 10 rats of each sex from each group were sacrificed,
wnlie the remaining 5 male and 5 female rats from each group were
ziven control diet for an additicnal 28-day "regression" period.
These modifications were made to evaluate histological changes as
well as the reversibility of the effects observed.

All test animals were observed at least once a day for signs
of toxicity and mortality. The report stated that observations
were made more frequently when necessary, and were not made on
weekends or holidays. The signs, their severity, time of onset,
and curation were recorded.

Body weights for each animal were obtained on the day of
their arrival at the laboratory, at pre-test during randomized
jroup assignment, and at weekly intervals through the feeding and

"ragrzation” zzriods. Asisnuls ware alsc weighed on the day of
necropsy. - £2o0od and water consumption were determined weekly for
each cage of 5 animals.
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Blood samples were take: “rom 10 male and 10 female rats
from each group before the test started., These animals were then
c¢iscarded from the study. Blood and urine samples were collected
from 10 animals of each sex from each group at weeks 4, 6, and 12
of the feeding period and at the end of the 28-day "“regression"
period. Blood was collected from the retro-orbital sinus, and
the animals were fasted overnight prior to sampling.

Hematological observations included hematocrit, hemoglobin,
rad blood cell and platelet counts, and total and differential
white blood cell counts. Blood chemistry observations included
total protein, albumin, total globulins, blood urea nitrogen,
electrolytes, creatinine, uric acid, glucose, total cholesterol,
total bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphates (AP), lactate
dehydrogenase (LDH), and triglycerides. Urinalysis included
volume, pH, protein, glucose, ketones, bilirubin, occult blood,
urobilinogen, specific gravity, and microscopic examination of
centrifuged deposits.

Animals were sacrificed after 64 days on test diets (5 per
sex per group), at the end of the 90-day feeding period (10 per
sex per group), and at the end of the 28-day "regression" period.
Animals found in extremis were also sacrificed. These animals
and any that were found dead were necropsied. Gross lesions were
ncted, and the liver, kidneys, spleen, heart, adrenals, gonads,
brain, and pituitary were removed and weighed. Tissues of all
test rats from the circulatory, respiratory, digestive, endocrine,
nervous, excretory, and reproductive systems were prepared for
histological examination.

Reported Results

The only c11n1cal sign attriburted by the authors to
acdministration of the test substance was loss of hair in treated
rats. The authors stated that this observation appeared most
ftrequently during the first 30 days of the experiment, and
regressed thereafter. The reported incidence of hair loss durlng
the first 30 days is summarized as follows:

Dose group Males Females
Control 0/20 0/290
Low v 5/20 10/20
Mid 9/20 10/20
High 16/20 8/20

The only other observed clinical sijns were assnciated with
hlood sampling according to the regor«.
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Only two of the 6 deaths reported were associated by the
authors with the test substance. These deaths..occurred-in ‘the
high dose group of male rats. One of these male rats died on
day 6 while the other died on day 90 of the feeding period. At
necropsy the authors noted congestion and hemorrhage in the
bladder and prostate of both animals. The bladders were also
described as grossly distended. The report stated that one male
each from the control, mid, and high dose groups died because of
complications from the blood sampling procedure. The sixth death
(a male in the mid dose group) was sacrificed in extremis because
of a dentition condition. :

Body weighlit decreases were also noted in treated rats when
group mean weights were compared with those of controls. The
male rats in the high dose group exhibited a 13 to 14% decreased
group mean body weight below control males after 8 weeks on the
test diet. Group mean body weights for the other treated groups
averaged 5 to 8% less than controls during the feeding period for
male rats. Group mean body weights for treated female rats
averaged 5 to 9% less than controls from the llth week until the
end of the feeding period with the high dose group reported to
have a mean body weight decrease of 12% below controls during the
13th week of the study. All groups had comparable mean body
weights by the end of the "regression" period according to the
reported results.

Tne only hematological parameters that were effected by
administration of the test substance according to the report were
hematocrit and hemoglobin measurements at 4 and 12 weeks in the
mid and high dose group males and at 12 weeks in the low dose
group males. The authors noted that the decreases in hemoglobin
and packed cell volume were within the limits observed in rats of
the same strain and age in the laboratory, but they also stated
that the persistance of the decreases in the mid and high dose
" groups suggestad that the test substance could be the cause of
the anemia observed. WNo other hematological parameters were
effected by administration of NC 21314. ‘

Increased levels of plasma cholesterol were reported in
treated rats of both sexes. The report stated that these lncreases
were not related to the duration of treatment (progressive), the
percentage increase over controls for the 4, 6, and 12 week
measurements were summarized as follows:

Dose group Range of increase (%)
L ow 40-30 -
Mid 70-100

High 80-125
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Blood triglyceride levels were also reported to be elevated
at 6 weeks (only time measured during dosage administration).
Levels in male rats were 14, 38, and 95% higher than controis for
the low, mid and high dose groups, respectively. The differences
between the mid and high dose groups were statistically significant
(p < 0.05, Student's t-test). The increases for groups of female
rats were 46, 51, and 63% for the low, mid, ahd high dose groups,
respectively. ' '

The authors also noted concurrent increase in plasma protein,
albumin, and total globulin which they described as limited but
treatment-related. The increases reported-did not exceed 8%
above values tabulated for control animals,

No other treatment-related effects on clinical chemistry
were observed in the study.

The only dose related observation reported from urinalysis
results was an orange to reddish brown color which the authors
attributed to excretion of the test substance or possible
contamination from feces or test diets. C

At necropsy the authors stated that the liver was the only
organ exhibiting grossly observable effects. These effects
included enlargement, darkening of the surface, and accentuated
external architecture (the third observation was found in males
only). Only the 27,000 ppm group was reported to have these
effects. The investigators noted that the surface changes were
also seen in the mid dose group males. These liver changes were
absent from the 2 males that died during the feeding period (see
above), nor were they reported in those animals examined after
the "regression" period. :

No other gross lesions were found in other organs according
to the report.

The organ weights observed by the investigators for the low,
mid, and high dose groups averaged 40, 50, and 70% greater than
that for controls. Organ-to-body-weight ratios also reflected
the increase. Liver weights in rats sacrificed after the 4-week
"regression" period were comparable for all treated and control
groups.

The only histological observation which the investigators
observed to be treatment related was centrilobular hepatocellular
enlargement. All of the treated rats observed 9 and 12 weeks
were reported to have enlarged centrilobular hepatocytes.




006783

Discussion and Conclusion

There are adequate data in the report to support the conclusion
of the authors that the dosages selected for the study were too
high tn establish a NOEL. However, the study characterizes the
primary effects of NC 21314, Those effects indicate that the
liver is a target organ for the test substance. Technical NC 21314
increases the liver weight, changes in the gross appearance of
the, organ, and causes centrilobular hepatocyte enlargement when
given to male and female rats at 3000, 9000, or 27,000 ppm in the
diet. These effects were shown to be reversible since the liver
weight as well as gross and histological changes were not observed’
-in animals examined after the "regression" period.

Clinical chemistry results also reflected liver changes
induced by NC 21314. Elevated cholesterol and triglyceride levels
observed during the feediny period, dropped after the 4-week
“regression" period.

Core Classification: Supplementary. As noted above, the protocol
was modified after results indicated to the investigators noted
that a NOEl could not be established. The protocol was modified
(see Materials and Methods section above) to characterized the
effects histologically and determine the reversibility of the
effects.
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ADDENDUM II

Microscépic Re-examination of Thyroid
Tissue from Male and Female Rats Given Diets
Containing Clofentezine for 90-Days
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Reviewed by: Roger Gardner Il.& q-t '-{l‘

Section 6, Toxicology Branch (TS 769C)

' Secondary Reviewer: Judith Hauswirth, Ph. D. DO, Mo il
Section 6, Toxicology Branch (TS 769C) 7/14{ <%

DATA EVALUATION RECORD
STUDY TYPE: Subchrohic'feeding study suppl;ment : ) ‘ ) o
MRID NUMBER: 404679~0%
TEST MATERIAL: Technical grade Clofentezine (see Addendum I below)
SYNONYMS: NC 21314; Appllo; 3,6-bis[2-chlorophenyl]-1,2,4,5-tetrazine

STUDY NUMBER(S): TOX/81/167-23/1; TOX 81019

SPONSOR: Nor—Am Chemical Co., Wilmington, DE

TESTING FACILITY: Schering Agrochemicals Ltd.

TITLE OF REPORT: The 90-Day Dietary Toxicity Study of Technical NC 21314
(CR 20099/5, Pilot Plant) to the Male and Female Rat (Histopathology
review of the thyroid gland). Supplement to the Original Report.

AUTHOR(S): Ginocchio, A. V., and I. R. Major
REPORT ISSUED: January 5, 1988

DISCUSSION AND CONCLUSIONS: There were adequate data presented in the sup-
plemental report to indicate that depletion of colloid and follicular

cell hypertrophy occurred in male and female rats given diets containing
400 or 4000 ppm clofentezine for 13 weeks (see Addendum II below). Those
effects were more marked in male rats than in female rats. The effects
were completely reversed after six weeks of a recovery period. A no
effect level was noted for thyroid effects at 40 ppm in female rats.

The lcwest effect level was apparently 40 ppm in males. Control group
males had minimal to severe colloid depletion and minimal to moderate .
follicular cell hypertrophy, and the mid dose group males had minimal to
slight depletion of colloid and hypertrophy. These effects were shown to
be reversible at doses as high as 27,000 ppm (see DER on study MRID No.
404679-04), and they were reversed at 400 ppm by the end of the chronic
feeding study. Therefore, the effects observed at the 40 ppm dose level
are not toxicologically 51gn1f1cant, and 40 ppm can also be described as
a NOEL in male rats.

Core Classification: Supplementary. The report is a re-evaluation of
tissue sections from a study that was previously reviewed.
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I. BACKGROUND

This supplemental report describes a re-evaluation of thyroid tissue sections
from a 90-day feeding study in rats given diets containing up 0, 40, 400,
or-4000 ppm clofentezine [Ginnocchio, A. V.; and P. N. Brooks. December,
1981. The 90-Day Dietary Toxicity of Pilot Plant Technical NC 21314 (CR

20099/5) to the Rat. - Unpublished Report No. T0X/81/167-23/1 (Study no. - - -
81019) prepared by Huntinadon Research Centre and FBC Limited. Submitted

by Nor-Am Cehmical Co. EPA Acc. No. 262268.]. The Data Evaluation

Record on the 90-day study is included in Addendum I below. The re-
evaluation was performed because of the observation that clofentezine

caused follicular cell tumors in male rats in a chronic toxicity/oncoge-
nicity study [Ginnocchio, A. V.; and Mallyon, B. A. December 17, 1985.

The Oncogenicity and Chronic Toxicity of Technical NC 21314 (Chlofen-

tezine in the Diet to the Rat (Final Report). Unpublished Report No. TOX/84/
167-70 prepared by Huntingdon Research Centre and FBC Limited. Submitted by
Nor-Am Cehmical Co. EPA Acc. No. 262268.].

II. MATERIALS AND METHODS

The thyroid sections originally stained with hematoxylin and eosin were reccded
and examined by another pathologist.. The tissue sections were taken from rats
given diets containing 0, 40, 400, or 4000 ppm clofentezine for 13 weeks.

Five rats of each sex from each group of 25 were given control diet for 6

weeks following the end of the 13-week feeding period before they were
sacrificed. The remaining 20 males and 20 females from each group were
sacrificed at the end of the 13-week feeding period.

The report noted that the right and left lobes were examined separately and
scored actbrding to therfollow ing:

1. Colloid depletion — a teduction in the overall luminal size and
staining intensity (degree of eosinophilia) of the colloid.

2. Follicular cell enlargement - cells lining the lumen of the
follicle were either squamous in the resting follicles, low
cuboidal, cuboidal or columnar in highly active follicles, and
lobes with a greater proportion of cuboidal and columnar cells
were given a higher score for this condition.

3. Central resting follicles: - islands of follicles were readily
distinguished by their large size, eosinophilia of the colloid
‘and squamous appearance of the lining cells from the surrounding,
more uniform follicular tissues in some glands.

1

For-the first two conditions, numerlcal scores were given for these- ‘conditions

- as follows: 0 = absent, 1 = minimal, 2 = slight, 3 = moderate, 4 = sevure, and

5 = very severe. The third condition was only rated as present or absent. The
investigators stated that the incidence of effects in the right and left lobes

were 51m11ar, and they were combined in the tabulated results (see Addendum II

below).

Results were analyzed by the Kruskal-Wallis Rank test.

N ARe
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Study Ammendment
III. ’REPORTED RESULTS
The report described the results as follows:

Colloid depletion :

In males, 12/19 at 4000 ppm and 5/20 at 400 ppm showed the
condition to at least a moderate extent, whereas 3/20 controls
and 2/19 at the low dose showed this degree of thyroid activity.
A mild but appreciable depletion of colloid was produced in

a few female rats at 4000 and 400 ppm...

In those animals that had been withdrawn from compound
administration...at the end of the experiment the thyroid
glands of all treated animals could not be distinguished from
the controls.

Follicular cell size : :
In males, the effect was moderate at 4000 ppm and slight at
400 ppm. A few females showed a slight response at the two
higher treatment levels. Aamong the recovery animals, thyroid
glands of treated rats could not be distinguished from those
of control rats.

Central resting follicles :
These were present .in 7/20 males receiving 400 ppm of the

- compound compared with only 1/20 in the ¢ontrols, but there
were none at all at the high dose and the complete absence of
a dose response relationship indicates that this is not of any
biological significance.

Results as tabulated in the original report are included in Addendum II
below.
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ADDENDUM I

Data Evaluation Record for .
Ginnocchio. A. V.- and P. N. Brooks. December, 1981, The 90-Day Dietary
Toxicity of Pilot Plant Technical NC 2131L (CR 20099/5) to the Rat.
Unpublished Report No. TOX/81/167-23/1 (Study no. 81019) prepared by
Huntingdon Research Centre and FBC Limited. Submitted by Nor-Am Cehmical
Co. EPA Acc. No. 262268,




DATA EVALUATION RECORD ’ 006783 :
(593A-7)

Citation: Ginocchio, A.W., and P.N. Brooks. December, 1981.
The 90-day dietary toxicity of pilot plant Technical NC 21314
(CR 20099/5) to the rat. Unpublished report No. TOX 81/167-23/1
(study no. 81C19) prepared by FBC. Submitted by BFC Chemicals,
Inc. EPA Acc. No. 07096X. -7

3

Materials and Methods

Test substance: Technical NC 21314 (99% purity)

Test species: Male and female Charles River COBS CD Sprague-
Dawley rats were used. The animals were approximately 6 weeks
old when the experiment began.

Experimental procedure: Rats were assigned to four groups
each contalining 35 individuals of each sex. Immediately prior to
the start of the test, 10 animals of each sex from each group
were used for collection of pre~test blood samples. The remaining
25 male 2nd 25 female rats in each group were then given diets
containing 0, 40, 400, or 4000 ppm test substance for 13 weeks.
Five rats of each sex were continued on control diets for an
additional 6-week "regreéssion" period for an evaluation of
reversibility of the effects observed.

All test animals were observed at least once a day for signs
2f toxicity and mortality. The report stated that observations
were made more frequently when necessary, and were not made on
weekends or holidays. The signs, their severity, time of onset,
and duration were recorded. :

Body weights for each animal were obtained on the day of
their survival at the laboratory, at pre-test during randomized
group assignment, and at weekly intervals through the feeding and
"regression" periods. Animals were also weighed on the day of
necropsy. Food and water consumption weré determined weekly for
each cage of 5 animals.

Blood samples were taken from 10 male and 10 female rats
from each group before the test started. These animals were then
discarded from the study. Blood and urine samples were collected
from 10 animals of each sex from each group at weeks 4, 8, and 12
of the feeding period and at the end of  the 6-week "regression”

. period. Blood was collected from the retro-orbital sinus, and
the animals were fasted overnight prior to sampling. '
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- Hematological observations -included hematocrlt(}géﬁgéhzbl
reé¢ blood cell and platelet counts, and total and differential
white blood cell counts. Blood chemistry observations included
total protein, albumin; total globulins, blood urea nitrogen, ’
electrolytes, creatinine, uric acid, glucose, total cholesterol,
total bilirubin, aspartate aminotransferase (AST), alanine
~aminotransferase (ALT), alkaline phosphatase (AP), lactate
dehydrogenase (LDH), and triglycerides. Urinalysis included
volume, pH, protein, glucose, ketones, bilirubin, occult blood,
urobilinogen, specific gravity, and microscopic examination of
centrifuged deposits.

Animals were sacrificed after 13 weeks on test diets (20 per
sex p2r group) and at the end of the 6-week "regression" period"
(5 per sex per group). Animals found in 2xtremis were also
sacrificed. These animals and any that were found dead were
necrcpsied. Gross lesions were noted, and the liver, kidneys,
spleen, heart, adrenals, gonads, brain, and pituitary were removed
and weighed. Tissues of all test rats from the circulatory,
respiratory, digestive, endocrine, nervous, excretory, and
reproductive systems were prepared for histological examination.

Reportec Results

None of the animals died during the study.

Body weight differences were no more than 5 (high dose male
rats) to 8% (high dose female rats) less than control group mean
bedy weights at the end of the feeding period, and all groups
had comparable mean body weights at the end of the "regression"
period according to the report. The report also stated that the
food consumption was also decreased by the same amount. Female
rats from the high dose groups were also reported to have consumed
3 to 109 ~ore water than the controls Jduring the feeding period.

Although reported hemoglobin concentrations for some treated
groups appeared to be decreased from control values, the decreases
were only as h1gh as 7% at 12 weeks for the high dose females.
Other decreases in the 400 or 4000 ppm groups were from 3 to 5%,
No other changes in hematological parameters were noted.,

The treatment-related changes in clinical chemistry noted by
the authors were increased cholesterol and increased total blood
protein. 1In the 400 ppm group of male rats cholesterol levels
were increased above control values by 13 to 18% at weeks 4, 8,
and 12, while those valyes for the 4000 ppm male rats were
increased by 24 to 50% -‘above control males. The increases noted

104 ~
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for female rats in the 400 ppm group ranged from 23% at week 8 to
50% at week 12. In the 4000 ppm group females the cholesterol
levels ranged from 51% to 102% at weeks 8 and 12, respectively.

Increases in total protein were noted in thevreport, and
the increases in the 400 and 4000 ppm groups ranged from 3 to 9%
above control values at 4, 8, or 12 weeks. .

There were no consistent dose—related effects reported on
‘the other clinical chemistry parameters examined.

The only dose-related effect observed in urinalysis was
coloration by the test substance. The authors stated that the
coloration could have resulted from excretion of NC 21314 or
contamination of urine samples by treated diets or feces.

Organ weight increases were noted in the liver in treated
groups when compared with control liver weights. Liver weights
in male and female rats in the high dose group were approximately
40% greater than thosz in the control group, while those in the
mid dose group were approximately 10% greater.

Other organs weight increases were noted in the spleen and
kidneys, but these 1ncreases were not con51stent or associated
with dose. oo

No gross lesions that could be associated with treatment
were seen at necropsy according to the report.

The only histological change noted by the authors was
centrilobular hepatocyte enlargement (CLHE}. The incidences of
this lesion were 7, 13, and 20 of 20 in the low, mid, and high
dose -group males, respectively. 1In the female rats, theé incidences
were 0 of 20 in the low and mid dose groups and 20 of 20 in the
‘high dose group. No control rats or the rats examined at the end
of the “"regression" period exhibited CLHE according to the report.
. The lesions were classified as slight, minimal, moderate,' or
.marked. Those observed in the low dose group male rats were
- described as localized and slight. .

Discussion and Conclusions

. There were adequate data to support the author= conclusions
that the 400 and 4000 ppm diets. caused- elevated cholesterol levels
and increases’ in liver weights and liver-to-body-weéight ratios.
However, a no- -observed-effect-level (NOEL) for centrilobular )
‘hepatocellular enlargement was not established. The microscopic
lesions have been re-evaluated (see DATA EVALUATION RECORDS
593A-8, and =9).

e
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_Core Classification: “Supplementary because-of the lack of a NOEL
for CLHE in male rats. This classification can be upgradable
provided the re-evaluation mentioned above can establish that the
results in the low dose gr:up males are, not toxicologically
significant.
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ADDENDUM II

Microscopic Re-examination of Thyroid
Tissue from Male and Female Rats Given Diets
Containing Clofentezine for 90-Days
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Reviewed by: Roger Gardner ﬂ b 5"917

Section 6, Toxicology Branch (TS 769C) )

Secondary Reviewer: Judith Hauswirth, Ph. D.%}44LL€*& L. >

Section 6, Toxicology Branch (TS 769C) 5/9/6%
DATA EVALUATION RECORD

STUDY TYPE: Chronic feeding study supplement

MRID NUMBER: 404679-06

TEST MATERIAL: Technical grade Clofentezine (see Addendum I below)

SYNONYMS: NC 21314; Apollo; 3,6-bis[2-chlorophenyl]-1,2,4,5-tetrazine

STUDY NUMBER(S): TOX/84/167-70; TOX 82003

- SPONSOR: Nor-Am Chemical Co., Wilmington, DE

TESTING FACILITY: Schering Agrochemicals Ltd.

TITLE OF REPORT:

AUTHOR(S) : Ginocchio, A. V., and I. R. Major
REPORT ISSUED: January 5, 1988~

DISCUSSION AND CONCLUSIONS: There were adequate data presented in the sup-
lemental report to indicate that depletion of colloid, follicular cell
hypertrophy, and agglomeration of colloid occurred in male rats given a
diet containing 400 ppm clofentezine for 12 months (see Addendum II
below). Those effects were diminished in those rats after 27 months. No

thyroid effects were evident in treated female rats or in male rats given °

diets containing 10 or 40 ppm clofentezine during the study. The no-
observed-effect level (NOEL) for the thyroid gland effects was 40 ppm,
and the lowest-observed effect level (LOEL) was 400 ppm (highest dose
tested).

The results also confirmed the incidence of thyroid tumors originally
reported (see Addenda I and II below).

Core Classification: Supplementary. The réport is a re-evaluation of
tissue sections from a study that was previously reviewed.

I. BACKGROUND

This supplemental report describes a re-evaluation of thyroid tissue sec-
tions from a chronic feeding study in rats given diets containing 0, 10,
40, or 400 ppm clofentezine [Ginnocchio, A. V.; .and Mallyon, B. A.
December 17, 1985. The Oncogenicity and Chronic Toxicity of Technical NC
21314 (Chlofentezine in the Diet to the Rat (Final Repori). Unpublished
Report No. TOX/84/167-70 prepared by Huntingdon Research Centre ard FBC
Limited. Submitted by Nor-Am Cehmical Co. EPA Acc. No. 262268.). ‘The
Data Evaluation Record on the study is included in Addendum I below.
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II. MATERIALS AND METHODS

The thyroid sections originally stained with hematoxylin and eosin were recoded
and examined by another pathologist. The tissue sections were taken from rats
given diets containing 0, 10, 40, or 400, ppm clofentezine for 27 months

{see Addendum I below for additional information).

The report noted that the tbvr01d sections were scored accordlng to the
following:

1. Colloid depletion - a reduction in the overall luminal size and
staining intensity (degree of eosinophilia) of the colloid.

2. Follicular cell enlargement - cells lining the lumen of the '
follicle were either squamous in the resting follicles, low
cuboidal, cuboidal or columnar in highly active follicles, and
lobes with a greater proportion of cuboidal and columnar cells
were given a higher score for this condition.

3. Central resting follicles: - islands of follicles were readily
distinguished by their large size, eosinophilia of the colloid
and squamous appearance of the lining cells fram the surrounding,
more uniform follicular tissues in some glands.

4. Agglomeration of the colloid - the colloid in the follicular
-~ lumen appeared to have condensed into clumps which were sometimes
single, but often multiple. These clumps or agglomerates were
surrounded by eosinophilic hyaline material, somewhat paler
than the normal colloid. wNot all follicles were affected and
the number varied between animals.

5. Mineralization of colloid - single or multiple, intensely
basophilic bodies appeared in the lumen of some follicles.
Selected specimens were positive by the Von Kosa and Alizarin
Red S methods for calcium. It is possible that these represented
agglomerates of some standing which had undergorie mineralization
or formed independently.

6. Follicular cystic hyperplasia - a focus comprised of a few
follicles with greatly enlarged lumen lined by one or two layers
of low cuboidal epithelium which may possess hyperchromatic
nuclei. There may be some destruction of the follicular walls
and they may appear to form papillary projections, although
these are probably the abbreviated remnants of the follicular
wall. Adjacent follicles are not compressed and there is no
sign of encapsulation.

7. Follicular cell adenema - a circumscribed area of follicular
tissue either totally or partially encapsulated or causing
compression of adjacent non-neoplastic tissue. The number of
follicular epithelial cells is significantly higher than in
normal follicles and their nuclei are hyperchromatic. There is
usually much more variation in follicle size than in either
cystic hyperplasia or normal thyroid tissue.

006783
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II. MATERIALS AND METHODS (continued)

8. Follicular cell carcinoma - an area of tissue arising from
follicular epithelium of an invasive nature, overgrowing a
fibrous capsule, growing in solid sheets of cells with some
undergoing mitosis or with areas of bizarre nuclear morphology.

For conditions 1, 2, 4, and 5, numerical scores were given as follows: 0
="absent, 1 = minimal, 2 = slight, 3 = moderate, 4 = severe, and 5 = very
severe. The other. non-neoplastic conditions were rated as present or
absent. The investigators stated that the incidence of effects in the
right and left lobes were similar, and they were combined in the tabulated
results (see Addendum IT below).

Results were analyzed by the Kruskal-Wallis Rank test.
IIT. REPORTED RESULTS

Addendum II below contains a description of the results and tabulated
incidences as reported. }
The investigators concluded that the 400 ppm level caused a marked colloid
depletion, mild follicular cell hypertrophy, and moderate agglomeration
of colloid in the thyroid gland of male rats after 12 months of treatment.
These effects appeared to diminish after 27 months of treatment. The
incidence of thyroid- tumors was-also increased -at the highest dose tested,
and 5 of the 8 animals observed with tumors had malignant follicular cell
tumors.

There were no thyroid effects observed in treated female rats or in male
rats given the 10 and 40 ppm dose levels.

»n
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ADDENDUM I
pata Evaluation Record for

Ginnocenic, A. V.; and Mallyon, B. A. December 17, 1985. The Oncogenicity
~and Chronic Toxicity of Tecnnical NC 21314 (Chlofentezine in the Diet to
the Rat /Final Report}. Unpublished Report No. TOX/84/167-70 prepared by

Huntingdon Research Centre and FBC Limitec. Submitted by Nor-Am Cehmical
Co. EPA Acc. No. 262258, :
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Reviewed by: Roger Gardner

Section 6., Toxicology Branch (TS T69C)

Secondary Peviewer: Judith Hauswirth, Ph. D. 2)444 sas/
Section &, Toxicology Branch (TS 769C) / ¥

DATA EVALUATION RECORD

STUDY TYPE: Chronic feeding/Oncogenicity (Guidelinév§83-5)

ACCESSION NUMBER: 262261, 262262

TEST MATERIAL: Technical grade Clofentezine (CR 20099/12, purity 98.7%) was
used. It was described as a magenta colored crystaline substance.

SYNONYMS: Clofentezine; NC 21314; APOLLO®; 3,6-bis(2chlorophenyl)-1,2,4, S-tetra-
zine

STUDY NUMBER(S): TOX/ 84/167-70

SPONSOR: FBC Limited; Nor-Am Cehmical Co.

TESTING FACILITY: Huntingdon Research Centre

TITLE OF REPORT: The Oncogenicity and Chronic Toxicity of Technical NC 2131bL
(Chlofentezine in the Diet to the Rat (Final Report).

AUTHOR(S): Cinnocchio, A. V.; and Mallyon, B. A.
REPORT ISSUED: December 17, 1985

CONCLUSIONS: Clofentezine was administered in the diet to male and female

Charles River Crl:CD Sprague-Dawley BR strain rats for up to 27 months at

levels of 0, 10, 40, or 40O ppm. Clofentezine treatment was associated with a
slight increase in free thyroxine levels in blood taken from mules-at 27 months.
Liver weights and weight ratios for high dose group males were increased above
those values for controls (by approximately 20%) and for high dose group females
(by approximately 10%)., Those group differences were statistically significant.
Histological changes occurred in the liver of males in a dose-related manner, and
they included centrilobular hepatocyte hypertrophy and vacuolation, focal

cystic degeneration of hepatocytes, and diffuse distribution of fat. deposits in the
livers of high dose group males.

Based’on these observations, a no-effect level was established in the experiment
at 40 ppm (2 mg/kg/day), and the lowest-effect level was 400 ppm (20 mg/kg/day).

The incidence of mammary tumors in female rats decreased with dose,.and accor-
ding to the report, the incidence of thyroid follicular cell tumors-in male
rats exhibited a statistically significant positive dose-related-trend (p<0.05)
primarily because of the highest dose group's higher incidence in comparison to
that in the control group. Reported incidences were adjusted by censoring
those: animals that died before the first diagnosis was made (week 88), and a

118
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' CONCLUSICXS (continued)

Fisher's Exact test on the control and high dose group incidences showed the
difference between the groups was statistically significant (p = 0.02L), The
adjusted results also showed & significant positive trend (p < 0.005; Cochran-
Arritage test). ' '

Core classification: Minimum

I. PROTOCOL
A. MATERIALS

1. Test compound: The test cowpound is descridbed as a magenta crystaline substance
vith unspecified purity of 98.7%.

2, Test species: Male and female L-week old Charles River Crl:CD Sprague~-
Dawley BR strain rats were used. The males weighed from 57 to 79 g, and the
females weighed from 53 to 78 g on receipt at the laboratory. The animals
wvere approximately 6 weeks of age when placed on test diets.

3. Diet preparation: Basal diet consisted of Modified SQC Expanded Rat and

"Mouse Maintenance Diét No. 1 supplied by Special Diets Services,- Ltd.,Stepfield

" Witham, Essex, UK. Test diets were prepared weekly and stored at room
temperature. Samples of test diets were analyzed for stability, homogeneity
and accuracy of test concentration before the study was begun. Diets were
anzlyzed for concentration of test substance during weeks 1, 2, 3, L4, 8,
11, 15, 16, 18, 22, 25, 29, 30, 33, 37, b1, b5, b9, 53, 57, 61, 65, 69, 13,
77, 81, 85, 89, 93, 97, 101, 105, 108, 112, 116, end 120.

E

B. STUDY DESIGN

l. Animal assignment: Animals were randomly assigned to test groups as follows:

Animals per sex

Test groups Dose Interim
‘No. Designation (ppm) Main study® Pre-test Sacrifice%#
1 Control -0 50 10 20
2 Low (LDT) ... 10 50 . 10 20
3 Mid Lo 50 10 20
L High (HDT) koo 50 .- 10 20

*30 months.
. %At 12 months
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2, Observations schedule

Number of animals

Type of observation per sex per group Frequency

Mortality All Twice a day*

Signs of toxicity .. A1l -~ Twice a day*

‘Body weight ALl On day of arrival at laboratory,

at pre-test during randomized
group assignment, at weekly
intervals through the first 13
veeks, biwveekly thereafter, and
on the day of necropsy.

Food consumption All Weekly*#
Water consumption All ; Weell y®#®
Ophthalmology - 50t At 12 months
Blood samples 10%#w Pre-test
10 At 6, 12, 18, and 27 months.

Urine samples

“Neeropsy ~  Mnimals found dead  Wnen found.

or moribund
20t At 12 months
507 _ At 27 months

*The report stated that observations were male only once each day on weekends
and holidays. The signs, their severity, time of onset, and duration were
recorded. ) :

®*#For each cage of 5 animals.
##*These animals vere discarded from %he study.
tAll survivors in the main study group only.

C. 'METHODS

1. Observation of blood samples: Blood was collected from the retro-orbital
sinus, and the animals were fasted overnight prior to sampling.

a. Hematologx . ) . .

X Hematocrit - ’ _X Differential white cell counts
_X_ Hemoglobin e © _X Mean corpuscular hemoglobin
X Red cell count ‘ concentration

_X Platelet count © _X_ Mean cell volume

_X Total white cell count _X_Mean corpuscular hemoglobin
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. METEODS (continued) : - 006232

1. Cvservation of blood samples Ocontinued)

b. Blooé chemistry
X Total rrotein X Uric acid X Alkaline phospha- -
X Albumin ‘ X Glucose tase (AP)
X Total globulins X Total cholesterol _X_Lactate dehydro-
X Albumin/globulin ratio X ‘Total bilirubin genase (LDH)
X Blood urea nitrogen X Aspartate amino- X Triglycerides
X Electrolytes transferase (AST)
X Creatininre X Alanine amino-
transferase (ALT)
c. Additional tests: The following tests were conducted after the final
sacrifice (27 months).
Toltal tri-iodothyruaine - Ty-binding capacity (TBI) Testosterone
(Total T3) | - . Free T, index (FTuI) Estradiol
Thyroxine Thyrotrophin Progesterone
2. Urire observations
X Volume X glucose-,,;.. X occult.blood. - X -specific gravity _ - _
. X.pH - - X -ketones- —-— X urcobiXinogen X' ‘microscopic examination
X protein X bilirubin of centrifuged deposits

3. Hecrogsx Gross lesions were noted.

a. Wweighed organs
_X Liver _X Spleen _X Adrenals . _X Brain
_X_ Kidneys _X ‘Heart _X Gonads _X_ Pituitary
b. Tissues examined microscopically
X Adrerals _X Liver _X Kidneys
X Aorta _X_ Lungs ] _X_ Spleen
:X: Bone and marrow X Lymph nodes _X Spinal cord
X Brain “X_ Mammary glands - ~° _X_ Stomach
" X Cecum ' _X_ Esophagus _X Testes/ovaries
X Tolon _X - Pancreas _X_.Thymus
X Duodenum - _X_Pituitary - X Thyroid with para-
‘X Ears , _X_Prostate thyroid
X Epididymides _X _Rectum . _X Trachea
X_ Eyes with T RS Salivary gland - _X_ Urinary bladder
Hardarian gland  _X  Seminal vessicles.: X Uterus with cervix
X _Eeart X Sciatic nerve _X Vagina
X _ Ileum : _X Skeletal muscle _X All macroscopic
X Jejunum X Skin and subcutis abnormalities
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D. STATISTICAL ANALYSIS

1. Certinuous variables: (body weight, hematology, clinical chemistry, organ.

anc weights.

Statisticsal
. procedure

Purposé

~Bartlett's Test

One-way mnalysis
of variance

- Students "t" test

{ruskal-Wallis Test

Determine homogeneity of variance.*

Determine significance of variability among all groups.**

Determine significance of differences between the control
and each treatment group.*#

Detect any significant group differences.®®®

*If variances are

not homogeneous (p>0.05), the data are transformed (log

transformation is used)
®##Used on transformed or untransformed data only when variances are shown to

be homogeneous or equal.
‘**Nonparametric test performed on data with heterogenous variances. . ... .. .. .. -

Y. ~Prequency data (gross and microscopic observations at necropsy)

{ ) One-tailed

or { X) two-tailed probability values were calculated.

Statistical
__procedure

Purpose

isher's Exact Test
‘hi-square Tests

with Yates' cor-.

rection

ruskal-Wallis Test

. Determine significance of differences betueen‘individuqi_
groups, overall variations, or trends :

-

Determine significance of differences for graded responses.

Other methods:
- ete)

(data adjustments or transformations, criteria of signif;cance,
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II. REPORTED RESULTS 006232

An 18-rmonth interir report (Sinrocchio and Mallyorn, 1983) on this study was
reviewes rreviously (see Addenaum I below). Therefore, the results cescribed
in this secticn are primarily from observations made during the 18th through
27th rontts cf the study.

£« Mortality and Sigrs of Toxicity: No treatment-related effects were observed
accerding to the report. Mertaslity during the last 9 months of the study
is summarized as follavws: ' : : ’

Yortalities® during weeks
Pose Males Females

{pom) 78-10L 1052120 78106 10L-120

0 13 8 19 6

. 10 .15 7 18 9
ko 13 L 14 - 7

400 16 -3 18 I

®¥Excludes those animals sacrificed at 12 months
and during weeks 52 through T7.

Soiling of the eyes and nose, hair loss, and abrasions were the most ‘
frequently observed clinical signs, but the report stated that these occurred
at a low incidence which was unrelated to treatment.

B. Body Weight, Food and Water Consumption: These observations in treated
groups were described as comparavle to thcse in the control groups through-
out the study.

C. Test Substance Intake: The average daily intake for treated animals was
repcrted as follows: o '

Daily dose (rg/ ke /day)

. Dcse Dotk
(ppm) Males Females sexes
10 0.43 0.55 0.49

L0 1.72 2.18 1.95

L Loo 17.3 22.1 19.7

L. Cliﬁical Pathology

1, Hematology: The investigators noted that there were sporadic statistically

_significant differences between treated and cohtrol groups, but thé
differerices were not dose-related, and they were within normal ranges. A
‘decrease in hemoglobin and mean cell hemoglobin concentration was noted for
the LOO ppm females when compared to those values in the control females.
The group mean hemoglobin values for the control and high dose group females
were 1L.9 and 1k.1 g/dl, respectively (p<0.0l1) at 18 months. The respective
group means at 27T munths were 15.8 and 13.8 g/dl. The mean cell hemoglobin
concentrations at 18 months were 19.9 pg in the control group and 19.7 P
for the high dosq,group.(no statistically significhnt’difference). At 27
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Hematologey (continued): 006232

menths the control and high dcse group rears vere 15.8 and 1b4.8 pg, respec-
tively (p<C.05).

Clinical chexmistry: The only significant difference noted by the authors
at Z; rmonths was in the group mean thyroxine level of 400 ppm males inp
comparison to that of control group males. The group mean for the control
grour was reported as 13.4 pmcl/1 while that for the 400 pmm dose group was

19.7 prol/1 {P<0.05).

Although the investigators noted other statistically significant differences
for clinical chemistry parameters, these were described as unrelated to
dose or not occurring consistently during the course of the experiment.

Urinalysis: The only observation the authors described as unusual was
discoloration of the urine from female rats given the 400 ppm diet. The
trine from these animals appeared bright orarge, and the color was attrivited
to the test substance or its metabolites in the urine. :

Cphthalmology: There were ro treatment-related effects observed according
to the rerpcrt. ‘

Necrorsy

Organ weights: The only tréatment related effect on organ weight was
observed for the liver. Group mean values for those animals sacrificed at
27 months are summarized as follows:

Dose level (ppm)

Males Females
Otservation 0 500 0 00
Body welght (g) 563 589 . h1s 430
Liver weight (g) 13.7h 17.05t 10.12 11.37%
Liver/body weight .
ratio (%) 2,44 2.90 *» 2.45  2.66%

*Statistid&lly significantly different from controls (p<0.05)
#&Statistically significantly different from controls (p<0.01)
tStatistically. significantly different from controls (p<0.001)

Gross observations: There were no'gross observations reported at necropsy
of anicals after the interim or texmlnal sacrifice that the investigators

" could associate with tredtment. -

Hlstopatholggy:

Non-neoplastic observations

General observations: Several lesions were observed to occur in statistically

significant patterns such as trends, apparently treatment related effects,
or a difference between one treated group and an appropriate control group
(see Tables le and b for examples). However, most of these observations

006783
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a. Non-neorlastic observations (continued)

were not associated by the investigators with the test substance because
trendis were not observed consistently at the interim and terminal sacrifices
or in arnimals that died during the experiment, and trends and differences
were rot ‘significant when overall incidences (total of all animals) were
analyzed.

Table 1ls

Summary of non-neoplastic lesions reported to exhibit statistiéally significant
differences between groups or a dose-related trend ir male rats.

‘ Dose level (ppm)
Observation B} 0 10 40 L00

Fpididymis:
feduced spermatozoa

Intercurrent deathsttt : 5/26 L/26 13/23%% 8/29

Kidnez:

Chronic interstitial nephrosis

Interim sacrificet 0/20  3/20  0/20  L/20
Hydronephrosis
Interim sacrifice . 3/20 2/20 1/20 1/20
Intercurrent deathstt L/26 T/26 2/23 1/29
Terminal sacrifice 1/2k 3/24 3/27. 1/31
Overall ' 8/70 10/70 6/70 2/10
Pyelitis
Overall®#ss i’ 0/70 3/70 ‘8/70 2/70
. Increased fat deposition (cofﬁicgl tubules
Ihtercurrent deathstt . 3/26 3/26 ‘1/23 0/29

'Statistically significant negative dose-related trend (p<0.Q1).
®*3tatistically significantly different from controls (p<0. 05J.
*##Dverall group variation statistically significant (p<0.05),
'**‘Overall group variation. statistically significant (p<0. 01)
TStatistically significant positive dose-related trend {p<0/05).
t$Statistically significant negative dose-related trend (p<0.05).
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Summary of non-neoplastic lesions reported to exhibit statistically significant
differences between groups or a dose-related trend in female rats.

. Dose level (ppm)
Cbservation 0 10 40 Yele)

Adrenal medulla:

Focal hyperplasia

Interim sacrifice 0/20 = 0/20 0/20 0/20

Intercurrent deathst 1/25 5/31 3/28 o/27

Terminal sacrifice 5/20 L/19 5/20 5/23

Overall . 6/65 9/70 8/68 5/70
Kidney:

Glomerular tubular nephropathy

Interim sacrifice 1/20 3/20  0/20 0/20
Intercurrent deathstt 6/30 1/31 7/29 1L/27%
Terminal sacrifice 6/20 7/19 8/29 8/23

(verall : 6/70 7/70 8[69 22/70

© Pelvic mineralization ~

Interim sacrifice 6/20. 5/20 6/20 8/20

Intercurrent deaths 23/30 15/31 18/29 17/21
Terminal sacrificettt 12/20 1/19 1k/20 20/23
Overall - Lr/70  27/70 38/69 Ls/T0

Increased fat deposition (cortical tubules)
Intercurrent deathstt | 1/30-  2/31 | 5/29 6/27
Foci/areas of telangiactasis

Intercurrent deathstt 2/30: 3/31 - 3/30 6/27
Terminal sacrificett 10/20  9/19 11/20 1€/23

Parathyroid: .

Hyperplasia )
' Terminal sacrifice - R 3/20 8/18% 8/17% - 2/22
Overall 3/65 8/60% 8/58% 2/66

tStatistically significant negative dose-related trend (p<0.01).

ttStatistically significant positive dose-related trend (p<0/05).
t+tStatistically significant positive dose-related trend (p<0/0!).

*Statistically significantly different from controls (p<0.05).
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a. Non-neorlastic observations (continued)

Hardarian gland: The investigators noted that a subclinical epidemic of a
sialocaacryoadenitis virus infection was present in test animals at the time
of the interim sacrifice and affected the test groups unevenly (see Addendum
belcw fcr additional information). An increased ircidence of male rats with
mononuclear cell infiltration of the hardarian gland in the LOO ppm group
observed at that time was attributed to the infection since animals dying
in the latter portion of the study as well as animals sacrificed at termi-
nation of the study did not exhibit the effect.

Eleen The degree of pigment deposition was affected in a statistically
significant manner (a positive dose-related trends in female rats). The
incidence of those lesions iIs summarized as follows:

" Dose level (ppm)

Observation 0 10 Lo 100
Interim sacrifice . .
Minimal : : 5/20 2/20 0/20 0/2¢
Slight 6/20 11/20 kf20 - 6720
Moderate ' 8/20 T/20 11/20 11/20
Marked 1/20 0/20 5/20 3/20
Intercurrent deaths*
Minimal e e s 301031 0 5/300 2/27
S1ight : 10/30 9/31 9/30 10/27
Moderate 10/30 12/31 12/30 13/27
Marked 3/30 0/31 3/30 2/271
Terminal sacrifice
Minimal 10/20 0/19 1k /20 0/23
Slight R 9/20  9/19 3/20  T7/23
_ Moderate 1/20 9/19 2/20 i2/23
Marked 0/20 1/19 1/20 . h/237

*Statistically significant positive dose—relatea trend when severity
of lesion is considered (p<0.01).

¥*Statistically significant positive dose-related trend when severity
of lesion is considered (p<0.05).

When sections were stained vith Perl's stain and examinea, only a slightly
significant (p<0 1) increase in pigment deposition was noted inm females at
the 1nterim sacrifice. The reported incidences are as follovs'

Dose level (ppm)

‘Observation : o] 10 . L0 koo
Minimal - 0/20 0/20  1/20  0/20
Slight : 1/29 0/20 2/20 ) 1/20
Moderate 13/20 11/20 6/20 ~ 6/20
Marked 6/20 8/20 10/20 12/20

" Severe 0/20 1/20 0/20  1/20
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The report indicated that these lesions were unlikely to be associated vith
treatment.

Page 11

a. Non-nébplastic observations (continued)

Y

ii) Orgars affected by test substance

Liver: Males exhibited dose-related effects, and incidences of some of some
of the most frequently observed lesions are summarized in Table 2 below.
According to the report female rats were not affected in-a manner that
could be associated with administration of the test substance.

The incidence of male rats with focal cystic hepatocyte degeneration

wvas not statistically significantly different for treatment groups when
compered with controls, and a significant dose-related trend (p<0.05) vas
found only when severity of the lesion was considered for animals dying
during the study. The incidence of cystic hepatocyte degeneration in those
animals is summarized as follows:

Dose level {ppm)

- Observation : 0 10 40 400
Number examined 26 26 23 29

Focal cystic degeneration of

hepatocytes* (minimal) 5 L 2 9
(slight) 2 1 1 1
. (moderate) 1...-0 0 P

- *Statistically significant trend when severity of lesion was taken into
account. .

i

re
1



- : - '1"_ R | 006783
Page 12 | - | A | N | 00678@3-5

a. Ncn-reoplastic observations 006232

11) Orgacs affected by test substance (continued)

Table 2

Summary =7 non-neoplastic lesions reported to exhibit statistically significant

differencec hetween groups or a dose-related trend in the liver of male rats.

‘Dose level (ppm)
Cbservation 0 10 ko hOO

Fat deposits in non-specific distribution

Intercurrent deaths - bj26 1/26 3/23 8/29
Terminal sacrifice - T/2h4 5/24 6/27 11/21
Totalt 11/70 6/10 9/70 19/70

Groups of finely vacuolated hepatocytes
Terminal sacrificett 10/24%  11/2h 8/27 15/21“

Prominant areas of vacuolated hepatocytes

Intercurrent deaths 0/26 - 0/26 0/27 L/29
Terminal sacrifice - 1/2h - T/24 1/27 3/21 . .
T Qverd 1R ER - 1/70°  T/70 1/70 T/70

Cent}ilobdlar hepatocyte enlargement

Interim sacrifice 0/20 0/20 0/20 18/20%
Intercurrent deaths’ 1/26 0/26 0/23 . 3/29
Terminal sacrifice o/2b 0/24 0/27 10/21%
Overall ‘ 1/70  0/70  0/70 31/70%

Centrilobular hepatdcyte vacuolation

Irnterim sacrificet 3/20 6/20 1/20 10/20%#
Intercurrent deaths 0/26 2/26 1/23 0/29
Terminal sacrifice 0/24 0/24 0/27 1/21

Cverallt 5 - 3/70 8/710 2/70  11/70%#
Tocal hep&tdcyte nécrosis

Interim sacrificet 2/20  0/20 0/20  5/20

‘ntercurrent deaths 3/26 1/26  0/23  3/29
Terminal sacrifice’ 0/24 1/2h 1/27 0/21
Tverall . . . 5/10 2/70 1/70 ~ 8/710

*Statistically.significantly different form controls {p<0.001).
*%Statistically significantly different form controls {p<0.001).’
###Statistically significant between groups variation (p<0.05).

tStatistically significant positive dose-related trend (p<0.01)/
+4Statistically significant positive dose-related trend (p<0.05).
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a. Non-neoplastic observations , 006232

11) Organs affected by test substance (continued) .

Thyroii: The incidence of agglomeration of colloid in males was affected
in a dose-related manner at terminal sacrifice. The incidence of that
effect is summarized as follows: .

Dose level (ppm)

Observation , . 0 10 Y9 koo
Interim sacrifice
Minimal T/20 3/20 5/20 L/19
Slight 1/20 1/20 1/20 3/19
Moderate 1/20 L/20 2/20 6/19
Marked 1/20 0/20 0/20 1/19
Total® 10/20 8/20 8/20 14/20
Intercurrent deaths .
Minimal L/26 1/21 1/20° 6/22
Slight 9/26 1/21 3/20 6/22
Moderate L/26 0/21 1/20 1/22
Marked 0/26 0/21 0/20 0/22
Total 17/26 2/21 5/20 8/22
Terminal sacrifice. .. ... ... - L : :
Minimal L/2h L/23 9/271 L/21
Slight - 6/24 5/23 Ly  11/21
Moderate 2724 1/23 1/27 3/21
Marked 0/24 0/23 1/27 0/21
Total ** ) 12/24 10/23  15/27 18/21%as

*Statistically significant positive dose-related t:end‘(p<0/01)._
*#Statistically significant positive dose-related trend (p<0.001).
##aStatistically significantly different from controls (p<0.05)




T 006783
Page 1L 7 o e 55375 

'006232’

b. lNeorlastic lesions

Airenal medulia: The authors noted that 8 of the 12 phéochromocytomas
found in female rats were observed in the 10 ppm dose group. The incidence
of rhecchromocytomas are summarized as follows:

Dose level {ppm)

Observation ' L 0 .10 — ko 500
Preochromocytomas T _
Interim sacrifice . 0/20 ° 0/20 V 0/20 0/20
Intercurrent deaths :
Benign 0/25 5/31 0/23 1/27
Malignant 0/25 © 0/31 2/28 0/2e7
Terminal sacrifice ’
Benign 0/20 3/;9 1,20 0/23
Malignant 0/20 0/19 0/20 0/23
Overall® 0/65 8/70%*% 1/68 1/70

#Statisticallly significant variation between groups (p<0.01).
##3tatistically significantly different from controls (p<0.05).

These tumors were fiot coénsidéred to be related to the administration of the
test substance because they did not occur in a dose-related manner.
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t. Neorlastic lesions (continued)

Mammary turors: The incidence of mammary turors in female rats exhibited a
statistically significant negative dose-related trend. Incidences of those
- tumers were reported as fpllogs: : ’

, , , . Dose level (ppm)
" Observation ’ 0 10 L0 - Loo_

Fibroadenomas (one or more/animal)

Interim sacrifice - 0/20 1/20 3/20 . 0/20
Intercurrent deaths 13/30 12/31  10/30 = 6/27
Terminal sacrifice 1/20 2/19 2/20 2/23
Overall - 1L /70 15/70 15/70 8/10

Adenoras (one or more/animal)

Intercurrent deaths 3/36 5/31 2/30 0/27
Terminal sacririce - ~ 1/20 0/19- 1/20 1/23
‘Overall b/T0 5/T0  3/70  1/70

Adenocarcinomas {one or more/animal)

~ Intercurrent deaths. ... 2/30-  b4/31 L/30  _2/27
- .Terminal sacrifice- - -~~~ 4/200 7 "1/19 L/20 2/23
Overall , , 6/70 5/70  8/70 /70

Mammary tumors combined*®

Grand totalt ] 28/710 23/70 21/70 16/70%*

®#Includes animals with or2 or more mammary tumors of any type.
##Statistically significantly different from controls {p<0.05).
tStatistically significant negstive dose-related trend (p<0.05).

Thyroid: The investigators noted a statistically significant positive
trend with respect to the incidence of follicular cell tumors in males
(p<0.05). The incidence of the tumor in malés was reported as follows:
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. Neoplastic lesions (continued)

Dcse level (ppm)
Cbservaticn Q 10 LQ Loa

Follicular cell hyperrlasia

Interim sacrifice ; _ 0/20 0/20 2/20 1/20
Intercurrent deaths o 1/26 0/26 1/23 1/29 ~
Ter=zinal sacrifice , o1k 2/2h 5/27 3/21

Follicular cell tumor

Interim sacrifice

Benign 0/20 0/20 0/20 0/20
Probably malignant 0/20 0/20 - 0/20 0/20
Yalignant 0/20 0/20 0/20 0/20
Total 0/20 0/20 0/20 0/20
Intercurrent deaths .
Benign , 1/26 0/26 0723 0/29
Probably malignant ° 0/26 0/26 0/23 0/29
Malignant ' 1/26 0/26 1/23 0/29
Total 2/26 0/25 1/23 0/29
Terminal sacrifice : - - L -
-s——-- Benign- : : - ofeh 1/24 0/27 3/21
Probably malignant ) 0/2h 0/2L4 0/217 2/21
Malignant 0/2h 1/24 1/27 3/21
Total® 0/2h 2/24 1/27 8/21
Overall ’
Benign +/70 1/70 0/70 3/70
Probably malignant . 0/70 0/70 0/70 2/70
Malignant 1/70 1/70 1/70 3/10
Total* 2/70 2/170 1/70 8/70

*statisticully significant positive dose-related trend (p<0.05).

III. - DISCUSSION

Authors' conclusions: According to the authors, there were no marked or
- persistant treatment-related effects on behavior or condition, body weight,

food and water consumption, hematology, urine analysis, or ophthalmological
observations.

Effects the inveétigators associated with the test substance included &

slight increase in free thyroxine levels in blood taken from males at 27
months.

Liver weights and weight ratios for male and female rats given the 400 ppm
diet were slightly elevated above that for control group animals, but no

statistically significant increase in absolute liver weights were noted ia
those groups. ' . ]_
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III. DISCUSSION (continued)

Histological changes cccurred in the liver and thyroid of males in a dose-
related manner, and they included agglomeration of colloid in the thyroid,
centrilobular hepatocyte enlargement and vacuolation, focal cystic degene-
ration of hepatocytes, and diffuse distribntion of fat deposits in the
livers of high dose group males. Based on these observations, the investi-
gators concluded that a no-effect level was established in the experiment
at 40 ppm (1.95 mg/kg/day) )

The authors noted that the incidence of mammary tumors in female rats
decreased with dose, and the incidence of thyroid follicular cell tumors in
male rats exhibited a statistically significant positive dose-related trend
(primarily because of the highest dose).

Reviewer's Conclusions:

Non-neoplastic effects: There were adequate data presented to support the
author's conclusions that clofentezine had no effects on behavior or condi-
tion, body weight, food and water consumption, hematology, urine analysis,
or ophthalmological observations. Based on thé liver and thyroid effects,
a noobserved-effect level of 40 ppm and a lowest-effect level of 400 ppm
are established by the experiment.

Neoplastic effects:

Ibyroid tumors The first follicular cell tumor was observed in a control
group male that died during week 88 of the study. The other thyroid tumor
in that group was found during week 114. The only other follicular cell
tumor observed during the study was in one male of the mid dose group at
week 11L, The remainder of the follicular cell tumors were observed in

rats sacrificed at the end of the study, including all eight tumors observed
in the high dose group. .

If reported incidences are adjusted by censoring those animals sacrificed
at 12 months and those dying before the first diagnosis was made in the
control group (week 88), the incidences would be 2 of UT, 2 of 4l, 2 of kO,
and 8 of 40 for the control, low, mid, and high dose groups, respectively.
A Fisher's Exact test on the control and high dose group incidenées shows
that the difference between the groups is statistically significant (p =
0.024), The adjusted results also show a significant positive trend (p <
0.005; Cochran-Armitage test).

There was no statistically significant increase in the lncidence of follicular
cell hyperplasia (see page 16 above), and no follicular cell tutors vere
noted in those animals vith hyperplasia. . -

Other neoplastic 1esions: There were adequate data presented in the report

to support the conclusions of the authors. Administration of Clofentezine in
the diet of male and female rats for over two years did not increase the inci-
dence of tumors other than those observed in the thyroid of treated males.

134
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ADDENDUM I1I

Microscopic Re-examination of Thyroid
‘Tissue from Male and Female Rats Given Diets
Containing Clofentezine for 90-Days
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CLOFENTEZINE TOXICOLOGY REVIEW
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Identity of product inert ingredients

Identity of product impurities
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Description of product quality control procedures
Identity of the source of product ingredientéi
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A draft product label
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Reviewed by- Roger Gardner X '? 47"#‘7(/
: geegg:\ggrg Rgfggioggugiigcga&glr?:af)?h. D. W D . asu-cith
Section 6, Toxicology Branch (TS 769C) _ 45/9/99/
DATA EVALUATION RECORD
STUDY TYPE: Chronic féeding study supplement
MRID NUMBER: 404679-10 - - -
TEST MATERIAL: Technical grade Clofentezine (see DER for MRID No. 404679-06)
SYNONYMS: NC 21314; Apollo; 3,6-bis{2-chlorophenyll]-1,2,4,5-tetrazine

STUDY NUMBER(S): TOX 82003

SPONSOR: Nor-Am Chemical Co., Wilmington, DE

TESTING FACILITY: Ohio State University, Department of Veterinary Pathology

TITLE OF REPORT: Histopathologic Evaluation of Thyroid and parathyroid Glands
from Male and Female Spraque-Dawley Rats Fed Clofentezine and Benazolin-Ethyl.

AUTHOR(S): Capen, C.
REPORT ISSUED: September.l, 1987 -
DISCUSSION AND CONCLUSIONS: One original diagnosis of a benign follicular

cell tumor in the high dose group was changed to a diagnois of follicular
cell adenocarcinoma in the re-evaluation.

Core Classification: Supplementary. The report is a re-evaluation of
slides from the rat chronic feeding study.

I. BACKGROUND

This supplemental report describes a second re-evaluation of thyroid
tissue sections from the chronic feeding study in rats. The study has
been discussed in a Data Evaluation Record (DER) for the report on the
first re-evaluation of those tissues (study MRID No. 404679-06). The DER
for the clofentezine chronic study is included as an Addendum to the DER
for study MRID 404679-06.

This supplemental report also contains a re-evaluation of thyroid sections
from another study which was used to provide historical control data for
the clofentezine results.

IT. MATERIALS AND METHODS

The thyroid sections originally stained with hematoxylin and eosin were
re-examined by a third pathologist. The tissue sections were taken from
rats given diets containing 0, 10, 40, or 400 ppm clofentezine for 27
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, _ . Study Armendment
II. MATERIALS AND METHODS (continued)

months (see Addendum I of the DER for MRID No. 404679-06 for more
information).

The report noted that thyroid lesions were diagnosed according to criteria
included in Addendum I below.

III. REPORTED RESULTS

The incidence of progressive thyroid lesions as reported in the re-
evaluation of the clofentezine chronic feeding study was reported as follows:

Dose level (ppm)
Observation 0 10 40 400

Follicular cell hyperplasia (cystic and/or diffuse)

Interim sacrifice 0/20 1/20 2/20 1/19
Intercurrent deaths , - 2/26 0/26 0/23 2/29
Terminal sacrifice 3/24 . 2/24 . 8/27 3/21

Total 5/70 3/70 10/70 6/69

Follicular cell tumor

Interim sacrifice

Benign R R (V1 0/20 0/20 0/19
Malignant 0/20 0/20 0/20 0/19
Total 0/20 0/20 0/20 0/19
Intercurrent deaths
Benign ‘ 0/26 0/26 1/23 0/29
Malignant- 2/26 0/26 0/23 0/29
Total : 2/26 0/26 1/23 0/29
Terminal sacrifice ,
Beniqgn 0/24 1/24 0/27 2/21
Malignant 0/24 1724 1/27 6/21
Total* 0/24 2/24 1/27 8/21
Qverall
Benign 0/70 1/70  1/70 2/69
Malignant 2/70 1/70 1/710 €/69
Total* 2/70 2/70 2/70 8/69

*Statistically significant positive dose-related trené (p<0.05).
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III. REPORTED RESULTS (continued)

Statistically significant differences and trends for thyroid tumors in
male rats were reported as follows:

Dose level (ppm)

Observation _0 10 40 400
- Follicular cell carcinomas ' o ' o '
Intercurrent deaths 2/26 - 0/26-  0/23° 0/29
Terminal sacrifice 0/241t1 1/24 1/27 6/21%
Total 2/50t 1/50 1/50 6/50
Follicular cell tumors (any)
Intercurrent deaths 2/26 0/26 1/23 0/29
Terminal sacrifice . 0/241t1t 2/24 1/27 8/21**
Total 2/50tt  2/50 2/50 8/50
*statlstlcally significantly different fram controls (p<0 05: Chi2
test).
**Statistically significantly different from controls (p<0.01: Chi2
test).

tStatistically significant trend (p<0.05; Ch12 Trend Analysis).
ttstatistically significant trend (p<0.01; Chi? Trend Analysis).
tttstatistically significant trend (p<0. 001 chi2 Trend Analysis).

IV. DISCUSSION

The incidence of follicular hyperplasia (diffuse and/or cystic) reported
in the reevaluation did not appear to be significantly increased by
clofentezine in the diet of male rats at levels of 0, 10, 40, or 400 ppm
for up to 27 months. There were no statistically significant differences
between any of the treated groups and the control group as indicated by
Fisher's Exact Test (p values were all > 0.138), and there was no dose
response indicated by in incidence of hyperplasia.

One original diagnosis of a benign follicular cell tumor in the high dose
group was changed to a dlagn01s of follicular cell adenocarcinoma in the
re-evaluation.
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ADDENDUM

Criteria for Microscopic_ Re-examination of Thyroid
Tissue from Male and Female Rats Given Diets
Containing Clofentezine for 27-Months




CLOFENTEZINE TOXICOLOGY REVIEW

Page is not included in this copy.

Pages ;456) through Zéz are not included in this copy.

The material not included contains the following type of
information:

_____ Identity of product inert ingredients

Identity of product impurities

Description of the product manufacturing process
Description of product quality control procedures
Identity of the source of product ingredients
Sales or other commercial/financial information

A draft product label

The product confidential statement of formula
Information about a pending registration action

X FIFRA registration data

The document is a duplicate of page(s)

The document is not responsive to the request

The information not included is generally considered confidential
by product registrants. TIf you have any questions, please contact
the individual who prepared the response to your request.
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APPENDIX III

bata Evaluation Record ‘ ;
Describing Relevant Data for Peer Review Committee's
Reconsideration of the Oncogenic Potential of Clofentezine
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‘Reviewed by: Roger-Gardner ﬂﬂ 1- 13- ?&
Section 6, Toxicology Branch (TS 769C)

Secondary Reviewer: Judith Hauswirth, Ph. D. E}deLquh, w ‘ﬁ@l&gbﬁikh*j}JL“'
-Section 6, Toxicology Branch (TS 769C) ’ : 7// 3/%5
DATA EVALUATION REQGORD

Peer Review of Additional Dpata
on Clofentezine

CHEMICAL: Clofentezine : - CASWELL NUMBER: 593AA

SYNONYMS: NC 21314; apollo; 3,6-bis[2~chlo:ophenyl]—1,2,4,S—tetrazineﬁé

QONCLUSIONS: Because of the increased incidence of thyroid tumors in male
rats in the chronic feeding study, re-evaluations of thyroid slides and
additional studies of clofentezine's effects on the thyroid were conducted.

Since two experiments demonstrated that clofentezine does not selectively
accumulate in the thyroid gland, and iodine uptake is increased in the
gJland, an indirect effect was investigated. ' The studies considered below
showed that short-term administration of high doses of clofentezine (3000
to 30,000 ppm in the diet) caused increased liver enzyme activity and
anreased bile flow in male rats. Results of two subchronic experiments
at 30,000 ppm suggested that these effects changed the metabolism and
axcretion pattern for thyroid hormone, but the studies did not indicate
that these changes would be biologically 51gn1f1cant when a lower dose
level (400 ppm) is administered chronically.. -

Znhanced clearance of thyroid hormones could reduce blcod levels of
thyroxine sufficiently to cause the pituitary gland to secrete thyroid
stimulating hormone (TSH) to increase thyroid gland activity. In male
rats given diets containing 30,000 ppm clofentezine for 6 weeks, elevated
"SH levels were observed, but thyroxine levels were also increased. In
iddition, the thyroxine levels were elevated in male rats at the end of
-he chronic study without an increase in their TSH levels. No thyroid
2lood chemistry tests were conducted during earlier portions of the
chronic feeding study, and the 400 ppm dose level in a 6 week feeding
study did not significantly increase thytoxine or TSH levels. These
>ircumstances suggest that a longer study over a broader dose range -would
nore clearly characterize the biological significance of clofentezine's
»ffects on the thyroid in male rats.

Yicroscopic observation of thyroids fram rats in chronic and subchronic
studies indicated increased activity in the glands of treated male rats.
There was a dose-related increase in the severity of colloid depletion
along with dose-related increases in the incidence and severity of folli-
cular cell hypertrophy, and an increased incidence of hyperplasia.

in short-term studies at high doses (3,000 to 30,000 ppm), follicular

cell hypertrophy was reversed in the three weeks follOwing a 9-week treat-
‘nent period. Observation of hyperplasia was limited to the chronic
feeding study, and its incidence was not dose-related. Thyroid weights
~ere increased along with these microscopic changes but not in a statisti-
. zally significant manner. These marginal changes further emphasize the
1eed for a chronic study using a broader dose range to more clearly support 163
zhe suggested indirect mechanism for clofentezine's oncogenlc potentlal
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I. Background

A. First Toxicologqy Branch Peer Review

on September 16, 1987, the Toxicology Branch Peer Review Committee consi-
dered available data on clofentezine in a weight-of-the-evidence analysis
and classified the oncogenic potential of the chenlcal into Category C
(possible human oncogen) based on the follow1ng

Clofente21ne was a33001ated with an increase in. tumors (benlcn

1.

. and malignant combined, see Table 1 belew) in only one of ‘two
species tested, and the tumors occurred in one sex of a single
strain of the rat.

2. The observed response exceeded the historical control range, and

was observed at the highest dose tested which was well below the
Maximum Tolerated Dose (MTD) predlcted by subchronic feedlng

studies.
3. Clofentezine was not mutagenic.
4. The chemical is not structurally related to known carcinogens.

In addition, the available information on specific thyroid effects consi-
dered by the Committee did not indicate that the induction of thyroid
“tumors ‘was related to iphibjtion of thyroid function by clofentezine
treatment in the rat.

A quantitative risk assessment was conducted based on the adjusted inci-
lences of combined benign and malignant thyroid tumors in male rats (see
rable 1) from the 27-month feeding study. The unit risk in human equiya-
lents (multistage model Q;*) based on those data is 0.053 (mg/kg/day)™".

3.

Scientific Advisor? Panel Review

on March 2, 1988, the Federal Insecticide, Fungicide, and Rodenticide Act

006733

scientific Advisory Panel (SAP) considered the Agency's weight-of-the-evi-

jence considerations and classification of the oncogenic potential of
clofentezine in a public meeting. Additional data provided by the Regi-
strant and discussed below was also considered by the Panel.

The Panel commented on the biological significance of follicular cell
zumors in male rats given clcfentezine as follows: .

- Thyroid tumors in rats may or may not be biologically signi-
ficant for humans. If data clearly demonstrate increases in
TSH (thyroid stimulating hormone) and the subsequent responses
in the thyroid (hyperplasia and neoplasia), this endpoint

- does not provide evidence of direct, compound-induced carcino-
genicity. However, if such data do not exist for other
chemicals, thyroid tumors should be considered as evidence

for carcinogenic potential.
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Table 1

incidencet of Follicular Cell Tumors in the Thyroid of Male
_ Rats Receiving Clofentezine in the Diets for up to 27 Months (1).

) Dose (ppm) :
Tumor type 0 10 40 400
. - - |
' Benign only 1/68  1/65  0/66 " 3/63 - o _ b
T (1)* (2) (0) (5) !
Malignant only = 1/68  1/65  '2/66  5/63
(1)* (2) (3) (8)

Combined benign 2/68 . 2/65 2/66 8/63
and malignant (3)** (3) (3) (13)*

*Number of tumor bearing animals/number of animals
at risk (and percentage). Animals that died before
week 52 have been excluded. :

*P < 0.05¢ **p.¢ 0.01 ) ’

Note: Significance of trend (determined by Cochran-
Armitage test) denoted at the control group
value, and significance of pairwise comparison
(determined by Fisher's Exact test) denoted at
dose group value.

The Panel agreed with the peer Review determinations that there were no

compound-related effects on tumor incidence in the mouse oncogenicity

study and that clofentezine is not mutagenic. However they did not

believe that failure to achieve a Maximum Tolerated Dose (MID) compromises

the rat study or that the thyroid tumors in male rats provide evidence of

human risk for carcinogenicity. Based on these considerations, the Panel
" concluded: .

..{clofentezine) belongs in category D. This interpretation
is based primarily on the data demonstrating increased TSH,
hyperplasia, and decreased half-life of T4 and T3. It is
well known that this sequence leads to thyroid tumors in
rats. Exposure to agents that cause this seguence in rats
has not resulted in increased TSH, hyperplasia, and thyroid
tumors in humans. Therefore, there is inadequate data for

" suggesting human carcinogenicity.

The panel then concluded that the data were not adequate for a y.antita-
tive risk assessment.

C.. .Proposed Mechanism for.Thyroid Tumor Induction

In rats, clofentezine is expected to increase liver enzyme activity and

bile flow causing an increase in the metabolism and excretion of thyroxine.

This increased turnover reduces the level of circulating thyroxine. The -
pituitary, through the hypothalamus, responds to reduced thyroxine blood 160
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levels by secreting thyroid stimulating hormone (TSH). Elevated TSH
levels then stimulate follicular cells of the thyroid gland to replenish
depleted blood levels of the hormone in clofentezine treated rats. This
mechanism is proposed as the cause of increased thyroxine blood levels,
colloid depletion, follicular cell hypertrophy, hyperplasia, and neopla51a
observed in male rats at the end of the chronic feeding study.

Data oresented at the SAP meeting in support of the proposed mechanism
for follicular-cell carcinogenesis dbserved in the chronic feeding study
are discussed in the sections that follow according to criteria proposed
by Hlll, et al. (1987). Those criteria are descrlbed as follows-

1. Goitrogenic activity in vivo (1. e., thyr01d follicular
cell hypertrophy, and hyperplasia).

2. Clinical chemistry indication of changes in thyroid and
pituitary functional parameters (e. g., reduced thyroid
hormone and increased TSH serum concentrations).

3. specific evidence that the agent either reduces thyroid
. . hormone synthesis (e. g., inhibits iodine uptake) qr’
increases thyroid hormone clearance {e. g., enhances
biliary excretion).

4. A progression of lesions under long-term exposure to an
agent, showing cellular hypertrophy and hyperplasia,
nodular hyperplasia, and neoplasia (benign and possibly
malignant tumors).

5. other studies bearing cn the hypothesis that thyroid-
pituitary imbalance may be operative, like reversibility
of lesions following cesation of the treatment.

6. Structure activity analysis of the agent under review to
see if it belongs to a claSs of corpounds that shows a
correlation with the induction of thyroid tumors.

II. Discussion

' A.- Goitrogenic Activity

The incidences of hypertrophy, hyperplasia, and necplasia observed in the
rat chronic feeding study are summarized in Table 2. below.

In the original report and one re—evaluatlon of thyroid gland slides fol-
licular cell hypertrophy and hyperplasia were rated according to the
following criteria:

...cells lining the lumen of the follicle were either squamous
in the resting follicles, low cuboidal, cuboidal or columnar

in highly active follicles, and lobes WIth a greater proportion
of cuboidal and columnar cells were given a higher score for
this condition.
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...a focus comprised of a few follicles with greatly enlarged
lumen lined by one or two layers of low cuboidal epithelium

which may possess hyperchromatic nuclei.

There may be some
destruction of the follicular walls and they may appear to

form papillary projections, although these are probably the
adjacent folli-
cles are not compressed and there is no 51gn of encapsulation.

acbreviated remnants of the follicular wall.

Hypertroohy was scored 1n the first re—evaluatlon on a s¢ale from 0
(minimum) to 5 (very severe), and follicular cell hyperp1a51a was rated

as present or absent without a grade. =

Table 2

Summary of Microscopic Lesions Observed

in Male Rats Fed Clofentezine for up to 27 Months.

Observation 0

Dose level (ppm)

10

Follicular cell hypertrophy

Original Report ** 4/69
Re-evaluation 1 ** - 16/70
Re-evaluation 2 ***

3/65

19./67

Follicular cell hyperplasia

Originally reported 2/70
Re-evaluation 1 ** 3/70
Re-evaluation 2 ’ 5/70

Follicular cell tumor

0. :rall
Benign 1/70
Probably malignant 0/70
Malignant 1/70
Total* 2/70

2/70
2/67
3/70

1/70
0/70
1/70

2/70

40

-3/67
26/67

8/70
3/68
10/70

0/70
0/70
1/70
1/70

400

5/63
32/617

5/70
7/69
6/69

3/70
2/70
3/70
8/70

*Statistically significant positive dose-related trend (p<0.05;

Cochran-Armitage trend test).

**Follicular cell size was not assessable in some animals accordlng

to these reports, and the lesion was graded as follows: 1 =

minimum, 2 = slight, 3 = moderate, 4 = severe.

***Not assessed in this re-evaluation.

Thyroid weights were not statistically significantly affected (see Table

3 below), but the group mean weights for the organ were greater in treated

male rats than in the control group.

006783
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Tabie 3A ' ‘
Summary of Group Mean Thyroid Weights (g) and
Organ-to-Body-Weight Ratios (%) in Clofentezine
Treated Male Rats

pose level (ppm)

Observation 0 10 40 400
At 12 months
Body weight 609 585 615 601
Thyroid weight 0.027  0.026  0.024  0.026

Thyroid weight ratio 0.005 0.004 0.004 0.004
At 27 months
Body weight 563 623 630*%* 589

Thyroid weight 0.035 0.045 0.044 0.050
Thyroid weight ratio 0.006 0.007 0.007 0.008

**Statiscitilly significantly different from controls (pn0.0l;
Fisher's :ixact Test).

The cbservation of hypertrophy in the chronic feeding study indicated
dose~related increases in incidence and severity (see Table 2), but
observations of- hyperplasia did not clearly suggest a dose-related in-
crease in that lesion. In addition, thyroid weights were not clearly
increased over the dose range tested. These results only suggest that
clofentezine has a goitrogenic effect associated with its toxicity.

B. Clinical Chemistry Indications

Thyroid blood chemistry was evaluated at the end of the chronic feeding

_study in rats, and in a short-term study .in which rats received diets
containing as much as 30,000 ppm clofentezine for up to 6 weeks. Tables
4 and 5 sumnariz- the results from these studies.

At the end of the chronic feeding study, the amount of free thyroxine
was statistically significantly increased in amle rats given the 400 ppm
diet. There were no increased TSH levels noted in any of the three
treatment groups (see Table 4 below).

Th= short-term feeding study indicated that thyroxine was statistically
si.nificantly increased by clofentezine in the diet at 400 and 30,000
ppm. The 30,000 ppm dose level was also associated with statistically
significantly increased tri-iodothyroxine and thyrotrophin (TSH) blood
levels. These results are not consistent with expected changes since an
elevated TSH level is usually found with & decreased thyroxine level,
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Table 4

Group Mean Values (and Standard Deviations) for

Thyroid Blood Chemistry Tests in Male Rats Treated with

Clofentezine for 27 Months.

Observation

0

pose level (ppm)

10 40 400
Total tri-iodothyroxine {nmol/1) 2.0 2.1 19 1.9
, (0.6)  (0.5)  (0.3)  (0.3)
Thyroxine (nmol/1) 34 32 34 35
(8) (5)  (8) (6)
Thyroxine binding capacity 0.54 0.55 0.61 t 0.57
(0.06) (0.11) (0.10)  (0.08)
Free thyroxine index * 63 65 67 62
(14) (29) (12) (i3)
Free tri-iodothyroxine (pmol/l) 1.4 1.6 1.4 <1.4
(0.5)  (1.0) (0.5) (=)
Free thyroxine (pmol/1) 13.4 14.7 17.2 19.9 tt
(6.3)  (7.6)  (5.6)  (6.6)
Thyrotrophin (ng/ml) 5.2 5.3 4.9 5.3
: (L.5)  (2.3) -(2.2) (l.6)

* calculated from thyroxine/thyroxine binding capacity.

t Statistically significantly different fram control (p<0.05; t test).
tt Statistically significantly different from control (p<0.0l; t test).

Effects of Clofentezine on Thyroid Function in Male Rats

Table 5

Treated with Clofentezine in the Diet for 6 Weeks

0 400 30,000
Tri-iodothyroxine (nmol/1) 0.9 1.0 1.1%
Thyroxine (nmol/1). 54 62* (3 Akl
Thyroxine binding capacity 0.77 0.79 0.71
Free thyroxine indext n 84 9g**
Thyrotrophin (ng/ml) 5.4 5.7 9,0*

Dose level (ppm)

_* Statistically significantly different fram control (p<0.05; t test).
** Statistically significantly different from control (p<0.0l; t test).
*** gStatistically significantly different fran control (p<0.001; t test).
t Calculated from thyroxine/thyroxine binding capacity.

008783
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C. Thyroid Hormone Clearance

A metabolism study in which rats were given daily doses of 20 mg clofen-
tezine per kg body weight for up to 10 days showed that the pesticide and
its metabolites did not accumulate in the thyroid gland. 1In another:
study, thyroid iodine uptake was increased by clofentezine after 4 months
in rats given a 30,000 ppm diet (see Table 6). These results suggested
that the pesticide did not dlrectly affect the thyroid gland.

‘Table 6

Iodine Uptake in the"Thyroid Gland (Mean cpm/&hyroid)
in Clofentezine-Treated Male Rats.

' Dose (ppm) *
Observation 0 30,000
6 hours after 125;— 113,400 189,600
thyroxine administration 423,600 +54,600 t
24 hours after 1251- 163,500 210,200
thyroxine administration 453,700 465,000

t+ P < 0.01, Mann Whitney teét.'

Additional experiments were conducted to characterize the indirect effects
of clofentezine on the thyroid. Same of those studies in which male rats
were given diets containing 0 or 30,000 pfm clofentezine for two to five
weeks followed by an intravenous dose of 51~ thyroxine showed the following:

1. Bile flow rate in clofentezine treated rats was nearly twice
that in control rats.

2. Fecal excretion of 1251 label over a 72 hour period rose from
approximately 26% of the administered radioactivity in control
rats to 40% in pretreated rats. Urinary excretion fell fram 27%
in the control rats to 15% of the administered thyroxine dose in
pretreated rats. Total recovery of the radiolabel in urine and
feces of control rats is approximately 53% in the control group
and 55% in the clofentezine treated group.

3. The mean concentration of radioactivity in the blood of test
rats 72 hours after administration was reported to be 0.058 and
0.029 ug/kg in the control and pretreated groups, respectively.

Thyrox1ne half-life values (time required for half of a given concentration
of (12571)- ~thyroxine to be eliminated from the body) were measured in two
groups Of male rats before and after they were given diets contalnlng 0

or 30,000 ppm clofentezine for a period of 29 days. Table 7 summarizes

the results. No statistically significant differences between the treated
and control group were noted after clofentezine administration, but there
was a statistically significant difference with respect to the mean change
in measurements before and after clofentezine treatment. This statistically
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significant change can not be considered biologically significant without
statistically significant differences in the half-life values determined
after the 29-day treatment perlod
Table 7

Mean Half-life (hours) for Thyroxine in the Blood
of Clofente21ne—Treated Male Rats.

Dose (ppm)*
| 0 30,000,

Before treatment with - 16.70 17.05
clofentezinz © o 41.09 +1.08

After treatment with 17.61  16.42
clofentezine ; +1.62 +1.44

Mean change (hours) + 0.91 - 0.64 **

during 1 month test period +1.91 +1.18

* Test diets were administered to rats for one month.
** p < 0.05, Mann whitney test.

A greater proportion of administered 1251 recovered in the bile of pre-
treated rats was associated with thyroxine metabolites than was observed

in untreated control rats (see Table 8). This conclusion was based on

the decreased amount of thyroxine associated 1257 jdentified in the bile.
The amounts of glucuronide conjugate recovered fram control and clofentezine
treated rats were similar which is not consistent with the hypothesis that
thyroxine metabolism was increased by clofentezine treatment, and other
metabolites were not identified to support the conclusion.

Table 8

Proportion of 1231 Associated with Thyroxine and Its
Metabolites in Bile from Clofentezine-Treated Male Rats.

Dose _(ppm)
Observation 0 30,000
Thyroxine . - 16.52 5.55
Thyroxine glucuronide 11.73 11.91

Total identified 28.25 17.46

Per cent of ;
administered radiolabel 6.4 10.2
recovered from bile **

* Per cent of total amaunt of radiolabeled iodine in
the bile recovered during a 4-hour period following
administration of 1251-thyroxine. .
** Total amount of dose recovered during a 4-hour 171
period.
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There was an increase in the iodine uptake by thyfoid‘glands in male rats
treated with clofentezine (see Table 9) indicating that the chemical is
associated with an increase in synthesis of thyroid hormones.

Table 9

Thyroid Iodine Uptake (mean cpm/thyroid)

Dose (ppm)*
0 30,0060
6 hours after 1251- 113,400 189,600
thyroxine adm;pistration 423,600 +54,600 t
24 hours after 1251~ 163,500 210,200
thyroxine administration 453,700 +65,000

t+ P < 0.01, Mann Whitney test.

These studies indicate that clofentezine increased the bile flow rate,
shifted the excretion pattern toward the feces, and reduced blood levels
of exogenous thyroxine. However, thyroxine half-life values were not
significantly decreased, and the total excretion of administered thyroxine
for control and clofentezine treated rats was not greatly altered by a
dietary level of 30,000 ppm.

Although these results suggest that clofentezine changes the excretion
pattern and possibly the metabolism for exogenous thyroxine, they do not
clearly demonstrate that the pesticide enhances clearance of thyroxine in
rats.

D. Progression of Lesions

As noted above in Section III. A., the incidence and severity of hyper-
trophy in the chronic feeding study was dose-related (see Table 2).
Although there were no statistically significant differences or trends,
the incidence of hyperplasia suggested a dose-related trend for that
lesion could be possible over a broader dose range than the one used in
the chronic feeding study.

E. Other Studies

1. Reversibility of Thyroid Lesions

There were limited data suggesting that hypertrophy is reversible in male
rats given diets containing 3000, 9000, or 27,000 ppm clofentezine for 9
weeks (see Table 10). Similar results were obtained with observations of
colloid depletion (see Table 11).
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 ‘rable 10

Reversible of follicular cell hypertrophy in rats given diets
containing clofentezine for various times.

Dose level (ppm)
Observation ' _ k _0_ 3000 9000 27,00

After'9 weeks -

Number examinedi 5

5 4 3

Absent 2 0 ' 0 0
Minimal 1 0 0 0
Slight 1 3. 1 1
Moderate 1 2 3 2
Severe 0 6 0 0
Very Severe 0 0 0 0

After 13 weeks
Number examined 8 10 | 10 10
Absent 1 0 0 0
Minimal . 2 0 0 0
Slight 3 4 2 5
Moderate 2 6 8 5
Severe 0 0 0 0
Very Severe 0 0 0 0
After 9 weeks + 4 weeks recovery

Number examined 5 4 4 4
Absent 1 2 2 1
Minimal 0 0 0 1
Slight 3 2 2 2
Moderate 1 0 0 0
Severe 0 0 0 0
Very Severe 0 0 0 0
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Table 11

Reversible of colloid depletion in thyroid
glands of male rats given diets containing
clofentezine for various times.

. . pose level (ppm) -
Observation 0 3000 90060 27,00

;"After 9 weeks

_Number examined - =~ ‘ 5 5 4 3
Absent " 4 0 o 0
Minimal 1 0 0 0
Slight 0 1 1 1
Moderate 0 2 0 1
Severe 0 2 3 1
Very Severe 0 0 0 0

. After 13 weeks
Number examined 8 10 10 10
Absent 4 0 0 1
Minimal 2 1 0 2
- 8light 2 0 3 1
Moderate 0 3 2 6
Severe 0 6 5 0
very Severe 0 0 0 0
After 9 weeks + 4 weeks recovery
Number examined . 5 4 4 4
Absent 1 2 2 0
Minimal 0 1 0 2
Slight 1 1 2 1
Moderate 3 0 0 0
Severe 0 0 0 1
very Severe 0 0 0 0
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2. Liver Activity

Section I. A. above statedithat clofentezine is expected to increase
liver enzyme activity causing increased metabolism of thyroxine. Liver
microsomal and mixed function oxidase enzyme activity was measured in
several studies in rats given clofentezine in their diets for 2 to 10
weeks at levels of 10 to 30,000 ppm.

Dietary levels of 400 and 30,000 ppm clofentezine administered for 4

weeks increased the activity of uridine diphosphoglucuronate glucuronyl
transferase (UDPGT) as indicated by the decrease.in absorbance of nitro-
..phenol at 405 nm {change in absorbance/minute/miligram microsomal protein).
Group mean values reported for the 0, 10, 40, 400, and 30,000 ppm dose
levels were 24, 27, 26, 43, and 101, respectively. The means for the 400
and 30,000 ppm dose groups were statistically significantly different

from the control group mean at p<0.0l1 and p<0.001, respectively.

In two other studies, male rats were given diets containing 0, 10, 40, or
400 ppm for 2 weeks. There were statistically significant increases in
cytochromes Py5g and Bg concentrations and in ethoxycoumarin de-ethylase
and aldrin epoxidase activities (see Table 12 below). - Liver weights rela-
tive to body weight were also statistically significantly increased by
the 400 ppm dose level.

After 8 weeks on diets containing 0, 40, or 27,000 ppm clofentezine, male
rats showed increases in aniline dehydroxylase activity and cytochrome
P450 and cytochrome Bg concentrations. In the 27,000 ppm dose group,
aniline dehydroxylase activity was approximately dauble that of the
control group, and the cytochrome P45 concentration was increased by
approximately 50% in comparison to the control group.

F. Structure Activity Relationships

Clofentezine is not structurally similar to other chemicals known to have
goitrogenic activity.

III. Summary

Because of the increased incidence of thyroid tumors in male rats in the
chronic feeding study, re-evaluations of thyroid slides and additional
studies of clofentezine's effects on the thyroid were conducted.

The re-evaluations of slides fram rats in chronic and subchronic studies

_ indicated that goitrogenic effects of the pesticide included dose-related
increases in the incidence and severity of follicular cell hypertrophy,

and an increased incidence of hyperplasia in treated male rats. 1In
short-term studies at high doses (3,000 to 30,000 ppm), follicular cell
hypertrophy was reversed in the three weeks following a 9-week treatment
period. Observation of hyperplasia was limited to the chronic feeding study,
and its incidence was not dose-related. Thyroid weights were increased
along with these microscopic changes but not in a statlstlcally signifi-

- cant manner.
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Table 12

Mixed Function Oxidase Activity in Male Rats after Two-
Weeks of Dietary Treatment with Clofentezine

Dose level (ppm)

Observation : ' 0 10 40 400
First study

Liver weight (g/100 g body weight) 2.82 2.96 . 3.02 3.31%
Microsomal protein concentration : : 3

(mg/g liver) ‘ 34.5 . 28.6** 31.7 32.6
Aniline dehydroxylase activity

(n moles/min/mg protein) 0.26 0.22 0.22 0.28
p-Nitroanisole demethylase activity

(n moles/min/mg protein) 6.05 6.51 5.73 6.52
Cytochrome Pg5g (n moles/g liver) 0.64 0.65 0.78%* 0.73*
Cytochrome B (n moles/mg protein) 0.21 0.27* 0.31%  0.33*%*

Second study - first trial

Liver weight (g/100 g body weight) 2.49 2.53 2.60 2.74%%
Protein concentration (mg/q liver) 25.4 26.1 22.1* 28.4%
Ethoxycoumarin de-ethylase

(nmoles/min/mg protein) 2.23 2.68 2.72*% 3.34%>
Aldrin epoxidase .

(nmoles/min/mg protein) 2.52 2.39 2.38 3.33*
Cytochrome P45 (n moles/g liver) 0.56 0.59 0.59 0.76**
Cytochrome B (n moles/mg protein) 0.24 0.26 0.27 0.36%*

Second study - second trial

Liver weight (g/100 g body weight) 2.61 2.56 2.56 2.62
Protein concentration (mg/g liver) 18.9 20.1 19.3 21.3%*
Ethoxycoumarin de-ethylase

(nmoles/min/mg protein) 1.31 1.50 1.40 1.57*
Aldrin epoxidase

(nmoles/min/mg protein) 0.42 0.46 0.45 0.52*
Cytochrome Pg5¢ (n moles/g liver) 0.54 0.58 0.60 0.67**
Cytochrame B (n moles/mq protein) 0.24 0.20* 0.19* 0.27

*Significantly different fram controls (p<0.05).
**gignificantly different fram controls (p<0.01).
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Clinical chemistry at the end of the chronic feeding study showed a
statistically significant increase in free thyroxine in amle rats given
the 400 ppm dose level without an increase in TSH levels. A high dose

of clofentezine (30,000 ppm) administered for 6 weeks increased thyroxine,
tri-iodothyroxine and TSH blood levels, but these increases are not
consistent with a classical thyroid-pituitary-hormone imbalance such as low
thyroxine levels associated with elevated TSH levels or h1gh thyroxlne
associated with low TSH levels. v

Clofentezine did not accumulate in the thyr01d glands of treated rats,
and the rate of iodine uptake was increased by the chemical. These..
results suggested that the chemical indirectly affected the thyroid gland
in rats, and several short-term studies were conducted to characterize
that effect. :

In same of theose studies, the pesticide increased the bile flow rate,
shifted the excretion pattern of thyroxine and its metabolites toward the
feces, and reduced blood levels of exogenous thyroxine. However, the
rate of clearance for exogenous. thyroxine was not significantly increased,

.. and the total recovery of administered thyroxine for control and clofen-

tezine treated rats was not greatly increased by a dietary level of
30,000 ppm (75 times the highest dose in the chronic feeding study).
Although these results suggest that clofentezine changes the excretion
pattern and possibly the metabolism for exogenous thyroxine, they do not
demonstrate that the effects are biologically significant in terms of the
conditions of the chronic feeding study (i. e., much lower dose levels
and much longer treatment of test animals).

Since the first step in the proposed mechanism for thyroid tumors associated
4ith clofentezine is liver enzyme induction, several liver function studies
Jere considered. These experiments indicated that dose levels from 400

opm to 30,000 ppm increased the concentration of cytochromes P45 and bg

ind 1ncreased the activity of anilin dehydrogenase, uridine diphospho-
jlucuronate glucuronyl transferase (UDPGT}, ethoxycoumarin de-ethylase

ind aldrin epoxidase. These results are consistent with increased bile

flow and changes in the thyroxine excretion pattern.




