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FOREWORD : This report presents the results of the bioassay of

4, 4'-thiodianiline conducted for the Carcinogenesis Testing
Program, Division of Cancer Cause and Prevention, National Cancer
Institute (NCI), National Institutes of Health, Bethesda,
Maryland. This is one of a series of experiments designed to

determine whether selected environmental chemicals have the
capacity to produce cancer in animals. Negative results, in

which the test animals do not have a greater incidence of cancer
than control animals, do not necessarily mean that the test
chemical is not a carcinogen, inasmuch as the experiments are
conducted under a limited set of circumstances. Positive results
demonstrate that the test chemical is carcinogenic for animals
under the conditions of the test and indicate that exposure to

the chemical is a potential risk to man. The actual
determination of the risk to man from animal carcinogens requires
a wider analysis.

CONTRIBUTORS : This bioassay of 4 ,
4' -thiodianiline was conducted

by Southern Research Institute, Birmingham, Alabama, initially
under direct contract to NCI and currently under a subcontract to

Tracor Jitco, Inc., prime contractor for the NCI Carcinogenesis
Testing Program.

The experimental design and doses were determined by Drs. D. P.

Griswold^, J. D. Prejean^, E. K. Weisburger^, and J. H.

We isburger^ » ^ . Ms. J. Belzer^- and Mr. I. Brown^ were responsible
for the care and feeding of the laboratory animals. Data
management and retrieval were performed by Ms. C. A. Dominick^.
Histopathologic examinations were performed by Drs. S. D.

Kosanke^ and J. C. Peckham-*-, and the diagnoses included in this
report represent their interpretation.
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Animal pathology tables and survival tables were compiled at EG&G
Mason Research Institute^. The statistical analyses were
performed by Dr. J. R. Joiner^, using methods selected for the
bioassay program by Dr. J. J. Gart®. Chemicals used in the
bioassay were analyzed under the direction of Dr. E. Murrill^,
and analytical results were reviewed by Dr. S. S. Olin^.

This report was prepared at Tracor Jitco^ under the direction of

NCI. Those responsible for the report at Tracor Jitco were
Dr. Marshall Steinberg, Director of the Bioassay Program; Dr. L.

A. Campbell, Deputy Director for Science; Drs. J. F. Robens and
C. H. Williams, toxicologists; Dr. R. L. Schueler, pathologist;
Dr. G. L. Miller, Ms. L. A. Waitz, and Mr. W. D. Reichardt,
bioscience writers; and Dr. E. W. Gunberg, technical editor,
assisted by Ms. Y. E. Presley.

The statistical analysis was reviewed by members of the
Mathematical Statistics and Applied Mathematics Section of NCI®:

Dr. John J. Gart, Mr. Jun-mo Nam, Dr. Hugh M. Pettigrew, and Dr.

Robert E. Tarone.

The following other scientists at NCI were responsible for

evaluating the bioassay experiment, interpreting the results, and
reporting the findings:

Dr. Kenneth C. Chu
Dr. Cipriano Cueto, Jr.

Dr. J. Fielding Douglas
Dr. Dawn G. Goodman
Dr. Richard A. Griesemer
Dr. Harry A. Milman
Dr. Thomas W. Orme
Dr. Robert A. Squire®
Dr. Jerrold M. Ward

^-Southern Research Institute, 2000 Ninth Avenue South,
Birmingham, Alabama.
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SUMMARY

A bioassay of 4,4'-thiodianiline for possible carcinogenicity was
conducted by administering the test chemical in feed to Fischer
344 rats and B6C3F1 mice.

Groups of 35 rats and 35 mice of each sex were administered

4, 4'-thiodianiline 5 days per week at one of the following doses,

either 1,500 or 3,000 ppm for the rats and either 2,500 or 5,000
ppm for the mice. The period of administration of the chemical
was 68-72 weeks for the rats and 77 or 79 weeks for the mice,

depending on the length of survival time of the animals. Matched
controls consisted of groups of 15 untreated rats and 14

untreated mice of each sex. All surviving matched-control rats

were killed at 104 weeks; all surviving matched-control mice were
killed at 91 weeks.

The administration of 4,4'-thiodianiline resulted in marked
reduction in mean body weights of the rats and mice of each sex,

and all dosed animals died prior to the scheduled end of the

study.

Tumors of epithelial origin were found in many organs, and all
dosed rats except one were affected at one or more sites (males:
skin, ear canal, lungs, liver, colon, and thyroid; females: ear
canal, lung, liver, thyroid, and uterus). These tumors were not
found among any of the matched-control animals.

In male rats, several of these neoplastic lesions occurred with
statistically significant incidences in one or both of the dosed
groups. The incidences of hepatocellular carcinoma (controls
0/15, low-dose 21/33, high-dose 10/33) and of follicular-cell
carcinoma of the thyroid (controls 0/15, low-dose 28/33, high-
dose 32/33) were significant in each of the groups at P <_ 0.014.
The combined incidences of squamous-cell carcinoma and
squamous-cell papilloma of the ear canal in the low- and high-
dose groups of males were both significantly higher (low-dose P =

0.001, high-dose P = 0.037) than that in the control group
(controls 0/15, low-dose 15/33, high-dose 8/33). The first such
tumor in the high-dose group was observed at 25 weeks.
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Also in low-dose male rats, squamous-cell papilloma of the skin
occurred in 4/33 animals, and squamous-cell carcinoma of the skin
in 1/33, but no tumors of either type occurred in the controls.
The incidences of these lesions were too low to have statistical
significance. The majority of the squamous-cell tumors of the
skin were located in one area near the commissure of the mouth.
Only one such tumor occurred among the 235 historical-control
male rats at this laboratory; thus, the tumors of the skin may be
associated with administration of the chemical. Adenocarcinoma
of the colon occurred in six low-dose male rats and in one high-
dose male rat, but not in any of the controls. This incidence is

not statistically significant; however, no such tumors occurred
among the 235 historical-control male rats at this laboratory;
thus, the tumors of the colon are considered to be related to

administration of 4, 4'-thiodianiline.

In female rats, the incidences of hepatocellular adenoma or

carcinoma in the dosed groups were greater than those in the
controls, but not statistically significant (controls 0/15, low-
dose 6/32, high-dose 3/33). Follicular-cell carcinoma of the

thyroid and adenocarcinoma of the uterus occurred in the females
administered the test chemical at statistically significant
incidences (P < 0.001) in both dosed groups (follicular-cell
carcinoma: controls 0/14, low-dose 24/33, high-dose 32/32;
adenocarcinoma: controls 0/15, low-dose 31/33, high-dose 23/32).
Squamous-cell papilloma or carcinoma of the ear canal occurred at

increased, but not statistically significant, incidences in
female rats (controls 0/15, low-dose 6/33, high-dose 3/33).
However, no such tumors occurred among the 235 historical-control
female rats at this laboratory; thus, the tumors of the ear canal
are considered to be related to administration of the chemical.

In mice of each sex, the incidence of hepatocellular carcinoma
was statistically significant (P < 0.001) in each of the dosed
groups (males: controls 1/13, low-dose 32/34, high-dose 22/24,

females: controls 0/12, low-dose 32/34, high-dose 30/31). In

the males, follicular-cell carcinoma of the thyroid occurred at

statistically significant incidences (P <_ 0.001) in both the low-
and high-dose groups (controls 0/14, low-dose 15/33, high-dose
20/23). In the females, the incidence was significant (P =

0.002) only at the high dose (controls 0/11, high-dose 15/30);
however, when follicular-cell adenoma and carcinoma were
combined, the incidences in both the low- and high-dose groups of
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females were significantly higher (low-dose P = 0.025, high-dose
P < 0.001) than that in the control group (controls 0/11, low-
dose 11/33, high-dose 18/30).

It is concluded that under the conditions of this bioassay,

4, 4'-thiodianiline was carcinogenic for Fischer 344 rats,
inducing tumors in the liver, thyroid, colon, and ear canal of

male rats, and the thyroid, uterus, and ear canal of female rats.

4 ,

4'
-Thiodianiline was carcinogenic for B6C3F1 mice, inducing

tumors in the liver and thyroid of both males and females.
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I. INTRODUCTION

4 ,

4
' -Thiodianiline (CAS 139-65-1; NCI C01707) is an intermediate

in the manufacture of several diazo dyes (Am. Assoc. Text. Chem.

Color., 1958). It is an analog of 4, 4'-sulf onyldianiline, which

is the antileprosy drug dapsone; 4 ,
4' -sulf onyldianiline differs

from 4, 4'-thiodianiline by the oxidation of the sulfide linkage

to the sulfone. 4,
4' -Thiodianiline has been considered to be

weakly active in inducing mammary tumors in female Sprague-

Dawley rats (Griswold et al. , 1968).

4 ,
4' -Thiodianiline was selected for the Carcinogenesis Testing

Program because of this activity and for comparison with the

analog 4, 4'-sulf onyldianiline, which was tested at the same time.
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II. MATERIALS AND METHODS

A. Chemical

The 4 ,
4' -thiodianiline used in the chronic study was manufactured

by Carroll Products, Wood River Junction, Rhode Island. Its

stated purity was 97% (nitrite absorption). Purity as determined

by nonaqueous titration of the amine groups was 99.11 + 0.01%.

Thin-layer chromatography (tic) revealed one impurity at the

origin and three trace impurities. The trace impurities were

shown by two-dimensional chromatography to result from

decomposition of 4 ,
4' -thiodianiline on the tic plate. One

impurity, estimated as 0.05%, was detected by vapor-phase

chromatography. The melting point was 107-109°C (literature:

108-109°C). Elemental analyses (C , H, N, S) were correct for

C 12H 12N 2S, the molecular formula of the chemical. Infrared and

nuclear magnetic resonance spectra were consistent with spectra

for 4, 4'-thiodianiline in the literature.

The single batch of the chemical used in the chronic studies was

stored at 5°C in amber bottles.

B . Dietary Preparation

Test diets were prepared every 2 weeks by mixing a known amount

of sifted 4,
4' -thiodianiline with a small amount of Wayne® Lab
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Blox animal meal (Allied Mills, Inc., Chicago, 111.) in a

portable mixer, then adding this mixture to the required amount

of animal meal and mixing in a twin-shell blender for 10 minutes.

No analyses of concentration or determinations of stability of

the chemical in feed were performed. The prepared diets were

stored at room temperature in sealed plastic containers.

C . Animals

For the subchronic studies, male Sp rague-Dawley rats and male

Swiss mice were obtained from Charles River Breeding

Laboratories, Inc. , Wilmington, Massachusetts.

For the chronic studies, male and female Fischer 344 rats and

B6C3F1 mice were obtained from Charles River Breeding

Laboratories. On arrival at the laboratory, the animals, which

were 30 or 31 days of age, were quarantined (rats for 17 days,

mice for 16 days). Animals with no clinical signs of disease

were then assigned to control or dosed groups and earmarked for

individual identification.

D. Animal Maintenance

All animals were housed in temperature- and humidity-controlled

rooms. The temperature range was 20-24°C, and the relative

humidity was maintained at 40-60%. Room air was changed 15 times
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per hour and passed through both intake and exhaust fiberglass

roughing filters. In addition to natural light, illumination was

provided by fluorescent light for 9 hours per day. Food and

water were supplied daily and were available end libitum .

Rats were housed five per cage and mice seven per cage in solid-

bottom stainless steel cages (Hahn Roofing and Sheet Metal Co.
,

(R)

Birmingham, Ala.). The rat cages were provided with Iso-Dri

hardwood chip bedding (Carworth, Edison, N.J.), and the cage tops

were covered with disposable filter bonnets; the mouse cages were

provided with Sterolit® clay bedding (Englehard Mineral and

Chemical Co., New York, N.Y.). Bedding was replaced once per

week; cages, water bottles, and feeders were sanitized at 82°C

once per week; and racks were cleaned once per week.

The rats and mice were housed in separate rooms. Control animals

were housed with respective dosed animals. Animals administered

4 , 4'-thiodianiline were maintained in the same rooms as animals

of the same species administered the following chemicals:

RATS

Feed Studies

4-acetyl-N-( (cyclohexylamino) carbonyl )benzenesulf onamide
(acetohexamide) (CAS 968-81-0)

anthranilic acid (CAS 118-92-3)
l-butyl-3- (p-tolylsulf onyl)urea (tolbutamide) (CAS 64-77-7)
4-chloro-N-( (propyl ami no) carbonyl )benzenesulf onamide

(chlorpropamide) (CAS 94-20-2)
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5-(4-chlorophenyl)-6-ethyl-2, 4-pyr imidinediamine
(pyrimethamine) (CAS 58-14-0)

2 , 6-diamino-3-(phenylazo) pyridine hydrochloride (phenazopyridine
hydrochloride) (CAS 136-40-3)

L-tryptophan (CAS 73-22-3)
N-9H-f luoren-2-ylacetamide (CAS 53-96-3)
N- (

p- 1 oluenesulf onyl ) -N '-hexame thyleniminourea
(tolazamide) (CAS 1156-19-0)

1-phenethylbiguanide hydrochloride (phenformin) (CAS 114-86-3)
pyrazinecarboxamide (pyrazinamide) (CAS 98-96-4)
4, 4'-sulf onyldianiline (dapsone) (CAS 80-08-0)
ethionamide (CAS 536-33-4)

MICE

Feed Studies

4-acetyl-N-( (cyclohexylamino) carbonyl )benzenesulf onamide
(acetohexamide) (CAS 968-81-0)

anthranilic acid (CAS 118-92-3)

l-butyl-3-(p-tolylsulfonyl)urea (tolbutamide) (CAS 64-77-7)

4-

chloro-N-( (propyl amino) carbonyl )benzenesulf onamide
(chlorpropamide) (CAS 94-20-2)

5-

(4-chlorophenyl)-6-ethyl-2 , 4-pyr imidinediamine
(pyrimethamine) (CAS 58-14-0)

2 »6-diamino-3-(phenylazo)pyridine hydrochloride (phenazopyridine
hydrochloride) (CAS 136-40-3)

L-tryptophan (CAS 73-22-3)
N-9H-f luoren-2-ylacetamide (CAS 53-96-3)
N- (p-t oluenesulf onyl) -N '-hexame thyleniminourea

(tolazamide) (CAS 1156-19-0)
1-phenethylbiguanide hydrochloride (phenformin) (CAS 114-86-3)

pyrazinecarboxamide (pyrazinamide) (CAS 98-96-4)

4 , 4'-sulf onyldianiline (dapsone) (CAS 80-08-0)
ethionamide (CAS 536-33-4)

Gavage Studies

cholesterol (p-(bis (2-chloroethyl)amino) phenyl) acetate
(phenesterin) (CAS 3546-10-9)

estradiol bis( (p-(bis(2-chloroethyl)amino)phenyl)acetate)
(estradiol mustard) (CAS 22966-79-6)

Intraperitoneal Injection Studies

4' - (9-acridinylamino)methansulfon-m-aniside monohydrochloride
(MAAM) (NSC 141549)

6



acronycine (CAS 7008-42-6)

5-azacy tidine (CAS 320-67-2)

beta-2' -deoxy-6-thioguanosine monohydrate (beta-TGdR)

(CAS 789-61-7)

1 , 4-butanediol dimethanesulf onate (busulfan) (CAS 55-98-1)

emetine dihydrochloride tetrahydrate (CAS 316-42-7)

3, 3'-iminobis-l-propanol dimethanesulf onate (ester)

hydrochloride [IPD] (CAS 3458-22-8)

(+ )-4,
4'

-( 1 -methyl-

1

, 2-ethanediyl)bis-2, 6-piperazinedione
(ICRF-159) (CAS 21416-87-5)

N, 3-bis (2-chloroethyl) tetrahydro-2H-l , 3, 2-oxazaphosphorin-2-
amine-2-oxide (isophosphamide) (CAS 3778-73-2)

N-( 2-chloroethyl )-N-( 1 -me thyl-2-phenoxy ethyl ) benzylamine
hydrochloride (phenoxybenzamine) (CAS 63-92-3)

N-( l-methylethyl)-4-( ( 2-me thylhydrazino) me thyl)benz amide
monohydrochloride (procarbazine) (CAS 366-70-1)

t ris

(

1-aziridinyl) phosphine sulfide (thio-TEPA) (CAS 52-24-4)

2 , 4 , 6-tris (dimethylamino)-s-triazine (CAS 645-05-6)

E. Subchronic Studies

Subchronic feeding studies were conducted to estimate the maximum

tolerated doses of 4, 4'-thiodianiline, on the basis of which low

and high concentrations (hereinafter referred to as "low doses"

and "high doses") were determined for administration in the

chronic studies. Male Sprague-Dawley rats were administered the

chemical in feed at concentrations of 1,200, 3,000, 6,000,

15,000, or 30,000 ppm. Male Swiss mice were administered the

chemical at concentrations of 2,000, 5,000 10,000, 25,000, or

50,000 ppm. The animals were fed the test diet 7 days per week

for 45 days and were then observed for an additional 45 days.

Five male animals of each species were dosed at each concentra-
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tion, and 20 male animals of each species were maintained as

untreated controls.

At 45 days, the mean body weight gain in rats administered 1,200

ppm was 56% of that of the controls; at 3,000 ppm, 27%; and at

6.000 ppm, 10%. The mean body weights of animals administered

15.000 ppm were below the initial mean. At 90 days, mean body

weights of the dosed groups were still less than those of the

controls. All rats fed at 30,000 ppm died during week 3 on

study, and one animal fed at 3,000 ppm died during week 2. No

gross abnormalities were found at necropsy. For rats, the low

and high doses for the chronic studies were set at 1,500 and

3.000 ppm.

At 45 days, the mean body weight gain in mice administered 2,000

ppm was 77% of that of the controls; at 5,000 ppm, 46%; and at

10.000 ppm, 46%. At 90 days, mice administered 2,000 or 10,000

ppm had mean body weight gains which were comparable to those of

controls. In the group administered 5,000 ppm, however, mean

body weight gain was only 65% of that of the controls. All mice

fed diets containing 25,000 or 50,000 ppm had died by week 3, and

two animals fed a diet containing 10,000 ppm died during week 3.

No gross abnormalities were found at necropsy. For mice, the low

and high doses for the chronic studies were set at 2,500 and

5.000 ppm.
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F. Designs of Chronic Studies

The designs of the chronic studies are shown in tables 1 and 2.

The time on study varied slightly for the dosed groups, because

of differences in the times of death.

G. Clinical and Pathologic Examinations

All animals were observed twice per day for signs of toxicity,

and animals that were moribund were killed and necropsied. Rats

and mice were weighed once every 2 weeks for the entire study.

Palpation for masses was carried out at each weighing.

The pathologic evaluation consisted of gross and microscopic

examination of major tissues, major organs, and all gross lesions

from killed animals and from animals found dead. The following

tissues were examined microscopically: skin, muscle, lungs and

bronchi, trachea, bone and bone marrow, spleen, lymph nodes,

thymus, heart, salivary gland, liver, gallbladder and bile duct

(mice), pancreas, esophagus, stomach, small intestine, large

intestine, kidney, urinary bladder, pituitary, adrenal, thyroid,

parathyroid, mammary gland, prostate or uterus, testis or ovary,

brain, and sensory organs. Whenever possible, peripheral blood

smears were prepared from each animal. Occasionally, additional

tissues were also examined microscopically. The different

tissues were preserved in 10% buffered formalin, embedded in

9



Table 1. Design of 4 ,
4' -Thiodianiline Chronic Feeding Studies in Rats

Sex and Initial
4,

4' -Thio-
dianiline T ime on Study

Test No. of in Diefb Dosed Observed
Group Animals 3 (ppm) (weeks) (weeks

)

Male

Matched-Control 15 0 104

Low-Dose 35 1,500 68 c

High-Dose 35 3,000 68c

F emale

Matched-Control 15 0 104

Low-Dose 35 1,500 72 c

High-Dose 35 3,000 69c

All rats were 47 or 48 days of age when placed on study.

^Dosed animals were fed test diets 5 days per week and control
diets 2 days per week.

Administration of the chemical to rats terminated at the times

indicated due to death of all animals.
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Table 2. Design of 4, 4'-Thiodianiline Chronic Feeding Studies in Mice

Sex and Initial
4, 4'-Thio-
dianiline Time on Study

Test No. of in Diet^ Dosed Observed
Group Animalsa (ppm) (weeks) (weeks

)

Male

Ma tched-Control 14 0 91

Low-Dose 35 2,500 79c

High-Dose 35 5,000 77 c

Female

Matched-Control 14 0 91

Low-Dose 35 2,500 79 c

High-Dose 35 5,000 77 c

aAll mice were 46 or 47 days of age when placed on study.

^Dosed animals were fed test diets 5 days per week and control
diets 2 days per week.

Administration of the chemical to mice terminated at the times
indicated due to death of all animals.

11



paraffin, sectioned, and stained with hematoxylin and eosin.

Special staining techniques were utilized when indicated for more

definitive diagnosis.

A few tissues from some animals were not examined, particularly

from those animals that died early. Also, some animals were

missing, cannibalized, or judged to be in such an advanced state

of autolysis as to preclude histopathologic evaluation. Thus,

the number of animals from which particular organs or tissues

were examined microscopically varies, and does not necessarily

represent the number of animals that were placed on study in each

group

.

H. Data Recording and Statistical Analyses

Pertinent data on this experiment have been recorded in an auto-

matic data processing system, the Carcinogenesis Bioassay Data

System (Linhart et al. , 1974). The data elements include descrip-

tive information on the chemicals, animals, experimental design,

clinical observations, survival, body weight, and individual

pathologic results, as recommended by the International Union

Against Cancer (Berenblum, 1969). Data tables were generated for

verification of data transcription and for statistical review.

These data were analyzed using the statistical techniques

described in this section. Those analyses of the experimental

12



results that bear on the possibility of carcinogenicity are

discussed in the statistical narrative sections*

Probabilities of survival were estimated by the product-limit

procedure of Kaplan and Meier (1958) and are presented in this

report in the form of graphs. Animals were statistically

censored as of the time that they died of other than natural

causes or were found to be missing; animals dying from natural

causes were not statistically censored. Statistical analyses for

a possible dose-related effect on survival used the method of Cox

(1972) for testing two groups for equality and Tarone's (1975)

extensions of Cox's methods for testing for a dose-related trend.

One-tailed P values have been reported for all tests except the

departure from linearity test, which is only reported when its

two-tailed P value is less than 0.05,

The incidence of neoplastic or nonneoplastic lesions has been

given as the ratio of the number of animals bearing such lesions

at a specific anatomic site (numerator) to the number of animals

in which that site is examined (denominator). In most instances,

the denominators included only those animals for which that site

was examined histologically. However, when macroscopic

examination was required to detect lesions prior to histologic

sampling (e.g., skin or mammary tumors), or when lesions could
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lymphomas), thehave appeared at multiple sites (e.g.,

denominators consist of the numbers of animals necropsied.

The purpose of the statistical analyses of tumor incidence is to

determine whether animals receiving the test chemical developed a

significantly higher proportion of tumors than did the control

animals. As a part of these analyses, the one-tailed Fisher

exact test (Cox, 1970) was used to compare the tumor incidence of

a control group with that of a group of dosed animals at each

dose level. When results for a number of dosed groups (k) are

compared simultaneously with those for a control group, a

correction to ensure an overall significance level of 0.05 may be

made. The Bonferroni inequality (Miller, 1966) requires that the

P value for any comparison be less than or equal to 0.05/k. In

cases where this correction was used, it is discussed in the

narrative section. It is not, however, presented in the tables,

where the Fisher exact P values are shown.

The Cochran-Armitage test for linear trend in proportions, with

continuity correction (Armitage, 1971), was also used. Under the

assumption of a linear trend, this test determines if the slope

of the dose-response curve is different from zero at the one-

tailed 0.05 level of significance. Unless otherwise noted, the

direction of the significant trend is a positive dose relation-
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ship. This method also provides a two-tailed test of departure

from linear trend.

A time-adjusted analysis was applied when numerous early deaths

resulted from causes that were not associated with the formation

of tumors. In this analysis, deaths that occurred before the

first tumor was observed were excluded by basing the statistical

tests on animals that survived at least 52 weeks, unless a tumor

was found at the anatomic site of interest before week 52. When

such an early tumor was found, comparisons were based exclusively

on animals that survived at least as long as the animal in which

the first tumor was found. Once this reduced set of data was

obtained, the standard procedures for analyses of the incidence

of tumors (Fisher exact tests, Cochran-Armitage tests, etc.) were

followed.

When appropriate, life-table methods were used to analyze the

incidence of tumors. Curves of the proportions surviving without

an observed tumor were computed as in Saffiotti et al. (1972).

The week during which an animal died naturally or was sacrificed

was entered as the time point of tumor observation. Cox's

methods of comparing these curves were used for two groups;

Tarone's extension to testing for linear trend was used for three

groups. The statistical tests for the incidence of tumors which

used life-table methods were one-tailed and, unless otherwise
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noted, in the direction of a positive dose relationship. Signifi-

cant departures from linearity (P < 0.05, two-tailed test) were

also noted.

The approximate 95 percent confidence interval for the relative

risk of each dosed group compared with its control was calculated

from the exact interval on the odds ratio (Gart, 1971), The

relative risk is defined as p t /p c where p t is the true binomial

probability of the incidence of a specific type of tumor in a

dosed group of animals and p c is the true probability of the

spontaneous incidence of the same type of tumor in a control

group. The hypothesis of equality between the true proportion of

a specific tumor in a dosed group and the proportion in a control

group corresponds to a relative risk of unity. Values in excess

of unity represent the condition of a larger proportion in the

dosed group than in the control.

The lower and upper limits of the confidence interval of the

relative risk have been included in the tables of statistical

analyses. The interpretation of the limits is that in

approximately 95% of a large number of identical experiments, the

true ratio of the risk in a dosed group of animals to that in a

control group would be within the interval calculated from the

experiment. When the lower limit of the confidence interval is

greater than one, it can be inferred that a statistically signifi-
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cant result (P < 0.025 one-tailed test when the control incidence

is not zero, P < 0.050 when the control incidence is zero) has

occurred. When the lower limit is less than unity, but the upper

limit is greater than unity, the lower limit indicates the

absence of a significant result while the upper limit indicates

that there is a theoretical possibility of the induction of

tumors by the test chemical, which could not be detected under

the conditions of this test.
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III. RESULTS - RATS

A. Body Weights and Clinical Signs (Rats)

Mean body weights of low- and high-dose groups of rats of each

sex were markedly depressed in comparison with those of the

controls during the entire period of administration of the

chemical (figure 1). Fluctuations in the growth curve may be due

to mortality; as the size of a group diminishes, the mean body

weight may be subject to wide variation. Several dosed rats had

palpable masses in the external ear canal. No other clinical

signs associated with administration of 4 ,
4' -thiodianiline were

recorded.

B . Survival (Rats)

The Kaplan and Meier curves estimating the probabilities of

survival for male and female rats fed 4 ,
4' -thiodianiline in the

diet at the doses of this bioassay, together with those of the

matched controls, are shown in figure 2.

In each sex, the result of the Tarone test for positive dose-

related trend in mortality is significant (P < 0.001), and a

significant departure from linear trend (P < 0.001) is observed

in male rats. In male rats, 18/35 (51%) of the high-dose group,

23/35 (66%) of the low-dose group, and all of the 15 matched
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control animals lived at least as long as week 52 on study. In

females, 21/35 (60%) of the high-dose group, 32/35 (91%) of the

low-dose group, and all of the 15 matched control animals lived

beyond 1 year on study.

C . Pathology (Rats)

Histopathologic findings on neoplasms in rats are summarized in

Appendix A, tables A1 and A2; findings on nonneoplastic lesions

are summarized in Appendix C, tables Cl and C2.

A variety of neoplasms occurred in both the control and dosed

groups. Some types of neoplasms occurred only, or with a greater

frequency, in rats of dosed groups when compared with controls.

These lesions are not uncommon in this strain of rat independent

of the administration of any chemical. However, many of the

tumors observed in the rats appeared to be chemically induced.

These tumors occurred at a high incidence in the dosed groups

when compared with the controls; most were malignant, and many

had metastasized to one or more locations. The incidences of

these tumors were as follows:
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RATS
Male Female

Con-
trol

Low
Dose

High
Dose

Con-
trol

Low
Dose

High
Dose

Skin* (15) (33) (33) (15) (33) (33)

Squamous-cell papilloma 0 4 0 0 0 0

Squamous-cell carcinoma 0 1 0 0 0 0

Ear Canal* (15) (33) (33) (15) (33) (33)

Squamous-cell papilloma 0 10 2 0 5 3

Squamous-cell carcinoma 0 5 6 0 1 0

Lungs** (15) (33) (33) (15) (32) (32)

Squamous-cell carcinoma 0 4 0 0 0 0

Alveolar/bronchiolar
adenoma 0 1 0 0 0 0

Alveolar/bronchiolar
carcinoma 0 3 0 0 2 0

Adenosquamous carcinoma 0 0 0 0 1 0

Liver** (15) (33) (33) (15) (32) (33)

Hepatocellular adenoma 0 2 2 0 1 2

Hepatocellular carcinoma 0 21 10 0 5 1

Colon** (15) (32) (33) (14) (33) (32)

Adenocarcinoma, NOS 0 6 1 0 0 0

(not otherwise specified)

Thyroid** (15) (33) (33) (14) (33) (32)

Follicular-cell adenoma 0 2 0 0 0 0

Follicular-cell
carcinoma 0 28 32 0 24 32

Uterus** (15) (33) (32)

Adenocarcinoma 0 31 23

*Number of rats necropsied
**Number of rats with tissue examined microscopically

The majority of squamous-cell tumors arising from the skin were

located near the commissure of the mouth. The squamous-cell

carcinomas were characterized by large, polyhedral cells that
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extended deep into the underlying dermis and subcutis. These

well-differentiated neoplastic cells had a large, vesicular

nucleus and prominent nucleolus, and many exhibited intercellular

bridges. Numerous keratin pearls and some individual cell

keratinization were also observed within the neoplasm.

Squamous-cell tumors involving the external ear canal and the

subcutaneous tissues adjacent to the ear canal were observed as

early as 25 weeks in male rats. They probably originated from

the sebaceous glands of the ear canals (Zymbal's glands). In

1/33 (3%) high-dose males and 1/33 (3%) low-dose males, the ear

canal papillomas were observed bilaterally. Squamous-cell

carcinomas were metastatic to the lungs in 1/33 (3%) high-dose

and 1/33 (3%) low-dose males. The morphology of the squamous-

cell carcinomas and papillomas involving the ear canal is well

documented (Pliss, 1973).

Malignant tumors arising from the lungs consisted of squamous-

cell carcinomas, alveolar-cell adenocarcinomas, and an

adenosquamous carcinoma. The morphology of the pulmonary

squamous-cell carcinomas resembled that described for the skin,

with marked keratinization and pearl formation being present.

Neoplastic squamous cells had invaded through the pleura and

transplanted to the parietal pleura in one case. The alveolar-

cell carcinomas were comprised of cuboidal to columnar cells
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aligned along the alveolar septa. Often the cells projected into

the alveolar spaces, resulting in the formation of numerous

papillary structures. The adenosquamous carcinoma present in one

low-dose female was comprised of poorly differentiated cells

arranged in a lobular pattern. The lobules were separated by a

fine f ibrovascular stroma. The neoplastic cells were character-

ized by a large vesicular nucleus and an eosinophilic cytoplasm.

Few nucleoli or mitotic figures were observed. A bronchiolar

adenoma was seen in one low-dose male.

In the hepatocellular carcinomas, there was considerable hepato-

cytomegaly, with many large hepatocytes having a large vesicular

nucleus and a finely vacuolated cytoplasm. The disorganized

hepatic cords were often surrounded by distended sinusoidal

spaces, resulting in a trabecular pattern. In 1/33 (3%) low-dose

males the neoplastic hepatocytes had invaded through the _apsule,

and numerous tumor transplantations were present throughout the

mesentery. These tumors were frequently multiple in individual

animals. Hepatocellular carcinomas had metastasized to the lungs

in 7/33 (21%) low-dose and 1/33 (3%) high-dose males.

The colonic adenocarcinomas, present in low-dose and high-dose

male rats, were polypoid-shaped masses comprised of large

columnar epithelial cells, having a large, basophilic, elongated

or flattened nucleus, and were attached to a fibrous connective
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tissue stalk. The neoplastic glandular epithelium was devoid of

mucous cells. The majority of the colonic masses were well

differentiated and probably represented carcinoma in situ;

however, in a few of the tumors the lymphatics of the lamina

propria had been infiltrated by neoplastic epithelial cells.

In the majority of rats involved, the thyroid follicular-cell

adenocarcinomas were bilateral in location. The neoplastic cells

were arranged primarily into acini with the high cuboidal to

columnar cells being aligned along a basement membrane. Many of

the acini had papillary infoldings of epithelial cells projecting

into the lumen, and the acini were separated by a fine

f ibrovascular stroma. The fibrous stroma was so abundant in some

tumors that a sclerotic adenocarcinoma resulted. Neoplastic cell

infiltration of blood vessels, lymphatics, and underlying

tracheal and esophageal tissues was a frequent finding.

Metastasis to the regional (mediastinal) lymph nodes was observed

in three high-dose males and in one high-dose female. Pulmonary

metastases were present in 17/33 (32%) high-dose and 15/33 (45%)

low-dose males and in 11/32 (34%) high-dose females. Also,

hepatic and splenic metastases were each observed in 1/33 (3%)

high-dose males. Thyroid follicular-cell adenomas were present

in 2/33 (6%) low-dose males.

Cells of the uterine adenocarcinomas had large, vesicular nuclei.
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and prominent eosinophilic nucleoli, and were arranged into

glands. The glands were usually separated by a fine fibrovas-

cular stroma; however, the stroma became so abundant in some

tumors that the result was a sclerotic adenocarcinoma. The

neoplastic endometrial glandular tissues both projected into the

uterine lumen and infiltrated the underlying muscle layers. In

12/33 (36%) low-dose and 2/33 (6%) high-dose rats the cells had

infiltrated through the uterine wall and transplanted to the

mesentery. Pulmonary metastasis was observed in 14/32 (44%)

low-dose females, and metastasis to the mesenteric (abdominal)

lymph nodes was observed in three low-dose females.

In addition to the neoplastic lesions, a number of degenerative,

proliferative, and inflammatory changes were also encountered in

animals of the dosed and control groups. Many of these

nonneoplastic lesions are commonly seen in aged rats; however,

some were considered to be chemically induced. The incidences of

the chemical-related lesions were as follows:
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RATS
Male Female

Con-
trol

Low
Dose

High
Dose

Con-
trol

Low
Dose

High
Dose

Lungs* (15) (33) (33) (15) (32) (32)

Epidermal inclusion cyst 0 5 0 0 2 0

Alveolar-cell hyperplasia
Squamous metaplasia (alveo-

0 15 0 0 13 2

lar and bronchiolar) 0 12 0 0 4 0

Liver*
Hyperplasia, nodular or

(15) (33) (33) (15) (32) (33)

NOS 0 4 10 0 1 9

Bile Duct**
Hyperplasia, NOS, or

(15) (33) (33) (15) (33) (33)

cystic 0 8 25 0 6 12

Thyroid*
Follicular-cell hyper-

(15) (33) (33) (14) (33) (32)

plasia 0 1 0 0 7 0

*Number of rats with tissue examined microscopically.
**Number of rats necropsied.

Squamous metaplasia of alveolar and bronchiolar epithelium was

often observed with inclusion cysts. The metaplastic as well as

the hyperplastic foci were often multiple or locally extensive,

and their incidence was highest in those dosed groups in which

the incidence of pulmonary squamous-cell carcinomas and alveolar-

cell adenocarcinomas were the highest.

The incidence of nodular hyperplasias of the liver was greatest

in the high-dose animals, whereas the incidence of liver tumors
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was greatest in the low-dose rats. The incidence of bile duct

hyperplasia paralleled that of nodular hepatocellular

hyperplasia.

Feeding Fischer 344 rats 4 ,
4' -thiodianiline for 18 months

resulted in an increased incidence of tumors in all dosed groups.

These, tumors were all epithelial in origin, and included

squamous-cell papillomas and a carcinoma of the skin; squamous-

cell V papillomas and carcinomas of the external ear canal;

squamous-cell carcinomas, alveolar-cell carcinomas, and a

bronchiolar adenoma of the lungs; hepatocellular adenomas and

/

carcinomas; adenocarcinomas of the colon; follicular-cell

% -

adenomas and carcinomas of the thyroid; and adenocarcinomas of

the uterus. Also, the high incidence of alveolar-cell hyper-

plasias and alveolar and bronchiolar squamous metaplasias with

inclusion cyst formation in the lungs, hepatocellular nodular

hyperplasias and bile duct hyperplasias ami thyroid

follicular-cell hyperplasias appeared to be chemically induced.

In the judgment of the pathologists, 4 ,
4' -thiodianiline was

carcinogenic for Fischer 344 rats under the conditions of this

study

,

D. Statistical Analyses of Results (Rats)

Tables El and E2 in Appendix E contain the statistical analyses
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of the incidences of those primary tumors that occurred in at

least two animals in one group and with an incidence of at least

5% in one or more than one group.

In male rats, the Fisher exact comparisons of the incidences of

hepatocellular carcinoma in dosed groups with that in the control

group show that the incidences in the low- and high-dose groups

are significantly higher than that in the control group (P <

0.001 and P = 0.014, respectively). These statistical tests

indicate that the incidence of hepatocellular carcinoma in male

rats is associated with 4 ,
4' -thiodianiline at the doses of this

experiment. Although the results of the Cochran-Armitage test

for positive dose-related trend on these incidences are not

significant, a significant departure from linearity is observed

(P < 0.001), because the incidence in the low-dose group is

higher than that in the high-dose group. This may reflect

differences in early mortality in the low- and high- dose groups.

In each sex, follicular-cell carcinomas of the thyroid are found

in high incidences in all the dosed groups (male rats: low-dose

28/33 [ 85 % ] , high-dose 32/33 [97%]; female rats: low-dose 24/33

[ 7 3% ] , high-dose 32/32 [100%]). The results of the Cochran-

Armitage test and of the Fisher exact test are all significant

(P < 0.001). Because there is a sharp increase of incidences in

the dosed groups, an indicated departure from linear trend is
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observed (males: P < 0.001; females: P = 0.025). The statistical

conclusion is that the incidence of follicular-cell carcinoma of

the thyroid in rats is associated with administration of the

chemical.

In male rats, the results of the Fisher exact test show that the

incidence of squamous-cell papilloma or carcinoma of the ear

canal in the low-dose group (15/33 [45%]) is significantly higher

(P = 0.001) than that in the controls. The results of the Fisher

exact comparison of incidences in the high-dose and control

groups indicates a probability level of 0.037, which is above the

0.025 significance level required by the Bonferroni inequality

criterion when multiple comparison is considered. No such tumors

are seen in the controls. Although the results of the Cochran-

Armitage test on the combined incidences of squamous-cell

papilloma and carcinoma of the ear canal are not significant, an

indicated departure from linear trend is observed (P = 0.002),

because the incidence in the low-dose group is greater than that

in the high-dose group. This difference may reflect the early

mortality of the high-dose group when compared with that of the

low-dose group. The first such tumor in the high-dose group was

observed at 25 weeks.

In female rats, tumors of the ear canal appear in incidences of

0/15 in the controls, 6/33 (18%) in the low-dose, and 3/33 (9%)
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in the high-dose groups. While these incidences are not

statistically significant, each of the dosed groups has animals

with tumors, and none appear in the controls.

Adenocarcinomas of the uterus are observed in the dosed females,

but not in the controls. The results of the Cochran-Armitage

test and of the Fisher exact test are all significant (P <

0.001), with a similarly high significant departure from linear

trend (P < 0.001), due to the steep increase in incidence in the

low-dose group. The statistical conclusion is that the incidence

of these tumors of the uterus in female rats is dose related.

In summary, the administration of 4 , 4'-thiodianiline in Fischer

344 rats at the doses of this experiment is statistically

associated with tumors of the liver and of the ear canal in

males, of the thyroid in males and females, and of the uterus in

females.
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IV. RESULTS - MICE

A. Body Weights and Clinical Signs (Mice)

Mean body weights of dosed male and female mice were markedly

reduced (figure 3). High and low doses caused about the same

reduction in weight. Fluctuations in the growth curve may be due

to mortality; as the size of a group diminishes, the mean body

weight may be subject to wide variation. No other clinical signs

of toxicity were recorded.

B . Survival (Mice)

The Kaplan and Meier curves estimating the probabilities of

survival for male and female mice fed 4 ,
4' -thiodianiline in the

diet at the doses of this bioassay, together with those of the

matched controls, are shown in figure 4.

In each sex, the result of the Tarone test for positive dose-

related trend in mortality is significant (P <_ 0.001). In each

sex, 29/35 (83%) of the high-dose animals and 34/35 (97%) of the

low-dose animals lived at least as long as week 52 on study. In

the control animals, all (14/14) of the males and 12/14 (86%) of

the females lived beyond week 52 on study.
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C . Pathology (Mice)

Histopathologic findings on neoplasms in mice are summarized in

Appendix B, tables Bl and B2 ; findings on nonneoplastic lesions

are summarized in Appendix D, tables Dl and D2.

A variety of neoplasms occurred in both the control and dosed

groups. Some types of neoplasms occurred only, or with a greater

frequency, in mice of dosed groups when compared with controls.

These lesions are not uncommon in this strain of mouse

independent of the administration of any chemical. However, many

of the tumors observed in the mice appeared to be chemically

induced. These tumors occurred at a high incidence in the dosed

groups when compared with the controls; most were malignant, and

some had metastasized to one or more locations. The incidences

of these tumors were as follows:

MICE
Male F emale

Con-
trol

Low
Dose

High
Dose

Con-
trol

Low
Dose

High
Dose

Liver* (13) (34) (24) (12) (34) (31)

Hepatocellular carcinoma 1 32 22 0 32 30

Thyroid* (14) (33) (23) (ID (33) (30)

Follicular-cell adenoma 0 8 0 0 9 5

Follicular-cell carcinoma 0 15 20 0 3 15

Adenoma, NOS (small-cell) 0 0 0 0 0 2

^Number of mice with tissue examined microscopically.
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The morphology of the hepatocellular carcinomas was similar to

that described in the rats, with most carcinomas being trabecular

in appearance. In 3/26 (12%) high-dose males, 3/32 (9%)

high-dose females, and 2/34 (6%) low-dose females, the neoplastic

cells had invaded through the. hepatic capsule and had trans-

planted to the mesentery. Carcinomas were metastatic to the

lungs in 4/28 (14%) high-dose and 3/34 (9%) low-dose females and

to the kidneys in 1/34 (3%) low-dose males and 1/31 (3%) high-

dose females.

The morphology of the thyroid follicular-cell adenocarcinomas was

similar to that described in the rats. Invasion of blood

vessels, lymphatics, and adjacent tracheal and esophageal tissues

was also observed, but not as frequently as in the rats.

Pulmonary metastases were observed in 2/23 (9%) high-dose and

1/34 (3%) low-dose males.

In addition to the neoplastic lesions, a number of degenerative,

proliferative, and inflammatory changes were also encountered in

animals of the dosed and control groups. Most of these

nonneoplastic lesions are commonly seen in aged mice; however,

the follicular-cell hyperplasias involving the thyroid were often

bilateral and observed in only the dosed mice.

Feeding B6C3F1 mice 4 ,
4' -thiodianiline for 18 months resulted in
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an increased incidence of tumors in all dosed groups. The tumors

were all of epithelial origin, and included hepatocellular

carcinomas and thyroid follicular-cell adenomas, carcinomas, and

adenomas (small-cell type). Also, the high incidence of thyroid

follicular-cell hyperplasia appeared to be chemically related.

In the judgment of the pathologists, 4, 4'-thiodianiline was

carcinogenic for B6C3F1 mice under the conditions of this study.

D. Statistical Analyses of Results (Mice)

Tables Fl and F2 in Appendix F contain the statistical analyses

of the incidences of those primary tumors that occurred in at

least two animals in one group and with an incidence of at least

5% in one or more than one group.

In each sex, the results of the Cochran-Armitage test for

positive dose-related trend in the incidence of hepatocellular

carcinoma and of the Fisher exact comparisons of incidences in

the dosed and control groups are all significant (P < 0.001). An

indicated departure from linear trend (P < 0.001) is also

observed in each sex, due to the sharp increase of incidences in

the dosed group (males: matched controls 1/13 [ 8 % ] ,
low-dose

32/34 [ 94 % ] , high-dose 22/24 [92%]; females: matched controls

0/12, low-dose 32/34 [ 9 4% ] ,
high-dose 30/31 [97%]). The statis-

tical conclusion is that the incidence of hepatocellular

38



carcinoma in mice is associated with 4 ,
4' -thiodianiline at the

doses of this experiment.

In both male and female mice, follicular-cell carcinomas of the

thyroid were observed exclusively in the dosed animals, and the

results of the Cochran-Armitage test are significant (P < 0.001).

In the male mice, the results of the Fisher exact test show that

the incidences in both the high- and low-dose groups are

significantly higher than those in the controls (P <_ 0.001); in

the females, the incidence in the high-dose group, but not the

low-dose group, is significantly higher than that in the controls

(P - 0.002). The statistical conclusion is that the incidence of

follicular-cell carcinoma of the thyroid in mice is dose

associated. When the incidences of follicular-cell adenoma and

carcinoma are grouped for analyses, increased significance is

observed in each sex over those of adenoma or carcinoma, taken

separately.
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V. DISCUSSION

In this bioassay, 4 , 4'-thiodianiline was toxic to both rats and

mice, since there was a marked depression in mean weights in each

of the dosed groups compared with corresponding control groups

over the entire study, and all animals died prior to the end of

the scheduled period of administration of the chemical. The low-

and high-dose male rats and the high-dose female rats died by

week 68 or 69, and the low-dose female rats by week 72. The

low-dose male and female mice died by week 79, and the high-dose

male and female mice by week 77.

Tumors of epithelial origin were found in many organs, and all

dosed rats except one were affected at one or more sites (males:

skin, ear canal, lungs, liver, colon, and thyroid; females: ear

canal, lung, liver, thyroid, and uterus). These tumors were not

found among any of the matched-control animals, Metastases were

observed from many of these tumors. In addition, hyperplasias of

the liver, of the follicular cells of the thyroid, and of the

alveolar cells of the lungs were found in greater numbers in the

dosed than in the control animals.

In male rats, several of these neoplastic lesions occurred with

statistically significant incidences in one or both of the dosed

groups. The incidences of hepatocellular carcinoma (controls
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0/15, low-dose 21/33, high-dose 10/33) and of follicular-cell

carcinoma of the thyroid (controls 0/15, low-dose 28/33,

high-dose 32/33) were significant in each of the groups at P <

0.014. The combined incidences of squamous-cell carcinoma and

squamous-cell papilloma of the ear canal in the low- and high-

dose groups of males are both significantly higher (low-dose P =

0.001, high-dose P = 0.037) than that in the control group

(controls 0/15, low-dose 15/33, high-dose 8/33). The first such

tumor in the high-dose group was observed at 25 weeks.

Also in low-dose male rats, squamous-cell papilloma of the skin

occurred in 4/33 animals, and squamous-cell carcinoma of the skin

in 1/33, but no tumors of either type occurred in the controls.

The incidences of these lesions were too low to have statistical

significance. The majority of the squamous-cell tumors of the

skin were located in one area near the commissure of the mouth,

and only one such tumor occurred among the 235 historical-control

male rats at this laboratory; thus, the tumors of the skin may be

associated with administration of 4 ,
4' -thiodianiline. Adenocar-

cinoma of the colon occurred in six low-dose rats and in one

high-dose rat, but in no controls. This incidence is not

statistically significant; however, no such tumors occurred among

the 235 historical-control male rats at this laboratory; thus,

the tumors of the colon are considered to be related to adminis-

tration of the chemical.
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In female rats, the incidences of hepatocellular adenoma or

carcinoma in the dosed groups were greater than those in the

controls, but not statistically significant (controls 0/15, low-

dose 6/32, high-dose 3/33). Follicular-cell carcinoma of the

thyroid and adenocarcinoma of the uterus occurred in the dosed

females at statistically significant incidences (P < 0.001) in

both dosed groups (follicular-cell carcinoma: controls 0/14,

low-dose 24/33, high-dose 32/32; adenocarcinoma: controls 0/15,

low-dose 31/33, high-dose 23/32). Squamous-cell papilloma or

carcinoma of the ear canal occurred at increased, but not

statistically significant, incidences in female rats (controls

0/15, low-dose 6/33, high-dose 3/33); however, no such tumors

occurred among the 235 historical-control female rats at this

laboratory. The tumors of the ear canal are therefore considered

to be related to administration of the chemical.

In mice of each sex, the incidence of hepatocellular carcinoma

was statistically significant (P < 0.001) in each of the dosed

groups (males: controls 1/13, low-dose 32/34, high-dose 22/24,

females: controls 0/12, low-dose 32/34, high-dose 30/31). In

the males, follicular-cell carcinoma of the thyroid occurred at a

statistically significant incidence (P _< 0.001) in both the low-

and high-dose groups (controls 0/14, low-dose 15/33, high-dose

20/23). In the females, the incidence was significant
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(P = 0.002) only at the high dose (controls 0/11, high-dose

15/30); however, when follicular-cell adenoma and carcinoma were

combined, the incidences in both the low- and high-dose groups of

females were significantly higher (low-dose P = 0.025, high-

dose P < 0.001) than that in the control group (controls 0/11,

low-dose 11/33, high-dose 18/30).

No long-term studies with continuous administration of 4,4'-thio-

dianiline have been previously reported. The chemical was

considered to be weakly active in a mammary tumor test system

using young female Sprague-Dawley rats. In this system, the test

chemicals were administered by gavage on 10 consecutive days, and

the animals were necropsied 9 months later (Griswold et al. ,

1968). No evidence of mammary neoplasms was seen in the present

bioassay with Fischer 344 rats.

It is concluded that under the conditions of this bioassay,

4, 4'-thiodianiline was carcinogenic for Fisher 344 rats, inducing

tumors in the liver, thyroid, colon, and ear canal of male rats,

and the thyroid, uterus, and ear canal of female rats. 4,4'-Thio-

dianiline was carcinogenic for B6C3F1 mice, inducing tumors in

the liver and thyroid of both males and females.

44



VI. BIBLIOGRAPHY

American Association of Textile Chemists and Colorists, The

Colour Index , American Association of Textile Chemists and

Colorists, Lowell, Mass., 1958, pp. 3197-3198.

Armitage, P.
,

Statistical Methods in Medical Research , John Wiley

& Sons, Inc., New York 1971, pp. 362-365.

Berenblum, I., ed. , Carcinogenicity Testing: A Report of the

Panel on Carcinogenicity of the Cancer Research Commission
of the UICC , Vol. 2 ^ International Union Against Cancer,

Geneva, 1969.

Cox, D. R. , Regression models and life tables. J_;_ R^_ S tatist.

Soc. B 34(2) : 187-220, 1972.

Cox, D. R., Analysis of Binary Data , Methuen & Co., Ltd. London,

1970, pp. 48-52.
'

Gart, J. J. , The comparison of proportions: a review of signi-
ficance tests, confidence limits and adjustments for

stratification. Rev. Int. Statist. Inst. 39 (2) : 148-169,

1971.

Griswold, D. P. , Jr., Casey, A. E. , Weisburger, E. K.
,

and

Weisburger, J. H. ,
The carcinogenicity of multiple

intragastric doses of aromatic and heterocyclic nitro or

amino derivatives in young female Sprague-Dawley rats.

Cancer Res. 28 :924-933, 1968.

Kaplan, E. L. and Meier, P. , Nonparametric estimation from
incomplete observations. J^ Amer. Statist. Assoc.
53:457-481, 1958.

Linhart, M. S., Cooper, J. A., Martin, R. L. , Page, N. P. , and
Peters, J. A., Carcinogenesis bioassay data system. Comp

.

and Biomed. Res. _7:230-248, 1974.

Miller, R. G.
,

Jr., Simultaneous Statistical Inference ,

McGraw-Hill Book Co., New York, 1966, pp. 6-10.

Pliss, G. B., Tumours of the auditory sebaceous glands. In:

Pathology of Tumours in Laboratory Animals Vol. 1 , Tumors of

the Rat , Part I_, Turusov, V. S., ed. , International Agency
For Research on Cancer, Geneva, 1973, pp. 23-25.

45



Saffiotti, U. , Montesano, R. , Sellakumar, A. R. , Cefis, F., and
Kaufman, D. G. , Respiratory tract carcinogenesis in hamsters
induced by different numbers of administrations of benzo(a)
pyrene and ferric oxide. Cancer Res. 32 ; 1073-108 1 , 1972.

Tarone, R. E. , Tests for trend in life table analysis.
Biometrika 62 (3) ; 679-682, 1975.



APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN
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TABLE A1

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS FED
4, 4' THIODIANILINE IN THE DIET

— —— ———————

MATCHED

”“”

CONTROL LOW DOSE HIGH DOSE

ANIMAIS INITIALLY IN STUDY 15 35 35
ANIMALS NECROFSIED 15 33 33
ANIMALS EXAMINED H ISTOP A TH OLOG I CA LL

Y

15 33 33

INTEGUMENTARY SYSTEM

SKIN (15) (33) (33)
SQUAMOUS CELL PAPILLOMA 4 (12%)
SQUAMOUS CELL CARCINOMA 1 (3%)
BASAL-CELL CARCINOMA 1 (3%) 1 (3%)

SUBCUT TISSUE (15) (33) (33)
SEBACEOUS ADENOMA 1 (3%)
SARCOMA, NOS 1 (7%) 1 (3%)

RESPIRATORY SYSTEM

•LUNG (15) (33) (33)
SQUAMOUS CELL CARCINOMA 4 (12%)
SQUAMOUS CELL CARCINOMA, METASTA 1 (3%) 1 (3%)
HEPATOCELLULAR CARCINOMA, METAST 7 (21%) 1 (3%)
AL VEOLAR/BRONC HIOLAR ADENOMA 1 (3%)
ALVEOL AR/BRONC HIOLAR CARCINOMA 3 (9%)
FOLLICULAR-CELL CARCINOMA, METAS
SARCOMA, NOS, METASTATIC 1 (7%)

1 5 (45%) 17 (52%)

HEMATCPCI ETIC SYSTEM

•SPLEEN (15) (32) (33)
FCLLIC ULA R-C ELL CARCINOMA, METAS 1 (3%)

• MEDIASTINAL L.NODE (3)
FOILICULAR-CELL CARCINOMA, METAS 3 (100%)

CIRCULATORY SYSTEM

NINE

*

*
NUMBER
NU MB ER

OF ANIMALS HITH TISSUE EXAMINED
OF ANIMALS NECROPSIED

MICROSCOPICALLY
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

DIGESTIVE SYSTEM

#LI VER (15) (33) (33)
HEPATOCELLULAR ADENOMA 2 (6%) 2 (6%)
HEPATOCELLULAR CARCINOMA 21 (64%) 10 (30%)
FOLLICULAR-CELL CARCINOMA, METAS
SARCOMA, NOS, METASTATIC 1 (7%)

1 (3%)

SMALL INTESTINE (15) (32) (33)
MUCINOUS ADENOCARCINOMA 1 (3%)

CCLCN (15) (32) (33)
ADENOCARCINOMA, NOS 6 (19%) 1 (3%)

URINARY SYSTEM

KIDNEY (15) (32) (33)
HAMARTCMA 1 (7%)

ENDOCRINE SYSTEM

PITUITARY (10) (24) (27)
CHROMOPHOBE ADENOMA 1 (4%)

THYFGID (15) (33) (33)
FCLLICULAR-C ELL ADENOMA 2 (6%)
FOLLICULAR-CELL CARCINOMA
C-CELL CARCINOMA 1 (7%)

2 8 (85%) 32 (97%)

REPRODUCTIVE SYSTEM

PREPUTIAL GLAND (15) (33) (33)
ADENCMA, NOS 1 (3%)

TESTIS (15) (30) (33)
INTERSTITIAL-CELL TUMOR 10 (67%)

NERVCUS SYSTEM

BRAIN (15) (33) (33)

ASTROCYTOMA 1-J221 1_ii&_

*

NO MBER
NUMBER

OF ANIMALS HITH TISSUE EXAMINED
OF ANIMALS NECROPSIED

MICROSCOPICALLY
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

SPECIAL SENSE ORGANS

EAR CANAL (15) (33) (33)
SQUAMOUS CELL PAPILLOMA 10 (30%) 2 (6%)
SQUAMOUS CELL CARCINOMA 5 (15%) 6 (18%)

HUSCU ICSKELETAL SYSTEM

NONE

BODY CAVITIES

PLEURA
SQUAMCUS CELL CARCINOMA, M ETASTA

(15) (33)
1 (3%)

(33)

MESENTERY
HEPATOCELLULAR CARCINOMA, METAST

(15) (33)
1 (3%)

(33)

MUCINOUS ADENOCARCINOMA, METASTA 1 (3%)

ALL CTHER SYSTEMS

NONE

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY 15 35 35
NATURAL DEATHS) 7 3

MORIBUND SACRIFICE 9 28 32
SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE 6

ANIMAL MISSING

a INCLUDES AUTOLY ZED AN IMALS

• NUMBER
* NUMBER

OF ANIMALS WITH TISSUE
OF ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

TUMOR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORS*
TOTAL PRIMARY TUMORS

12
14

32
90

TOTAL ANIMALS WITH BENIGN TUMORS
TOTAL BENIGN TUMORS

TOTAL ANIMALS WITH MALIGNANT TUMORS
TOTAL MALIGNANT TUMORS

TOTAL ANIMALS WITH SECONDARY TUMORS#
TOTAL SECONDARY TUMORS

10

1 1

3

15
20

30
70

20
25

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT

TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

33
58

5

6

33
52

18

25

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A2

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS
FED 4, 4'-THI0DIANILINE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 1 5 35 35
ANIMALS NECROPSIED 15 33 33
ANIMALS EXAMINED H I STO P A THOLOGI C ALL

Y

15 33 33

INTEGUMENTARY SYS1EM

SUBCUT TISSUE (15) (33) (33)
SARCOMA, NOS
FIBROMA 1 (3%)

1 (3%)

RESPIRATORY SYSTEM

•LUNG (15) (32) (32)
ADENOCARCINOMA, NOS, METASTATIC 1 4 (44%)
AL VEOL AR/BRONC HIOLAR CARCINOMA
FOLLICULAR-CELL CARCINOMA, METAS

2 (6%)
1 1 (34%)

ADENOSQUAMOUS CARCINOMA 1 (3%)

HEMAT CPCI ETIC SYSTEM

MULTIPLE ORGANS (15) (33) (33)
UNDIFFERENTIATED LEUKEMIA 1 (7%)

MEDIASTINAL L . NODE (3) (D
ECLLICULA R-CELL CARCINOMA, METAS 1 (100%)

•ABDOMINAL LYMPH NODS (3) (1)
ADENOCARCINOMA, NOS, METASTATIC 1 (33%)

•MESENTERIC L. NODE (3) (D
ADENOCARCINOMA, NOS, METASTATIC 2 (67%)

CIRCU LATCRY SYSTEM

NC NE

DIGESTIVE SYSTEM

LIVER (15) (3 2) (33)
HEPATOCELLULAR ADENOMA 1 J3£i __2_1ML_

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER CF ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

HEPATOCELLULAR CARCINOMA 5 (16%) 1 (3%)

URINARY SYSTEM

NC NE

ENDOCRINE SYSTEM

PITUITAR Y

CHROMOEHOBE ADENOMA
(13)

3 (23%)
(22) (27)

•THYROID
FOLLICULAR-CELL CARCINOMA

(14) (33)
24 (7 3%)

(32)

32 ( 100%)

REPRODUCTIVE SYSTEM

MAMMARY GLAND
ADENOCARCINOMA, NOS
FIERO ADENOMA

(15)

2 (13%)

(33)
1 (3%)

(33)

PREPUTIAL GLAND
ADENOMA, NOS

(15) (33)

2 (6%)

(33)

VAGINA
SQUAMOUS CELL CARCINOMA

(15) (33)

1 (3%)

(33)

•UTERUS
ADENOCARCINOMA, NOS
SARCOMA, NOS

(15)

1 (7%)

(33)

31 (94%)
(32)

23 (7 2%)

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

EAR CANAL (15)

SQUAMOUS CELL PAPILLOMA
SQUAMOUS CELL CARCINOMA

(33) (33)

5 (15%) 3 (9%)

1 (3%)

MQSCUIOSKELETAL SYSTEM

NONE

*

*
NUMBER OF
NUMBER OF

ANIMALS WITH TISSUE
ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY



TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

BODY CAVITIES

MESENTERY (15) (33) (33)
ADENOCARCINOMA, NOS, METASTATIC 12 (36%) 2 (6%)

ALL OTHER SYSTEMS

NONE

ANIMAL DISPOSITION SUM M A R Y

ANIMALS INITIALLY IN STUDY 15

NATURAL DEATHS 2

MORIBUND SACRIFICE 8

SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE 5

ANIMAL MISSING

35
16
19

35
7

27

1

S INCLUDES AIJTOLYZED ANIMALS

TUMCR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORS* 6

TOTAL PRIMARY TUMORS 7

TOTAL ANIMALS WITH BENIGN TUMORS 4

TOTAL BENIGN TUMORS 5

TCTAL ANIMALS WITH MALIGNANT TUMORS 2

TOTAL MALIGNANT TUMORS 2

TOTAL ANIMALS WITH SECONDARY TUMORS#
TOTAL SECONDARY TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
EENIGN OR MALIGNANT

TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PBIMARY OR METASTATIC
TOTAL UNCERTAIN TUMORS

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
» SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN

32
75

32
66

1 8

29

33
62

33
57

12

14
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN

MICE FED 4,4' -THIODIANILINE IN THE DIET
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TABLE B1.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE FED

4, 4'-THI 0 D IAN I L IN E IN THE DIET

" “ ” ———— , .. - —

—

MATCHED

1— l-IB—ll ~ 1. — - 1 1 1 " " "

CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 14 35 35
ANIMALS KISSING 3

ANIMALS NECROPSIED 14 34 26
ANIMALS EXAMINED HISTOPATHO LOGICALLY 14 34 26

IN TEG GMENTAR Y SYSTEM

NONE

RESEI FATCRY SYSTEM

LUNG ( 14) (34) (23)
ALVEOLA R/B RONCHIOLAR CARCINOMA 1 (3%)
FOLLICULAR-CELL CARCINOMA, METAS 1 (3%) 2 (9*)

HEMATOPOIETIC SYSTEM

NCNE

CIRCULATCRY SYSTEM

NONE

DIGESTIVE SYSTEM

# LI V ER (13) (34) (24)
HEPATOCELLULAR ADENOMA 3 (2355) 1 (3%) 1 ( 435)

HEPATOCELLULAR CARCINOMA 1 (8X) 32 ( 94%) 22 (9235)

URINARY SYSTEM

KIDNEY (14) (34) (25)
HEPATOCELLULAR CARCINOMA, METAST 1 (3X)
TUBULAR-CELL ADENOMA 1 (3X)
TUBULAR-CELL ADENOCARCINOMA 1 (3 55)

URINARY BLADDER (14) (33) (23)
TRANSITIONAL-CELL CARCINOMA JLlii)

*

*
NOHBEfi OF ANIMALS
NUMBER OF ANIMALS

WITH TISSUE
NECROPSIED

EXAMINED MICROSCOPICALLY
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

ENDOCRINE SYSTEM

#TH YROID
( 14) (33) (23)

FOLLICULAR-C ELL ADENOMA 8 (24%)
FOLLICULAR-CELL CARC INOMA 15 (45%) 20 (87%)

R E P R C E UCTI V E SYSTEM

NCNE

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

NC NE

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

* MESENTERY (14) (34) (26)
HEPATCCELLULAR CARCINOMA, METAST 3 (12%)

ALL CT HER SYSTEMS

NONE

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY
NATURAL DEATHS
MORIBUND SACRIFICE
SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE
ANIMAL MISSING

14 35 35
3 13 14

11 22 18

3

a) INCLUDES AUTOLYZED ANIMALS

*

*

NU MB ER
NUMBER

OF ANIMALS WITH TISSUE
OF ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

TUMOR SUMMARY

24
43

1

1

23
42

5

5

TCTAL ANIMALS WITH TUMORS UNCERTAIN-
EENIGN OR MALIGNANT
TCTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC

TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH PRIMARY TUMORS* 4 34
TCTAL PRIMARY TUMORS 4 60

TOTAL ANIMALS WITH BENIGN TUMORS 3 10
TOTAL BENIGN TUMORS 3 10

TOTAL ANIMALS WITH MALIGNANT TUMORS 1 34
TOTAL MALIGNANT TUMORS 1 50

TOTAL ANIMALS WITH SECONDARY TUMORS# 1

TCTAL SECONDARY TUMORS 2

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
* SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE B2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE FED
4, 4'-THI0DIANILINE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN SIUDY 14 35 35
ANIMALS MISSING 3

ANIMALS NECROPSIED 12 34 32
ANIMALS EXAMINED HI STO PATHOLO GICALL

Y

12 34 31

INTEGUMENTARY SYSTEM

SUBCUT TISSUE (12) (34) (32)
EASAL-CELL CARCINOMA 1 (3%)

RESPIRATORY SYSTEM

#L UN G (12) (34) (28)
H E PA TCC ELLUL A R CARCINOMA, METAST 3 (9%) 4 (14%)

HEMATOPOIETIC SYSTEM

MULTIPLE ORGANS (12) (34) (32)
MALIG. LYMPHOMA, LYMPHOCYTIC TYPE 1 (3%)
MALIGNANT LYMPHOMA, MIXED TYPE —

1

CD

CIRCULATORY SYSTEM

NO NE

DIGESTIVE SYSTEM

•LIVER (12) (34) (31)
HEPATOCELLULAR ADENOMA 2 (6%)
HEPATOCELLULAR CARCINOMA 32 (94*) 30 (97%)

URINARY SYSTEM

#KI CN EY (12) (34) (31)
HEPATOCELLULAR CARCINOMA, METAST 1 (3%)
TUBULAR-CELL ADENOCARCINOMA 2 16Si

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

• URINARY BLADDER
IRA NSIHONAL-CELL PAPILLOMA

( 12 ) (34) ( 30)

1 (3%)

ENDOCRINE SYSTEM

•THYROID (11) (33) (30)
ADENCMA, NOS 2 (7%)
FOLLICULAR-CELL ADENOMA 9 (27%) 5 (17%)
FOLLICULAR-CELL CARC INOMA 3 (9%) 15 (50%)

REPRODUCTIVE SYSTEM

MAMMARY GLAND (12) (34) (32)
FIBROADENOMA 1 (8%)

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

NONE

MUSCULOSKEIETAL SYSTEM

NONE

BODY CAVITIES

MESENTERY (12) (34) (32)
HEPATOCELLULAR CARCINOMA, METAST 2 (6%) 3 (9%)

ALL CTHER SYSTEMS

N£NE.

* NUMBER
NUMBER

OF ANIMALS WITH TISSUE
OF ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

ANIMAL DISPOSITION SUMMARY

ANIMALS INITIALLY IN STUDY
NATURAL DEATHS
MORIBUND SACRIFICE
SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE
ANIMAL MISSING

14 35 35
2 20 11

12 14 21

1

3

® INCLUDES AUTOLYZED ANIMALS

TUMCR SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORS* 2

TOTAL PRIMARY TUMORS 2

33
49

30
54

TOTAL ANIMALS WITH BENIGN TUMORS
TOTAL BENIGN TUMORS

1

0

8

10 9

TOTAL ANIMALS WITH MALIGNANT TUMORS
TOTAL MALIGNANT TUMORS

3 2 30

39 45

TOTAL ANIMALS WITH SECONDARY TUMORS#
TOTAL SECONDARY TUMORS

5 8

5 8

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
EENIGN OR MALIGNANT

TOTAL UNCERTAIN TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PRIMARY OR METASTATIC
TCTAL UNCERTAIN TUMORS

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# SECONDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX C

SUMMARY OF

IN RATS

THE INCIDENCE OF NONNEOPLASTIC LESIONS

FED 4,4' -THIODIANILINE IN THE DIET
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TABLE Cl

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE
RATS FED 4, 4' THIODIANILINE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 15 35 35
ANIMALS NEC BOP SI ED 15 33 33
ANIMALS EXAMINED HI STOPATHOLOGICALLY 15 33 33

INTEGUMENTARY SYSTEM

SKIN (15) (33) (33)
INFLAMMATION, CHRONIC SUPPURATIV 1 (3%) 1 (3%)

RESPIRATORY SYSTEM

#L UN G (15) (33) (33)
EMPHYSEMA, NOS 4 (12%)
EPIDERMAL INCLUSION CYST 5 (1 5%)
ERONCHOPNEUMON IA SUPPURATIVE 5 (15%) 2 (6%)
ERONCHOPNEUMONIA CHRONIC SUPPURA 6 (1 8%) 3 (9%)
HYPERPLASIA, ALVEOLAR EPITHELIUM 1 5 (45%)
METAPLASIA, SQUAMOUS 7 (21%)

# LU NG/A L V EOLI (15) (33) (33)
METAPLASIA, SQUAMOUS 5 (15%)

HEMATOPOIETIC SYSTEM

# BO N E MARROW (12) (33) (32)
ATROPHY, NOS 6 (50%)

CIRCULATORY SYSTEM

NONE

DIGESTIVE SYSTEM

LIVER (15) (33) (33)
INFLAMMATION, GRANULOMATOUS 1 ( 3%)
CYTOPLASMIC CHANGE, NOS 1 13iL_

*

*
NUMBER OF ANIMALS
NUMBER OF ANIMALS

WITH TISSUE
NEC ROPSIED

EXAMINED MICROSCOPICALLY
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TABLE Cl. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

HYPERPLASIA, NODULAR 4 (12%) 10 (30%)

BILE DUCT
HYPERPLASIA, NOS

(15) (33)

8 (24%)
(33)

25 (76%)

PANCREAS
INFLAMMATION, CHRONIC
FIBROSIS

(15) (32)

1 (3%)

1 (3%)

(33)

PANCREATIC ACINUS
ATROPHY, NOS

(15) (32)

1 (3%)

(33)

ESOPHAGUS
INFLAMMATION, CHRONIC SUPPURATIV

(15) (33)

1 (3%)
(33)

URINARY SYSTEM

KIDNE Y

INFLAMMATION, CHRONIC
(15)

1 1 (7356)

(32)
4 (13%)

(33)
4 (12%)

®KI ENEY/PELVI S

HYPERPLASIA, EPITHELIAL
(15) (32)

1 (3%)

(33)

4 (12%)

ENDOCRINE SYSTEM

THYROID
CYSTIC FOLLICLES
HYPERPLASIA, FO LLIC U LA R -C ELL

(15)

9 (60%)
(33)

4 (12%)
1 (3%)

(33)

REPRODUCTIVE SYSTEM

SEMINAL VESICLE
HYPERPLASIA, NODULAR

(15) (33) (33)

1 (3%)

NERVOUS SYSTEM

BRAI N/MENINGES
INFLAMMATION, SUPPURATIVE

(15) (33)
1 (3%)

(33)

SPECIAL SENSE ORGANS

EYE/CORNEA
I NF LAHMATION. SUPPU RATIVE

( 15 ) (33)

NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
NUMBER OF ANIMALS NECROPSIED

(33)
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TABLE Cl. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

INFLAMMATION , CHRONIC 1 (3%)
INFLAMMATION

,

C HRONIC SUPPURATIV 1 (3%)
INFLAMMATION

,

CHRONIC NECROTIZ IN 1 (3%)

EAR CANAL (15) (33) (33)
EPIDERMAL INCLUSION CYST 1 (3%)
INFLAMMATION, CHRONIC SUPPURATI

V

2 (6%) 1 (3%)
HYPERKERATOSIS 2 (6%)

MUSC U LOS KELETAL SYSTEM

NONE

BODY CAVITIES

* PLEURA (1 5) (33) (33)
INFLAMMATION, CHRONIC 1 (3%)

ALL CT HER SYSTEMS

NONE

SPECIAL MORPHOLOGY SUMMARY

AUTOLYSIS/NO NECROPSY 2 2

*
NUMBER OF ANIMALS
NUMBER OF ANIMALS

HITH TISSUE
NEC ROPSIED

EXAMINED MICROSCOPICALLY
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TABLE C2.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS
FED 4, 4'-THIQDIANIUNE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 15 35 35
ANIMALS NECROFSIED 15 33 33
ANIMALS EXAMINED H ISTO PA T HO LOG ICA LLY 15 33 33

INTEGUMENTARY SYSTEM

NINE

RESPIRATORY SYSTEM

TRACHEA (15) (33) (3 2)

INFLAMMATION, SUPPURATIVE 1 (7%)
INFLAMMATION, CHRONIC SUPPURATIV 1 (7%) 1 (3%)

LUNG/ERONCHUS (15) (32) (32)
BRONCHI EC TASIS 1 (7%) 1 (3%)

# LU NG (15) (32) (32)
EFICERMAL INCLUSION CYST 2 (6%)
EDEMA, NOS 1 (3%)
HEMORRHAGE 1 (3%)
INFLAMMATION, INTERSTITIAL 1 (3%)
ERONCHOPNEUMONIA SUPPURATIVE 2 (b %

)

PNEUMONIA INTERSTITIAL CHRONIC 1 (3%)
ERONCHOPNEUMONIA CHRONIC SUPPURA 1 (7%) 1 (3%)
HYPERPLASIA, ALVEOLAR EPITHELIUM 13 (41%) 2 (6%)
METAPLASIA, SQUAMOUS 2 (6%)

# LU NG/A LV EOLI (15) (32) (32)
METAPLASIA, SQUAMOUS 2 (6%)

HEMATOPOIETIC SYSTEM

BONE MARROW (13) (32) (31)
ATROPHY, NOS 4 (31%) 1 (3%) 2 (6%)

SPLEEN (15) (33) (33)
HEMATOFOI ESI

S

1 (7%) 3 (9%)

CIRCULATORY SYSTEM

NONE

*

*

NU MB ER
NUMBER

OF ANIMALS WITH TISSUE
OF ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

DIGESTIVE SYSTEM

LI VER (15) (32) (33)
INFLAMMATION, INTERSTITIAL 1 (3%)
HYPERPLASIA, NODULAR 1 (3%) 8 (24%)
HYPERPLASIA, NOS 1 (3%)

LIVER/PERI PORTAL (15) (32) (33)
FIBROSIS 1 (3%)

BILE DUCT (15) (33) (33)
HYPERPLASIA, NOS 5 (15%) 12 (3 6%)

HYPERPLASIA, CYSTIC 1 (3%)

URINARY SYSTEM

KIDNEY
HYDRCNEPHROSIS
INFLAMMATION, CHRONIC

(15) (32)

1 (3%)
5 (33%)

(33)

ENDOCRINE SYSTEM

PITUITARY (1

HYPERELASI A, C H ROMO PHO BE-CELL

THYROID (1

CYSTIC FOLLICLES
HYPERPLASIA, FOLLICULAP.-CELL

REPRCEUCTIVE SYSTEM

MAMMARY GLAND (1

CYST, NOS

UTERUS (1

INFLAMMATION, CHRONIC SUPPURATIV

UTERUS/ENDCMETRI UM (1

INFLAMMATION, SUPPURATIVE
INFLAMMATION, CHRONIC
INFLAMMATION, CHRONIC SUPPURATIV
HYPERPLASIA, NOS

NUMBER OF ANIMALS
* NUMBER OF ANIMALS

WITH TISSUE EXAMINED
NEC ROPSIED

3) (22) (27)

2 (15%)

4) (33) (32)
4 (29%) 7 (21%)

7 (21%)

5) (33) (33)

1 (7%)

5) (33) (32)
1 (3%)

5) (33) (32)
1 (3%) 4 (13%)
1 (3%)

1 (7%) 5 (15%) 6 (19%)

2_16£j l.JilL,

MICROSCOPICALLY
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

HYPERPLASIA, CYSTIC 2 (13%) 3 (9%)

NERVOUS SYSTEM

#ER AIN
INFLAMMATION, NECROTIZING

(14) (33) (33)

1 (3%)

SPECIAL SENSE ORGANS

EYE/CORNEA
INFLAMMATION, SUPPURATIVE
INFLAMMATION, CHRONIC SUPPURATIV

(15) (33)

1 (3%)

2 (6%)

(33)

1 (3%)

LENS CAPSULE
MI NERALIZATION

(15) (33)

1 (3%)

(33)

EAR CANAL
EPIDERMAL INCLUSION CYST
HYPERKERATOSIS

(15) (33) (33)

1 (3%)

2 (6%)

MIDDLE EAR
INFLAMMATION, CHRONIC SUPPURATIV

(15)
1 (7%)

(33) (33)

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

EPIC ARDIUM
THROMBOSIS, NOS

(15) (33)

1 (3%)

(33)

ALL OTHER SYSTEMS

NCNE

SPECIAL MORPHOLOGY SUMMARY

ACCIDENTAL DEATH

*
NUMBER OF
NUMBER OF

ANIMALS ilTH TISSUE
ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY

72



TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

A UTO/ NECROPS Y/ HIS TO PERF 1

AUTOLYSIS/NO NECROPSY 2

#

*

NUMEER OF ANIMALS
NOBBER OF ANIMALS

WITH TISSUE EXAMINED MICROSCOPICALLY
NEC ROPSIED

1
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TABLE D1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE

FED 4. 4'-THI0DIANILINE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE

AN IM ALS INITIALLY IN STUDY 14 35 35
ANIMA LS MISSING 3

ANIMALS NEC ROE SI ED 14 34 26
ANIMALS EXAMINED HISTOPATHCLOGICALLY 14 34 26

I NT EGUMENTARY SYSTEM

NCNE

RESPIRATORY SYSTEM

•TRACHEA
INFLAMMATION, SUPPURATIVE

( 14) (33)

2 (6%)

(23)
1 (4%)

• LUNG
BRCNCHCPNEUMONIA SUPPURATIVE
ERONCHOPNEUMONIA CHRONIC SUPPURA
HYPERPLASIA, ALVEOLAR EPITHELIUM

(14)

1 (7%)
6 (4 3%)

1 (7%)

(3 4)

6 (18%)
1 (3%)

1 (3%)

(23)
2

1

(9%)

(4%)

HEMATOPOIETIC SYSTEM

•SPLEEN ( 14) (34) (25)
HEMATOPOIESIS 1 (3%)

•MESENTERIC L. NODE (3) (1) (D
INFLAMMATION, SUPPURATIVE
HYPERPLASIA, LYMPHOID 2 (67%)

1 (100%)
1

CIRCULATORY SYSTEM

NCNE

DIGESTIVE SYSTEM

•LIVER
HYPERPLASIA, NODULAR

BILE DUCT
aimmsu-ijos

(13) (34) (24)
1 (3%)

(14) (3 4) (26)
1 112J

• NUMBER OF
* NUMBER OF

ANIMALS WITH TISSUE
ANIMALS N EC RO P SI ED

EXAMINED MICBOSCOPICA LLY
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

URINARY SYSTEM

KIDNEY ( 14) (34) (25)
INFLAMMATION, CHRONIC 2 (6%)

ENDOCRINE SYSTEM

THYROID (14)
HYPERPLASIA, F OLLI CUL AR -CELL

REPRODUCTIVE SYSTEM

NONE

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

NONE

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

PLEURA (14)
INFLAMMATION, CHRONIC SUPPURATIV

ALL OTHER SYSTEMS

NONE

SPECIAL MORPHOLOGY SUMMARY

Nfi_iJSIflll_£££QJ2E£

# NUMBER OF ANIMALS BITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECROPSIED

(34) (26)

1 (3%)

(33) (23)
29 (88%) 4 (17%)
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

ANIMAL MISSING/NO NECROPSY
AUTO/N ECROPS Y/HISTO PERF
AUTOLYSIS/NO NECROPSY

*

*

NUMBER
NUMBER

OF ANIMALS WITH TISSUE EXAMINEE
OF ANIMALS NECROPSIED

MICROSCOPICALLY

3

2

6
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TABLE 02.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE
MICE FED 4, 4' THIODIANILINE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE

ANIM ALS INITIALLY IN STUDY 14 35 35
A NIMA LS MI SSI NG 3

ANIMA LS NECROPSIED 12 34 32
ANIMALS EXAMINED HISTOPATHOLOGICALLY 12 34 31

I NT EG U ME NTA R Y SYSTEM

NONE

RESPIRATORY SYSTEM

#T R ACH E

A

INFLAMMATION, SUPPURATIVE

LU NG

BRONCHOPNEUMONIA SUPPURATIVE
PNEUMONIA INTERSTITIAL CHRONIC
INFLAMMATION, CHRONIC SUPPURATIV
ERONCHOPNEUMONIA CHRONIC SUPPURA
HYPERPLASIA, ALVEOLAR EPITHELIUM

HEMATOPOIETIC SYSTEM

SPLEEN
A NGIECTASIS
HEMATOPOIESIS

MESENTERIC L. NODE
INFLAMMATION, SUPPURATIVE
HYPERPLASIA, LYMPHOID

(12) (33) (30)

2 (17%)

(12) (34) (28)

1 (8 %

)

3 (9%)

1 (3%)

1 ( 8%)

10 (8 3%) 1 (3%)

1 ( 8%)

(12) (33) (30)

1 (3%)

1 ( 8%) 1

(3) (1 ) (2)

1 (33%) 1 (100%) 2

1 (3 3%)

(3%)

( 100 %)

CIRCULATORY SYSTEM

NONE

DIGESTIVE SYSTEM

BILE DUCT
HYP ERPLASI A, NOS

( 12 ) (34)

*

*
NUMBER OF
NUMBER OF

ANIMALS WITH TISSUE
ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY

(32)

_4_Xli%L.
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH OOSE

RECTUM (12) (34) (3 2)

INFLAMMATION, CHRONIC SUPPURATIV —

»

CO

URINARY SYSTEM

•URINARY BLADDER (12) (34) (30)
HYPERPLASIA, EPITHELIAL 1 (3%)

ENDOCRINE SYSTEM

•THYROID (11) (33) (30)
CYSTIC FOLLICLES 4 (12%)
HYPERPLASIA, FO LLIC U LA R -C ELL 31 (94%) 26 (87%)

REPRODUCTIVE SYSTEM

UTER US/ ENDOMETRIUM (12) (31) (30)
INFLAMMATION, SUPPURATIVE 1 (8%)
INFLAMMATION, CHRONIC SUPPURATIV 1 ( 8 %)
HYPERPLASIA, CYSTIC 8 (67%) 2 (6%)

• OVA RY (12) (3 1) (30)
CYST, NOS 1 (8%)
HEMORRHAGE 1 (3%)

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

NONE

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

NONE

#

*
NUMBER
NUMBER

OF ANIMALS WITH TISSUE
OF ANIMALS NECROPSIED

EXAMINED MICROSCOPICA LLY
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

ALL CTHER SYSTEMS

NCNE

SPECIAL MORPHOLOGY SUMMARY

ANIMAL MISSING/NO NECROPSY 3

NECROPSY EERF/NO HI STO PERFORMED 1

ALTCLYSIS/NO NECROPSY 2 1

#

*
NUMBER CF ANIMALS
NUMBER OF ANIMALS

WITH TISSUE
NEC ROP5IED

EXAMINED M ICR OSC 0 PIC A LLY
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APPENDIX E

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS

IN RATS FED 4,
4' -THIODIANILINE IN THE DIET
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Review of the Bioassay of 4 ,

4

T -Thiodianiline* for Carcinogenicity
by the Data Evaluation/Risk Assessment Subgroup of the

Clearinghouse on Environmental Carcinogens

January 18, 1978

The Clearinghouse on Environmental Carcinogens was
established in May, 1976 under the authority of the National
Cancer Act of 1971 (P.L. 92-218). The purpose of the Clear-
inghouse is to advise on the National Cancer Institute's
bioassay program to identify and evaluate chemical carcino-
gens in the environment to which humans may be exposed. The
members of the Clearinghouse have been drawn from academia,
industry, organized labor, public interest groups. State
health officials, and quasi-public health and research
organizations. Members have been selected on the basis of
their experience in carcinogenesis or related fields and,
collectively, provide expertise in organic chemistry, bio-
chemistry, biostatistics, toxicology, pathology, and epide-
miology. Representatives of various Governmental agencies
participate as ad hoc members. The Data Evaluation/Risk
Assessment Subgroup of the Clearinghouse is charged with the
responsibility of providing a peer review of NCI bioassay
reports on chemicals studied for carcinogenicity. In this
context, below is the edited excerpt from the minutes of the
Subgroup's meeting at which 4 ,

4

T -Thiodianiline was reviewed.

The primary reviewer agreed with the conclusion in
the report that 4 ,

4
' -Thiodianiline was carcinogenic in

both rats and mice, under the conditions of test. He noted
that the subchronic study was performed in a different
species of rat and mouse than used in the chronic phase.
From the appearance of the weight curves, the primary
reviewer said that it was likely that the MTD was exceeded
in both species. Despite this deficiency, 4 ,

4
' -Thiodianiline

was clearly carcinogenic in the treated animals. He con-
cluded that his only reservation concerning the probabi 1 i pc
of a human carcinogenic risk from 4 , 4-Thiodianiline wcuid
be that its effect was elicited at highly toxic levels ir.

the treated animals.

The secondary reviewer noted the inadequate nurd'

:

animals used in the study. Irrespective of the defied
,

he said that it was clear that 4 ,
4

' -Thiodianiline
carcinogenic in the treated animals.
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It was moved that the report on 4 ,
4

’ -Thiodianiline be
accepted as written and that it be presumed to pose a
carcinogenic risk to humans. The motion was seconded and
approved unanimously.

Members Present Were:

Arnold Brown (Acting Chairman), Mayo Clinic
Lawrence Garfinkel, American Cancer Society
Joseph Highland, Environmental Defense Fund
Charles Kensler, Arthur D. Little Company
Verald K. Rowe, Dow Chemical, U.S.A.
Sheldon Samuels, Industrial Union Department, AFL-CIO
Louise Strong, University of Texas Health Sciences Center
Sidney Wolfe, Health Research Group

Subsequent to this review, changes may have been made
in the bioassay report either as a result of the review
or other reasons. Thus, certain comments and criticisms
reflected in the review may no longer be appropriate.
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