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FOREWORD: This report presents the results of the bioassay of
 
p-nitrosodiphenylamine 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 chemicals have the capacity to produce cancer in animals.
 
Negative results, in which the test animals do not have a signifi­
cantly greater incidence of cancer than control animals, do not
 
necessarily mean the test chemical is not a carcinogen because
 
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 a potential
 
risk to man. The actual determination of the risk to man from animal
 
carcinogens requires a wider analysis.
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by Litton Bionetics, Inc., Kensington, Maryland, initially under di­
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Howard (4) and Mr. H. D. Thornett (4); Mr. H. Paulin (4) analyzed
 
dosed feed mixtures. Ms. J. Blalock (4) was responsible for data
 
collection and assembly.
 

Histopathologic examinations were performed at Litton Bionetics,
 
Inc. (4) and the results for rats were reviewed by Dr. D. A. Willigan
 
(4); the rat liver lesions were further reviewed by Dr. J. M. Ward
 
(1). The pathology narrative for rats was written by Dr. D. A.
 
Willigan (4), and the mouse pathology narrative was written by Dr.
 
J. C. Peckham (4). The diagnoses included in this report represent
 
the interpretation of these pathologists. Histopathology findings
 
and reports were reviewed by Dr. R. L. Schueler (6).
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SUMMARY
 

A bioassay for the possible carcinogenicity of p-nitrosodi­
phenylamine was conducted using Fischer 344 rats and B6C3F1 mice.
 
p-Nitrosodiphenylamine was administered in the feed, at either of two
 
concentrations, to groups of 50 male and 50 female animals of each
 
species. Twenty animals of each sex and species were placed on test
 
as controls. The high and low dietary concentrations of p-nitrosodi­
phenylamine were, respectively, 5000 and 2500 ppm for rats. The high
 
and low time-weighted average concentrations for mice were 9000 and
 
4254 ppm, respectively. The compound was administered for 78 weeks
 
to rats, for 50 weeks to high dose mice and for 57 weeks to low dose
 
mice. The period of compound administration was followed by an ob­
servation period of 27 weeks for rats and 35 weeks for mice.
 

There were significant positive associations between the concen­
trations of p-nitrosodiphenylamine administered and mortality among
 
male and female mice, but not for rats of either sex. Although 19/50
 
high dose male mice and 21/50 high dose female mice died before week
 
52, adequate numbers of mice and rats survived sufficiently long to
 
be at risk from late-developing tumors. The toxicity observed in
 
mice and the dose-related mean body weight depression apparent in
 
male and female rats indicated that the concentrations of p-nitro­
sodiphenylamine administered to these animals in this bioassay may
 
have approached or exceeded the maximum tolerated concentrations.
 

In male rats, there was a significant positive association be­
tween concentration administered and the incidence of a combination
 
of hepatocellular carcinomas and neoplastic nodules. In addition,
 
both the high dose to control and the low dose to control Fisher
 
exact comparisons were significant. There was also a significant
 
positive association between concentration administered and the
 
incidence of alveolar/bronchiolar adenomas in male rats; however,
 
neither of the Fisher exact comparisons were significant. There were
 
no positive, significant statistical tests for tumor incidence at any
 
site in female rats.
 

Due to the large number of early deaths among high dose mice of
 
both sexes, the statistical conclusion concerning carcinogenicity was
 
based on comparisons between the low dose and control groups. The
 
incidence of hepatocellular carcinomas was significantly higher among
 
the low dose males than among their controls. Although hepatocellu­
lar neoplasms were observed in dosed females, there were no tumors
 
occurring with a significantly increased incidence when low dose
 
females were compared to their controls.
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Under the conditions of this bioassay, p-nitrosodiphony lami in1
 

was carcinogenic when administered in the diot to male BdCJFl mico,
 
causing hepatocellular carcinomas. The chemical was also carcino­
genic in male Fischer 344 rats, causing liver neoplasms. No evi­
dence was provided for the carcinogenicity of p-nitrosodiphony I ami no
 
in female B6C3F1 mice or in female Fischer 344 rats.
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I. INTRODUCTION
 

p-Nitrosodiphenylamine (Figure 1) (NCI No. C02244), a vulcaniza­

tion accelerator and chemical intermediate, was selected for bioassay
 

by the National Cancer Institute because of the structural similarity
 

of this compound to p-nitrosodimethylbenzenamine, a carcinogen in rats
 

(Weisburger, 1975). The apparent relationship between exposure to ar­

omatic dyestuff intermediates, particularly amines, and the increased
 

incidence of bladder cancer among workers in the dye manufacturing
 

industry (Wynder et al., 1963; Clayson and Garner, 1976) was an addi­

tional factor in the selection of this compound for testing.
 

The Chemical Abstracts Service (CAS) Ninth Collective Index
 

(1977) name for this compound is 4-nitroso-N-phenylbenzenamine.* It
 

is also called 4-nitrosodiphenylamine, p-nitroso-N-phenylaniline, and
 

TKB.
 

p-Nitrosodiphenylamine is used to accelerate the vulcanization of
 

rubber (windholz, 1976). It is also used as an intermediate in the
 

manufacture of dyes and pharmaceutical compounds and as an inhibitor
 

of polymerization during the production of vinyl monomers such as
 

styrene (Naugatuck® Chemicals, undated).
 

Specific production data for p-nitrosodiphenylamine are not
 

available; however, this compound is produced in commercial quantities
 

(in excess of 1000 pounds or $1000 in value annually) by one U.S. com­

pany (U.S. International Trade Commission, 1977).
 

*The CAS registry number is 156-10-5.
 



FIGURE 1
 
CHEMICAL STRUCTURE OF p-NITROSODIPHENYLAMINE
 



The potential for exposure to p-nitrosodiphenylamine is greatest
 

for workers in elastomer, dye, pharmaceutical, and vinyl monomer manu­

facturing facilities.
 

p-Nitrosodiphenylamine showed no evidence of potential carcino­

genicity in an in vivo-in vitro combination bioassay. Pregnant Syrian
 

golden hamsters were given an intraperitoneal injection of 0.5 ml of
 

a solution containing 0.5 to 2 mg of the chemical per 100 gm maternal
 

weight on day 10 or 11 of gestation. Embryos were excised at day 13,
 

and cells from these embryos were cultured and scored for transforma­

tion. No transformed cells were observed. Subcutaneous injection of
 

the cultured cells into weanling, male hamsters produced no tumors
 

(DiPaolo et al., 1973).
 



II. MATERIALS AND METHODS
 

A. Chemicals
 

Technical-grade p-nitrosodiphenylamine was purchased from
 

Uniroyal Chemical, Naugatuck, Connecticut. Chemical analysis was
 

performed by Litton Bionetics, Inc., Kensington, Maryland. The ex­

perimentally determined melting point range was 139.5° to 142.5°C.
 

Ultraviolet/visible analysis revealed X.max at 268 and 420 nm with
 

respective molar extinction coefficients of 1.02 x 10^ and 3.63 x
 

10^. Thin-layer chromatography was performed utilizing two solvent
 

systems (i.e., chloroform:ammonium hydroxide and benzene:methanol).
 

Each plate, visualized with ultraviolet and visible light, iodine
 

vapor, and ferric chloride-potassium ferricyanide spray, revealed
 

one single spot. Gravimetric analysis of the water content of the
 

compound indicated 25.4 percent. The results of nuclear magnetic
 

resonance analysis indicated that the technical-grade material con­

tained 73 percent p-nitrosodiphenylamine. The results of infrared
 

analysis were consistent with those expected based on the structure
 

of the compound.
 

Throughout this report, the term p-nitrosodiphenylamine is used
 

to represent this technical-grade material, and dose levels are ex­

pressed in terms of this techical-grade product.
 

B. Dietary Preparation
 

The basal laboratory diet for both dosed and control animals
 

consisted of Wayne Lab-Blox® meal (Allied Mills, Inc., Chicago,
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Illinois). p-Nitrosodiphenylamine was administered to the dosed ani­

mals as a component of the diet.
 

The chemical was blended with an aliquot of the feed using a
 

mortar and pestle. Once visual homogeneity was attained, the mixture
 

was placed in a 6 kg capacity Patterson-Kelley standard model twin-


shell stainless steel V-blender along with the remainder of the feed
 

to be prepared. After 20 minutes of blending, the mixtures were
 

placed in double plastic bags and stored in the dark at 4°C. The
 

mixture was prepared once weekly.
 

Dosed feed preparations containing 5000 and 2500 ppm of p-nitro­

sodiphenylamine were analyzed spectrophotometrically. The mean re­

sult immediately after preparation was 92 percent of theoretical
 

(ranging from 84 to 116 percent). After 11 days at ambient room
 

temperature, the mean result was 90 percent of theoretical (ranging
 

from 80 to 97 percent).
 

C. Animals
 

The two animal species, Fischer 344 rats and B6C3F1 mice, used
 

in the carcinogenicity bioassay were obtained through contracts of
 

the Division of Cancer Treatment, National Cancer Institute. Rats
 

were supplied by A. R. Schmidt, Madison, Wisconsin, and Laboratory
 

Supply Company, Inc., Indianapolis, Indiana. Mice were supplied by
 

Charles River Breeding Laboratories, Inc., Wilmington, Massachusetts.
 

Rats and mice, approximately 4 weeks old when received, were
 

examined and any obviously ill or runted animals were killed. After
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2 weeks quarantine, animals which did not manifest clinical signs of
 

disease were placed on test. Animals were assigned to groups and
 

distributed among cages so that the average body weight per cage was
 

approximately equal for a given species and sex.
 

D.	 Animal Maintenance
 

Animals were housed by species in rooms maintained at a tem­

perature of 22° to 26°C and a relative humidity of 45 to 55 percent.
 

Incoming air was filtered through HEPA filters (Flanders Filters,
 

McLean, Virginia) at a rate of 12 to 15 complete changes of room air
 

per hour. Fluorescent lighting was provided 8 hours per day (9:00 a.m.
 

to 5:00 p.m.).
 

Rats were housed four per cage by sex and mice were housed five
 

per cage by sex in polycarbonate cages (Lab Products, Inc., Garfield,
 

New Jersey) suspended from aluminum racks. Racks were fitted with a
 

continuous piece of stainless steel mesh over which a sheet of filter
 

paper was firmly secured. Filter paper was changed at 2-week inter­

vals, when the racks were sanitized. Clean cages and hardwood chip
 

bedding (Ab-sorb-dri®, Wilner Wood Products Company, Norway, Maine)
 

were provided twice weekly.
 

Acidulated water (pH 2.5) was supplied to animals in water bot­

tles which were changed and washed twice weekly. Sipper tubes were
 

washed at weekly intervals. During the period of chemical adminis­

tration, dosed and control animals received treated or untreated
 

Wayne Lab-Blox® meal as appropriate. The feed was supplied in hanging
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stainless steel hoppers which were refilled three times per week and
 

sanitized weekly. Food and water were available ad libitum for both
 

species.
 

Dosed and control rats were housed in a room with other rats
 

receiving diets containing* Michler's ketone (90-94-8); trimethylthi­

ourea (2489-77-2); and p-chloroaniline (106-47-8).
 

Dosed and control mice were housed in a room with mice receiving
 

diets containing nitrofen (1836-75-5); acetylaminofluorene (53-96-3);
 

amitrole (61-82-5); NTA trisodium salt (5064-31-3); nitrilotriacetic
 

acid (139-13-9); and other mice intubated with styrene (100-42-5) and
 

p-nitrostyrene (102-96-5)
 

E.	 Selection of Initial Concentrations
 

To establish the concentrations of p-nitrosodiphenylamine for
 

administration to dosed animals in the chronic studies, subchronic
 

toxicity tests were conducted with both rats and mice. Animals of
 

each species were distributed among six groups, each consisting of
 

five males and five females. p-Nitrosodiphenylamine was incorporated
 

into the basal laboratory diet and supplied d̂_ libitum to five of the
 

six rat groups in concentrations of 6800, 10,000, 14,670 21,560 and
 

31,530 ppm and to five of the six mouse groups in concentrations of
 

1180, 2550, 5500, 13,900 and 25,520 ppm. The remaining group of each
 

species served as a control group, receiving only the basal laboratory
 

diet.
 

CAS registry numbers are given in parentheses.
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__ 

The dosed dietary preparations were administered for a period
 

of 4 weeks, followed by a 2-week observation period during which all
 

animals were fed the basal laboratory diet. Individual body weights
 

and food consumption data were recorded twice weekly throughout the
 

study. Upon termination of the study all survivors were euthanized
 

and necropsied.
 

The following table indicates the mean body weight gain, rela­

tive to controls, survival, and incidence of clinical signs observed
 

in each of the rat groups at the end of the subchronic test.
 

RAT SUBCHRONIC STUDY RESULTS
 

Mean Body Observation of
 
Weight Gain (%)a Survival" Clinical Signs"
 

ppm Males Females Males Females Males Females
 

„
31,530 0/5 0/5 5/5c 5/5c
 

21,560 -53 — 1/5 0/5 5/5c 5/5c
 

14,670 -47 -20 1/5 3/5 5/5c 5/5c
 

10,000 -78 -58 5/5 5/5 5/5d 5/5d
 

6,800 -11 -18 5/5 5/5 5/5d 5/5d
 

0 — — 5/5 5/5 0/5 0/5
 

The high concentration selected for administration to dosed rats
 

in the chronic bioassay was 5000 ppm.
 

- is indicative of mean body weight gain less than that of controls.
 

"Number of animals observed/number of animals originally in group.
 
cThese rats had rough, yellow-stained fur and arched backs.
 
dThese rats had yellow-stained bodies.
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The following table indicates the mean body weight gain, relative
 

to controls, survival, and incidence of yellow-stained fur observed
 

in each of the mouse groups at the end of the subchronic test.
 

MOUSE SUBCHRONIC STUDY RESULTS
 

Mean Body Observation of
 
Weight Gain (%)* Survival** Yellow-Stained Fur**
 

ppm Males Females Males Females Males Females
 

25,520 - 7 0 5/5 5/5 5/5 5/5
 
13,900 - 1 - 6 5/5 5/5 5/5 5/5
 
5,500 - 1 - 1 5/5 5/5 0/5 0/5
 
2,550 - 2 - 3 5/5 5/5 0/5 0/5
 
1,180 + 2 - 2 5/5 5/5 0/5 0/5
 

0 — — 5/5 5/5 0/5 0/5
 

The high concentration selected for administration to dosed mice
 

in the chronic bioassay was 10,000 ppm.
 

F. Experimental Design
 

The experimental design parameters for the chronic study (spe­

cies, sex, group size, concentrations administered, and duration of
 

treated and untreated observation periods) are summarized in Tables
 

1 and 2.
 

All rats were approximately 6 weeks old at the time the test was
 

initiated and were placed on test on the same day. Dosed rats were
 

supplied with diets containing 5000 and 2500 ppm p-nitrosodiphenyl­

amine for 78 weeks followed by a 27-week observation period, when no
 

*+ is indicative of mean body weight gain greater than that of con­
trols.
 

- is indicative of mean body weight gain less than that of controls,
 

* Number of animals observed/number of animals originally in group.
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TABLE 1
 

DESIGN SUMMARY FOR FISCHER 344 RATS
 
p-NITROSODIPHENYLAMINE FEEDING EXPERIMENT
 

INITIAL 
GROUP 
SIZE 

p-NITROSODI­
PHENYLAMINE 

CONCENTRATION3 

OBSERVATION PERIOD 
TREATED 
(WEEKS) 

UNTREATED 
(WEEKS) 

MALE 

CONTROL 20 0 0 105 

LOW DOSE 50 2500 
0 

78 
27 

HIGH DOSE 50 5000 
0 

78 
27 

FEMALE 

CONTROL 20 0 0 105, 

LOW DOSE 50 2500 
0 

78 
27 

HIGH DOSE 50 5000 
0 

78 
27 

aConcentrations given in parts per million. 
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INITIAL
 
GROUP
 
SIZE
 

MALE
 

CONTROL 20
 

LOW DOSE 50
 

HIGH DOSE 50
 

FEMALE
 

CONTROL 20
 

LOW DOSE 50
 

HIGH DOSE 50
 

TABLE 2
 

DESIGN SUMMARY FOR B6C3F1 MICE
 
p-NITROSODIPHENYLAMINE FEEDING EXPERIMENT
 

p-NITROSODI­
PHENYLAMINE
 
CONCENTRATION3
 

0
 

5,000
 
2,500
 

0
 

10,000
 
0
 

5,000
 
0
 

0
 

5,000
 
2,500
 

0
 

10,000
 
0
 

5,000
 
0
 

OBSERVATION PERIOD
 
TREATED UNTREATED
 
(WEEKS) (WEEKS)
 

0 92
 

40
 
17
 

35
 

40
 
7
 

10
 
35
 

0 92
 

40
 
17
 

35
 

40
 
7
 

10
 
35
 

TIME-WEIGHTED
 
AVERAGE
 

CONCENTRATION5
 

4254
 

9000
 

4254
 

9000
 

Concentrations given in parts per million.
 

h_. . , ,_ , . ^(concentration X weeks received)
 
"Time-weighted average concentration = —TTT : :—: : 7-7
 

ZCweeks receiving chemical)
 

11
 



test chemicals were used. Throughout this report those rats receiving
 

the former concentration are referred to as the high dose groups and
 

those receiving the latter concentration are referred to as the low
 

dose groups.
 

All mice were approximately 6 weeks old at the time the test
 

was initiated and were placed on test on the same day. The initial
 

dietary concentrations of p-nitrosodiphenylamine administered were
 

10,000 and 5000 ppm. Throughout this report those mice initially
 

receiving the former concentration are referred to as the high dose
 

groups and those initially receiving the latter concentration are
 

referred to as the low dose groups. In week 41, compound adminis­

tration to the high dose mice was terminated and the dietary concen­

tration administered to the low dose mice was reduced to 2500 ppm.
 

Low dose mice continued to receive this concentration for 17 weeks.
 

In week 48, dietary administration of the compound to the high dose
 

groups resumed at a concentration of 5000 ppm and was continued for
 

10 weeks. A 35-week observation period followed, when no test chem­

icals were used.
 

G.	 Clinical and Histopathologic Examinations
 

Animals were weighed immediately prior to initiation of the ex­

periment and body weights were recorded once a week for the first 6
 

weeks, every 2 weeks for the next 12 weeks, and at monthly intervals
 

thereafter. All animals were inspected twice daily. Food consumption
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data were collected at monthly intervals from 20 percent of the ani­

mals in each group.
 

Moribund animals, animals that developed large, palpable masses
 

that jeopardized their health, or animals that survived to the end of
 

the bioassay were euthanized with carbon dioxide. A necropsy was per­

formed immediately on each of these animals. Gross and microscopic
 

examinations were performed on all major tissues, organs, and gross
 

lesions taken from sacrificed animals and, whenever possible, from
 

animals found dead.
 

Tissues were preserved in a 10 percent neutral buffered formalin
 

solution, embedded in paraffin, sectioned, and stained with hematox­

ylin and eosin prior to microscopic examination.
 

Slides were prepared from the following tissues: skin, subcuta­

neous tissue, lungs and bronchi, trachea, bone marrow, spleen, lymph
 

nodes, thymus, heart, salivary gland, liver, gallbladder (mice), pan­

creas, esophagus, stomach, small intestine, large intestine, kidney,
 

urinary bladder, pituitary, adrenal, thyroid, parathyroid, testis,
 

prostate, brain, uterus, mammary gland, and ovary.
 

A few tissues were not examined for some animals, particularly
 

for those that died early. Also, some animals were missing, cannibal­

ized, or judged to be in such an advanced state of autolysis as to
 

preclude histopathologic interpretation. Thus, the number of animals
 

for which particular organs, tissues, or lesions were examined micro­

scopically varies and does not necessarily represent the number of
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animals that were recorded in each group at the time that the test
 

was initiated.
 

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 descriptive infor­

mation on the chemicals, animals, experimental design, clinical ob­

servations, 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 tran­

scription and for statistical review.
 

These data were analyzed using the statistical techniques de­

scribed in this section. Those analyses of the experimental 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) when testing two groups for
 

equality and used Tarone's (1975) extensions of Cox's methods when
 

testing a dose-related trend. One-tailed P-values have been reported
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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 was examined (denominator). In most instances, the denomi­

nators 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 have appeared at multiple sites (e.g.,
 

lymphomas), the 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 sig­

nificantly higher proportion of tumors than did the control animals.
 

As a part of these analyses, the one-tailed Fisher exact test (Cox,
 

1970, pp. 48-52) was used to compare the tumor incidence of a control
 

group to that of a group of treated animals at each dose level. When
 

results for a number of treated 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, pp. 6-10) requires that the P-value for any comparison
 

be less than or equal to 0.05/k. In cases where this correction was
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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, pp. 362-365), was also used
 

when appropriate. Under the assumption of a linear trend, this test
 

determined 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 was a positive dose re­

lationship. 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 ana­

tomic 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
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during which animals died naturally or were 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 noted, in the direction of a positive dose relation­

ship. Significant 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 to its control was calculated from
 

the exact interval on the odds ratio (Gart, 1971). The relative risk
 

is defined as Pt/Pc where p(- is the true binomial probability of the
 

incidence of a specific type of tumor in a treated group of animals
 

and pc 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 treated 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 treated group than in the control.
 

The lower and upper limits of the confidence interval of the re­

lative risk have been included in the tables of statistical analyses.
 

The interpretation of the limits is that in approximately 95 percent
 

of a large number of identical experiments, the true ratio of the
 

risk in a treated group of animals to that in a control group would
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be within the interval calculated from the experiment. When the lower
 

limit of the confidence interval is greater than one, it can be in­

ferred that a statistically significant result (a P < 0.025 one-tailed
 

test when the control incidence is not zero, P < 0.050 when the con­

trol 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. CHRONIC TESTING RESULTS: RATS
 

A. Body Weights and Clinical Observations
 

Dose-related mean body weight depression was apparent in rats of
 

both sexes beginning in week 20 (Figure 2).
 

No other clinical signs were recorded.
 

B. Survival
 

The estimated probabilities of survival for male and female rats
 

in the control and p-nitrosodiphenylamine-dosed groups are shown in
 

Figure 3. The Tarone test for association between dosage and mor­

tality was not significant for either males or females.
 

There were adequate numbers of male rats at risk from late-


developing tumors, as 92 percent (46/50) of the high dose, 86 percent
 

(43/50) of the low dose, and 90 percent (18/20) of the controls sur­

vived on test for at least 105 weeks.
 

There were adequate numbers of female rats at risk from late-


developing tumors, as 92 percent (46/50) of the high dose, 84 percent
 

(42/50) of the low dose, and 85 percent (17/20) of the controls
 

survived on test for at least 105 weeks.
 

C. Pathology
 

Histopathologic findings on neoplasms in rats are summarized in
 

Appendix A (Tables Al and A2); findings on nonneoplastic lesions are
 

summarized in Appendix C (Tables Cl and C2).
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FIGURE 2
 
GROWTH CURVES FOR p-NITROSODIPHENYLAMINE CHRONIC STUDY RATS
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FIGURE 3
 
SURVIVAL COMPARISONS OF p-NITROSODIPHENYLAMINE CHRONIC STUDY RATS
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The types of neoplasms observed in various tissues have been
 

encountered previously in aging Fischer 344 rats. The incidence and
 

type of neoplasms were not attributable to chemical exposure, except
 

for those of the liver and lung.
 

The incidences of neoplastic nodules of the liver were 0/20 con­

trol males, 8/49 low dose males, 18/50 high dose males, 0/19 control
 

females, 2/50 low dose females, and 5/48 high dose females. Hepato­

cellular carcinoma was seen in 0/20 control males, 2/49 low dose
 

males and 1/50 high dose males. The neoplastic nodules were usually
 

composed of eosinophilic hepatocytes forming cords one cell thick.
 

Some livers had multiple nodules. Dilatation and sinusoids was a
 

common finding within the nodules and adjacent hepatic parenchyma.
 

Foci of cellular change (basophilic and eosinophilic) were seen in
 

many control and dosed rats.
 

Lung neoplasms occurred in increased incidences in dosed rats.
 

Alveolar/bronchiolar adenomas were seen in 1/19 control males, 0/49
 

low dose males, 9/50 high dose males, 2/20 control females, 2/49 low
 

dose females, and 10/49 high dose females. They were usually singu­

lar and small tumors.
 

A variety of nonneoplastic lesions was observed among both con­

trol and dosed animals. However, all appeared to be unrelated by
 

incidence and severity to test exposure and were not unlike those
 

normally encountered in aging Fischer 344 rats.
 

22
 



Based on the results of this pathology examination, p-nitroso­

diphenylamine was carcinogenic in Fischer 344 rats, causing a dose-


related increased incidence of neoplastic nodules of the liver in
 

male rats under the conditions of this bioassay.
 

D.	 Statistical Analysis of Results
 

The results of the statistical analyses of tumor incidence in
 

rats are summarized in Tables 3 and 4. The analysis is included for
 

every type of malignant tumor in either sex where at least two such
 

tumors were observed in at least one of the control or p-nitrosodi­

phenylamine-dosed groups and where such tumors were observed in at
 

least 5 percent of the group.
 

In male rats the Cochran-Armitage test indicated a significant
 

(P = 0.001) positive association between dose and the combined inci­

dence of hepatocellular carcinomas or neoplastic nodules. This was
 

supported by both a significant (P < 0.001) positive high dose to
 

control Fisher exact comparison and by a significant (P = 0.024)
 

positive low dose to control Fisher exact comparison. The Cochran-


Armitage test also indicated a significant (P = 0.013) positive
 

association between dose and the incidence of alveolar/bronchiolar
 

adenomas, but this was not supported by either of the Fisher exact
 

comparisons. The test for departure from linear trend was also sig­

nificant for the alveolar/bronchiolar adenomas and for pheochromocy­

tomas of the adrenal.
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TABLE 3
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE RATS TREATED WITH p-NITROSODIPHENYLAMINE*
 

TOPOGRAPHY:MORPHOLOGY
 

Lung: Alveolar/Bronchiolar Adenoma
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma"
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma or
 
Neoplastic Nodule^
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

1/19(0.05)
 

P = 0.013
 

P = 0.032
 

=
 
105
 

0/20(0.00)
 

N.S.
 

=
 

0/20(0.00)
 

P = 0.001
 

=
 

LOW
 
DOSE
 

0/49(0.00)
 

N.S.
 

0.000
 
0.000
 
7.244
 

3/50(0.06)
 

N.S.
 

Infinite
 
0.250
 
Infinite
 

87
 

10/49(0.20)
 

P = 0.024
 

Infinite
 
1.266
 

Infinite
 

99
 

HIGH
 
DOSE
 

9/50(0.18)
 

N.S.
 

3.420
 
0.536
 

146.437
 

105
 

1/50(0.02)
 

N.S.
 

Infinite
 
0.022
 
Infinite
 

19/50(0.38)
 

P < 0.001
 

Infinite
 
2.548
 
Infinite
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90 

105 
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TOPOGRAPHY: MORPHOLOGY
 

Pituitary: Chromophobe Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Adrenal: Pheochromocytoma
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Thyroid: C-Cell Carcinoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

TABLE 3 (CONTINUED)
 

CONTROL
 

4/19(0.21)
 

N.S.
 

105
 

2/20(0.10)
 

N.S.
 

P = 0.004
 

105
 

1/20(0.05)
 

N.S.
 

105
 

LOW
 

DOSDOSEE
 

5/45(0.11)
 

N.S.
 

0.528
 
0.132
 
2.434
 

105
 

15/48(0.31)
 

N.S.
 

3.125
 
0.840
 

26.507
 

104
 

0/46(0.00)
 

N.S.
 

0.000
 
0.000
 
8.111
 

HIGH
 

DOSDOSEE
 

4/44(0.09)
 

N.S.
 

0.432
 
0.092
 
2.125
 

105
 

4/49(0.08)
 

N.S.
 

0.816
 
0.131
 
8.603
 

105
 

2/39(0.05)
 

N.S.
 

1.026
 
0.058
 

58.951
 

105
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TABLE 3 (CONTINUED)
 

TOPOGRAPHY:MORPHOLOGY CONTROL 

Thyroid: C-Cell Carcinoma or 
C-Cell Adenomab 

P Values0 

3/20(0.15) 

N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

Weeks to First Observed Tumor 105 

Pancreatic Islets:

P Values0 

 Islet-Cell Adenoma 2/19(0.11) 

N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

Weeks to First Observed Tumor 
= 
105 

Testis: Interstitial-Cell Tumor or 
Interstitial-Cell Tumor, Malignant 

P Values0 

18/20(0.90) 

N.S. 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

Weeks to First Observed Tumor 91 

LOW
 
DOSE
 

5/46(0.11)
 

N.S.
 

0.725
 
0.160
 
4.348
 

105
 

6/47(0.13)
 

N.S.
 

1.213
 
0.247
 
11.660
 

105
 

47/49(0.96)
 

N.S.
 

1.066
 
0.937
 
1.220
 

98
 

HIGH
 
DOSE
 

3/39(0.08)
 

N.S.
 

0.513
 
0.077
 
3.556
 

105
 

2/48(0.04)
 

N.S.
 

0.396
 
0.031
 
5.211
 

105
 

45/50(0.90)
 

N.S.
 

1.000
 
0.877
 
1.257
 

94 



TABLE 3 (CONCLUDED)
 

Treated groups received doses of 2500 or 5000 ppm in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 

The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
 
level for the Fisher exact test for the comparison of a treated group with the control group is
 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi­
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa­
tion (N) indicates a lower incidence in the treated group(s) than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 

The probability level of the test for departure from linear trend is given beneath the control
 
group when P < 0.05.
 



TABLE 4
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN FEMALE RATS TREATED WITH p-NITROSODIPHENYLAMINE£
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TOPOGRAPHY:MORPHOLOGY
 

Lung: Alveolar/Bronchiolar Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Hematopoietic System: Leukemia or
 
Malignant Lymphoma^
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Neoplastic Nodule
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

LOW 
CONTROL DOSE 

2/20(0.10) 2/49(0.04) 

N.S. N.S. 

0.408 
0.032 
5.381 

105 105 

2/20(0.10) 4/50(0.08) 

N.S. N.S. 

0.800 
0.128 
8.436 

104 83 

0/19(0.00) 2/50(0.04) 

N.S. N.S. 

Infinite 
0.117 

Infinite 

77 

HIGH
 
DOSE
 

10/49(0.20)
 

N.S.
 

2.041
 
0.498
 
18.154
 

105
 

1/49(0.02)
 

N.S.
 

0.204
 
0.004
 
3.754
 

5/48(0.10)
 

N.S.
 

Infinite
 
0.522
 
Infinite
 

95 

105 
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TOPOGRAPHY:MORPHOLOGY
 

Pituitary: Chromophobe Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Thyroid: C-Cell Carcinoma or
 
C-Cell Adenomab
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Mammary Gland: Fibroadenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

TABLE 4 (CONTINUED)
 

CONTROL
 

8/18(0.44)
 

P = 0.044(N)
 

98
 

2/18(0.11)
 

N.S.
 

105
 

2/20(0.10)
 

N.S.
 

105
 

LOW
 
DOSE
 

24/43(0.56)
 

N.S.
 

1.256
 
0.710
 
2.637
 

104
 

5/47(0.11)
 

N.S.
 

0.957
 
0.179
 
9.541
 

87
 

8/50(0.16)
 

N.S.
 

1.600
 
0.364
 

14.699
 

104
 

HIGH
 
DOSE
 

14/49(0.29)
 

N.S.
 

0.643
 
0.323
 
1.513
 

1/41(0.02)
 

N.S.
 

0.220
 
0.004
 
4.008
 

105
 

3/49(0.06)
 

N.S.
 

0.612
 
0.078
 
6.996
 

105
 

95 
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TABLE 4 (CONCLUDED) 

LOW HIGH 
TOPOGRAPHY: MORPHOLOGY CONTROL DOSE DOSE 

Mammary Gland: Fibroadenoma or 

Adenocarcinoma NOSb 3/20(0.15) 8/50(0.16) 3/49(0.06) 

P Values0 N.S. N.S. N.S. 

Relative Risk (Control)d 1.067 0.408 
Lower Limit 0.295 0.061 
Upper Limit 5.813 2.857 

Weeks to First Observed Tumor 49 104 105 

Uterus: Endometrial Stromal Polypb 2/20(0.10) 6/50(0.12) 5/48(0.10) 

P Values0 N.S. N.S. N.S. 

Relative Risk (Control)d 1.200 1.042 
Lower Limit 0.243 0.192 
Upper Limit 11.574 10.410 

Weeks to First Observed Tumor 105 77 105 

Treated groups received doses of 2500 or 5000 ppm in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 

The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
 
level for the Fisher exact test for the comparison of a treated group with the control group is
 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi­
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa­
tion (N) indicates a lower incidence in the treated group(s) than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 



Based on these statistical results, p-nitrosodiphenylamine was
 

carcinogenic to male Fischer 344 rats, inducing an elevated incidence
 

of hepatocellular carcinomas or neoplastic nodules of the liver.
 

In female rats, none of the statistical tests indicated a sig­

nificant positive association between dose and tumor incidence at any
 

site. The Cochran-Armitage test did indicate a significant negative
 

association between dose and the incidence of chromophobe adenomas of
 

the pituitary gland.
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IV. CHRONIC TESTING RESULTS: MICE
 

A. Body Weights and Clinical Observations
 

The mean body weights for both male and female high dose groups
 

were consistently lower than those for controls after week 25 (Figure
 

4). Fluctuations in the growth curve may be due to mortality; as the
 

size of the group diminishes, the mean body weight may be subject to
 

wide variations.
 

No other clinical signs were recorded.
 

B. Survival
 

The estimated probabilities of survival for male and female mice
 

in the control and p-nitrosodiphenylamine-dosed groups are shown in
 

Figure 5.
 

Of the 50 high dose male and female mice on test, 19 and 21,
 

respectively, died before week 52 due to toxicity. The Tarone test
 

for association between dosage and mortality was significant for both
 

males (P = 0.001) and females (P < 0.001). The test for departure
 

from linear trend for females was also significant. The Cox test
 

comparing the high dose group to the control group was significant
 

(P = 0.0109) for female mice.
 

There were adequate numbers of male mice at risk from late-


developing tumors, as 60 percent (30/50) of the high dose, 88 percent
 

(44/50) of the low dose and 85 percent (17/20) of the controls sur­

vived on test until the termination of the study.
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FIGURE4
 
GROWTH CURVES FOR p-NITROSODIPHENYLAMINE CHRONIC STUDY MICE
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FIGURE 5
 
SURVIVAL COMPARISONS OF p-NITROSODIPHENYLAMINE CHRONIC STUDY MICE
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There were adequate numbers of female mice at risk from late-


developing tumors, as 52 percent (26/50) of the high dose, 84 per­

cent (42/50) of the low dose and 90 percent (18/20) of the controls
 

survived on test until the termination of the study.
 

C. Pathology
 

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 approximately the same inci­

dences in the control and dosed groups of mice. Most of these neo­

plasms are common in aging B6C3F1 mice independent of any treatment.
 

A few neoplasms occurred in higher frequency in dosed groups.
 

The prevalent lesions were observed in the liver. Hepatocellular
 

neoplasms occurred in 2/19 (11 percent) control males, 27/47 (57 per­

cent) low dose males, 12/50 (24 percent) high dose males, 0/20 con­

trol females, 5/48 (10 percent) low dose females and 3/43 (7 percent)
 

high dose females. In addition to the hepatocellular tumors, several
 

mice had hepatocellular hyperplasia. All nodular hyperplasias and
 

most hyperplasias NOS (cytomegaly) were seen in mice with a diagnosis
 

of hepatocellular adenoma or hepatocellular carcinoma.
 

An unusual hepatocellular hyperplasia which was characterized by
 

clusters of hepatocytic nuclei was observed in several mice. The cy­

toplasmic boundaries were unclear; however, the histologic appearance
 

suggested that multinucleated or syncytial hepatocytes were present.
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Many mice had various degrees of portal fibrosis and chronic inflam­

mation of the liver. The distribution and types of hepatocellular
 

proliferative and neoplastic lesions were:
 

Low High 
Control Dose Dose 

NUMBER OF MALES WITH LIVERS 
EXAMINED HISTOPATHOLOGICALLY (19) (47) (50) 

Number with Hepatocellular 
Proliferation and Neoplasia 2 30 22 

Number with Hepatocellular Tumors 2 22 12 

Hyperplasia NOS 0 20 1 
Hyperplasia, Diffuse 0 0 8 
Hyperplasia, Nodular 0 0 7 
Hepatoblastoma 0 2 0 
Hepatocellular Adenoma 2 17 11 
Hepatocellular Carcinoma 0 10 1 
Hepatocellular Carcinoma, Metastatic 

to Lung 0 1 0 

NUMBER OF FEMALES WITH LIVERS 
EXAMINED HISTOPATHOLOGICALLY (20) (48) (43) 

Number with Hepatocellular Tumors 0 5 2 

Hyperplasia, Nodular 1 3 1 
Hepatocellular Adenoma 0 4 2 
Hepatocellular Carcinoma 0 1 1 

The hepatocellular proliferative and neoplastic lesions varied
 

in morphology and arrangement from well-differentiated cells having
 

an orderly plate arrangement to anaplastic cells having little resem­

blance to normal hepatic architecture. The hyperplastic hepatocytes
 

resembled normal hepatocytes with enlarged nuclei and increased cyto­

plasm. The borders of the hyperplastic areas blended into adjacent
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normal hepatic tissue. Hepatocellular adenomas also were composed of
 

well-differentiated hepatocytes resembling normal hepatocytes; how­

ever, the arrangement was less orderly and a compression of adjacent
 

hepatic tissue was apparent. Frequently the adenomas had hepatocytic
 

degeneration and were of large size (1.0 to 2.5 cm). The carcinomas
 

characteristically had a trabecular pattern and one had metastasized
 

to the lungs. Two mice had hepatoblastomas which were highly cellu­

lar tumors with small basophilic nuclei, scanty cytoplasm, poorly
 

defined cytoplasm, and little resemblance to hepatocytes.
 

Incidences of alveolar/bronchiolar adenomas were 1/20 (5 per­

cent) in control males, 10/46 (22 percent) in low dose males, 4/49
 

(8 percent) in high dose males, 0/20 in control females, 2/49 (4 per­

cent) in low dose females, and 1/45 (2 percent) in high dose females.
 

The pulmonary tumors were all well-differentiated alveolar/
 

bronchiolar adenomas comprised of cuboidal to columnar cells aligned
 

along the alveolar septa. In larger tumors, the cells projected
 

into the alveolar spaces, resulting in the formation of numerous
 

papillary structures. None of the tumors were classified as malig­

nant. Alveolar/bronchiolar tumors are common in several strains of
 

mice independent of treatment and vary in frequency from study to
 

study.
 

Three low dose males (3/49, 6 percent) had a highly cellular
 

neoplastic proliferation of the interstitial tissue in the testicles.
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They were classified as interstitial-cell tumors, one benign and two
 

malignant. None of these tumors were observed in the control (0/19)
 

and high dose (0/48) males.
 

In addition to the neoplastic lesions, a few degenerative, pro­

liferative, and inflammatory lesions were also encountered in animals
 

of the dosed and control groups. Most of these lesions were types
 

commonly encountered in aged B6C3F1 mice.
 

Although a few deaths were associated with inflammatory lesions,
 

the cause of death for a majority of the mice that died prior to
 

terminal sacrifice could not be determined. Several of these deaths
 

were associated with convulsions and no significant microscopic
 

changes were observed.
 

Based on the results of this pathology examination, p-nitrosodi­

phenylamine was carcinogenic in B6C3F1 mice, inducing neoplastic and
 

associated nonneoplastic liver lesions under the conditions of this
 

bioassay.
 

D. Statistical Analyses of Results
 

The results of the statistical analyses of tumor incidence in
 

mice are summarized in Tables 5 and 6. The analysis is included for
 

every type of malignant tumor in either sex where at least two such
 

tumors were observed in at least one of the control or p-nitrosodi­

phenylamine-dosed groups and where such tumors were observed in at
 

least 5 percent of the group. These analyses have been based upon
 

those mice surviving at least 52 weeks.
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TABLE 5
 

TIME-ADJUSTED ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
a,f
 

SPECIFIC SITES IN MALE MICE TREATED WITH p-NITROSODIPHENYLAMINE'


TOPOGRAPHY:MORPHOLOGY
 

Lung: Alveolar/Bronchiolar Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Hematopoietic System: Malignant
 
Lymphoma'3
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

1/19(0.05)
 

N.S.
 

92
 

2/19(0.11)
 

N.S.
 

P = 0.044
 

92
 

0/18(0.00)
 

N.S.
 

P = 0.002
 

LOW
 
DOSE
 

10/41(0.24)
 

N.S.
 

4.634
 
0.751
 

194.874
 

92
 

0/45(0.00)
 

N.S.
 

0.000
 
0.000
 
1.416
 

10/42(0.24)
 

P = 0.020
 

Infinite
 
1.342
 
Infinite
 

92
 

HIGH
 
DOSE
 

4/31(0.13)
 

N.S.
 

2.452
 
0.272
 

116.423
 

92
 

2/31(0.06)
 

N.S.
 

0.613
 
0.049
 
7.930
 

92
 

1/31(0.03)
 

N.S.
 

Infinite
 
0.032
 
Infinite
 

92
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TABLE 5 (CONCLUDED)
 

LOW HIGH 
TOPOGRAPHY:MORPHOLOGY CONTROL DOSE DOSE 

Liver: Hepatocellular Carcinoma or 
Hepatocellular Adenoma^ 2/18(0.11) 22/42(0.52) 12/31(0.39) 

P Values0 N.S. P = 0.002 P = 0.038 

Departure from Linear Trend6 P = 0.011 

Relative Risk (Control) 4.714 3.484 
Lower Limit 1.378 0.918 
Upper Limit 37.768 29.171 

Weeks to First Observed Tumor 92 92 92 

Testis: Interstitial-Cell Tumor or 
Interstitial-Cell Tumor, Malignant 0/18(0.00) 3/44(0.07) 0/31(0.00) 

P Values0 N.S. N.S. N.S. 

Relative Risk (Control) ———• Infinite 
Lower Limit 0.258 
Upper Limit Infinite 

Weeks to First Observed Tumor 92 

Treated groups received time-weighted average doses of 4254 or 9000 ppm in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 

The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
 
level for the Fisher exact test for the comparison of a treated group with the control group is
 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi­
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa­
tion (N) indicates a lower incidence in the treated group(s) than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 

The probability level of the test for departure from linear trend is given beneath the control
 
group when P < 0.05.
 

These analyses were based solely upon animals surviving at least 52 weeks.
 



TABLE 6
 

TIME-ADJUSTED ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN FEMALE MICE TREATED WITH p-NITROSODIPHENYLAMINEa,e
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TOPOGRAPHY:MORPHOLOGY
 

Hematopoietic System: Malignant Lymphoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma or
 
Hepatocellular Adenoma^1
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Uterus: Endometrial Stromal Polyp
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

LOW HIGH 
CONTROL DOSE DOSE 

2/18(0.11) 4/45(0.09) 4/28(0.14) 

N.S. N.S. N.S. 

0.800 1.286 
0.130 0.210 
8.389 13.164 

92 92 88 

0/18(0.00) 5/44(0.11) 2/26(0.08) 

N.S. N.S. N.S. 

Infinite Infinite 
0.542 0.214 
Infinite Infinite 

92 92 

0/18(0.00) 3/45(0.07) 0/27(0.00) 

N.S. N.S. N.S. 

Infinite 
0.252 
Infinite 

92 
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TABLE 6 (CONCLUDED) 

LOW HIGH 
TOPOGRAPHY:MORPHOLOGY CONTROL DOSE DOSE 

Ovary: Cystadenoma 0/12(0.00) 2/30(0.07) 0/14(0.00) 

P Values0 N.S. N.S. N.S. 

Relative Risk (Control) Infinite 
Lower Limit 0.128 
Upper Limit Infinite 

Weeks to First Observed Tumor 92 

Treated groups received time-weighted average doses of 4254 or 9000 ppm in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 

The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
 
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
 
level for the Fisher exact test for the comparison of a treated group with the control group is
 
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi­
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa­
tion (N) indicates a lower incidence in the treated group(s) than in the control group.
 

The 95% confidence interval on the relative risk of the treated group to the control group.
 

These analyses were based solely upon animals surviving at least 52 weeks.
 



Due to the large number of early deaths in high dose mice of
 

both sexes, the statistical conclusion of carcinogenicity was based
 

on low dose to control Fisher exact comparisons.
 

In male mice the Fisher exact test comparing low dose to control
 

indicated a significant (P = 0.020) positive association between dose
 

and the incidence of hepatocellular carcinomas. The test for depar­

ture from linear trend was also significant. The Fisher exact test
 

comparing low dose to control further indicated a significant (P =
 

0.002) positive association between dose and the combined incidence
 

of hepatocellular carcinomas or hepatocellular adenomas.
 

Based on these statistical results, p-nitrosodiphenylamine was
 

carcinogenic to male B6C3F1 mice, inducing an elevated incidence of
 

hepatocellular carcinomas and an increased combined incidence of
 

hepatocellular carcinomas or hepatocellular adenomas.
 

None of the statistical tests were significant at any site for
 

female mice.
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V. DISCUSSION
 

There were significant positive associations between the con­

centrations of p-nitrosodiphenylamine administered and mortality
 

among male and female mice, but not for rats of either sex. In mice,
 

dosing was altered after 40 weeks because of toxicity. Low dose mice
 

were placed on diets containing half the initial concentration of the
 

test chemical; dosing was discontinued for 7 weeks for the high dose
 

mice and resumed at half the initial level for 10 additional weeks.
 

Although 19/50 high dose male mice and 21/50 high dose female mice
 

died before week 52, adequate numbers of mice and rats in all groups
 

survived sufficiently long to be at risk from late-developing tumors.
 

The toxicity observed in mice and the dose-related mean body weight
 

depression apparent in male and female rats indicated that the con­

centrations of p-nitrosodiphenylamine administered to these animals
 

in this bioassay may have approached or exceeded the maximum toler­

ated concentrations.
 

In male rats, there was a significant positive association be­

tween concentration administered and the incidence of a combination
 

of hepatocellular carcinomas and neoplastic nodules. In addition,
 

both the high dose to control and the low dose to control Fisher ex­

act comparisons were significant. There was also a significant posi­

tive association between concentration administered and the incidence
 

of alveolar/bronchiolar adenomas in male rats; however, neither of
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the Fisher exact comparisons were significant. There were no posi­

tive, significant statistical tests for tumor incidence at any site
 

in female rats.
 

Due to the large number of early deaths among high dose mice of
 

both sexes, the statistical conclusion concerning carcinogenicity was
 

based on comparisons between the low dose and control groups. The
 

incidence of hepatocellular carcinomas was significantly higher among
 

the low dose males than among their controls. Although hepatocellu­

lar neoplasms were observed in dosed females, there were no tumors
 

occurring with a significantly increased incidence when low dose
 

females were compared to their controls.
 

Under the conditions of this bioassay, p-nitrosodiphenylamine
 

was carcinogenic when administered in the diet to male B6C3F1 mice,
 

causing hepatocellular carcinomas. The chemical was also carcino­

genic in male Fischer 344 rats, causing liver neoplasms. No evi­

dence was provided for the carcinogenicity of p-nitrosodiphenylamine
 

in female B6C3F1 mice or in female Fischer 344 rats.
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Review of the Bioassay of p-Nitrosodiphenylamine* for Carcinogenicity
 
by the Data Evaluation/Risk Assessment Subgroup
 
of the Clearinghouse on Environmental Carcinogens
 

October 25, 1978
 

The Clearinghouse on Environmental Carcinogens was established in
 
May, 1976, in compliance with DHEW Committee Regulations and the Pro­
visions of the Federal Advisory Committee Act. The purpose of the
 
Clearinghouse is to advise the Director of the National Cancer Institute
 
(NCI) on its bioassay program to identify and to evaluate chemical
 
carcinogens 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, and State health officials.
 
Members have been selected on the basis of their experience in carcino­
genesis or related fields and, collectively, provide expertise in
 
chemistry, biochemistry, biostatistics, toxicology, pathology, and
 
epidemiology. Representatives of various Governmental agencies partic­
ipate as ad hoc members. The Data Evaluation/Risk Assessment Subgroup
 
of the Clearinghouse is charged with the responsibility of providing a
 
peer review of reports prepared on NCI-sponsored bioassays of chemicals
 
studied for carcinogenicity. It is in this context that the below
 
critique is given on the bioassay of p-Nitrosodiphenylamine for
 
carcinogenicity.
 

The reviewer said that p-Nitrosodiphenylamine was judged to be
 
carcinogenic in male mice and rats, under the conditions of test,
 
inducing liver neoplasms in both species. After briefly describing the
 
experimental design, he said that, despite a number of experimental
 
shortcomings, the study was still acceptable. The reviewer concluded,
 
based on the. results of the study, that p-Nitrosodiphenylamine should
 
be considered a potential human carcinogen.
 

There was no objection to a recommendation that the report on the
 
bioassay of p-Nitrosodiphenylamine be accepted as written.
 

Clearinghouse Members Present:
 

Arnold L. Brown (Chairman), University of Wisconsin Medical School
 
Joseph Highland, Environmental Defense Fund
 
William Lijinsky, Frederick Cancer Research Center
 
Henry Pitot, University of Wisconsin Medical Center
 
Verne A. Ray, Pfizer Medical Research Laboratory
 
Kenneth Wilcox, Michigan State Health Department
 

*	 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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APPENDIX A
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN RATS TREATED WITH p-NITROSODIPHENYLAMINE
 





TABLE Al
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED
 

WITH p-NITROSODIPHENYLAMlNE 

tNTMALS INITIALLY IN STUDY
 
«.NIM».LS K5CPOPSI5D
 
ANTP.TS EXAMINED HISTOPATHOLOGIC^LLY**


INTEGUMENTARY SYSTEM
 

• SKIN
 
SEBACEOUS "D3N0CAPCIN0HA
 
KE7ATOACANTIIOKA
 

*SUSCUT TISSUE
 
'DE!!OCA?CIN">?U, NOS
 
FTBrOtl?.
 
MEMANH05AF.COM?,
 

7ESPIF ̂ QPV SYSTEM
 

«LUNG
 
ALVEnLAF/BBONCHinLAR ADEMO HA
 
^S'CtinSl'COH, H3T ASIATIC
 

^"ATOOQIETIC SYST3"
 

• K'HTlrL"! ORGAN?
 
if.LnN'NT LYMPHOM, NOS
 
J-ANULICYTIC LEIKEMTA
 

?IFCr'LA""O«Y SYSTE1
 

MTMr
 

DIGESTIVt SYSTEM
 

* 11V KD
 

nr"?ii5T:c_MOD!!LE


C0NTS1L {'JNTH)
 
11-116S
 

20
 
20
 

 20
 

(20)
 

(20)
 

(19)
 
1 (",)
 

(20)
 

(20)
 

LOW DOSB
 
11-1163
 

50
 
SO
 
50
 

(50)
 

(50)
 
1 {2%)
 
1 (2%)
 
1 12%)
 

(19)
 

1 (2%)
 

(5 0)
 
2 (1H)
 
1 (2X)
 

(t9)
 
 S_JIfiSl.


HIGH DOSE
 
1 1-1161
 

50
 
50
 
50
 

(50)
 
1 (2*)
 
1 (2%)
 

(50)
 

1 (2*)
 

(50)
 
9 (18%)
 

(50)
 

1 1.2%)
 

(50)
 
 IS n6S)
 

* NMNrE" OF AMIMAIS WITH T I S S U E EXAMINED MIC"OSCOPICA11Y 
* V11B2F OF ANIiiALS N5CHOP.SIED 

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE Al (CONTINUED) 

CCNTPOL (UKTP) 
1 1 - 1 1 6 5 

LOW DOS-
1 1 - 1 1 6  3 

HE°»rr'OCELL'!L.'ir CARCINOMA 2 ( 4 « )  . 

*COLO>' 
ADENOCA'CIlioa*, NOS 

(20) (U7) 

*rOLO«!IC MUCO'IS
AEEVGMA, NOS 

ME1BR (20) (U7) 

UPINl.tY SYSTEM 

NO-II 

EN DOC IN? SYSTEM 

•PITUITARY	 (19) [ U S ) 
CHROMOPHOBE ADENOMA U (21«) 5 (1.1%) 

«i.D»ENAL (20) (US) 
CORTICAL ADENOMA 1 (5%) 1 (2*) 
PHEOCH"OMOCY^OflA 2 (101) 15 (31X) 
-,JNGLION3'1F.OMA 

#THY"OID (20) (ttfi) 
FOLLT.C'ILAR-CELL ADENOMA 
FOLLIC-ILAP.-CELL CAECINOMA 1 (5%) 
C-CELL ADEHOM' 2 ( 103 ) 5 (11%) 
C-CSL1 C.'.PCINOMA 1 ( I S ) 

• T'C'E'TIC ISLE'S (19) (U7) 
ISLHT-CELL ADEHOHP. 2 (-"IS) 6 (13%) 

»??CODIJCTHE SYSTEM 

*"t?.Mf!>?Y GLAND (20) (50) 
"IBRCADENOM?. 1 (2%) 

»P"OSTATE (19) (47) 
CAPILLARY ADENOMA 
ACTS?.?-CELL ADENOMA 1 (2%) 

•	 TF.STIS (20) (49) 
:i!IERSIITIAL-CELL_Tl!MOR 5_Jin5L

» N'J«1F.D OF ANIMAI S WITH TISSU3 EXAMTN3D MICROSCOPICALLY
 
* NUMBER OF ANIMALS NECROPSIED
 

HUH DOSE 
1 1 - 1 1 6 1 

1{2%) 

(«9) 
1 (2%) 

(49) 
1 <2«) 

(144) 
4 (9X) 

(49) 

4 (8X) 
1 (2%) 

(39) 
1 (335) 

1 (3%) 
2 <5H) 

(48) 
2 (i»%) 

(50) 

(48) 
1 (2X) 

(50) 
fi_i228l. 
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TABLE Al (CONTINUED) 

CONTROL ('JMTB) LOW DOSE 
1 1 - 1 1 6  5 1 1 - 1 1 6 3 

TKTE?STI?I?L-CELL T7MOF, MALIGNS 18 (90S) U2 (86$) 

•'SRVO'IS SYS7E1 

«EFMN (20) (49) 

TLIOHS, ros 1 (5S) 

SPECIAL SENS3 OSG.'.NS 

1'ISC'1LOSKEI3TSL SYSTF1 

*.1L'TLE OF "HOF/.X (2") (SO) 
'".•'CINOSA'CO.I?: 1 (23!) 

DODY CAVITIES 

* T ' H U ;  A VAGIMALIS (20) (SO) 
MFSOTHELIO1A, »'OS 1 (5%) 

»L! <T"iIE? SYS"SKS 

•IQN'H 

'•N*.1AL DISPOSITION 3'IMMARY 

ANI«!AL3 I M I T U L I Y IN ST:'DY 20 50 
VA~tIon.L DEATilil ai 

Nn»I3il!!D SACFIFIC^ 1 3 
SCHEDULED S A C ^ I ' I C E 
ACCIDENTALLY KILLED 
TERMINAL S ' i  C I "'TCE 18 U3 
!.»'IM5L MIFSI'IG 

il T?:CIUDHS .-TITOLYZED AMT1.-.LS 

« »:U"!2?:0 OF ANIP!?1S HIT!! TISSUE EXJ MINED X ICOSCOPICf.LLY 
* VP"1B»? OF ANIMALS i n t ' O J n l j n 

HIGH DOSE 
11-1 161 

39 (78%) 

118) 

(SO) 

(SO) 
1 (2%) 

*0 

u 

116 
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TABLE Al (CONCLUDED) 

CCN""OL (UHT!>) LOW DOSE HiGH DOGE 
11 - 1 1 6S 11 -1 1^3 11 -116 1 

"HJIO- s:'M1AnY 

-n-?.! ANItf'L? WITH ?RI1'.?.Y THMO23* 21 "9 50
 
™O~AL FRIMARY THROES 3U 98 96
 

TO~'-L ^>!T̂ ?,LS WITH BENIGM T'IMO'S 10 29 23
 
TO "SI, 3EKIGM T:'MOR5i 12 UO 32
 

TOTfL ANXn.'LS WITH MS LIGNP.MT "'I^OPS 19 UU !11
 
TO"?L HALIGHAN' TUM^n.S 21 ^0 U5
 

TOT.*L ANIMALS KITH SSCOSD?'Y TUTORS* 1
 
TOTAL SECONDARY TUMOBS 1
 

TOTAL JSiar.LS illTH TI'MO-S 'INCE-TMN­
BF.NIGH 05 1SLIGK.1NT 1 8 19
 

TOTAL 'INCSPTAIS T'lMOPS 1 8 19
 

TP^fL ANIMALS WITH ?H!10?.S nNCERTf.IN­
PPIMAPY OS METASTA-IC
 

"OTAL OKCEP.TAIH THMORS
 

* ?F'"!','Y riRO'S: ALL T'liO^S 3XCE?T SECONDARY TUMORS
 
* SECONDARY TUMGES: »3Tf.ST\Tir T'lHOSS OS "U10PS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A2
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED
 

WITH p-NITROSODIPHENYLAMINE 

CONTSOL (IJNIP) I.OH DOSE 
1 1 - 1 1 6 6 11-116U 

ANIMALS INITIALLY IN STUDY 20 50 
ANIMALS NEC=>OPSI2D 20 50 
ANIMUS EXAMINED HISTOPATHOLOGICALLY** 20 50 

INTE<5 JMENTA=!Y SYSTEM 

•SKIN	 (20) (50) 
"•PILLOMA, NO? 
KEFATOACANTHOMA 1 (2%) 

•>SSPI?ATO?Y SYSTEM 

»I TING	 (20) (i*9) 
•ILVEOLAR/BP.ONCHIOLAF. ADLNOMA 2 (10%) 2 (HIS) 
C-CELL CARCINOMA, METASTATIC 2 (Ut) 

HEiiATOPOIETIC SYSTEM 

•MULTIPLE	 ORGANS (20) (SO) 
I ! I ! W . ' J : LYNPHOMA, NOS : (10",) 2 (US) 
GPAN'ILOCYTIC LE'IK^MIA 2 (H%) 

*SKIN OF FA' (20) (5 0) 
PL^MA-CELL T'JMO" 1 (2%) 

*LY?1PH NODE (13) (3 8) 
C-CELL C'.TCIMOMA, SE^AST'TIC 1 (31) 

?IFr '!L»TODY SYSTE"! 

MO'IF 

DIGFSTIV5 SYSTEM 

* LIV wP (19) ro) 
NEOPLAS^IC MODULE _2 J«S) 

* H'IMEE? OF ANIMALS WITH TISSUE EXAMINED MICPOSCOPICALLY 
* K"fBEE OF ANIMALS NEC3OPSIED 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

HIGH DOSE 
11-1162 

50 
U9 
tt9 

1 (255) 

(U9) 
10 (20%) 

(1»9) 
1 (2S) 

(«9) 

( 3 a ) 

(it8) 
5 ( 1 0 « ) . 
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TABLE A2 (CONTINUED) 

CCNTPOL(UNTS) LOW DOSE HIGH DOS~ 
1 1 - 1 1 6 6 11 -116U 11-1162 

•STOMACH	 (19) (19) (U8)
 
"IBFOSARCOMA 1 (5%)
 

1?INAOY SYSTEM 

•	 KIDNEY (20) (119) (U9) 
ADENOCAP.CINOMA, NOS 1 (2-.) 

ENDOCFINE SYSTEM 

tPI- 'JITASY (18) (43) (19) 
ADENOCAFCINOMA, HOS 1 (615) 
CH50MOPHOBE ADENOMA 8 (I1**) 2U (56%) 1U (29%) 

**D"FNAL (19) (19) (U9)
 
CnSTICAL ADENOMA 1 (2*) 1 (2%)
 
PHEOCHPOf.OCYTOM? 1 (5*) 2 \n%)
 

HIHYPOID (18) (U7) (11)
 
FOllIC'ILP.S-CEtl ADENOMA 1 (2%)
 
C-CELL ADENOMA 2 (11%) 3 (S%)
 
C-CELL CASCIHOHA 2 (UX) 1 (2%)
 

• PANCEATIC ISLETS (19) (U8) (U7)
 
ISLET-CELL ADENOMA 1 (2%) 1 (2*)
 

HEP?OD'1CTIVE SYSTEM
 

*«AMMA"Y GLAND (20) (50) (U9)
 

ACENOcA?.r:iKoa.»., N O S 1(SHJ
 
FIB'OADENOMA	 2 (10%) B (16%) 3 (6%) 

#UTEPUS (20) (50) (1(8)
 
ADENOCAPCINOMA, SOS 1 (̂ S) 1 (2%) 1 (2%)
 
ENDOMET"IAL STPOMAL POLYP 2 (10%) 6 (12%) 5 (10%)
 

NEFVO'IS SYSTEM
 

*E?AIN (20) (U8) (U9)
 
GLIOS.B, NOS 1 (2%)
 

SPECIAL SENSE OPGANS
 

NONE . .. . ._ .. _ .
 

* NOKBEP OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* HU1BE? OF ANIMALS NBCROPSIED
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TABLE A2 (CONTINUED) 

CCSTPOL (1IIITT!) LOW DOSE HIGH DOSE 
11 ­ 1 1 * 6, 11-116U 11-1162 

1USCIILOSK5LETAL SYSTEM 

"ON5: 

BOnY CS.VTTTES 

MC'S 

SLL O l ! ! 5 r SYSTEMS 

NONF 

'NI?1!\L DISPOSI^IO!! S'tMNASY 

• H I M ' ^ S INTTIALLY IN STUDY 20 50 
»'?.T''3.M DT',TH5I 6 u 
lO^IBIND S ? C ? I F I C ^ 2 1 1 
SCHEDULED SAC'IFTCE 
ACCIDEHT'LLY KILLED 
TE ' I INAL Sf.CPTFICE 18 U3 45 
AMI«AL MISSING 

« .TNCIUDSS A.UTOLYZED AMIMJ.LS 

« M'TMBES OF S r : K ? L S WITH TISSUE KXAKI»'ED HIC EOSCOPICAILY 
* -ilUlRFH OF 5'IIKALS M^C?OPSIED 

A-9 



TABLE A2 (CONCLUDED) 

CONTROL ('INTE) LOW DOSE HIuK DOSF 
1 1 - 1 1 6 6 1 1 - 1 16 U 11-1 162 

T'J»1O= SlIKM^Y 

TCTAL AMIrtALS WITH PPIK».?Y ""MO-.S* 11 36 28 
TOTAL ""T^APY TOMOfS 2  3 6  0 uu 

"OT-.L ANIMALS rflTH 3ENIGN "JMOS3 9 3  2 25
 
TOTAL BFNIRS TUKO3S 17 US 35
 

TOTr.L »!!IHALS WITH MALIGUPKT '1HO5S a 8 U
 

70TSL NALIRN'.'IT T'JIORS f B
 u 
TO'S.L ANTM'.LS WITH SECONDtty T l U C S  * 2
 

TOTAL ^ECOSDA^Y T'!>1OPS 3
 

TOTAL ANIMALS WITH ™:jtW,S UNCE^TAIN­
DF'IITM OR MALIGNANT 3 c 

•TOTAL USCSrTAIN TUMORS 3 5 

TO"1?!. AtllMALS WITH -'IMOPS "NCIlRTAir-

P"?T.«!IPY 0'- SETASTATIC
 

TOTfL HSCHFTMM TMHOSS
 

* P?tH»PY 1UKOFS: ALL TUMOS? EXCEPT SECCND.'PY TUMORS 
* SECO'IDI.PY "JMOPS: MSTASTATIC TJSO?S OF T'JMO°S INVASIVE TNIO AN ADJACENT OP.GAN 
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN MICE TREATED WITH p-NITROSODIPHENYLAMINE
 





TABLE Bl
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE TREATED
 

WITH p-NITROSODIPHENYLAMINE 

CONTROL (UNTE) LOW DCSE 
2 2 - 2 1 6  5 22-2163 

ANIMALS INITIALLY IN STUDY 20 50 
ANIMALS kECFOPSIED 20 50 
ANIMALS EXAMINED HISTOEATHOLOGICALLY** 2  0 50 

INTEGUM2NTJBY SYSTEM 

NONE 

EESPIBATCPY SYSTEM 

1LUNG (20 ) (i»6) 
HEEATCCELLULAB CAECINOMA, METAST 1 (2%) 
ALVECLAH/ESONCHIOIAR ADENOMA 1 (5X) 10 (22%) 

HEMATOEOIET3C SYSTEM 

t r S E I A S T I N P L L.NOEE (9 ) (31 ) 
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 

CPESENTFBIC L . NODE (9 ) (31 ) 
MA11G.LYMPHOMA, HISTIOCYTIC TYPE 1 ( 1 1 * ) 

#EEYEBS PATCH (19) (U7) 
BALIG.LYMPHOMA, UNDIFFEB-TYPE 
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 1- <5S) 

CIKCD1ATCBY SYSTEM 

NONE 

DIGESTIVE SYSTEM 

• LIVER	 (19) (K7) 
HiPATOCELLIIIAP ADENOMA 2 (11%) 17 (36%) 

HI£iI££51tUia£_£A.££IJI2Jia	 ir.jam 
* NOMEE" OF ANIMALS WITH TISSUE EXAMINED MICEOSCOPICALLY 
* NUMBE5 C? ANIMALS NECPOPSIED 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

HIGH DOSE 
22-2161 

50
 
50
 
5 0
 

(149) 

a (6%) 

(30 ) 
1 (3%) 

(30) 

(U6) 
1 (2%) 

(50) 
11	 (22X) 

1 (2*1 
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TABLE Bl (CONTINUED) 

CCN1EC1(UNTP.) LOU DOSE HIGH DOSE 
22-2165 22-2163 2 2 - 2 1 6 1 

HEPATCELASTOMA 2 (US)
 
HEHANGIOBA 1 (2*) 1 (2%)
 

UPINARY SYTTEM 

NOSE 

ENDOChlNE SYSTZM 

iADF.ENAI (10) (42) (33) 
PHEOCHF.OKOCVTOBA 1 (3*) 

•IHYFOIC	 01) (»1) (3U)
 
FCIIICU1AP. -C51L ADENOMA 1 (2%)
 

SEPRCDUCTIVE SYSTEM 

• T E S T I S	 (19) («9) (U8)
 
J N T E F S I I T I A l - C E I L 1UMOP 1 (2%)
 
INT3PSTITIAL-CELL TUMOR, MALIGMA 2 (4«)
 
HEMASGIOHA 1 (2*)
 

KERVCUS SYSTEM 

NONE 

SPECIAL S£NSE ORGANS 

•H*RD3SIAN	 G1AND (20) (50) (50) 
P'.PILLAPY ADENOMA 1 (2%) 

B0SCUL0SKE1ETA1 SYSTEM 

NONE 

EODY C S V 1 1 I J S 

NCNH 

A l  l CTHEB SYSTEMS 

__JSSS£ 

* KUMEE3 OF ANIMALS WITH TISSUE EXAMINED KICHOSCOFICA1LY 
* NUMEEP CF A N I M U S NECEOPSIED 
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TABLE Bl (CONCLUDED) 

CCN1EOL(UNTE) LOW DOSE

22-2165 22-2163


ANIMAL DISPOSITION SUMMARY
 

ANIMALS INITIALLY IN STUDY 20 50
 
SATUPSL DEATHS 2 8
 
MORIBUND SACRIFICE 1
 
SCHEDULED SACRIFICE
 
ACCIDENTAILY KILLED 1
 
TEPMINSL SACRIFICE 17 U1
 
AKIMJL MISSING
 

3 INCLUDES AUTCLYZED ANIMALS
 

TUKOS SUKMAEY
 

TOTAL ANIMALS WITH PRIMARY TUMORS* H 30
 
TOTAL PRIMARY TUMCRS »5
 

TOTPL ANIMALS WITH BENIGN TUMORS 3 2«
 
TOTAL BENIGN TUMOES 3 31
 

TOTfi. ANIMALS WITH MALIGNANT TUMOES 13
 
TOTAL MALIGNANT TUMORS 2 14
 

TOTAL SMMALS WITH SECONDARY TUMOPSt 1
 
TCTAL SECONDARY TUMCRS 1
 

TOTAL ANIMALS WITH TUPORS UNCEBTAIN­
ESNIGN OE MfLIGNANT
 
TOTAL 'INCEETAIN TUMOES
 

TOTAL ANIMALS WITH TUMORS UNCERTAIN­
PRIMARY OR METASTJTIC
 

TCTAL UNCERTAIN TUMOES
 

* FHIMASY TUMOHS: ALL TUMORS EXCEPT SECONDARY TUMOPS
 
# SECCNDAPY TOMOPS: METASTATIC TUMOES OP TUMORS INVASIVE INTO
 

 HIGH DOSE
 
 22-2161
 

SO
 
20
 

30
 

17
 
21
 

15
 
18
 

3
 
3
 

PJ ADJACENT OFGAN
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TABLE B2
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREATED
 

WITH p-NITROSODlPHENYLAMINE
 

CONTROL (ONTE) IOVi DCSE 
22-2166 2 2 - 2 1 6 U 

ANIMALS INITIALLY IN STUDY 2C 50 
ANIMALS M S S I H G 1 
JNIMALS NLCROPSIED 20 U9 
ANIMALS EXAMINED HISTOEATHOLGGICALLY** 20 1(9 

INTEGUMEKTAPY SYSTEM 

NCNE 

RESPIRATORY SYSTEM 

#LUSG (20) (19) 
ALVEOHS/BBONCHIOLAE ADEN3HA 2 (U%) 

HEMATOPOIETIC SYSTEM 

•MULTIPLE	 ORGANS (20) ("9) 
MALIGNANT LYMPHOMJ., NOS 
MALIG.LYMPHOMA, UNEIFFER-TYPE 1 (2%) 
MALIG.LYMPHOMA, LYMPHOCYTIC TYPE 1 (5X) 
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (5X) 2 (4%) 
MALIGNANT LYMPHOMA, MIXED TYPE 

•SPLEEN	 (19) («5) 
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2R) 

*ILEO!! (17) (U6)
 
MALIGNANT LYMPHOMA, NOS
 

CIF.CULATOFY SYSTEM 

NONE 

DIGESTIVE SYSTEM 

•SALIVAPY GLAND	 (16) (K1) 
-	 »IfNCMAx NOS __ _ _ 

# NUMBE5 OF ANIMALS WITH T I S S U E EXAMINED MICEOSCOPICALLY 

• NUMBES OF ANIMALS NECPOPSIED 

**EXCLUDES PARTIALLY AUTOLYZED ANIHALS 

HIGH DCSE 
2 2 - 2 1 6 2 

50 
1
 

U9
 
18
 

(«5) 
1 (2%) 

(19) 
1 (2%) 

2 (UX) 

(<*2) 

(35) 
1 (3X) 

(28) 
1 J121 
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•	 LIVEB
 
HEFATCCELLULAK ADENOMA
 
HEPATCCELLULAH CAFCINOMA
 
HEMAHGIOMA
 

•	 EANCFSAS
 
AtENCMA, NOS
 

•ESOEHAGUS
 
SCUAMCUS CELL PAPILLOMA
 

OSINABY SVS1EM 

NONE 

ENDOCEINE SYSTEM 

•PITHITAPY
 
CHBOMOPHOBE ADENOMA
 

EEPRODOCTIVE SYSTEM 

•UTERUS 
HNECMITFIAL STBCMAL POLYP 

•CV5FY
 
CYSTfCENCMA, NOS
 

NEEVCUS SYSTEM 

NONE 

SPECIAL SENSE ORGANS 

NONE 

H'JSCOLCSKEIETf.L SYSTEM 

NCSE 

# NUKEEB CF ANIMALS WITH TISSUE
*	 NUMEER OF ANIMALS NICROPSIED 

TABLE B2 (CONTINUED) 

CCNTEO1(UNTF) LOW DOSE 
22-2166 22-216U 

<2C) («8) 
« (8*) 
1 <2X) 
1 (2X) 

(20) (U3) 

(15)	 (U3) 
1 O%) 

( 1 6 )	 (38) 
1 (6X) 

(20)	 (I49) 
3 (6X) 

(1«) (32) 
2 (6*) 

 EXAMINED MICBOSCOFICALLY 

HIGH DOSE 
22-2162 

(»3) 
2 (5*) 
1 (2X) 
1 (2*) 

(40) 
1 <3X) 

(38) 

(21) 

(t3) 

(28) 
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TABLE B2 (CONCLUDED)
 

CCNTBCI(UNTF) LOW DOSE HIGH DOSE 
2 2 - 2 1 6 6 22-216lt 2 2 - 2 1 6 2 

SOEY C A V I T I E S 

HONE 

ALL OTKEF SYSTEMS 

NONE 

ANTM.M D 3 S J C S I T I C N SUKBAEY 

ANIMALS INITIALLY IN STUDY 2C 50 50
 
NATUFAL DEATHS 2 4 23
 
HCPIEUNE SACRIFICE 2
 
SCHEDULED SACEIFICE
 
ACCTDFNTALLY K I 1 U  D 1
 
TEPMINAL SACEIFICE 18 U2 26
 
A M M I MISSING 1 1
 

S INCLUDES AUTCLYZED AKIMALS 

TUf«OB SUMMARY 

TOTAL ANIMALS WITH P8IMARY TIMORS* U 16 9
 
TCTAI EBIMAEY 1UMOES it 17 11
 

TOTAL ANIMALS WITH EENIGN TUHORS 2 12 5
 
TOTAL EENIGN TUMOES 2 12 6
 

TOTJL f l i l B A L S HITH MALIGNANT TUMOES i. 5 5
 
TOTAL MALIGNANT TUMORS 2 5
 c 

IOTAL ANIMALS HITH SECONDARY TUMOES*
 
TCTAL SECONDARY IUMCRS
 

TOT1L I N I B A L S WITH TUMOFS ONCERTAIN­
EENIGN OR MAIIGNANT
 

IOTAI UNCERTAIN TUMOES
 

TOTAL fNTBALS WITH TUKCES UNCERTAIN­
PEIMABY OR B I I A S T A T I C
 

TOTAL UNCERTAIN 1UMORS
 

* PRIMARY 7UMOBS: AIL TUMORS EXCEPT SECONCAEY ^UMOFS
 

• SECCNDAPY TUMOBS: ME1ASTATIC TUMORS OE TUMOES INVASIVE INTO AN ADJACENT ORGAN
 

B-8
 



APPENDIX C
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN RATS TREATED WITH p-NITROSODIPHENYLAMINE
 





TABLE Cl
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS TREATED
 

WITH p-NITROSODIPHENYLAMINE 

HIGH DOSS 

11-1161 

50 
50 
50 

(50) 

(50) 

(SO) 
1 (2%) 
1 (2%) 
1 (2%) 

(17) 
28 (60%) 

(50) 
1 (2«) 

(50) 
2 (U%) 
1 (2%) 
1 <2«) 
8 (16%) 

(50) 
1 (2?.) 

(39) 

','ITMALS INITIALLY IN STUDY 
M1IMMS NECTIOPSIED 
*HIH«.IS EXAMINED HISTOPATHOLOGTCALLY** 

IVTEG'JNFNTASY SYSTEM 

• SKIS
 
EPIDERMAL INCLUSION CYST
 

•SUBC'JT	 TISSUE
 
A?SC??S , CHFOMIC
 

3 3SPI"? ,T0 I 'Y SYSTEM 

• flA^AL	 "1ITCOSA
 
IKFLAflNATIOH. ACUTI
 
•IYPEPPLASIA, EPITH3LIAL
 
K?3«TI* '-PEA?L FORMATION
 

*  1 v f: C H E *.
 
THFLAIMATION, C'lSOH'C
 

•LUMn/ETONCHns
 
3"TKCHIFC' ' . S I S
 
I"F1'.M!1ATION, ACUTE St'PPU*<f TIVE
 

• IJIMG
 
CONGESTION, *'0S
 
HEMO'^H.iGE
 
E~n>lCHOPNS'IMOSIA, NOS
 
nBEMMONIA, CHPONIC M'IFINE
 

HEMATO'OIETIC SYSTEM 

*	 S P LT P M
 
HEMOKRHARE
 

•LY1PH	 NODE
 
LY".PKA"G;ECT?.SIS
 

CONTROL (DHTB) LOW DOSE 
11-1165 11-1 163 

20 50
 
20 50
 
20 50
 

(20)	 (50) 
1 (2%) 

(20)	 (50) 
1 (2X) 

(20) (50) 

(20)	 (16) 
16 (80%) 23 (50%) 

<1S) (19) 

1 (2%) 

(19) (K9) 

2 (11*) 

7 (37%) 8 (16%) 

( 2 0 ) (19) 

( 1 6 )	 (38) 
_1._lf»"=L 2 J 5 % 1 . 

» X ^ W  ̂  OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* VII-I^CTJ OF M<IK.\LS H£CM?SIED 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE Cl (CONTINUED) 

HIGH DOSE
 
11-1161
 

(c-0)
 

214 (13X)
 

(50)
 
1 (2X)
 
1 (2%)
 

3 (6%)
 
2 <«*)
 

28 (561?)
 

35 (70S)
 

(50)
 

(18)
 

(18)
 
3 (6%)
 

(U9)
 

9 (18X)
 

(1)9)
 

(50)
 
"2_.18lti)
 

HYPETLASTA, LYMPHOID
 

CI':C1TLA"'O3Y SYSTE*
 

*f!YOC"?DIUM
 
INFLAMMATION, CHRONIC
 

DIGESTIVE SYSTEM
 

"LIVE?
 
CYS?, HOS
 
TNFLAMMATTCN, FOCAL GPANULOMATOU
 
DEGENED.'"ION, HYDROPIC
 
'1FC0SIS, FOCAL
 
LIPOIDOSIS
 
2AS0PHILIC CYTO CHANGE
 
FOC.'.L CELL'ILA"! CHANGE
 
GLYCOGENIC CELL
 
HYPF?nLASIJ., MOS
 
A'JGIECTASIS
 

*nIlF DUCT
 
'"FLAr'A'IOH, CH^ONT
 
HYPEFPLASIA, NO5
 

»PA"-^EA=;
 
PEPIAR^EPT'"!*;
 

»PA1C°EA?IC ACINHS
 
STtlOPHr, NCS
 

#COLON
 
'ILCE", ACU"E
 
NEM.17ODIASTS
 

»COL"NIC SEFOSA
 
INFLA"!MATI JN, CHPCNIC
 

TIIU'I SYSTEM
 

#KIDN»Y
 
IMFLA»BATIOFA CHSONIC
 

* SaNBEF OF ANIMALS WTTH TISSUE
* NUMBER Of ANIMALS NECPOPSIED 

CONTPOLJttNTB)
 
11-1165
 

1 («)
 

(20)
 
ifi (sn%)
 

(20)
 

2 (10%)
 
13 (65%)
 

1 (5%)
 

(20)
 
7 O5%)
 
16 (80%)
 

(19)
 
1 (5%)
 

(19)
 

(20)
 
1 (5%)
 

(20)
 
1 (3%)
 

(20)
 
18 190%l
 

LOW DOSE
 
11-1163
 

(149)
 

36 (73S)
 

(«9)
 

1 (2%)
 
1 (2S)
 
5 (10-5)
 

1U (29?)
 
9 (1S%)
 
1 12%)
 
2 (1%)
 

21 («3%)
 

(»S)
 

1 (2?S)
 

(«7)
 

(ll 7)
 
1 (2S5)
 

(«7)
 

12 (26«)
 

(U7)
 

(«9)
 
26_J5,3%1. _ .
 

 EXAMINED MICROSCOPICALLY 
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^NDOrSTHE SYSTEM 

•	 AD^Ef'M
 
NECSOSTS, MEDHLLARY
 
SNGIECT»SIS
 

#ADtENAL CORTEX
 
LIPOIDOSIS
 
ATPOPHY, NOS
 
HY?E«7P0PHY, NOS
 
HYPEFPLASIA, NOS
 

HTHY-OTD
 
FOLLICHLAP CYST, NO?
 
HEMO??HAGIC CYST
 
•IYPEFPLASIA, C-CELL 

?EPFOD''CTIVE SYSTEM 

# ̂ ROSTAm E
 
TNFLAKMfcTnN, ACU'E
 

*TESTIS
 
HEMORRHAGE
 
AT'OPHY, NOS
 

HE^VTJS SYSTEM 

SO'IE 

SPECIAL SENSE OPSAMS 

NO'IE 

M"SC'ILOSKELE'1'AL SYST"«1 

NCVF 

7ODY CAVITIES : 

NONE 

# N'J«P2" OF ANIMALS WTTH TISSUE
• titlKBEP OF ANIMALS NECSOPSIED 

TABLE Cl (CONTINUED) 

CONTROL (HNTE) LOW DOSE 
11-1165 1 1 - 1 1 6 3 

(20) (18) 
1 (21) 

1 (5%) 

(20) (48) 
1 (5%) 

1 (2%) 

(20)	 (1»6) 
1 (2%) 
1 (2%) 
2 (1%) 

(19)	 (17) 
1 [5%) 6 (13%) 

(20) (U9) 
1 (2%) 

IP (90%) I  t (9055) 

 EXAMINED KICOSCOPTCAILY 

HIGH DOSE 
11-1161 

(«9) 

3 (6!!) 

(U9) 

1 (2%) 
1 (2<S) 

(39) 

(U8) 
5 (10%) 

(50) 

39 CB%) 
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TABLE Cl (CONCLUDED) 

CONTROL (IINTR) 
11-1165 

LOB DOSE 
11-1163 

HIGH DOSE 
11-1 16 1 

ALL O1HE? SYSTEMS 

SPECTAL MORPHOLOGY SUMMARY 

AUTO/NECPOPSY/HISTO PEEF 1 

# MUNBE? OF ANIMALS WITH TISSUE EXAMINEE MICROSCOPICALLY 
* N'TMBEB OF ANIMALS NECROPSIES 
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TABLE C2
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS TREATED
 

WITH p-NITROSODIPHENYLAMINE 

HIGH DOSE
 
1 1-1162
 

50
 

U9
 

(U9)
 

(K7)
 
26 (55S)
 

(1(9)
 
2 (HI?)
 
1 <2S)
 

1 (2S)
 
12 (24%)
 

3 (6«)
 

(43)
 

(47)
 

(34)
 

(34)
 
1 (3*1
 

ANIMALS INITIALLY IN STUDY
 
ANIKALS NECROP3ISD
 
ANIMALS EXAMINED HISTOPATHOLOGICALLY**
 

I«TEG"MENmAPY SYSTEM
 

* 5 KIN
 
INFLAMMATION, »CUTE/CHEONIC
 

"ESFIPATOPY SYSTEM
 

#T?.».CHF,>>
 
INFLAMMATION, CHSONIC
 

*IUNH
 
CONGESTIOH, NOS
 
^DEMA, NOS
 
DrONCKOPNE!IMONIA, NOS
 
ErONCHOPNE'!>10NIA, AC'ITS
 
PNE'IMCHI?, CHRONIC M''EINE
 
ABSCESS, CHPONIC
 
HYPEFPLAPI?., ALVEOLA? RPITHELI'J (1
 

;iFMA"OPOIi!TIC SYSTEM
 

*BC»1F MA-'OW
 
MYELOFIPHOSIS
 

•FPLTEH
 
MEMATOPOIESIS
 

•LYMPH MODE
 
LYMPHANGIEC"\SIS
 
HEMO=FHAGE
 

•CERVICAL LYMPH NODE
 
HFMOSIDEROSIS
 

CONTROL("N"B)
 
11-1166
 

20
 
20
 
20
 

(20)
 
1 (5%)
 

(18)
 
11 (61%)
 

(20)
 

7 (3S%)
 

(12)
 
1 {B%)
 

(19)
 
1 {5%)
 

(13)
 
1 (8",)
 

(13)
 

LOW DOSE
 
11-116H
 

50
 
50
 
50
 

(50)
 

(U9)
 
34 (69S)
 

(19)
 

1 (2%)
 

15 (31%)
 
1 (2%)
 

(39)
 

(50)
 
3 (6%)
 

(38)
 
1 (3SS)
 
1 (3%)
 

(38)
 

* N'JMBE'' OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* NUMB:)'1 OF 7.NIMALS N E C . O P S I E D 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE C2 (CONTINUED) 

CCNTBOL(HNTR) 
11-116  6 

LOW DOSE 
11-1 1ft 

HIUH DOSE 
11-1 162 

*NESF>I^E=iIC L  . MODE 
LYMPHANTIFCTASIS 
HYPE?.PL.\SI», "ETIC'IL'IM CELL 

(1 3) (38) 
2 (5%) 

(31) 

1 (3%) 

CIFCILA.TOPY SYSTEM 

#1YOCf.9DI'IN 
INFUKHATIIN, CHRONIC 

(20) 
7 (?5«) 

(U9) 
11 (22%) 

(19) 
9 (185) 

DIGESTIVE SYSTEM 

*LIVEP 
HEMORPHAGIC CYST 
»!EC?,OSIS, FOCAL 
I:?OIDOSIS 
P«SOPHILIC CYTO CHANGE 
FOCAL C3LL'JLA.P CHANGE 
HYPEPPLASIA, NOS 
ANGTEC7ASIS 

(19) 

1
17

2
1

 (S«) 
 (39%) 

 (11%) 
 (5%) 

(50) 

1
3

3  ̂
1
2
2

 (2%) 
 (6%) 
 (7U5S) 

(2%) 
 (U%) 
 (4%) 

(18) 
1

1
1«

9
1
1

 (2%) 

 (2S) 
 (29%) 
 (19%) 
 (2%) 
 (8%) 

•BILH EUCT 
INFLAMMATION, CHRONIC 
HYPE°?LASIA, NOS 

(19) 
1
6

 (21%) 
 (32%) 

(50) 
2

12
 («%) 

(21%) 

(18) 
1
5

 (2%) 
 (10%) 

•PAHCRF.'.S 
TMFLiKMATION, ACUTE/CHSO>IIC 

(19) 
1 (S*l) 

(18) (17) 

»PAHC1EATIC
».TPO?HY,

 ACINUS 
 NOS 

(19) 
3 (16%) 

(U8) 
U (8%) 

("7) 
2 (»JS) 

•STOMACH 
'ILCEP, AC'ITE 

(19) (19) («8) 
1 (2%) 

#COLON 
'ILCE5, ACH-E 
NEMATODIASIS 

(20) 

3 (15%) 

(U9) 
1
5

 (2%) 
 (10%) 

(«7) 

13 (28%) 

rI?IHA?Y SYSTEM 

IKIDNEY 
INZLJIMMATION.. CHRONIC

(21) 
H_120%)

(19) 
6 112%)

(19) 
5 MOS) _ 

* H'JMBEP OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBEP OF ANIMALS NECPOPSIED 
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TABLE C2 (CONTINUED) 

CONTROL (UNTE) LOW DOSE 
11-116fi 1 1 - 1 1 6 1 

lUTINAPY BLADDER (18) (""»)
 
HYPE3PLASIA, EPITHELIAL
 

»U.BLSDDES/St!Bf1"COSA (18) («t)
 
HEMOPP.HAGE
 

ENDOCFINE SYST3J1 

#PITUITA°Y (18) (43) 
"IS"', NOS 4 <22S) 9 (21«) 
HEMCSHAGTC CYST 1 <6«) 1 (2X) 

tADSENAL (19) («9) 
LIPOIDOSI? 
HVSIECTASIS 2 (11*) 1 (2*) 

#7iD?ENAL CORTEX (19) (49)
 
HYPEPPLAST?., NOS
 

•THYROID	 (18) (47) 
HYPEI'!>LASIA, C-CELL 2 (4%) 

"EDHOEUCTI"/E SYSTEM 

•I.'KHAPY	 GLAND (20) (50) 
TALACT0C2LE 2 (10%) 2 <4S) 
CYST, NOS 1 (2%) 

•	 UT™IJS (20) (SO) 
HYEP.O1E"'?1R 05%) 3 (6X) *
HE1OSIDiT''OSIS	 1 (2%) 

•	 UTEP'IS/HMDOSETHinB (20) (50) 
CYST, HOS 2 (103S) 5 (10%) 
IN?LAKi1ATION, ACUTE tt (20«!) 4 (3*) 
TNFL»K!!ATION, SCUTE SUPPT.ATIVE 3 (15X) 9 (18*) 
THFLAKMATIIN, CHRONIC 1 (2%) 
HYTFPLASIA, CYSTIC 1 (5«) 1 (2%) 

toVAPY (19) (49) 
CYST, NOS 5 (26X) 5 (10«) 
rOLLIC'lLA" CYST. NOS 2JJ1S1 3 ( 6 * ) 

t NUHBR" OF "NIHALS WITH TISSUE EXAMINED MICROSCOPICALLY
 
* N"«5K" OF ANIMALS NSC»OPSIED
 

HIGH DOSE 
11-1162 

(44) 
3 a%) 

(KM) 

1 (2*) 

(49) 
10 (20*) 
3 (6*) 

(49) 
1 (2*) 
1 (2*) 

(49) 
2 (4*) 

(41) 

(49) 
2 (4*) 

(48) 
4 {&%) 

(48) 
3 (655) 
3 (6%) 
6 (13*) 

1 (2*) 

(44) 
8 (1SX) 
Z(S%)__ 
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TABLE C2 (CONCLUDED)
 

CCNTFOL ('INTS) 
11-1166 

LOW DOSE 
1 1 - 1 1 6  U 

HIGH DOSE 
. 1 1-1162 

TNFLA11ATI0N, AC'J-E 
INFLAMMATION, ACUTE
AESCEFS, CHPONIC 

 SUPPIEATIVE 1 (5S) 
1 (2%) 

1 (2*) 

NEPVO'TS SYSTEM 

*B?.».IN 
HFMQPRHAOE 
ATROPHY, PRESS'T^E 

*CE?E3FLLUH 
HEMOBRHAGE 

(20) 

2

(20) 

 (10%) 

(H 8) 
1 (2%) 
1 (2«) 

C»8) 

(19) 

K

(«9> 
1

 (8*) 

 (2*) 

SP"CI»L SEHRS OPGANS 

H0T1E 

M'JSC-ILnSKEI'TAL SYST2M 

NONE 

BODY CAVITIES 

NONE 

»LL 0™H"8 SYSTEMS 

SCIE C? FOO" 
THFIAMMATION, CHRONIC 1 

ADIPOSE TISSUE 
LIPOG"AN'ILOMA 1 1 

SPECIAL MORPHOLOGY SUMMARY 

AUTOLYSIS/NO NECROPSY 1 

• FU1BE? OF ANIMALS KITH TISS'TE EXAMINEE MICROSCOPICALLY 

• NOUSES 0* ANIMALS NECROPSIED 
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APPENDIX D
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN MICE TREATED WITH p-NITROSODIPHENYLAMINE
 





TABLE Dl
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE TREATED
 

WITH p-NITROSODIPHENYLAMINE 

CONTBOL (UNTB) LOW DCSE 
22-2165 22-2163 

ANIMALS INITIALLY IN STUDY 20 50 
ANIMALS NFCBOESIED 20 50 
ANIMALS EXAMINED HISTOEATHOLOGICALLY** 20 50 

INTEGUMENTARY SYSTEM 

• S K I N	 (20) (50) 
ABSCESS, CHRONIC 1 (2%) 

BESPIEATORY SYSTEM 

• LUNG	 (20) (46) 
INFLAMMATION, INTERSTITIAL 
INFLAKMATICN, FOCAL GBANOLCMATOU 
HYPEBPLASIA, A1VEOLAR EPITHELIUM 1 (2%) 

HEMATOECIETIC SYSTEM 

•SPLEEN	 (17) (i»7) 
HYEEFFLASIA, LYHPHOTD 1 (2») 

•BRCNCHIJL	 LYMPH NODE (9 ) (31) 
HEI1OFFHAGE 1 (11%) 
HYPEFPLASIA, LYHPHCID 

• I-.ESENTERIC	 L  . NODE (9) (31) 
INFLAMMATION, HEMORBHAGIC 1 (11*) 
HYPEPPIASIA, LYKPHOID 1 ( 1 1 * ) 1 (3X) 

• THYMUS	 (5) (6) 
INFLAMMATION, GPANULOMATOUS 

CIBCULATCPY SYSTEM 

__M£E _ ­

# NUMBER OF ANIMALS WITH TISSUE EXAHINED MICROSCOPIC ALLY 
» NUMBER CE ANIMALS NECEOPSIED 
"EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

HIGH DOSE 
22-2161 

50 
50 
50 

(50) 

(49) 
5 (10*) 
1 U%)
3 (6X) 

(«8) 

(30) 

1 [3%) 

(30) 

( 1 0 ) 
1 (10%) 

D-3 



TABLE Dl (CONTINUED) 

CONTEOL(UNTF) LOB DOSE 
22 -2165 22-2163 

DIGESTIVE SYSTEM 

•LIVER	 (19) (HI) 
INFLAMMATION, NECBOTIZING 
NECROSIS, COAGULATIVE 1 (2%) 
CYTOFLBSMIC VACOOLIZATION 1 (25!) 
CLEAE-CELL CHANGE 1 (2%) 
H Y P E F P U S I S , NODULAR 
HYPERPLASIA, NOS 20 (U3X) 
HYPEBPLASIA, DIFFUSE 
ANGIECTASIS 1 (2*) 

IILEUM (19) (K7) 
INFLAMMATION, PYOGBANULOMATOUS 1 (2)5) 

URINARY SYSTEM 

•KIDNEY	 (19) (48) 
HYCRCNF.FHROSIS 1 (2%) 
INFLAMHATION, CHRONIC 1 (2*) 
INFLAMMATION, CHRONIC FOCAL 
HYPEEPLASIA, LYMPHOID 

• KIINEY/CCRTEX	 (19) (48)
 
ATROFKY, CYSTIC
 

• KIDNEY/HEEULLA	 (19) (48)
 
NECRCSIS, COAGULATIVE
 

IUBINARY BLADDER (18) (44)
 
INFLAMBATICN, CHRONIC
 

ENDOCRINE SYSTEM 

NONE 

REPRODUCTIVE SYSTEM 

•PEEPOTIAI	 GLAND (20) (50)
 
C Y S I , NOS
 

•SEMINAL VESICLE (20) (50) 
_ _ fCLY£^ IjJIIOH4.I£RY 

 NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY 
» NUMBER CF ANIMALS NECROPSIED 

HIGH DOSE 
2 2 - 2 1 6 1 

(50) 
2 (4X) 

7 (14K) 
1 (2«) 
8 (16%) 

(46) 

(U9) 
2 <K%) 

1 (2X) 
1 (2%) 

(49) 
1 (2*) 

(49) 
1 (2%) 

(46) 
2 («%) 

(50) 
2 (4%) 

(50) 
JLJ251 
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CCMTBOL(UNTB) 
22-2165 

[19) 

(20)
 
1 <5X)
 

(20) 

(20) 
1 (5«) 

15 

LOW DOSE 
22-2163 

(49) 

(50) 

(50) 

(50) 

10 
1 

HIGH DOSE 
22-2161 

(18) 
3 (6%) 

(50) 

(50) 
1 (2%) 

(50) 

1 (2*) 
1 (2*) 

16 

I1ESTIS/IUBULE
 
HYEOSEERMATOGENESIS
 

NEEVOUS SYSTEM 

NCNE 

SPECIAL SEl.SE CRGANS 

•IYE/CCPN£A
 
INFLAMMATION, CHRCNIC
 

KUSCULOSKEIETAI SYSTEM 

NONE 

EODY ( -AVI1IBS 

•PLEURA
 
INFLAMMATION, ACDTE/CHRONIC
 

AIL OTHEP SYSTEMS 

•MULTIPLE	 ORGANS 
INFLAMMATION, CHRCNIC 
INFLAMMATION, CHRONIC SUPPURATIV 
HYPEPFLASIA, LYMPHOID 

SPECIAL flCBPHOLOGY SUMMARY 

NO LESION REPORTED
 
AUTC/NECBOESY/HIS1O PSRP
 

TABLE Dl (CONCLUDED) 

« NUMEES OF ANIMALS WITH TISSUE EXAMINED MICFCSCOPICALLY 
» NUMEEF OF ANIMALS NECROPSIED 
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TABLE D2
 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE TREATED
 

WITH p-NITROSODIPHENYLAMINE
 

CONTROL(UNTR) LOW DOSE HIGH DOSE 
2 2 - 2 1 6 6 22-216U 22-2162 

ANIMALS INITIALLY IN STUDY 20 50 50 
8NIMSLS KISSING 1 1 
ANINSLS NECPOPSIED 20 19 1*9 
JNIMALS EXAMINED HISIOEATHOLOGICALLY** 20 19 US 

INTiSGUMENTSFY SYSTEM 

*SKIN (20) (<*9) (1*9) 
INFLAMMATION, CHFONIC FOCAL 1 (2%) 

RESPIRATORY SYSTEM 

#IUKG (20) («9) (1*5) 
HEMOFEHAGE 1 (5%) 
PKEUMCNIA INTEESTI1IAL CHHONIC 3 (7%) 
INFASCT, fiEAIEE 1 <5X) 
HYPSFPLASIA. ALVEOLAE EPITHELIUM 1 (2%) 

HEMATOEOIETIC SYSTEM 

iSPIEHN (19) (t5) (H2) 
HYPEBFLASIA, HEMATOPOIETIC 1 (2X) 
HYPEEPLASIA, LYiiPHCID 1 (2X) 

tBANDIBULAB L . NODE (1t ) (33) (21) 
HYPEBFLASIA, LYMPHOID 1 (7X) 

CIP.CUUTCEY SYSTEM 

NONE 

DIGESTIVE SYSTEM 

#LIVEP (20) (t8) (1*3) 
CYST, NOS 1 (2%) 
I f PL AM MA TIC N. _ «EC E OTIZ ING _1_(221 

« NUMBER CF ANIMALS KITH TISSUE EXAMINED MICROSCOPICALLY 
* NUMBER OF ANIMALS NECROPSIED 
"EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE D2 (CONTINUED) 

CCNTECL(UNTIi) LOW DOSE 
22-2166 22-216U 

INFLAMMATION, CHECNIC 
INFLAMMATION, NECEC GRAM 1 (2X) 
I N F A B C  1 , HEALED 3 (15X) 
HYPERPIASIA, NODULAR 1 <5X) 3 (6X) 

• PANCREAS	 (20) (13) 
CYSTIC DUCIS 2 (5X) 

• PANCREATIC	 ACINUS (20) («3) 
ATRCFHY, FCCAL 1 (2X) 

#FEYEBS PATCH (17) (U6) 
HYPERFLASIA, LYMPKOID 1 (2X) 

URINARY SYSTEM 

tKICNEY (20) (19) 
HYESCNHFHROSIS t (8X) 
I N F L K l f A T I C N , CHFCMC 1 (2X) 
HYPEFPLASIA, LYMPHOID 1 (5X) 1 (2%) 

• KIENEY/CCHTEX	 (20) («9) 
CYST, NOS 1 (2%) 

•URINARY	 BLADEER (16) (39)
 
l iYPEfFLASIA, LYMPHOID
 

ENDOCRINE SYSTEM 

I P I T O I T f F Y (16) (38)
 
HYPEFFLASIA, CHROMOPHOBE-CELL 1 <6X)
 

BEEEOEUCTIVE SYSTEM 

#nT5PUS/END0M5TEIUM (20) (19) 
CYST, NOS 1 <2X) 
INFLiBMATICN, SUFEUEATIVE 2 110%) 3 (6%) 
INFLfMMATION, CERONIC SUPPURATIV 1 (5*) 
HYPEPfLASIA, CYSTIC -' (35X) 31 (63X) 

iCVSPY (1«) (32) 
_ CJST* N 0 S _ 1 J2S) 8_f25%) 

* NUMBER OF ANIKALS KITH TISSUE EXAMINED WICPOECOPTCALLY 
* NU.1BE5 OF ANIMALS NECSOPSIED 

HIGH DOSE 
22-2162 

1 (2X) 

1 (2%) 

(40) 

(40) 

(35) 
1 <3X) 

(4U) 
1 (2X) 

(44) 

(35) 
1 (3%) 

(21) 

(43) 

3 (7X) 

21 (49X) 

(28) 
3 11J1L_ 
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TABLE D2 (CONCLUDED) 

CCNTFCL (UNTF) 
2 2 - 2 1 6  6 

LOW DOSE 
22-216U 

HIGH DOSE 
2 2 - 2 1 6  2 

INFLAMMATION , SUFEUBATIVE 3 (21%) 

KEBVCUS SYSTEM 

NONE 

SPECIAL SENSE ORGANS 

NOSE 

(IUSCOICSKELETAL SYSTEM 

•STEPNUM 
DYSPLASIJ., NOS 

(2C) 
7 (35%) 

(U9) 
17 (35%) 

(49) 
U (S%) 

EODY CAVITIES 

'ABCCHINAL CAVITY 
SECSOSIS, FAT 

•PESLNTEBY 
P S 8 I A P T E 8 I T I  S 

(20) 
1

(20) 

 (5X) 
(U9) 

(U9) 

(19) 

(U9) 
1 (2%) 

ALL CTHEF SYSTEMS 

•MULTIPLE CSGANS 
HYPEfPLASIA, LYMEHCID 

(2C) («9) 
h (8%) 

(M9) 

SPECIAL KOFEHOLOGY EOrBARY 

NO LISION REPOETED 
JNIHfL MISSING/NC NECFOPSY 
fiECRCESY PERF/NO HISTO PERFORMED 
AtlTC/NECROESY/HISTC PERF 

1 6 
1 

16 
1 
1 
5 

# IUMBER
* NUMBER

 OF
 OF

 ANIMALS
 ANIMALS

 tilTH TISSUE
 NECROPSIED 

 EXAMINED MICROSCOPICALLY 
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