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FOREWORD: This report presents the results of the bioassay of
 
2-nitro-p-phenylenediamine 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.
 

CONTRIBUTORS: This bioassay of 2-nitro-p-phenylenediamine was con­
ducted by Litton Bionetics, Inc., Kensington, Maryland, initially under
 
direct contract to the NCI and currently under a subcontract to Tra­
cor Jitco, Inc., prime contractor for the NCI Carcinogenesis Testing
 
Program.
 

The experimental design was determined by the NCI Project Offi­
cers, Dr. N. P. Page (1,2), Dr. E. K. Weisburger (1) and Dr. J. H.
 
Weisburger (1,3). The principal investigators for the contract were
 
Dr. F. M. Garner (4) and Dr. B. M. Ulland (4,5). Mr. S. Johnson
 
(4) was the coprincipal investigator for the contract. Animal treat­
ment and observation were supervised by Mr. R. Cypher (4), Mr. D. S.
 
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 by Drs. B. Cockrell
 
(4), F. M. Garner (4), E. Georgacz (4), P. Hildebrandt (4), C. Montgomery
 
(4), and N. J. Wosu (4) at Litton Bionetics, Inc., and reviewed by
 
Dr. F. M. Garner (4); the pathology narratives were written by Dr. F.
 
M. Garner (4). Dr. J. M. Ward (1) reviewed all of the slides of
 
livers from female mice. 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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Compilation of individual animal survival, pathology, and sum­
mary tables was performed by EG&G Mason Research Institute (7);
 
the statistical analysis was performed by Mr. W. W. Belew (8,9),
 
Mr. R. M. Helfand (8) and Dr. J. P. Dirkse, III (10), using methods
 
selected for the Carcinogenesis Testing Program by Dr. J. J. Gart
 
(11).
 

This report was prepared at METREK, a Division of The MITRE Cor­
poration (8) under the direction of the NCI. Those responsible for
 
this report at METREK are the project coordinator, Dr. L. W. Thomas
 
(8), task leader Ms. P. Walker (8), senior biologist Mr. M. Morse
 
(8), biochemist Mr. S. C. Drill (8), chemist Dr. N. Zimmerman (8),
 
and technical editor Ms. P. A. Miller (8). The final report was
 
reviewed by members of the participating organizations.
 

The following other scientists at the National Cancer Institute
 
were responsible for evaluating the bioassay experiment, interpreting
 
the results, and reporting the findings: Dr. K. C. Chu (1), Dr. C.
 
Cueto, Jr. (1), Dr. J. F. Douglas (1), Dr. R. A. Griesemer (1), Dr.
 
T. E. Hamm (1), Dr. W. V. Hartwell (1), Dr. M. H. Levitt (1), Dr. H.
 
A. Milman (1), Dr. T. W. Orme (1), Dr. R. A. Squire (1,12), Dr. S. F.
 
Stinson (1), and Dr. C. E. Whitmire (1).
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SUMMARY
 

A bioassay for the possible carcinogenicity of 2—nitro-p-phe­
nylenediamine was conducted using Fischer 344 rats and B6C3F1 mice.
 
2-Nitro-p-phenylenediamine 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
 
2-nitro-p-phenylenediamine were, respectively, 1100 and 550 ppm for
 
male rats, 2200 and 1100 ppm for female rats, and 4400 and 2200 ppm
 
for mice of both sexes. The compound was administered in the diet
 
for 78 weeks, followed by an observation period of 27 weeks for rats
 
and 12 to 13 weeks for mice.
 

There were no significant positive associations between the
 
dietary concentrations of 2-nitro-p-phenylenediamine administered
 
and mortality in rats or mice of either sex. Adequate numbers of
 
animals in all groups survived sufficiently long to be at risk from
 
late-developing tumors. Mean body weight depression, relative to
 
controls, was observed in dosed rats and mice of both sexes, indi­
cating that the concentrations administered to these animals may
 
have approximated the maximum tolerated dosages.
 

When the female mice in each group, having hepatocellular
 
carcinoma or hepatocellular adenoma, were combined and the resulting
 
incidences statistically analyzed, there was a significant positive
 
association between concentration administered and the incidence
 
of these tumors. This finding was supported by a significant high
 
dose to control Fisher exact comparison. No tumors occurred in
 
statistically significant increased incidences when dosed male or
 
female rats or male mice were compared to their respective controls.
 

Under the conditions of this bioassay, dietary administration
 
of 2-nitro-p-phenylenediamine was carcinogenic to female B6C3F1 mice,
 
causing an increased incidence of hepatocellular neoplasms, primarily
 
hepatocellular adenomas. There was no-convincing evidence for the
 
carcinogenicity of the compound in Fischer 344 rats or in male B6C3F1
 
mice. i
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I. INTRODUCTION
 

2-Nitro-p-phenylenediamine (Figure 1) (NCI No. C02222), a compo­

nent of both semipermanent and permanent hair dye formulations, was
 

selected for bioassay by the National Cancer Institute because of the
 

increased incidence of bladder cancer observed among dye manufactur­

ing industry workers (Wynder et al., 1963; Anthony and Thomas, 1970).
 

Aromatic amines are one of several classes of organic chemicals thought
 

to contribute to the increased cancer risk in this industry (Clayson
 

and Garner, 1976). The widespread exposure to 2-nitro-p-phenylenedia­

mine among the general population, and the possibility of an increased
 

cancer risk among hairdressers (Anthony and Thomas, 1970) were addi­

tional factors in the selection of this compound for testing.
 

The Chemical Abstracts Service (CAS) Ninth Collective Index (1977)
 

* 
name for this compound is 2-nitro-l,4-benzenediamine. It is also 

known as diaminonitrobenzene; m-nitro-p-phenylenediamine; o-nitro-p­

phenylenediamine; 2-nitro-l,4-diaminobenzene; 1,4-diamino-2-nitroben­

zene; Z-NP; 2-NPPD; 2-N-p-PDA; Ursol Brown RR; Zoba Brown RR; Fourrine
 

Brown 2R; Fourrine 36; Fouramine 2R; and C.I. (Colour Index) Oxidation
 

Base 22 (C.I. 76070).
 
i
 

2-Nitro-p-phenylenediamine is a low molecular weight red dye which
 

is able to penetrate into hair shafts; consequently, this compound is
 

one of the most commonly used dyes in semipermanent hair colorants
 

(Corbett and Menkart, 1973).
 

*The CAS registry number is 5307-14-2.
 



FIGURE 1
 
CHEMICAL STRUCTURE OF 2-NITRO-p-PHENYLENEDIAMINE
 



2-Nitro-p-phenylenediamine is also an ingredient in permanent
 

hair dye formulations (Burnett et al., 1976; Markland, 1966). The
 

active ingredients in these dyes react with each other and with hy­

drogen peroxide, within the hair shafts, to produce the permanent
 

colors (Corbett and Menkart, 1973). 2-Nitro-p-phenylenediamine is
 

used to produce light brown or reddish shades (Markland, 1966). In
 

a similar process, 2-nitro-p-phenylenediamine is used in fur dyeing
 

to produce a red-brown color or to add red shading when used in com­

bination with other oxidation bases (Society of Dyers and Colourists,
 

1956).
 

Specific production data for 2-nitro-p-phenylenediamine are not
 

available; however, this compound is produced in commercial quanti­

ties (in excess of 1000 pounds or $1000 in value annually) by two
 

U.S. companies (Stanford Research Institute, 1977). Imports of
 

2-nitro-p-phenylenediamine through principal U.S. customs districts
 

amounted to 3180 pounds in 1974 (U.S. International Trade Commission,
 

1976).
 

Exposure to 2-nitro-p-phenylenediamine via dermal contact at the
 

scalp is unavoidable among persons whose hair is colored with dyes
 

that contain this compound, and hairdressers who apply these dyes may
 

also be exposed. It is estimated that 40 percent of U.S. women are
 

regular users of hair dyes (Corbett and Menkart, 1973). Semiperma­

nent dyes must be used more frequently than permanent dyes to maintain
 

an artificial hair color, thus exposure to 2-nitro-p-phenylenediamine
 



would occur considerably more often among users of the semipermanent
 

dyes than among users of the permanent dyes. Additionally, because
 

the dyes in semipermanent hair colorants are not chemically altered
 

during the dyeing process, exposure to 2-nitro-p-phenylenediamine may
 

also occur between dyeings by leaching of the compound from the hair
 

shafts and subsequent deposition on the hands and scalp.
 

A potential for exposure to 2-nitro-p-phenylenediamine also
 

exists among workers in the chemical and dye manufacturing and fur
 

dyeing industries.
 

2-Nitro-p-phenylenediamine displayed no teratogenic activity in
 

two studies with rats and one with rabbits. Seven topical applica­

tions of 2 ml/kg of a hair dye formulation containing this compound
 

at a concentration of 1.1 percent to 20 female Charles River CD rats
 

during gestation produced no significant changes in the numbers of
 

corpora lutea, implantation sites, and live fetuses over those of
 

controls, and no differences were seen in the number of resorption
 

sites between groups (Burnett et al., 1976). No teratologic effects
 

were seen in two groups of 20 female CFE-S rats fed a diet incorpo­

rating either 1950 or 7800 ppm of a preparation containing 0.24
 

percent 2-nitro-p-phenylenediamine from day 6 through day 15 of
 

gestation (Wernick et al., 1975). Similarly, no teratologic effects
 

were observed in two groups of 12 female New Zealand white rabbits
 

intubated with either 19.5 or 97.5 mg/kg/day of the same dye prepara­

tion on days 6 to 18 of gestation (Wernick et al., 1975).
 



2-Nitro-p-phenylenediamine was mutagenic in Salmonella typhimu­

rium strain TA1538 (Ames et al . , 1975; Searle et al., 1975) and weakly 

mutagenic in strain TA1537 (Searle et al., 1975), inducing frame shi f t 

reversions from a histidine requirement back to prototype. The com­

pound was not mutagenic in _S_. typhimurium TA1535 and Escherichia coli 

WP2 , WP2 uvrA, and WP2 exrA which revert by base-pair subs t i tu t ion 

(Searle et al. , 1975). 

In a forward mutational assay system which ut i l izes the thymi-

dine kinase locus of L5i78Y mouse lymphoma cells, 2-nitro-p-phenylene­

diamine was weakly mutagenic at concentrations of 25, 50, and 75 ug /ml 

(Palmer et al., 1977). However, the compound was not mutagenic to 

germ cells in a dominant lethal study of Charles River CD rats follow­

ing intraperitoneal administration of 20 mg/kg three times weekly for 

8 weeks to 20 males (Burnett et al., 1977). 2-Nitro-p-phenylenediaraine 

also showed no clear mutagenicity in the micronucleus test (increase 

in micronucleated erythrocytes) in CFY rats of both sexes af ter oral 

dosing (Hossack and Richardson, 1977). 

2-Nitro-p-phenylenediamine has been found to induce morphological 

transformations, or chromosomal aberrations in a variety of mammalian 

systems. 2-Nitro-p-phenylenediaraine produced morphological transfor­

mation in mouse C3H/10TJi2CL8 cells in doses from 1.53 x 10-i mg/ml to 

1.53 x 10"-* mg/ml, and produced a significant number of chromosome 

breaks in A(Ti)Cl-3 hamster cells in doses from 3.06 x 10~2 mg/ml to 



1.5.3 x 10~3 mg/ml (Benedict, 1976). The compound produced a time-


dependent increase in the number of chromosome aberrations following
 

exposure of Chinese hamster prostate gland CHMP/E cells to 25 Kg/ml
 

(Kirkland and Venitt, 1976). 2-Nitro-p-phenylenediamine produced a
 

considerable number of chromatid gaps and breaks in cultured .human
 

peripheral blood lymphocytes at concentrations between 50 fig/ml and
 

100 fig/ml (Searle et al., 1975).
 



II. MATERIALS AND METHODS
 

A. Chemicals 

Commercial-grade 2-nitro-p-phenylenediamine was obtained from 

Ashland Chemical Company, Columbus, Ohio. Chemical analysis was per­

formed by Litton Bionetics, Inc., Kensington, Maryland. The experi­

mentally determined melting point range was 138° to 139°C. No litera­

ture value was found for comparison. Thin-layer chromatography was 

performed utilizing two solvent systems (i.e., diethyl etherrethyl 

acetateracetic acid and diethyl ether:acetic acid:hexane). Each plate 

was visualized with ultraviolet and visible light, iodine vapor and 

ferric .chloride-potassium ferricyanide spray. In each case, only 

one spot was revealed. The results of infrared and nuclear magnetic 

resonance analyses were consistent with those expected on the basis 

of the structure of the compound. Ultraviolet/visible analysis re­

vealed \ at 240 and 470 nm with respective molar extinction coef­max 

ficients of 2.21 x 104 and 0.51 x 104. 

Throughout this report, the term 2-nitro-p-phenylenediamine is 

used to represent this commercial-grade material. 

B. Dietary Preparation 

The basal laboratory diet for both dosed and control animals
 

consisted of Wayne Lab-Blox® meal (Allied Mills, Inc., Chicago,
 

Illinois). 2-Nitro-p-phenylenediamine was administered to the dosed
 

animals as a component of the diet.
 

The chemical was removed from its container and a proper amount
 

was blended with an aliquot of the ground 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 550 and 2200 ppm of 2-nitro­

p-phenylenediamine were analyzed spectrophotometrically. The mean
 

result immediately after preparation was 98 percent of theoretical
 

(ranging from 95 to 100 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. All
 

rats were supplied by A. R. Schmidt, Madison, Wisconsin, and Labora­

tory Supply Company, Inc., Indianapolis, Indiana. All mice were
 

supplied by Charles River Breeding Laboratories, Inc., Wilmington,
 

Massachusetts.
 

Rats and mice were approximately 4 weeks old when received.
 

Upon receipt, animals were examined for visible signs of disease
 

or parasites and obviously ill or runted animals were killed. The
 

remaining animals were quarantined for 2 weeks prior to initiation
 

of test. Animals which did not manifest clinical signs of disease
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were placed on test at this time. 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
 

All animals were housed by species in temperature- and humidity-


controlled rooms. The temperature range was 22° to 26°C and the
 

relative humidity was maintained between 45 and 55 percent. Incoming
 

air was filtered through HEPA filters (Flanders Filters, McLean, Vir­

ginia) 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.).
 

All rats were housed four per cage by sex and all mice were
 

housed five per cage by sex. Throughout the study dosed and control
 

animals of both species were housed 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 intervals, when the racks were sanitized. Clean
 

cages and bedding were provided twice weekly. Ab-sorb-dri® hardwood
 

chip bedding (Wilner Wood Products Company, Norway, Maine) was used
 

in polycarbonate cages for the entire bioassay.
 

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

tles filled by an automated metering device that was checked daily
 

for diluting accuracy. Water bottles were changed and washed twice
 



weekly, and sipper tubes were washed at weekly intervals. During the
 

period of chemical administration, dosed and control animals received
 

treated or untreated Wayne Lab-Blox meal as appropriate. The feed
 

was supplied in hanging stainless steel hoppers which were refilled
 

three times per week and sanitized weekly. Food and water were
 

available ad libitum for both species.
 

All dosed and control rats were housed in a room with other rats
 
*
 

receiving diets containing 3-chloro-p-toluidine (95-74-9); 5-chloro­

o-toluidine (95-74-4); and nitrofen (1836-75-5).
 

All dosed and control mice were housed in a room with mice re­

ceiving diets containing Michler's ketone (90-94-8); 4,4'-methylene­

bis(N,N-dimethy1)benzenamine (101-61-1); p-chloroaniline (106-47-8);
 

5-chloro-o-toluidine (95-79-4); N-pheny1-p-phenylenediamine hydrochlo­

ride (2198-59-6); l-phenyl-2-thiourea (103-85-5); trimethylthiourea
 

(2489-77-2); dibutyltin diacetate (1067-33-0); and 3-chloro-p-tolui­

dine (95-74-9).
 

E. Selection of Initial Concentrations
 

To establish the maximum tolerated concentrations of 2-nitro-p­

phenylenediamine for administration to dosed animals in the chronic
 

studies, Subchronic toxicity tests were conducted with both rats and
 

mice. Rats were distributed among six groups, each consisting of
 

five males and five females. 2-Nitro-p-phenylenediamine was incor­

porated into the basal laboratory diet and supplied ad libitum to
 

five of the six rat groups in concentrations of 315, 680, 1465,
 

*
 
CAS registry numbers are given in parentheses.
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3155 and 6800 ppm. The remaining rat group served as a control
 

group, receiving only the basal laboratory diet.
 

Mice were distributed among ten groups, each consisting of five
 

males and five females. 2-Nitro-p-phenylenediamine was incorporated
 

into the basal laboratory diet and supplied ad libitum to eight of
 

the ten mouse groups in concentrations of 810, 1180, 1740, 2550, 3750,
 

5550, 8080, and 11,830 ppm. The two remaining mouse groups served as
 

control groups, receiving only the basal laboratory diet.
 

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 sacrificed
 

and necropsied.
 

The following table indicates the mean body weight gain, relative
 

to controls, and the survival observed in each of the dosed rat groups
 

at the end of the Subchronic test.
 

Mean Body
 
Weight Gain (%)* Survival
 

ppm Males Females Males Females 

0 M̂H IB̂  5/5 5/5 
315 -23 -7 5/5 5/5 
680 -13 -8 5/5 5/5 
1465 -35 -9 5/5 5/5 
3155 -37 -13 5/5 5/5 
6800 -52 -24 4/5 5/5 

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

11
 



No abnormal clinical signs were recorded for any rat group. The
 

high concentrations selected for administration to dosed rats in the
 

chronic bioassay were 1100 and 2200 ppm for males and females,
 

respectively.
 

The following table indicates the mean body weight gain, rela­

tive to controls, and the survival observed in each of the dosed
 

mouse groups at the end of the Subchronic test.
 

Mean Body
 
Weight Gain (%)* Survival
 
Males Females Males Females 

__ _ — 

.

0 
810 

 1,180 
1,740 
2,550 
3,750 
5,550 
8,080 
11,830 

+5 
+9 
+8 
0 
+4 
-2 
0 
+3 

+1 
+19 
+6 
+7 
+10 
+8 
+5 
+6 

5/5 
5/5 
5/5 
5/5 
5/5 
5/5 
5/5 
5/5 
2/5 

5/5 
5/5 
5/5 
5/5 
5/5 
5/5 
5/5 
5/5 
2/5 

No abnormal clinical signs were recorded for any mouse group.
 

The high concentration selected for administration to dosed mice in
 

the chronic bioassay was 4400 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 simultaneously. The dietary
 

+ is indicative of mean body weight gain greater than that of controls.
 
- is indicative of mean body weight gain less than that of controls.
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TABLE 1
 

DESIGN SUMMARY FOR FISCHER 344 RATS
 
2-NITRO-p-PHENYLENEDIAMINE FEEDING EXPERIMENT
 

INITIAL
GROUP
SIZE

 2-NITRO-p­
 PHENYLENEDIAMINE 

CONCENTRATION3 

OBSERVATION PERIOD 
TREATED UNTREATED 
(WEEKS) (WEEKS) 

MALE 

CONTROL 20 0 0 105 

LOW DOSE 50 550 
0 

78 
27 

HIGH DOSE 50 1100 
0 

78 
27 

FEMALE 

CONTROL 20 0 0 105 

LOW DOSE 50 1100 
0 

78 
27 

HIGH DOSE 50 2200 
0 

78 
27 

Concentrations given in parts per million. 
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TABLE 2
 

DESIGN SUMMARY FOR B6C3F1 MICE
 
2-NITRO-p-PHENYLENEDIAMINE FEEDING EXPERIMENT
 

INITIAL
GROUP
SIZE

 2-NITRO-p­
 PHENYLEriEDIAMINE 

CONCENTRATION3 

OBSERVATION PERIOD 
TREATED UNTREATED 
(WEEKS) (WEEKS) 

MALE 

CONTROL 20 0 0 90 

LOW DOSE 50 2200 
0 

78 
12 

HIGH DOSE 50 4400 
0 

78 
12 

FEMALE 

CONTROL 20 0 0 90 

LOW DOSE 50 2200 
0 

78 
12 

HIGH DOSE 50 4400 
0 

78 
13 

Concentrations given in parts per million. 
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concentrations of 2-nitro-p-phenylenediamine administered to male
 

rats were 1100 and 550 ppm. Throughout this report those male 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. The dietary concentrations of 2-nitro-p­

phenylenediamine administered to female rats were 2200 and 1100 ppm.
 

Throughout this report those female rats receiving the former concen­

tration are referred to as the high dose groups and those receiving
 

the latter concentration are referred to as the low dose groups.
 

Dosed rats were supplied with feed containing 2-nitro-p-phenylene­

diamine for 78 weeks followed by a 27-week observation period.
 

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

was initiated and were placed on test simultaneously. The dietary
 

concentrations of 2-nitro-p-phenylenediamine administered were 4400
 

and 2200 ppm. Throughout this report those mice receiving the for­

mer concentration are referred to as the high dose groups and those
 

receiving the latter concentration are referred to as the low dose
 

groups. Dosed mice were supplied with feed containing 2-nitro-p­

phenylenediamine for 78 weeks followed by a 12- to 13-week obser­

vation period.
 

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
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thereafter. All animals were inspected twice daily for mortality.
 

Food consumption data were collected at monthly intervals from 20
 

percent of the animals in each group.
 

All moribund animals or animals that developed large, palpable
 

masses that jeopardized their health were sacrificed. A necropsy
 

was performed on each animal regardless of whether it died, was sac­

rificed when moribund, or was sacrificed at the end of the bioassay.
 

The animals were euthanized by carbon dioxide asphyxiation, and were
 

immediately necropsied. The histopathologic examination consisted of
 

gross and microscopic examination of 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, pancreatic islets, 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, canni­

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

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 transcrip­

tion 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
 

17
 



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
 

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 necrop­

sied.
 

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
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(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
 

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 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 pro­

cedures for analyses of the incidence of tumors (Fisher exact tests,
 

Cochran-Armltage tests, etc.) were followed.
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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 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
 

relationship. 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 p /p where p is the true binomial probability of the
 
t c t
 

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

and p 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.
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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
 

be within the interval calculated fr.om the experiment. When the
 

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

be inferred that a statistically significant result (a 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. CHRONIC TESTING RESULTS: RATS
 

A. Body Weights and Clinical Observations
 

Dose-related mean body weight depression was apparent in male
 

rats from week 12 until week 87. . Female rats evidenced distinct
 

and consistent dose-related mean body weight depression throughout the
 

bioassay (Figure 2).
 

No other abnormal clinical signs were recorded.
 

B. Survival
 

The estimated probabilities of survival for male and female rats
 

in the control and 2-nitro-p-phenylenediamine-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 94 percent (47/50) of the high dose, 92 percent
 

(46/50) of the low dose, and 80 percent (16/20) of the controls sur­
i
 
!
 

vived on test until the termination of the study. j 

For females 76 percent (38/50) of the high dose, 90 percent f 

(45/50) of the low dose, and 90 percent (18/20) of the controls sur- [ 
"i
 

vived on test until the termination of the study. Thus, there were j

I
 

adequate numbers of female rats at risk from late-developing tumors. f
 
j


C. Pathology ;
 
;
 

Histopathologic findings on neoplasms in rats are summarized in ?
 

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

summarized in Appendix C (Tables Cl and C2).
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A variety of neoplasms was seen in both control and dosed rats.
 

Each type of tumor represented had been encountered previously as a
 

spontaneous lesion in rats. There was also a variety of nonneoplastic
 

lesions in both control and dosed animals. Such lesions have been
 

encountered previously as spontaneous occurrences in laboratory rats
 

and are considered to represent spontaneous lesions in these animals.
 

Based on the results of this pathologic examination, 2-nitro-p­

phenylenediamine was not carcinogenic to Fischer 344 rats under the
 

conditions of this bioassay.
 

D. Statistical Analyses 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 2-nitro-p­

phenylenediamine-dosed groups and where such tumors were observed in
 

at least 5 percent of the group.
 

For male rats, the Cochran-Armitage test indicated a significant
 

(P = 0.017) positive association between dose and the combined inci­

dence of C-cell carcinomas or C-cell adenomas of the thyroid. How­

ever, the Fisher exact tests comparing high dose to control and low
 

dose to control were not significant. Similarly, for female rats the
 

Cochran-Armitage test indicated a significant (P = 0.039) positive
 

association between dose and the combined incidence of leukemia or
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TABLE 3
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE RATS TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE£
 

TOPOGRAPHY: MORPHOLOGY
 

Hematopoietic System: Leukemia or
 
Malignant Lymphomab
 

P Values0
 

Relative Risk (Control)
 
! Lower Limit
 

Upper Limit
 

Weeks to First Observed Tumor
 
to
 

Thyroid: C-Cell Carcinoma or C-Cell
 
Adenoma0
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Pancreatic Islets: Islet-Cell Adenoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

3/20(0.15)
 

P - 0.007(N)
 

101
 

0/20(0.00)
 

P = 0.017
 

3/20(0.15)
 

N.S.
 

105
 

LOW
 
DOSE
 

1/50(0.02)
 

N.S.
 

0.133
 
0.003
 
1.568
 

96
 

1/45(0.02)
 

N.S.
 

Infinite
 
0.025
 

Infinite
 

96
 

7/50(0.14)
 

N.S.
 

0.933
 
0.245
 
5.215
 

105
 

HIGH
 
DOSE
 

0/50(0.00)
 

P - 0.021(N)
 

0.000
 
0.000 i
 
0.659
 

6/43(0.14)
 

N.S.
 

Infinite
 
0.776
 

Infinite
 

68
 

2/42(0.05)
 

N.S.
 

0.317
 
0.029
 
2.590
 

90
 



TABLE 3 (CONCLUDED) 

LOW HIGH
 
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
 

Testis: Interstitial-Cell Tumor 16/20(0.80) 47/50(0.94) 47/50(0.94)
 

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

Relative Risk (Control) 1.175 1.175
 
Lower Limit 0.953 0.953
 
Upper Limit 1.430 1.430
 

Weeks to First Observed Tumor 101 96 90
 

Treated groups received doses of 550 or 1100 ppm in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 
N3
 

The probability leve] 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.
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___ 

___ 
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TABLE 4
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN FEMALE RATS TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE*
 

TOPOGRAPHY : MORPHOLOGY
 

Hematopoietic System: Leukemia or
 
Malignant LymphomaD
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

NJ Weeks to First Observed Tumor
 
00
 

Pituitary: Chromophobe Adenoma
 

P Values
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Uterus: Endometrial Stromal Polyp
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

0/20(0.00)
 

P = 0.039
 

2/19(0.11)
 

N.S.
 

105
 

6/20(0.30)
 

P = O.OOl(N)
 

P < 0.001
 

105
 

LOW
 
DOSE
 

0/50(0.00)
 

N.S.
 

10/49(0.20)
 

N.S.
 

1.939
 
0.476
 
17.231
 

105
 

0/48(0.00)
 

P < O.OOl(N)
 

0.000
 
0.000
 
0.256
 

HIGH
 
DOSE
 

4/50(0.08)
 

N.S.
 

Infinite
 
0.386
 

Infinite
 

97
 

5/44(0.11)
 

N.S.
 

1.080
 
0.200
 
10.742
 

105
 

1/48(0.02)
 

P = 0.002(N)
 

0.069
 
0.002
 
0.526
 

105
 



TABLE A (CONCLUDED)
 

Treated groups received doses of 1100 or 2200 ppm in feed.
 

Number of tumor-bearing animals/number of animals examined at site (proportion).
 
CThe 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.
 
GThe probability level of the test for departure from linear trend is given beneath the control
 
group when P < 0.05.
 

N3
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malignant lymphomas but again the Fisher exact tests were not signif­

icant.
 

No other statistical test for any site in either male or female
 

rats indicated a significant positive as-sociation between dosage and
 

tumor incidence. Thus, based upon these results there was no con­

clusive evidence that 2-nitro-p-phenylenediamine was a carcinogen in
 

Fischer 344 rats under the conditions of this bioassay.
 

For male rats there was the possibility of a negative associa­

tion between dose and the combined incidence of leukemia or malignant
 

lymphoma as the Cochran-Armitage test and the Fisher exact tests
 

indicated significant negative results. For females, the possibility
 

of a negative association between dose and endometrial stromal polyps
 

was noted with significant negative results from the Fisher exact
 

tests and the Cochran-Armitage test. However, the control incidence
 

may have been high since the historical incidence of endometrial
 

stromal polyps in female Fischer 344 control rats from this same
 

laboratory for the NCI Carcinogenesis Testing Program was 9 percent
 

(29/319) as compared with 30 percent (6/20) in this bioassay.
 

To provide additional insight into the possible carcinogenicity
 

of this compound, 95 percent confidence intervals on the relative
 

risk have been estimated and entered in the tables based upon the
 

observed tumor incidence rates. In many of the intervals shown in
 

Tables 3 and 4, the value one is included; this indicates the absence
 

of statistically significant results. It should also be noted that
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many of the confidence intervals have an upper limit greater than one,
 

indicating the theoretical possibility of tumor induction in rats by
 

2-nitro-p-phenylenediamine that could not be established under the
 

conditions of this test.
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IV. CHRONIC TESTING RESULTS: MICE
 

A. Body Weights and Clinical Observations
 

Distinct and consistent dose-related mean body weight depression
 

was apparent in both male and female mice throughout the bioassay
 

(Figure 4).
 

No other abnormal clinical signs were recorded.
 

B. Survival
 

The estimated probabilities of survival for male and female mice 

in the control and 2-nitro-p-phenylenediamine-dosed groups are shown 

in -Figure 5. The Tarone test for association between dosage and mor­

tality was not significant for either male or female mice. 

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

developing tumors, as 98 percent (49/50) of the high dose, 92 percent 

(46/50) of the low dose and 90 percent (18/20) of the controls sur­

vived on test until termination of the study. 

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

developing tumors. Eighty-six percent (43/50) of the high dose, 90 

percent (45/50) of the low dose and 100 percent (20/20) 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 02).
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Hepatocellular adenoma and hepatocellular carcinoma occurred in
 

a dose-related distribution in female mice. The incidence of these
 

liver tumors is shown below:
 

Contro

Males
Low High

l Dose Dose

 Females 
 Low
 Control Dose 

 High 
Dose 

Number of Animals with Livers 
Examined Histopathologically (20) (50) (47) (20) (49) (48) 

Hepatocellular Adenoma  3 6 2 1 1 0 1 4 

Hepatocellular Carcinoma  O i l  0 0 3 

Liver tumors in the control and dosed males were of the usual
 

types and in the usual incidences seen in aging B6C3F1 mice. The
 

adenoma in the control female mouse was composed of small basophilic
 

hepatocytes. Adenomas in dosed mice were composed of large eosino­

philic hepatocytes forming solid patterns. Nuclear pleomorphism was
 

prominent, and an occasional mitotic figure was seen. Carcinomas
 

were composed of eosinophilic or basophilic cells forming trabecular
 

patterns. Multiple tumors were seen in several dosed mice.
 

In addition to the hepatic adenomas and carcinomas, foci of
 

cellular alteration occurred in 3/49 (6 percent) low dose and 3/48 (6
 

percent) high dose nontumor-bearing female mice. The foci contained
 

large eosinophilic hepatocytes similar to those in adenomas.
 

A variety of nonneoplastic lesions was present in both control
 

and dosed animals. Such lesions have been encountered previously
 

in laboratory mice. They are considered to represent spontaneous
 

lesions in these animals.
 

35
 



f
 
A generalized intracellular deposition of a golden-brown pigment
 

was observed in the dosed animals of both species and sex. However,
 

it seemed to be inert and no lesion was attributed to its presence.
 

This pathologic examination provided evidence for an association
 

between the administration of 2-nitro-p-phenylenediamine and increased
 

incidences of liver neoplasms in female mice.
 

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 2-nitro-p­

phenylenediamine-dosed groups and where such tumors were observed in
 

at least 5 percent of the group.
 

For female mice the combined incidences of hepatocellular car­

cinomas or hepatocellular adenomas were significant (P = 0.005) when
 

comparing the dosed groups to the controls using the Cochran-Armitage
 

test. These Cochran-Armitage test results were supported by a sig­

nificant (P = 0.007) Fisher exact test result for the comparison
 

of high dose to control. Historical data for untreated control female
 

B6C3F1 mice compiled by this laboratory for the NCI Carcinogenesis
 

Testing Program indicate that 9/319 (3 percent) of the females had
 

liver neoplasms as compared with the 1/20 (5 percent) incidence in
 

the control group of this study. Based upon these statistical
 

results the administration of 2-nitro-p-phenylenediamine was asso­

ciated with the increased combined incidence of hepatocellular
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TABLE 5
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN MALE MICE TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE'
 

TOPOGRAPHY: MORPHOLOGY
 

Lung: Alveolar /Bronchiolar Adenoma
 

P Values0
 

Departure from Linear Trend
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 
u>
 

Hematopoietic System: Leukemia or
 
Malignant Lymphomab
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma or
 
Hepatocellular Adenoma"3
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

1/20(0.05)
 

N.S.
 

P = 0.041
 

90
 

2/20(0.10)
 

N.S.
 

75
 

3/20(0.15)
 

N.S.
 

90
 

LOW
 
DOSE
 

8/50(0.16)
 

N.S.
 

3.200
 
0.482
 

138.771
 

90
 

3/50(0.06)
 

N.S.
 

0.600
 
0.076
 
6.860
 

75
 

7/50(0.14)
 

N.S.
 

0.933
 
0.245
 
5.215
 

90
 

HIGH
 
DOSE
 

2/49(0.04)
 

N.S.
 

0.816
 
0.046
 
47.195
 

90
 

2/50(0.04)
 

N.S.
 

0.400
 
0.032
 
5.277
 

90
 

3/47(0.06)
 

N.S.
 

0.426
 
0.063
 
2.974
 

84
 



TABLE 5 (CONCLUDED)
 

a
 

Treated groups received doses of 2200 or 4400 ppm in feed.
 

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

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.
 
Q

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



TABLE 6
 

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
 
SPECIFIC SITES IN FEMALE MICE TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE*
 

TOPOGRAPHY : MORPHOLOGY
 

Lung: Alveolar /Bronchiolar Carcinoma or
 
Alveolar/Bronchiolar Adenoma*1
 

P Values0
 

d
 
Relative Risk (Control)
 

Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

OJ
 
Hematopoietic System: Leukemia or
 
Malignant Lymphoma^
 

P Values0
 

d
 
Relative Risk (Control)
 

Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

Liver: Hepatocellular Carcinoma
 

P Values0
 

Relative Risk (Control)
 
Lower Limit
 
Upper Limit
 

Weeks to First Observed Tumor
 

CONTROL
 

0/20(0.00)
 

N.S.
 

2/20(0.10)
 

N.S.
 

90
 

0/20(0.00)
 

N.S.
 

LOW
 
DOSE
 

5/47(0.11)
 

N.S.
 

Infinite
 
0.559
 

Infinite
 

90
 

4/49(0.08)
 

N.S.
 

0.816
 
0.131
 
8.603
 

90
 

0/49(0.00)
 

N.S.
 

HIGH
 
DOSE
 

3/49(0.06)
 

N.S.
 

Infinite
 
0.255
 

Infinite
 

90
 

6/50(0.12)
 

N.S.
 

1.200
 
0.243
 
11.574
 

80
 

3/48(0.06)
 

N.S.
 

Infinite
 
0.261
 

Infinite
 

90
 



TABLE 6 (CONCLUDED)
 

TOPOGRAPHY: MORPHOLOGY CONTROL 
LOW 
DOSE 

HIGH 
DOSE 

Liver: Hepatocellular Carcinoma or 
Hepatocellular Adenoma 

P Values0 
1/20(0.05) 

P = 0.005 

10/49(0.20) 

N.S. 

17/48(0.35) 

P = 0.007 

Relative Risk (Control) 
Lower Limit 
Upper Limit 

—__ 4.082 
0.655 

172.772 

7.083 
1.264 

286.807 

Weeks to First Observed Tumor 90 90 90 

Treated groups received doses of 2200 or 4400 ppm in feed,
 

o 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.
 



carcinomas or hepatocellular adenomas under the conditions of this
 

bioassay.
 

No statistical tests for tumor incidence at any site in male
 

mice were significant.
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V. DISCUSSION
 

There were no significant positive associations between the
 

dietary concentration of 2-nitro-p-phenylenediamine administered and
 

mortality in rats or mice of either sex. Adequate numbers of animals
 

in all groups survived sufficiently long to be at risk from late-


developing tumors. Mean body weight depression, relative to con­

trols, was observed in dosed rats and mice of both sexes, indicating
 

that the concentrations administered to these animals may have
 

approximated the maximum tolerated dosages.
 

Among male rats there was a significant positive association
 

between dosage and the combined incidences of thyroid tumors (i.e.,
 

C-cell carcinoma and C-cell adenoma), while among female rats there
 

was a significant positive association between dosage and the com­

bined incidences of leukemia and malignant lyphoma. There were no
 

significant Fisher exact comparisons that supported these findings.
 

No other statistical tests for the incidence of tumors at any site in
 

male or female rats were positive and significant.
 

When the female mice in each group, having hepatocellular car­

cinoma or hepatocellular adenoma, were combined and the resulting
 

incidences statistically analyzed, there was a significant positive
 

association between concentration administered and the incidence of
 

these tumors. This finding was supported by a significant high dose
 

to control Fisher exact comparison. In addition, the historical data
 

for untreated control female B6C3F1 mice compiled by this laboratory
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for the NCI Carcinogenesis Testing Program indicate that only 9/319
 

(3 percent) of the females had liver neoplasms. No other statistical
 

tests for tumor incidence at any site in male or female mice were
 

positive and significant.
 

Under the conditions of this'bioassay, dietary administration
 

of 2-nitro-p-phenylenediamine was carcinogenic to female B6C3F1 mice,
 

causing an increased incidence of hepatocellular neoplasms, primarily
 

hepatocellular adenomas. There was no convincing evidence for the
 

carcinogenicity of the compound in Fischer 344 rats or in male B6C3F1
 

mice.
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APPENDIX A
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN RATS TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE
 





TABLE Al 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED WITH 2-NITRO-p-PHENYLENEDUMINE 

COHTBOL(UHTS) LOU OOSB HIGH DOSE 
11-1105 11-1103 11-1101 

A N I H A t S INITIALLY IV STUDJ 20 50 50 
A H I H A L S HECBOPSIED 20 50 50 
ABIBALS E X A M I N E D HI3TOPATHOLOGICALLI** 20 50 50 

I N T J G U B E M T A B Y SISTEB 

•SDECOT	 TISSUE (20) (50) (50) 
FIBROMA 1 (2X) 
FIBBOSAflCOHA 1 (5X) 

BESPIBATOBY SISTEB 

•LUNG	 (20) (50) (50)
 
AL7EOLAB/BBOHCHIOLAB ADEHOHA 1 (2X) 1 (2%)
 

HEHAtOPOIETIC SISTEH 

•MULTIPLE ORGAHS
BALIGNAHT LTHPHOHA, 80S
LEUKEHIA.NOS

 (20)
 2

 1
 (10X) 
 (5»)

 (50)

 1 (2S) 

 (50) 

•SPLEEN
SABCOHA, DOS
FIBBOBA

 (20) (50) (40) 
1 (3X) 
1 (3J) 

CIBCU1ATOBI SISTEfl
 

NONE
 

DIGESTIVE SISTEB
 

•LIVEH	 (20) (50) (39) 
HEOPLASTIC NODULE 1 (5X) 

•P1HCBEAS	 (20) (50) (42) 
1 

t B U B E E B OF ISIBALS HITH TISSUE EX4BIHED BICBOSCOPIC1LLI 
* SUBBEB OF AHIHALS HECBOPSIED 
**EXCLUDES PARTIALLY AUTBDLYZED ANIMALS 

A-3
 



TABLE At (CONTINUED) 

HIGH DOSE 
11-1101 

(50) 

(U8) 

«9, 

(43) 

2 (5X) 

(42) 
2 (5X) 

(50) 
1 (2X) 

(50) 

(50) 
47 (94X) 

(49) 

OBZIABX SISTZ8 

tKIOBEX

LIPOBA
 

BBDCCBZBX SXSXEB 

tPITOZTABX

CBBOBOPBOBB AOIBOBA
 

IAPBBHAI,

PBBOCBBOBOCXTOBA


•TBXBOZD
FOL1ZC01AB-CBU. CABCZBORA
C-CB1L AOBBOBA 
C-CEL1 CABCZBOBA 

tPABCBBATZC	 ZSlBtS

ISLET-CBU. ADBBOBA


BBPBOCOCTZT1 SISTBB 

•HABBABX	 GLABD

FIBBOAOSIOBA
 

*PBBPOT1AL	 QLABD

AOIBOBA, BOS


•TBS1IS
UrTBBSTITIAt-CBLl TOBOB

BEBTOUS SXSTBB 

. <BBAIB
GLIOHA, BOS

SPBCZA1 SBBSB OBOABS 

BOBB 

BOSCOIOSKILBIAL SXStIB 

• OBB 

CQBTBOL (OBTB) 
It- 1105 

 (20) 

 |19) 

 |20)
 
t (St)
 

 (20)
 
1 |*f)
 

 (20)
 
3 (IS*)
 

 (20) 

 (20)
 
1 |M)
 

 (20)
 
 1« |tOft|
 

 (19)
 
.
 

LOW OOSB 
11-1103 

1 (2X) 

(48) 

(49) 
2 (4X) 

2 («) 
1 (2X) 

(50) 
7 (14X) 

(50) 

(50) 

(SO) 
47 (94X) 

(50) 
1 (2X) 

f BOBCBB OP ABIBAIS iJTH TZSSOB BXBUBBO BICBOSCOPZCALLX 
* BOBBBB OF ABZBALS BBCBOPSZBD 
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TABLE Al (CONCLUDED)
 

CONTROL (UNTR)
11-1105

 LOU DOSE
 11-1103

 HIGH DOSS 
 11-1101 

BODY CAVITIES 

NONE 

ALL OTHER SYSTEMS 

NONE 

A N I M A L DISPOSITION S U M M A R Y 

A N I M A L S I N I T I A L L Y IN STUDY
N A T U R A L DEATH*
M O R I B U N D SACRIFICE
S C H E D U L E D SACRIFICE 
ACCIDENTALLY KILLED 
TERMINAL SACRIFICE
A N I B A L HISSING 

 20
 2 

2

 16

 50
3 
1

 46

 50 
2 
1 

 47 

* INCLUDES AUTOLYZBD ANIMALS 

T U B O f i S U M M A R Y 

TOTAL A N I M A L S WITH P B I H A B Y
TOTAL P R I M A R Y TUMORS

 TUMORS* 19
 27

 48
 65

 49 
 61 

TOTAL A N I M A L S BITH B E N I G N
TOTAL BENIGN TUHOBS

 TOHOBS 17
 21

 48
 61

 49 
 57 

TOTAL A N I M A L S WITH MALIGNANT
TOTAL M A L I G N A N T TUHORS

 TUMORS 5 
5

3 
4

4 
4 

TOTAL A N I M A L S BITH SECONDARY
TOTAL SECONDARY TOHOBS 

 TUHOBS* 

TOTAL A S I M A L S HITH TUHOBS
BENIGN OR MALIGNANT

TOTAL U N C E R T A I N TOHOBS

 UNCERTAIN­
1 

1 

TOTAL A N I M A L S ilTH TUHOBS
PBIMARY OR BETASTATIC 

TCTAL UNCERTAIN T U H O R S 

 UNCERTAIN­

* P R I M A R Y TUHORS: ALL TUHORS EXCEPT SECONDARY TUHOHS 
» S B C C N C A R Y TUHORS: HBTASTATIC TUHOBS OB TUHORS INfASITE INTO Al ADJACKIT OBGAV 
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TABLE A2
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE
 

COHTBOL(ONTB) . LOB DOSB HIGH EOSE 
11-1106 11-110» 11-1102 

ANIflAlS ISIIIALtl III STODI 20 50 50 
AHIHILS MEC80PSIED / 20 50 50 
A H I M A L  S EZARIHED HISTOPATHOLOGICALLY** 20 50 50 

IBTEGOBEBTABI STSIBH 

•SKIM	 (20) (50) (50)
 
SQ04HOOS CEIL CABCIHOHA 1 (2»)
 

HBSPIiATCBI SISTEH
 

tlOBG (20) (50) (50) 
AlfEOLAB/BBOHCHIOliB ADBIOHA 2 (»*) 
PAPILLABI ADEHOCAHCIBOHA, HETAST 1 (2X) 

HIHATCPOIBtIC SISIBH 

*H011IPiE OBGABS (20) (50) (50) 
HALIGIA»T LIHPHOBA. MOS 2 (4X) 
1BOKEBIA,«OS 1 (2J) 

•KIOUZ	 (20) (99) (50)
 
8ALIGIAIT IIBPHOBA, 80S 1 (2X)
 

CIBC01AIOBT SIS12H
 

•OBI
 

DIGESIHt SISTIfl
 

•SA1IVABI G1AHD (19) (46) 
ADBHCBA, BOS 1 (2X) 

•IIVBB	 (20) 7) 
HEPATOCE11PLAB ADBBOBA 1 (211 

> iOHBEB OF ABJHAtS HITH IISSOI HABIBED HICBOSCOPICALLI 
* BOBEEB OF ABIHA1S 8ECBOPSIBD 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS. 
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TABLE A2 (CONTINUED)
 

COITBOL(ONTB) LOU DOSS
 
11-1106 11-1104
 

NEOPLASTIC NODULE 1 (5X)
 

OBISABY SYSTZH
 

NONE
 

ENOCCEIME SYSIEB 

IPITUITABY 
CBBOBOPHOBE ADE8OHA 

(19) 
2 (11X) 10 (20X) 

tTBYBOIO 
fOLLICULAB-CELL ADENOBA 
C-CBLL ADENOBA 

(15) 

1 (7X) 1 (2X) 

BEPBCCOCTIVJ SYSTEM
 

*HAHHABY GLAND (20) (50)
 
EAPILLABY ADiNOBA 1 (5X)
 
FIBROADEBOBA 2 (4X)
 

*OTEBUS (20) 
ADENOBA, NOS 
B8DOBETBIAL SIBOBAL POLYP 6 (30X) 

IOVABY (20) 
PAPILLABI ADENOCABCINOBA 

N E B V C U S SYSTIB 

I B B A I N (20) (•9) 
GLIOHA, NOS 

S P E C I A L S£ISE O B G A H S 

*EAB CANAL (20) (50)
 
SQUABOUS CELL CABCIVOBA
 

HDSCOLCSK£L£TAL SYSTEB
 

gOHS ..
 

t HOBBEB Of AMIBALS iITU TISSUE EXABJHBD BICBOSCOPICALLY
 
* SOBBEB OF AMIBALS NECBOPSIED
 

HIGH DO SB
 
11-1102
 

'*? (11X)
 

1 <2X)
 
2 («X)
 

(50)
 

1 (2X) 

8) 
1 (2X) 

(49)
 
(2X)
 

(50)
 
(2X)
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TABLE A2 (CONCLUDED)
 

DOD1 CAVITIES
 

HONE
 

ill C1HZB SISIBBS
 

•ONE
 

A HI HAL DISPOSITION SOBBABT
 

ANIBALS INITIALLY IB STOOI

NATUBAL DEATH*

HORIBOND SACRIFICE

SCHEDULED SACRIFICE
 
ACCIDENTALLY KILLED
 
TEBBINAL SACBIFICE

ANIMAL BISSIVG
 

ft IHCLODES AOTOLIZEO AIIHALS
 

TDHOB SOHHABI
 

TOTAL ABIBALS KITH PBIBABI TOHOBS*

TOTAL PBIBABI TUSOBS


TOTAL AIIHALS BITH BBBIG8 TDHOBS

TOTAL BEIIGB TOHOBS


TOTAL ANIMALS WITH BALIGNANT TOBOBS

TOTAL HALIGNANT TUBOBS


TOTAL ANIBALS HITH SiCONDABI TOBOBSt

TOTAL SBC01DABT TUBOBS


TOTAL ANIBALS HITH TOBOBS ONCEBTAIN­
BENIGN OB MALIGNANT


TOTAL ONCBBTAIN TOBOBS


TOTAL ANIBALS BITH TOBOBS ONCEBTAIH­
P8IBA8Y OB HBTASTATIC
 
TOTAL UNCtBTAIN TUBOBS
 

CONTROL(ONTB)•

11-1106


 20

 1


 1


 18


 11

 12


 10

 11


 1
 
1
 

 LOW DOSE HIGH DOSE
 
 11-1104 11-1102
 

 SO 50
 
4 S
 
1 7
 

 45 38
 

 12 17
 
 13 21
 

 12 9
 
 13 13
 

8
 
8
 

1
 
1
 

* PBIBABI 10BOBS: ALL TOBOBS EXCEPT SECONBABI TOBOBS
 
t SBCCNDABI TOBORS: HBTASTATIC TOBOBS 01 TUBOBS INVASIVE INTO AN ADJACENT OBGAN
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APPENDIX B
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS
 
IN MICE TREATED WITH 2-NITRO-p-PHEKYLENEDIAMINE
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TABLE Bl
 
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE
 

COMTBOL (DBTB) LOB DOSB HIGH DOSB 
22-2105 22-2103 22-2101 

A N I H A L S I N I T I A L L Y IB STOOT 20 50 50 
A N I B A L S N E C B C E S I E D 20 50 50 
A N I M A L S B X A H I N i D HISTOEATHOLOGICALLT** 20 50 50 

I B T B G O H E R T A B 1 SISTEH 

80BB 

BESFIEATOB1 SISTEH 

«LO»G (20) (50) (*9) 
AITEOLAB/BBOBCBIOLAB ADEHOHA 8 (16*) 2 («*) 

HEHATCFOIBTIC SISTBB 

*MOIIIPLE OBGAHS (20) (50) (50) 
M A L I G N A N T LIHEHOHA, DOS 1 (2*) 
L E U K E M I A , NOS 1 (5X) 2 («) 
LIflPHOCYIIC L E U K E M I A 1 (5X) 

*LIHPH NODE (15) (39) (««) 
M A L I G N A N T LIBPHCf lA, NOS 1 (2*) 

ISMAIL INTESTINE (20) (50) (49)
 
M A L I G N A N T L Y H P H C M A , N O S 1 (2%)
 

CIBC01ATOFI SISTEM
 

HOSE
 

OIGES1X1£ SISTEH
 

•LITBB	 (20) (SO) 
HEPAIOCELLOLAH AOEBOHA 3 6 2 («) 
HEPATOCELLOLAB CABCIBQBA 1 <2»> 1 (2«) 

* N U H B E B OF AIIBALS KITH TISSDB EXAHIBBD HICBOSCOPICALLI 
* B D H E E B OF ABIHA1S NECBOPSIED 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE Bl (CONTINUED) 

COinOL (UiTi) L0» DOSS RIM DOSS 
22-2105 22-2103 22-2101 

H E H A N G I O S A B C O f l A	 1 (SI) 

OBIIABI S If STIR 

ROUE 

EMDCCBIHE ST5TBB 

ITBIBOID (14) |»1) («t)
 
FOLLICOLAB-CBL1 ADEBOBA 1 (7S)
 
C-CBLL CAHCIMOHA 1 (71)
 

BEF1CCUCTIVI SYSTBH 

HODS 

•EBVGOS	 SISTEB 

HO IB 

SPECIAL SENS! OBGAIS 

H O N B 

HUSCOLOSIEBIBTAL SISTEB 

Hom 

BOUT CAVITIES
 

NO88
 

ALL OTHER SISTERS
 

MOVE
 

«	 H08BEB OF AilflALS HItB TISSUE EZABIMEO BICBOSCOMCALLT
 
*	 10BEEB OF ABIHALS 1ECBOPSIBD
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TABLE Bl (CONCLUDED) 

CO«TBOL<0«TH) LOi DOSE HIGH DOSE 
22-2105 22-2103 22-2101 

ANIHAL DISPOSITION SUHHABX 

ANI8ALS 1SITIAIIT IS STUDY 
NATURAL DEATHS 
HOBIBOND 5ACBIFICE 
SCHEDULED SACBIFICE 
ACCIDENTALLY KILLED 
TEBHINAL SACBIFICE 
A III HAL HISSING 

20 

18 

50 

46 

50 

49 

» INCLUDES AUIOLYZED A8IBALS 

TOHOB SOMHAB1
 

TOTAL ANIBALS HITH PBIHABY TOHOBS* 9 17 7
 
TOTAL PBIBABY TOBOBS 9 18 7
 

TOTAL ANIHALS HITH BEHIGH TOHOBS 5 13 4
 
TOTAL BENIGN TUUOBS 5 14 4
 

TOTAL ANIHALS VITH BALIGNANT TOHOBS 4 4 3
 
TOTAL BALIGNAHT TOBOBS 4 4 3
 

TOTAL AHIHALS BITH SECOHDABI TOBOBS*
 
TOTAL SECOIDARX TOBOBS
 

TOTAL ANIHALS HITH TOHOBS OHCEBTAIH­
BEHIGM OB HALIGHABT
 
TOTAL OVCEBTAIM TOHOBS
 

TOTAL AKIHALS HTH TOHOBS OBCEBTAIS­
PBI8ABI OB HETASTATIC
 

TOTAL UMCEBTAIM TUHOBS
 

* PBIHABI IUBOBS: ALL TOHOBS EXCEPT SECOHDABI TOHOBS
 
* SECONDARY TOHOBS: HETASTATIC TOBOBS OB TOHOBS IITASITE INTO AM ADJACENT OBGAI
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TABLE B2
 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE
 

COKTBOLfOBTB) 
22-2106 

LOB DOSS 
22-2104 

HIGH DOSE 
22-2102 

ABIflALS
ABIBAIS
AIISALS
ANIHALS

 IBITIALLI IB STUDY
 BISSIBG 
 NECBOPSIED
 E X A H I B E  D HISTOPATHOIOGICALLI**

 20 

 20 
 20 

50 
1 

49 
49 

50 

50 
49 

IBTIGUBESTABT SIS1EB 

NCBB 

BESEIEATCBI SIS1IB 

*IOB6
ALVEOLAB/BBOBCHIOIAB ADEBONA 
ALVEOLAB/BBOBCHIOLAB CABCIBOHA 

 (20) (47) 
4 (9f) 
1 (2X) 

(49) 
3 (6«) 

HEBA10PCIEIIC SISTEB 

•BUL1IPLE OBGABS
HALIGBABT LIHPBOHA, BOS
LEUKEBIA,BOS 

 (20) 
1 (5*) 

(49) (50) 
5 (10X) 

tSPLEEB
HEHABGIOSABCONA 

 (19) (43) (45) 
1 (2*) 

ILTBPH BODE
HALIGBABT LIBPHOBA, BOS
aALIG.LIKPhOflA, HISTIOCITIC TTPE 

 (16) 
1 (6%) 

(38) 

1 (3*) 

(41) 

CIBCOIATOBK SXSIEB 

BONE 

DIGESTIVE SIS1BH 

•LIVEB 
BiPATOCElLOLAB ADEIOflA 

(20)
1 (SKI 

(49)
10 (2011 

(48) 
14 (29*> 

t M U B B E B OP AHIBALS HITH TISSUE EXABIBED
« HOBEEB 0? ABIBALS HZCBOPS1ED 

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 

 8ICBOSCOPICALI.I 
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TABLE B2 (CONTINUED) 

CONTBOL (UHTB) LOi OOSX HIGH DOS* 
22-2106 22-2104 22-2102 

HIPlTOC2LI.OI.iR CABCIBOB1	 3 <6«) 

OBIKAEI SISTBH
 

MO MB
 

8VCCCCIIE SISTtB
 

•TB1IOID	 (17) (36) (36)
 
F011ICOIJII-CELI. ADEBOHA 1 (6X)
 

iBPlCEOCTITB SISTZB
 

IOTBBUS (20) (48) (47)
 
LBIOBIOHA 1 (2X)
 

MIB1CUS STSTBB
 

HO KB
 

SPBCIAI SBISI CBGilS
 

•Oil
 

HOSCOIOSKEIBIAI SISTBB
 

10 NB
 

BCDI C1IITIIS
 

MOIB
 

ILL C1HBB STSIB8S
 

N01B
 

• IUHBEB Of tllHALS ilTH 1ISSOK IXABIMBD HICBOSCOPICALLI
 
* HUBEEB 07 A1IHA1S UCBOPSIBO
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TABLE B2 (CONCLUDED) 

CONTROL(UBTB) LOW DOSE HIGH DOS* 
22-2106 22-2104 22-2102 

ABIBAL DISPOSITION SUBBABT
 

AIIBALS JIITIALLT III STOOY 20 SO 50
 
BATORAL DEATHS
 
HOBIBOMD SACBIFICB
 
SCHEDULED SACRIFICE
 
ACCIDEBTALLY KILLED
 
TEBHIBAL SACRIFICE 20 45
 
AIIBAL BISSIIG 1
 

» IICLDOES AOXOLTZED AIIBALS
 

IOBOR SOBHABI 

TOTAL ABIBALS SITH PRIHABI TOBOBS* 4 18 27
 
TOTAL PBIBARI TOBOBS 4 20 27
 

TOTAL AIIHALS HITH BERIGI TOBOBS 2 13 17
 
TOTAL BBBIGR TtiflOfiS 2 15 17
 

TOTAL A MI BA IS ilTH HAUGBABT TOHOBS 2 5 10
 
TOTAL BALIGVABT TOBOBS 2 5 10
 

TOTAL AIIBALS KITH SECOHDARI TDBORS*
 
TOTAL SBCOIOABT TOHOBS
 

TOTAL AIIBALS BITS TOBOBS UBCERTAIX­
BE1IG1 OR BALIGHAIT
 

TOTAL UBCEBTAIB TOBOBS
 

TOtAL ABIBALS ilTH TOBOBS DBCERTAII­
P8IBART OB BETASTATIC
 

TOTAL OICEBTAIH TOHOBS
 

* PBIBABT TOBORS: ALL TOHOBS EXCEPT SSCOHDABT TOBORS 
* SBCOIDABT TOBOBS: BETASTATIC TOBOBS OB TOBORS IHVASIVE IITO Al ADJACEBT ORGAI 
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APPENDIX C
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN RATS TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE
 





TABLE Cl 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE 

COHTBOL(ONTB) LOH DOSS HIGH DOSE 
11-1105 11-1103 11-1101 

A H I H A I S INITIALLY IN STUDI 20 50 50 
A N I M A L S N E C R O P S I E D 20 50 50 
A8IHALS E X A H I N i D HISTOPATHOLOGICALLI** 20 50 50 

I 
I N T 1 G O H E N T A B Y SIS1BH 

N O N E 

RESPIBATOBI STSTEfl
 

*LOIG (20) (50) (50)
 
INFlAHflATION, INTERSTITIAL 1 (5X)
 
EHOSCHOPN£Ua08IA ACOTE SOPPUBATI 1 (2%)
 
ABSCESS, 80S 2 (10X) 2 («X)
 
P8EDHONIA, CHBOMIC HURINE 8 (40*) 26 (52X) 22 (44X)
 
ABSCESS, CHBONIC 1 (2X)
 

HEBATOPOIETIC SYSTSH
 

•SPLEEN	 (20) (50)
 
PIGHENTATIOa, NOS
 

CIBCOLATOBY SYSTEH
 

IHYOCABDIUB (20) (50) (49)
 
IBFLAHBATION, FOCAL 1 ̂ 5X) 1 (2X) 1 (2X)
 
INFLABHA1ION. DIFFUSE 1 (5X)
 
FIBBOSIS 6 (30X) 7 (14%) 2
 
DEGENEBATION, NOS 1 (5X)
 

*COBOIABY ABTEBI (20) (50) (50)
 
HIPEBTBOPHY. NOS 1 (2X)
 

DIG1SIIVE SISTEB
 

ILIVBB (20) (50) (39)
 
bEPAlIHS. TOXIC 1 (5%)
 

I JIUBBEB or A MI HALS WITH TISSUE BXAHI8ED HICBOSCOPICAtLI 
* H O B E E B OF A III HALS MECBOPSIED 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE Cl (CONTINUED) 

HETABORPHOSIS FATTT
 

tPABCBEATIC ACIHUS
 
ATBOPRI. HOS
 

•SHALL IBTBSTINE
 
HIPEBPLASIA, LIBPHOID
 

* COLOS
 
BEBATODIASIS
 

UHIRABT SISTEH
 

IKICMEI
 
IHFLABBATIOR, HOS
 
IHFLAHBATIOH, CBBOHIC
 
BBPHBOPATHI, TOXIC
 

BRDOCBIBE SISTEH
 

IAOBBHAL
 
HBBOBBHAGIC CIST
 
PIGBEMTAIIOH, HOS
 
HIPEBPLASIA. FOCAL
 

IADBBHAL COBTEX
 
LIPOIDOSIS
 
HIPEBPLASIA, HODULAB
 
HIPEBPLASIA, HOS
 

fADBEHAL BEDOLLA
 
HiBOBBHAGIC CIST
 
HIPEBPLASIA, NOS
 

tTBTBOIC
 
PIGHEHTATIOH, HOS
 
HIPEBPLASIA, C-CELL
 
HTPBBPLASIA, POLLICULAB-CBLL
 

BEPBCOOCTIVE SISTER
 

tPBOSTATE
 
DILATATIOI. HOS
 

t HDBBEB OF AKIBALS «ITH TISSUE
* H O H B E B OF ABIBALS NECBOPSIED 

COHTBOL (UMTB) LOU DOSE 
11-1105 11-1103 

3 (6X) 

(20) (50) 
5 (10X) 

(20) (50) 
1 (5X) 3 (6X) 

(20) (50) 
1 (5X) 10 (20X) 

(20) (49)
 

14	 (70X) 41 (84X)
 
1 (5X)
 

(20)	 (49)
 
2 (4X)
 

1 (2%)
 

(20) (49)
 

2 <4X)
 

(20)	 (49)
 
2 (4X)
 

(20) (45)
 
2 (4X)
 

1 (5*)
 

(18) (49)
 

 BIABIHED BICBOSCOPICALLI 

HIGH DOSE
 
11-1101
 

2 (5X)
 

5 (12X)
 

(50)
 
6 (12X)
 

(50)
 
9 (18X)
 

(50)
 
1 (2X)
 
37	 (74X)
 
1 (2X)
 

(49)
 

1 (2X)
 

(49)
 
1 (2X)
 
1 (2X)
 

(49)
 

(43)
 
21	 (49X)
 
2 (5X)
 
1 (2X)
 

(M)

2 (5X)
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TABLE Cl (CONCLUDED) 

COHTBOL(UHTB) LGH DOSS HIGH DOS* 
11-1105 . 11-1103 11-1101 

ISFLABHATIOH, SOPPOBATIVE 1 (2X) 
IBFLABBATICtl , ACUTE FOCAL 1 (2X) 
I H F L A f l f l f t T I O N , CHBONIC 1 (2») 
HTPBBPLASIA, CTSTIC 1 (6%) 1 (2%) 

tTBSTIS (20) (50) (50) 
G B A B O L O H A , SPEfiBATIC 1 (2*) 

HEBfCDS SISIBB 

HOME 

SPECIAL S E N S E O B G A N S 

M O D E 

HOSCOLOSKELBTAL SIS1EH 

BCHE 

EODI C A V I T I E S 

•PEBIXCNEOH (20) (50) (50) 
INFLABHATIOB, CHBOHIC FOCAL 1 (2X) 

*H£SEBT£BI (20) (50) (50) 
PEBIABTEBITIS 1 (5X) 1 (2J) 

ALL CTHIR SIS1IHS 

•HOlTIPtB OB6ABS (20) (50) (50) 
PIGHEHTAIIOM, »OS 1 (2S> 3 (6X) 

SPECIAL HCBEHCLOGI SOBBABI 

N O H B 

* ROBBEB OF ABIBiLS NITH TXSSOB EXABIUED BICBOSCOPICALLT 
* H U H B E E OF ABIBALS BBCBOPSIED 
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TABLE C2
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE
 

COBTBOL(OHTB) LOU DOSE HIGH DOSE 
11-1106 ' 11-1104 11-1102 

A S I B A L S I N I T I A L L Y II STUDY 20 50 50 
AHIBiLS HBCBOPSIED 20 50 50 
AMIBALS EXABIHBC HISTOPATHOLOGICALLY** 20 50 50 

ISTIGUBIlltAil SIS1BB 

*SKIH	 (20) (50) (50)
 
EEIDEBBAL IHCLUSIGB CIST	 1 (2X)
 

*SUECUT IISSOE (20) (50) (50)
 
ABSCESS, 80S 1 (2%)
 

8ESFIBATOBI StSTEB
 

iLDHG (20) (50) (50)
 
PHBUHONIA, CHBONIC MOBIKE 13 (6SX) 31 (62*) 27 (54X)
 

HEBATOPOIEIIC STS1EH
 

IBOSE BABB08 (17) (41) (38)
 
BYELOFIBBOSIS 1 (2%)
 
HYPE8PLASIA, GBAHULOCITIC	 1 (3X)
 
HYPEBPLASIA, BETICULUB CELL	 1 (2J)
 

•SPLEEB	 (20) (48) (47)
 
HEBATOPOIESIS 1 (2X)
 

CI8C01A1CBI STSTEB
 

IBXOCABDIOB (19) (50) (47)
 
IBFLABBATION, POCA1 1 (2X)
 
fIBBOSIS 3 (6X) 2 (4X)
 
(IBBOSIS, FOCAL 1 (SX)
 
EIGENEBAIIOB, «OS 1 (2X)
 

DIGESTIVE SYSTEM
 

tLIISB (20) (47) 
IHFLAHBATI01. GBAUDLOflAIOUS 2 <4X> 

t BOBBEB CF AHIBAiS HITH TISSUE BIABIHXO BICBOSCOPICALLT 
* M O B E E B OF AIIHALS BKCBOPSIED 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE C2 (CONTINUED) 

CONTBOL(UHTH) 
11-1106 

LOB DOSE 
11-1104 

GHANOLOBA, NOS 
IKFLAHHATION. FOCAL GBAHUIOH
HECBCSIS, 80S 
HITAHCRPHOSIS FATTY 

ATOO 

IPANCREAS
GBANULOHA, NOS 

 (20) (48) 
1 (2*) 

tPANCfiEATIC ACINUS (20) 
ATBOPHt, 90S 2 (10*) 

(48) 
1 (2*) 

ISTOSACH
ISFLAHBATION, CHBOHIC 
PEBIA8TEBITIS 

 (19) (48) 

ISflALL IN1ESTIME
AESCESS, NOS 
PERFORATION, INFLAHBATOflT 
HYPEEPLASIA, LTBPHOID 

 (20) (49) 

tLABGE INTESTIHE 
IMFLAtlHAIION, NOS 
INF1AHBA1ION, CBBONIC 

(20) (47) 
1 (2*) 
1 (2%) 

*COLON 
NEBATOOIASIS 

(20) 
2 (10*) 

(47) 
14 (30X) 

U B I N A B I SIStlH
 

IKIDNEI (20) (49)
INFLANHATIOH, CHBONIC 6 (30X) 15 (31X) 
C4LCINCSIS, NOS 2 (•»») 
FIGBEHTATION, NOS 1 (2X) 

tOBINABI ELiDOEB (19) (46) 
B£BOBBHAGE 1 (5X) 

E N D C C G I N E SYSTin 

tPITUITABY (19) (49)
 
CIST. NOS 1 (5X) 2 (4X)
 
HEHORRHAGIC CIST 2 (11X)
 

IADREHAL (19) (49) 
112QIEQSIS 1 (2X1 

* NUHEEB OF AMIHALS II1U TISSUE EIABIBED HICBOSCOPICALLI
 
* NOBEER OF AIIBALS NECBOPSIED
 

HIGH DOSE 
11-1102 

1 (2»)
 

1 (2X)
 

(46)
 

(46)
 
2 (4X)
 

(49)
 

1 (2X)
 

(50)
 
1 (2X)
 
1 (2X)
 
2 (4X)
 

(50)
 

(50)
 
8 (16X)
 

(50) 
11	 (22 X) 
2 

(44) 

(44)
 
(2X)
 

(50)
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CIGB£BTAtIOB, DOS
 

•THTBOID
 
PICBEBTATIOB, BOS
 
HIPEBPLASIA, C-C1LL
 

BEPECIOCTI7E SISTBB
 

•01EBOS
 
HIDBOBBTBA
 
IBrLAUBATIOB, BOS
 
ETOBETBA
 

•OlEBOS/EBDOHBTBIOa
 
CIST, BOS
 
IIFLABBA1IOB, BOS
 
IirtABBAIIOB, FOCAL
 
IBFLABHAIIOB, SOPPUBATITB
 
HIPBBPLASIA, DOS
 
BIPBBP1ASIA, CISTXC
 

•OVABT
 
CIST, BOS
 
PABCVABIAS CIST
 

BEBVCOS SISTER
 

IEBAIB
 
BIBEBA1IZATIOB
 
ABSCESS, BOS
 

SPECIAL SEISE CBGABS
 

BCBB
 

BOSC010SRE1E1AL SIS1EB 

BOBB 

BODI CAVITIES
 

•BPICABOIOB
 
BEBOBBHACIC CIST
 

TABLE C2 (CONTINUED) 

COBTROL(OBTB)
 
11-1106
 

(15)
 

1 (7»)
 

(20)
 
1 (5X)
 
2 (10«)
 
5 (25%}
 

(20)
 

1 (SX)
 
1 (5X)
 

1 (5X)
 

(20)
 
3 (15X)
 

(20)
 

(20)
 

* BDBBEB OF ABIBALS HUH TISSOJt EXABIBED HICBOSCOPICALLT
 
* SUBBEB Of ABIBALS HECBOPSIED
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LCH OOSB
 
11-1104
 

2 (<»X)
 

(«7)
 
5 (11X)
 
2 («)
 

(48)
 
1 (2X)
 
3 (6X)
 
2 («X)
 

(48)
 

1 (2X)
 

(48)
 
3 (6X)
 

(49)
 
1 (2X)
 

(50)
 

HIGH DOSE
 
11-1102
 

(45)
 

1 (2X)
 

.
 

(48)
 

» (8*)
 
2 (4X)
 

(48)
 
1 (2X)
 

2 (4%)
 
1 (21)
 
1 (2X)
 

<»8)
 
1 (2X)
 
1 (2X)
 

(49)
 

1 (2*)
 

(50)
 
1 121)
 



TABLE C2 (CONCLUDED) 

COBtBOt (UBTB)
11-1106

 LOB DOSB 
 11-1104 

•u cms si t IMS 
•ROltXCLl OBGABS 

NOUBTmOB, BOS 
(20) (SO) 

10 (20%) 

sricm COIIICLOOI SVBRABI 

BO 1ES10B BIffOBIIO 
•QTC/BBCBOrSI/HXStO P1BF 

2 2 

I BOBBIB 01 BBXIAIS BX1H tXSXOI BXiBIBKO RICXOSCOPICALLT 
• BBIIBB Of «BlMtS B1CBOBSXIO 

HIGH DOSE 
11-1102 

(50) 
32 (64X) 

1 
1 
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APPENDIX D
 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
 
LESIONS IN MICE TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE
 





TABLE Dl 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE TREATED WITH 2-NITRO-p-PHENYLENEDIAMlNE 

COBTBOL(UBTB) LOR DOSS HIGH DOS! 
22-2105 22-2103 22-2101 

A H I B A I S IIITIALLI IB S1UDX 20 50 50 
ABIBJLS NECBOPSIBD 20 50 50 
AHIBALS EXABIBED BISTOPATHOLOGICALLI** 20 50 50 

IBT1GOHBBTABI STSTIB 

•SKIB (20) (50) (SO)
 
IBFIAHHATZOB, BOS 1 (2*)
 

BESPIBATOBI SISTER
 

BCBB
 

HEBATCPCIEIIC STS1ER
 

ISP1BEB (18) (40)
 
DIPIBPLAS1A, LIBPHOID 1
 

ILIBPfl BODE (15) (39)
 
HXPBfiPLASIA, LIBPHOID 1 (3%) 2 (5*)
 

tHESEBTEBIC L. BODE (15) (39) (44)
 
HIPEBPLASIA, LIBPHOID 1 (2X)
 

CIBCOIA10BI SISTEB
 

BOHI
 

DI6ES1IVB SISUB 

ILITER (20) (50) 
I»riABHATIC», ACUTE POCAL 1 (2*) 
ABSCESS, BOS 1 (2X) 
IBCfiOSIS, FOCAL 3 (6X) 
PIGBEiTATIOll. IPS 3 <6X) 

» BOBBBB OP ABIHALS HUH TISSOB BXAHINED BICHOSCOPICALLI 
* BOBEEfi 07 AIIBALS BBCBOPSIED 
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE D) (CONTINUED) 

C O N T B O L ( U N T B ) LOS DOSE HIGH DOSE 
22-2105 22-2103 22-2101 

ASGIECTASIS 1 (2X) 1 (2%) 

ILIVER/PKBIPORTAL (20) (50) (47)
 
INFLAHflATICN. FOCAL 1 (2X)
 

tSTCHACH (20) (1*8) (49) 
INFlAflHATICN, ACUTi 1 (2X) 

ISHALL INTESTIHE (20) (50) (49) 
ISFLAHHATION, ACUTE 1 <2X) 
HIPEBPLASIA, LTflPROID 2 («X) 

IPEYEBS PATCH (20) (50) (49)
 
HYPEBPLASIA, NOS
 

• COLON (20) (49) (48) 
K f i H A T O D I A S I S 3 (6X) 1 (2X) 

U R I H i S Y SISTEH 

IKICNET (20) (50) (47)
 
ISFLAHflATICN. CUBOHIC 2 (4X) 2 (4X)
 
CALCIKCSIS, NCS 2 (41)
 
RBTAPLASIA, OSSEOUS 1 (2X)
 

tOBIMtBI ELiDDEB (18) (44) (46)
 
CALCUIOS, DOS 1 (2X)
 

ENCCCEIME SISTfB
 

ITBYBOIO (14) (41) (46)
 
PIGHEHTATIOH, NOS - - 14 (34X) 5 (11X)
 

BEPECCUCTIVE SYS1EH
 

*PREP01IAL GLAND (20) (50) (SO)
 
MULTIPLE CYSTS 1 (SX)
 

NEBVCOS STSIIH
 

NONE
 

SPECIAL SESSE OBGAHS
 

USSl
 

t NURBEB OF iSIHALS BITB TISSUE EXAHINED HIC805COPICALLT
 
* NOHEEB OF ASIHALS NECBOPS1ED
 

D-4
 



TABLE Dl (CONCLUDED)
 

COHTBOL (ONTB) LOi DOSS HIGH DOSE
 
22-2105 22-2103 22-2101
 

HCSCUlOSKELBIiL SISTEH
 

*ST£BMUn (20) (50) (50)
 
ABGIECTASIS 1 (2«)
 

BODY CAVITIES
 

MODE
 

Alt ClHEfi SISliSS
 

BUITIPIE SITES
 
EIGHENTA1ION, MOS 1
 

*«UITIPLE C B G A N S (20) (50) (50) 
AHYLOIDCSIS 1 (5%) 1 (2*) 
BIGBEHTHICB, HOS 14 (28X) 39 (78X) 
H£flOSIOEBOSIS 1 (2%) 

SPECIAL HCBEHGIOGI SUBHABI
 

NC lESIOh EBPOBTED 9 11 1
 

* HOHBEB OP ANIHA1S MITH TISSUE EXAHIHEO HICBOSCOPICALLI
 
• MDBEEB OF ANIHALS NECBOP5IED
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TABLE D2 
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE TREATED WITH 2-NITRO-p-PHENYLENEDIAMINE 

HIGH DOSE 
22-2102 

50 

50
 
49
 

(50) 

(49)
 

1 (2X)
 
1 (2X)
 

(39)
 

(45)
 
2 (4X)
 

(41)
 
1 (2X)
 

(41)
 

(48)
 

A HI HALS IBITIALLY It) STUDY
ABIBALS HISSING 
A N I B A L S HBCfiOPSIED
AHIBAIS E X A R I N E D HISTOPATHOLOGICALLI**

I B T E G D B E N I A B I SISTER 

*SOBCOT TISSUE
 
H B H A T O B A , HOS
 

BESPIBATOBI SISTEH
 

tLONG
 
EBOHCHOPSEUHOHIA SUPPOBATI7E
 
PHEUBOHIA, CHBOMIC BOBIHE
 
HIPEBPLASIA. ACEHOHATOQS
 
RIPEBPLASIA, ALVEOtAB EPITHELIUB
 

HEHATOPCIETIC SISTER
 

(BORE flABBOB
 
BIELOFIBBOSIS
 

ISPLEEB
 
PIGBEHTATIOH, NOS
 
HYPEBPLASIA, NODULAB
 
HIPEBPLASIA, LIBPHOID
 

ILYBPH NODE
 
HYPEBPLASIA, LIBPHOID
 

IBESEHTtBIC t. HOOK
 
BYPEBPLASIA, LTBPHOID
 

CIBCOIATCBY SISTEB
 

IHEABT
 
DIGENEBATjqH, HOS
 

CONTBOL (UB1B) 
22-2106 

 20 

 20
 
 20
 

(20) 

(20)
 

1 (5X)
 

(19)
 

(19)
 

1 (5»)
 
2 (11X)
 

(16)
 
2 (13X)
 

(16)
 

(19)
 

LOB DOSE 
22-2104 

50
 
1
 

49 
H9 

1 (2X) 

(47)
 
1 (2%)
 

1 (2X)
 

(42)
 
1 (2X)
 

(43)
 
1 (2X)
 

2 (5X)
 

(38)
 
3 (8X)
 

(38)
 
1 (3X)
 

(47)
 
2 (4U
 

* N O B B E B CP AHIHALS BITH 1ISSD2 EIAHIiBD HICBOSCOPICALLI 
* M O B B E B OF ASIHA1S IECBOPSIBD 

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS 
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TABLE D2 (CONTINUED)
 

CONTBOL(OBTB) LOB DOSE BIGB DOSE
 
22-2106- 22-2104 22-2102
 

IHICCABDIOB (19) (47) (48)
 
INFLABHATIO», FOCAL 1 (2%)
 
DEGENERATION, NOS 1 (2X)
 

DIGESTIVE STSTEH
 

tLIVBR (20) (49) (48)
 
IBFLAHBATIGN, FOCAL 1 (2*)
 
INFLAHHATIOH, ACUTE FOCAL 3 (15X) 2 (4X) 3 (6*)
 
INFLABBATICN, CHBONIC FOCAL 1 (5X)
 
8ECBCSIS, FOCAL 1 (2X) 1 (2X)
 
HETAHOBEHOSIS FATTY 1 (2X)
 
PIGBENTATION, BOS 1 (2X)
 
FCCAL C2LLULAB CHANGE 3 (6X) 3 (6X)
 
HTPEBP1ASIA, NOCDLAB 1 (2X)
 
HTPEBPLiSIA, BOS 1 (2X)
 
HIPEEPLASIA, LlflPHOID 1 (5X) 1 (2X)
 

tBILf DUCT (20) (49) (48)
 
HfPEBPiASIA, BOS 1 (2X)
 

IPANCHEAS (20) (45) (46)
 
CYST, BOS 1 (2X)
 
CISTIC DOCTS 1 (2X)
 
ATBCPHT, BOS 1 (2X)
 

tSHALL IBTES1IBE (20) (49) (44)
 
HlfPEBPlASIA, LIBPROID 1 (2X)
 

•COLON	 (20) (47) (43)
 
XEHATODIASIS 1 (2X)
 

UBIBABY SISTIR
 

IKIDKEY (20) (49) (48)
 
INFIAHHATICH, CHBOBIC 1 (SX) 2 (4X) 3 (6X)
 

ENDCCilXE SISTIH
 

IADBENAL (15) (36) (33)
 
gBCBOSIS. NOS 1 (7X1
 

* NUPBEB OP ABIBALS HITH TISSUE EIABIBED 8ICBOSCOPICALLT
 
* HUBEEB OF ANIBALS NECBOPSIED
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TABLE D2 (CONTINUED)
 

HIGH DOSE
 
22-2102
 

(36)
 
9 (25X)
 

(36)
 

(46)
 
1 (2X)
 

(47)
 
1 (2X)
 
1 (2X)
 

(47)
 
7 (1SX)
 
3 <6X)
 

2 (4X)
 

(49)
 

HETAHOBPBOSIS FATTT


ITHKBOID

PIGBEMTATIOB, BOS
 

*THIBOID FOLLICLE

EIGBENTATIOB, HCS
 

tPABCBEATIC ISLETS

fiYPEBPLASIA, BOS
 

BEPSCIOCTIVE STSTEfl
 

I01EBOS

BIDROBETBA
 
CIST, NOS
 
IBFLABBATION, ACDTE
 

fUl£BUS/EHDOBETBI0a

CYST, NOS

IBFLABBATICB, BOS

IIFLABBATIOM. ACUTE

IBFLABBATICM, ACUTE SUPPUBATIVB


IOVABI

FOLLICDLAB CIST. NOS

PABOVABIAH CYST
 
ISFLABBATIOB, IOS


KIBVCOS SISTifl
 

*BBAIN/BENIBGES

L1BPHOCYTIC IBFLABBATOBI IBFILTB
 

SPECIAL SEISE OBGABS
 

BOBE
 

BOSCOICSKELEI1L SXSTEB
 

BORE
 

BOD1 C1VI11E5
 

NOII
 

COBTBOL (DITB)
 
22-2106.
 

1 (7X)
 

 (17)
 

 (17)
 

 (20)
 

 (20)
 

 (20)
 
7 (35%)
 
2 (10X)
 
1 (5X)
 
1 (5X)
 

 (20)
 
2 (10X)
 

1 (5X)
 

 (20)
 

LOB DOSE
 
22-2104
 

(36)
 
» (11*)
 

(36)
 
1 (3X)
 

f45)
 

(<»8)
 

1 (2X)
 

(48)
 
14 (29X)
 
1 (2X)
 
•» (8X)
 

(48)
 
5 (10X)
 

(48)
 
1 (2X)
 

• BUBBEB OF ABIBALS HITH TISSOE EIABIBED BICBOSCOPICALLT
 
* BOBEEB CF AIIBA1S NECBOPSIED
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TABLE D2 (CONCLUDED) 

COBTBOL (OBTB) LOB DOSB HIGH DOSE 
22-2106 22-2104 22-2102 

Ail CIBZB SI21BBS
 

*BOIIIP1B OBGABS (20) (50)
 
PIGBBBTAIIOB, BOS 16 (33X) 24 (48 S)
 
HYPBBPIASIA, LIHPHOID 2 <»*)
 

SPECIAL BOBEBOIOGX SOBBABI
 

BO IBSIOI BBPOBTZD
 
1BIBU HJSSIBG/BO BBCBOPST
 
AOIO/BBCBOPSI/BISTO PBBF
 
AOIO/B2CBOPSI/BO HISTO
 

• BOBBEB 0V ABIHALS 8IIH 1ISSOI BXAflZBEO BICBOSCOPICALII
 
* BOBEXI 07 ABIBAIS BBCBOPSIBD
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Review of the Bioassay of 2-Nitro-p-Phenylenediamine* for Carcinogenicity
 
by the Data Evaluation/Risk Assessment Subgroup of the
 

Clearinghouse on Environmental Carcinogens
 

August 31, 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, 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 chemistry, biochemistry,
 
biostatistics, toxicology, pathology, and epidemiology. 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 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
 
2-Nitro-p-Phenylenediamine for carcinogenicity.
 

A representative of Clairol presented a public statement regarding
 
the bioassay of 2-Nitro-p-Phenylenediamine. He noted that the compound
 
has been commonly used in hair dyes since the early 1900's. He said
 
that the only significant finding in the bioassay was an increased
 
incidence of hepatomas among treated female mice and that early animal
 
mortality was not associated with the tumors. The Clairol representative
 
questioned if the metabolism of A'-(Chloroacetyl)-Acetanilide would be
 
the same when given orally, as in the bioassay, as when applied as a
 
hair dye product in humans. He noted that the solubility of the material
 
differs considerably in aqueous and acidic systems. He suggested that
 
absorption of the compound would be facilitated in the body because of
 
the acidity of the GI tract. He estimated that the dose used in the
 
high dose group of mice was a 150,000- fold exaggeration of human
 
exposure. He recommended that this fact be considered in interpreting
 
the human risk posed by 2-Nitro-p-Phenylenediamine.
 

The primary reviewer said that the bioassay data indicated a
 
positive association between the induction of liver tumors and treatment
 
in female mice. After a brief description of the experimental design,
 



the primary reviewer said that the study was deficient in that the
 
number of control mice used was too small. He said, however, that the
 
shortcoming did not affect the interpretation of the results. Based on
 
the bioassay and mutagenicity findings in Salmonella, he concluded that
 
the compound may pose a risk to humans.
 

The secondary reviewer questioned the relevance of the route of
 
exposure for assessing the human risk of 2-Nitro-p-Phenylenediamine.
 
She noted that the histopathological description of the liver tumors
 
indicated that they were composed of large eosinophilic hepatocytes and
 
she wondered if this characteristic was sufficiently unusual as to add
 
to the significance of the tumors. The secondary reviewer said that
 
the questionable relevance of the route of exposure prevented a statement
 
regarding the potential human risk posed by 2-Nitro-p-Phenylenediamine.
 
She added that the mutagenicity data was of questionable significance
 
because of the weak positive response observed.
 

A Program staff pathologist said that the liver tumors in treated
 
female mice were morphologically different from ones observed in control
 
animals. He added that the treatment relatedness of the liver tumors
 
could be based on an increased incidence and morphological difference as
 
compared to controls.
 

A Subgroup member questioned the significance of the results,
 
given that a positive finding was observed only in female mice. He
 
suggested that a true positive would not have been sex-linked. One
 
Clearinghouse member noted that, in his experience, several
 
nitrosamines induce tumors in one sex of rats and none in the opposite
 
sex. Although hormonal imbalance may be a factor, its influence is
 
generally unknown.
 

In reference to the appropriateness of the route of exposure, a
 
Clearinghouse member commented that the accepted practice for testing
 
compounds for carcinogenicity is to expose animals to the largest doses
 
possible that are compatible with survival. It, therefore, is legitimate
 
to use the oral route to increase the exposure level, even though humans
 
may be primarily exposed through the skin. He noted that one reason for
 
using high dose levels is to overcome the statistical insensitivity of
 
the bioassay, resulting from the use of relatively small numbers of
 
animals. Despite the difference in exposure routes, he said that the
 
compound must be considered to pose some possible risk to humans. Since
 
2-Nitro-p-Phenylenediamine is an aromatic amine, another Clearinghouse
 
member agreed that some statement is necessary regarding the possible
 
human risk posed by the compound.
 



The secondary reviewer moved that the report on the bioassay of 2­
Nitro-p-Phenylenediamine be accepted as written and that no statement be
 
made assessing the human risk of the compound. The motion was seconded.
 
In further discussion, she argued that the term "carcinogen" should not
 
be used in this instance since 2-Nitro-p-Phenylenediamine induced
 
primarily hepatocellular adenomas. She predicted that the hepatocellular
 
carcinomas would not be statistically .significant if they were evaluated
 
independent of the adenomas. She also emphasized that the response was
 
observed in only one sex and species. Based on these considerations,
 
the secondary reviewer contended that no statement could be made regarding
 
the human risk posed by 2-Nitro-p-Phenylenediamine. Another Subgroup
 
member argued that it was appropriate to combine adenomas and carcinomas
 
in evaluating the results. He considered the results significant and
 
the study adequate and, therefore, he suggested that the compound could
 
pose a possible human risk. One Clearinghouse member said that similar
 
compounds have been demonstrated to be absorbed through the skin into
 
the body fluids and excreted in the urine. After a lengthy discussion
 
regarding various issues at contention, a Program staff member noted
 
that a conclusionary statement had been inadvertently omitted from the
 
report. He said that a statement should have been included that 2­
Nitro-p-Phenylenediamine was considered to be carcinogenic for the
 
female mouse. Based on the revised conclusion, the secondary reviewer
 
withdrew her motion.
 

A Program staff member said that the conclusion in the report
 
should have read: "Under the conditions of the bioassay, dietary
 
administration of 2-Nitro-p-Phenylenediamine was carcinogenic to the
 
female B6C3F1 mice, causing an increased incidence of hepatocellular
 
neoplasms." He noted that the increased incidence was statistically
 
significant at the high dose level by the Fischer Exact Test and that
 
the conclusion was supported by a trend analysis and a comparison of the
 
liver tumor incidence with historical control data. A Program staff
 
pathologist said that it was appropriate to combine the benign and
 
malignant liver tumors, since the adenomas are considered to be part of
 
a spectrum leading to the carcinomas. He noted that this conclusion was
 
based on experimental evidence, including transplantation studies. It
 
was recommended that a statement be added to the report indicating that
 
the adenomas were considered to be premalignant lesions.
 

It was moved that the report on the bioassay of 2-Nitro-p-Phenylenediamine
 
be accepted with the modification provided by the Program staff member.
 
It was further moved that the compound be considered to pose a potential
 
human risk. The motion was seconded and approved with two abstentions.
 

Members present were;
 

Arnold Brown, University of Wisconsin School of Medicine
 
Joseph Highland, Environmental Defense Fund
 
Michael Shimkin, University of California at San Diego
 
Louise Strong, University of Texas Health Sciences Center
 



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.
 

4 U.S. GOVERNMENT PRINTING OFFICE: 1978-281-217:3297 
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