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REPORT ON THE BIOASSAY OF N-( 1-NAPHTHYL) ETHYLENEDIAMINE
DIHYDROCHLORIDE FOR POSSIBLE CARCINOGENICITY

CARCINOGENESIS TESTING PROGRAM
DIVISION OF CANCER CAUSE AND PREVENTION

NATIONAL CANCER INSTITUTE, NATIONAL INSTITUTES OF HEALTH

FOREWORD : This report presents the results of the bioassay of

N-( 1-naphthyl ) ethylenediamine dihydrochloride conducted for the Car-

cinogenesis Testing Program, Division of Cancer Cause and Preven-
tion, 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 significantly greater incidence of cancer than control
animals, do not necessarily mean the test chemical is not a carci-
nogen 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 N-( 1-naphthyl ) ethylenediamine dihy-
drochloride was conducted by Mason Research Institute, Worcester,
Massachusetts, initially under direct contract to the NCI and cur-
rently under a subcontract to Tracor Jitco, Inc., prime contractor
for the NCI Carcinogenesis Testing Program.

The experimental design was determined by the NCI Project Offi-
cers, Dr. J. H. Weisburger (1,2) and Dr. E. K. Weisburger (1). The
principal investigators for the contract were Dr. E. Smith (3) and
Dr. A. Handler (3). Animal treatment and observation were supervised
by Mr. G. Wade (3) and Ms. E. Zepp (3). Chemical analysis was per-
formed by Midwest Research Institute (4) and the analytical results
were reviewed by Dr. N. Zimmerman (5).

Histopathologic examinations were performed by Dr. A. B. Russ-
field (3) at the Mason Research Institute, and the diagnoses in-

cluded in this report represent the interpretation of this patholo-
gist. Histopathology findings and reports were reviewed by Dr. R.

L. Schueler (6).

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. R. M. Helfand (5) and Dr.

J. P. Dirkse, III (8), using methods selected for the Carcinogen-
esis Testing Program by Dr. J. J. Gart (9).
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SUMMARY

A bioassay for the possible carcinogenicity of N-( 1-naphthyl

)

ethy lenediamine dihydrochloride was conducted using Fischer 344 rats

and B6C3F1 mice. N-( 1-Naphthyl)ethylenediamine dihydrochloride was

administered in the feed, at either of two concentrations, to groups

of 50 male and 50 female animals of each species. Twenty-five rats

of each sex and 50 mice of each sex were placed on test as controls.
The high and low dietary concentrations of N-( 1-naphthy 1 ) ethy lene-

diamine dihydrochloride administered to rats and male mice we re 0.1

and 0.05 percent, respectively. The high and low time-weighted aver-
age concentrations administered to female mice were, respectively,
0.3 and 0.2 percent. The compound was administered in the diet for

104 weeks, followed by an observation period of 4 weeks for high dose
rats, 3 weeks for low dose rats, low dose female mice, and high dose

female mice, and 1 week for high dose male mice.

There were no significant positive associations between the

concentrations of N-( 1-naphthyl )ethylenediamine dihydrochloride
administered and mortality in rats of either sex or in male mice.
There was a significant positive association between concentration
and mortality in female mice. In all groups, except for high dose
females, adequate numbers of animals survived sufficiently long to be

at risk from late-developing tumors. Mean body weight depression, in
relation to controls, was apparent for both sexes of rats and mice,
indicating that higher concentrations of the test chemical would not
have been tolerated by these animals.

In rats or mice of either sex, there were no statisticaly signifi
cant positive associations between the concentration of N-( 1-naphthy

1

)

ethy lenediamine dihydrochloride and tumor incidence.

Under the conditions of this bioassay, dietary administration
of N-( l-naphthyl)ethylenediamine dihydrochloride was not carcinogenic
in Fischer 344 rats or B6C3F1 mice.
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I. INTRODUCTION

N-( 1- Naph thy 1 )

e

thylenediamine dihydrochloride (Figure 1) (NCI

No. C03281), a diagnostic reagent derived from 1-naphthylamine

,

was selected for bioassay by the National Cancer Institute because

of the suspected carcinogenicity of its parent compound, and the

confirmed bladder carcinogenicity of the related compound 2-naphthyl

amine in humans (International Agency for Research on Cancer, 1974).

The Chemical Abstracts Service (CAS) Ninth Collective Index

(1977) name for this compound is N-l-naphthalenyl-1
,
2-ethanediamine

dihydrochloride. It is also called N-l-naphthylethylenediamine di-

hydrochloride .

The use of N-( 1-naphthyl ) e thylened iamine dihydrochloride as a

quantitative reagent for the colorimetric determination of sulfanili

mide in blood, urine, and other body fluids was first described by

Bratton and Marshall (1939). Use of the compound in this capacity

has persisted and N-( 1-naphthyl ) ethylenediamine dihydrochloride is

now used to determine the concentrations of potassium, nitrites, and

sulfates, as well as sulfanilamide (Windholz, 1976).

Specific production data for N-( l-naphthyl)ethylenediamine di-

hydrochloride are not available; however, the inclusion of this com-

pound in the 1977 Directory of Chemical Producers, U.S.A . (Stanford

Research Institute, 1977) implies a total annual U.S. production in

excess of 1000 pounds or $1000 in value.

k
The CAS Registry number is 1465-25-4.
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FIGURE 1

CHEMICAL STRUCTURE OF N-(1-NAPHTHYL)ETHYLENEDIAMINE (DIHYDROCHLORIDE)

2



Since the sole commercial application of N-

diamine dihydrochloride appears to be its use as

the potential for exposure is presumably limited

inary workers and employees of production facili

the compound.

1-naphthyl ) ethyl ene-

a diagnostic reagent,

to medical and veter-

ies which manufacture
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II. MATERIALS AND METHODS

A. Chemicals

N-( 1-Naphthyl)ethylenediamine dihydrochloride was purchased from

Schwarz/Mann, Orangeburg, New York. Chemical analysis was performed

by Midwest Research Institute, Kansas City, Missouri. The experimen-

tally determined melting point range of 183° to 186°C was in general

agreement with the value reported in the literature (i.e., 182° to

188°C) (Naletskaya et al . ,
1967). Thin-layer chromatography was per-

formed utilizing two solvent systems (i.e., ethyl acetate : ammonium hy-

droxide imethanol and benzene : dioxane : ammonium hydroxide), and each

plate was visualized with ultraviolet light and iodine vapor. Multiple

trace impurities were revealed; it was concluded that these were not

due to decomposition of the compound in the solvent systems. Elemental

analysis was consistent with that expected for C 10 H.,N 0 C1 0 ,
the mole-

cular formula for N-( 1-naphthyl )ethylenediamine dihydrochloride.

One major peak and four minor peaks were separated by vapor-phase

chromatography. The largest impurity peak accounted for approximately

1.1 percent of the area of the major peak. The results of infrared,

ultraviolet/visible, and nuclear magnetic resonance analyses were

consistent with those expected based on the structure of the compound.

Throughout this report the term N-( l-naphthyl)ethylenediamine

dihydrochloride is used to represent this material.
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B . Dietary Preparation

The basal laboratory diet for both dosed and control animals

consisted of Wayne Lab-Blox (Allied Mills, Inc., Chicago, Illinois).

N-( 1-Naphthyl ) ethylenediamine dihydrochloride was administered to the

dosed animals as a component of the diet. Proper amounts of the chem-

ical were removed from the stock bottle and blended in an aluminum

bowl with an aliquot of the ground feed under an exhaust hood. The

mixture was then placed into a 6 kg capacity Patterson-Kelley twin

shell stainless steel V-blender along with the remainder of the meal.

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.

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 animals

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

Massachusetts. Dosed and control animals for each species were

received in separate shipments.

Upon arrival, a sample of animals was examined for parasites and

other signs of disease. All sampled animals had parasites. Conse-

quently, all animals were administered 3.0 gm piperazine adipate per

liter of drinking water, ad libitum
,

for 3 days, followed by 3 days

of tap water and 3 more days of piperazine adipate. Animals to be

5



used in the chronic study were quarantined by species for 2 weeks

prior to initiation of test. Animals were assigned to groups and

distributed among cages so that average body weight per cage was

approximately equal for a given sex and species.

D. Animal Maintenance

All animals were housed by species in rooms having a tempera-

ture range of 23° to 34°C. Incoming air was filtered through Tri-

® . ®Dek 15/40 denier Dacron filters (Tri-Dim Filter Corporation,

Hawthorne, New Jersey) providing six changes of room air per hour.

Fluorescent lighting was provided on a 12-hour-daily cycle.

Rats were housed five per cage by sex. During quarantine and

for the first 11 months of study, rats were kept in galvanized- or

stainless-steel wire-mesh cages (Fenco Cage Products, Boston, Mas-

sachusetts) suspended above newspapers. Newspapers under cages were

replaced daily and cages and racks washed weekly. For the remainder

of the study, rats were kept in suspended polycarbonate cages (Lab

Products, Inc., Garfield, New Jersey) equipped with disposable non-

woven fiber filter sheets. Clean bedding and cages were provided

twice weekly. Aspen hardwood chip bedding (American Excelsior Com-

pany, Baltimore, Maryland) was used in polycarbonate cages.

Mice were housed by sex in polycarbonate shoe box type cages.

Cages were fitted with perforated stainless steel lids (Lab Products,

Inc.) and nonwoven fiber filter bonnets. Control mice were housed

ten per cage for the first month of study and five per cage thereafter.

6



Dosed mice were housed five per cage for the entire study. Clean

cages, lids, and bedding were provided three times per week for cage

populations of ten, and twice per week for cage populations of five.

® .

SAN-I-CEL corncob bedding (Paxton Processing Company, Paxton,

Illinois) and Bed-o-cobs (The Andersons Cob Division, Maumee, Ohio)

were used for the first 17 months of study. Aspen hardwood chip

bedding was used for the remainder of the study. Reusable filter

bonnets and pipe racks were sanitized every 2 weeks throughout the

study.

Tap water was available from 250 ml water bottles equipped with

rubber stoppers and stainless steel sipper tubes. Bottles were re-

placed twice weekly and, for rats only, water was supplied as needed

between changes. Food and water were available ad libitum .

During the period of chemical administration, all animals were

fed Wayne Lab-Blox meal containing the appropriate concentration of

N-( 1-naphthyl ) ethylenediamine dihydrochloride. Control animals had

untreated meal available ad libitum . For the first 11 months of

®
study, meal was supplied to rats and mice from Alpine aluminum feed

cups (Curtin Matheson Scientific, Inc., Woburn, Massachusetts) con-

taining stainless steel baffles. All animals were fed from stainless

steel gangstyle hoppers (Scientific Cages, Inc., Bryan, Texas) for

the remainder of the study. Food hoppers were changed on the same

schedule as were cages. Food was replenished daily in Alpine^ feed

cups

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

receiving diets containing n-butylurea (592-31-4); N,N-dimethyl-

p-nitrosoaniline (138-89-6); 2 , 5-toluenediamine sulfate (6369-59-1);

2 ,4-dinitrotoluene (121-14-2); 1 , 5-naphthalenediamine (2243-62-1);

2-chloro-p-phenylenediamine sulfate (61702-44-1); aniline hydrochlo-

ride (142-04-1); and p-anisidine hydrochloride (20265-97-8).

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

other mice receiving diets containing hydrazobenzene (530-50-7);

2,3,5 ,6-tetrachloro-4-nitroanisole ( 2438-88-2 ) ;
tris( 2 , 3-d ibromopro-

pyl)phosphate (126-72-7); 2-chloro-p-phenylenediamine sulfate (61702-

44-1); and aniline hydrochloride (142-04-1). Dosed female mice were

housed in a room with mice intubated with m-cresidine (102-50-1);

and with other mice receiving diets containing 1 , 5-naphthalenediamine

(2243-62-1) and lH-benzotriazole (95-14-7).

E. Selection of Initial Concentrations

To establish the maximum tolerated concentrations of N-( 1-naph-

thyl ) ethylenediamine dihydrochloride for administration to dosed

animals in the chronic studies, subchronic toxicity tests were con-

ducted with both rats and mice. Animals of each species were dis-

tributed among six groups, each consisting of five males and five

females. N-( 1-Naphthyl ) ethylenediamine dihydrochloride was incor-

porated into the laboratory diet and supplied jud libitum to five of

the six rat groups in concentrations of 0.03, 0.1, 0.3, 1.0, and

CAS registry numbers are given in parentheses.
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3.0 percent and to five of the six mouse groups in concentrations of

0.003, 0.01, 0.03, 0.1 and 0.3 percent. The sixth group of each spe-

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

diet. The dosed dietary preparations were administered for 8 weeks.

Individual body weights were recorded weekly throughout the

study. Food consumption data were recorded during weeks 1, 4 and 7.

All survivors were sacrificed at the end of the subchronic test, and

gross necropsies were performed.

The highest concentration causing no deaths, no compound-related

gross abnormalities, and no mean body weight depression in excess of

20 percent relative to controls during the 8-week subchronic test was

selected as the high concentration utilized for the rat and mouse

chronic bioassays.

At the end of the subchronic test, the only rats surviving at

a dietary concentration of 0.3 percent or greater were one male and

five females receiving 0.3 percent and one female receiving 1.0 per-

cent. No deaths were recorded in any rat group receiving less than

0.3 percent. No gross abnormalities were recorded at any concentra-

tion for male or female rats. Mean body weight depression, relative

to controls, was 29.3, 16.2 and 19.9 percent for male rats receiving

dietary concentrations of 0.3, 0.1 and 0.03 percent, respectively.

Mean body weight depressions observed in female rats were 37.6, 20.3,

13.3 and 7.4 percent at dietary concentrations of 1.0, 0.3, 0.1 and

9



0.03 percent, respectively. The high concentration selected for ad-

ministration to rats in the chronic bioassay was 0.1 percent.

At the end of the subchronic test, all mice except one male re-

ceiving a dietary concentration of 0.3 percent survived. No gross

abnormalities were noted at any concentration for male or female

mice. Mean body weight depression, relative to controls, was ob-

served in only 2 of the dosed groups, males receiving 0.1 and 0.3

percent. Mean body weight depression in both cases was 6.4 percent.

The high concentrations selected for administration to mice in the

chronic bioassay were 0.1 and 0.4 percent for males and females,

respectively.

F. Experimental Design

The experimental design parameters for the chronic study (spe-

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

treated and untreated observations periods, and time-weighted average

concentrations) 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 concen-

trations of N-( 1-naphthy l)ethy lenediamine dihydrochloride administered

to rats were 0.1 and 0.03 percent. 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. The dosed rats were supplied with feed con-

taining N-( l-naphthyl)ethylenediamine dihydrochloride for a total of

10



TABLE 1

DESIGN SUMMARY FOR FISCHER 344 RATS
N-( 1-NAPHTHYL)ETHYLENEDIAMINE DIHYDROCHLORIDE FEEDING EXPERIMENT

N-(l -NAPHTHYL)
ETHYLENEDIAMINE

MALE

CONTROL

INITIAL
GROUP
SIZE

DIHYDROCHLORIDE
CONCENTRATION

(PERCENT)

OBSERVATION PERIOD
TREATED UNTREATED
(WEEKS) (WEEKS)

25 0 0 110

LOW DOSE 50 0.05 104

0 3

HIGH DOSE 50 0.1 104

0 4

FEMALE

CONTROL 25 0 0 no

LOW DOSE 50 0.05 104

0 3

HIGH DOSE 50 0.1 104

0 4

11



TABLE 2

DESIGN SUMMARY FOR B6C3F1 MICE
N-( 1-NAPHTHYL) ETHYLENEDIAMINE DIHYDROCHLORIDE FEEDING EXPERIMENT

INITIAL
GROUP
SIZE

N-( 1-NAPHTHYL)
ETHYLENEDIAMINE
DIHYDROCHLORIDE
CONCENTRATION

(PERCENT)

OBSERVATION PERIOD
TREATED UNTREATED
(WEEKS) (WEEKS)

TIME-WEIGHTED
AVERAGE

CONCENTRATION
3

MALE

CONTROL 50 0 0 110 0

LOW DOSE 50 0.05 104 0.05
0 0

HIGH DOSE 50 0.1 104 0.1

0 1

FEMALE

CONTROL 50 0 0 109 0

LOW DOSE 50 0.2 104 0.2

0 3

HIGH DOSE 50 0.4 73 0.3

0.1 31

0 3

a . 2 ( concentrat ion X weeks received)
1 lme-we ish ted average concentration

chemical

)

2 (weeks; receiving

12



104 weeks followed by an observation period of 4 weeks for the high

dose groups and 3 weeks for the low dose groups.

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

initiated and were placed on test simultaneously. The dietary con-

centrations of N-( 1-naphthyl )ethylenediamine dihydrochloride admin-

istered to male mice were 0.10 and 0.05 percent. Throughout this

report those male mice receiving the 0.10 percent concentration are

referred to as the high dose male mice and those receiving the 0.05

percent concentration are referred to as the low dose male mice.

These concentrations were administered for 104 weeks followed by an

observation period of 1 week for the high dose group.

The initial dietary concentrations administered to female mice

were 0.4 and 0.2 percent. Due to excessive mortality in the group

receiving 0.4 percent, this dosage was lowered to 0.1 percent in week

74, for the remaining 31 weeks of chemical administration. Through-

out this report those female mice initially receiving a concentration

of 0.4 percent are referred to as the high dose female mice and those

receiving 0.2 percent are referred to as the low dose female mice.

Dosed female mice were observed for 3 weeks after compound adminis-

tration ceased.

G. Clinical and Histopathologic Examinations

Animals were weighed immediately prior to initiation of the

experiment. Body weights were recorded twice weekly for the first

12 weeks of the study and at monthly intervals thereafter. All

13



animals were inspected twice daily for mortality. Food consumption,

for two cages from each group, was monitored for seven consecutive

days once a month for the first nine months of the bioassay and for

three consecutive days each month thereafter. The presence of tissue

masses and lesions was determined by monthly observation and palpation

of each, animal.

A necropsy was performed on each animal regardless of whether it

died, was killed when moribund, or was sacrificed at the end of the

bioassay. The animals were euthanized by carbon dioxide inhalation,

and were immediately necropsied. The histopathologic examination con-

sisted of gross and microscopic examination of major tissues, organs,

and gross lesions taken from sacrificed animals and, whenever possible,

from animals found dead.

Tissues were preserved in 10 percent buffered formalin, embedded

in paraffin, sectioned, and stained with hematoxylin and eosin prior

to microscopic examination. An occasional section was subjected to

special staining techniques for more definitive diagnosis.

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, seminal vesicle, ear, uterus, mammary gland, and ovary.
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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

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 placed on experiment in each group.

H. Data Recording and Statistical Analyses

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

matic data processing system, the Carcinogenesis Bioassay Data System

(Linhart et al., 1974). The data elements include 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 produc t- 1 imi t

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

15



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

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-

s ied

.

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

16



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

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-Armi tage 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

17



procedures for analyses of the incidence of tumors (Fisher exact

tests, Cochran-Armitage tests, etc.) were followed.

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

incidence of tumors. Curves of the proportions surviving without an

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

during which 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

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
c

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.

18



The lower and upper limits of the confidence interval of the

relative risk have been included in the tables of statistical analy-

ses. 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 from 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

High dose male rats evidenced mean body weight depression rela-

tive to the control group. Distinct and consistent dose-related mean

body weight depression was apparent in female rats throughout the

bioassay (Figure 2).

Although isolated clinical observations were recorded, there were

none that were consistently related to administration of the compound.

B. Survival

The estimated probabilities of survival for male and female rats

in the control and N-( 1-naphthyl) ethylenediamine dihydrochloride-dosed

groups are shown in Figure 3.

For both male and female rats the Tarone test showed no positive

association between dosage and mortality. For male rats the Tarone

test did show a significant negative association; however, the Cox

tests comparing both high dose to control and low dose to control

were not significant. For female rats the Tarone test also showed a

significant negative association between dosage and mortality as did

the Cox test comparing high dose to control.

Adequate numbers of male rats were at risk from late-developing

tumors, as 88 percent (44/50) of the high dose, 84 percent (42/50)

of the low dose, and 68 percent (17/25) of the control group survived

on test for at least 107 weeks. Four males in the control group died
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in week 56; no tumors or other clinical signs were noted for these

four rats.

For female rats, 94 percent (47/50) of the high dose, 86 percent

(43/50) of the low dose, and 76 percent (19/25) of the control group

survived on test for at least 107 weeks. Thus there were adequate

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

C. Pathology

Histopathologic findings on neoplasms in rats are summarized in

Appendix A (Tables A1 and A2); findings on nonneoplastic lesions are

summarized in Appendix C (Tables Cl and C2).

A variety of neoplasms occurred with similar frequencies in con-

trol and dosed rats except for those of the urinary tract and liver.

A dose-related change was observed in the renal pelvis of the

male rats. The incidences of renal and bladder lesions were as

follows

:
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MALES FEMALES
Low High Low High

Control Dose Dose Control Dose Dose

URINARY SYSTEM

Kidney
(Number of Animals with Tissues

Examined Histopathological ly) (25) (48) (49) (24) (50) (50)

Tubular-Cell Adenoma 0 1 0 0 0 0

Hamartoma’' 0 0 1 0 0 0

Kidney/ Pelvis
(Number of Animals with Tissues
Examined Histopathologically) (25) (48) (49) (24) (50) (50)

Epithelial Hyperplasia 0 1 7 0 0 0

Urinary Bladder
(Number of Animals with Tissues

Examined Histopathologically) (25) (48) (49) (24) (50) (49)

Transitional-Cell Papilloma 0 1 0 1 1 0

Transitional-Cell Carcinoma 0 0 0 0 1 0

Epithelial Hyperplasia 0 0 1 0 0 0

Epithelial hyperplasia of the renal pelvis was a papillary and

often multifocal proliferation of the transitional-cell epithelium.

The transitional cells comprising these lesions were arranged in

orderly cords and had an apparently intact basement membrane. Mitotic

figures were seen, and nuclei showed moderate variation in size and

shape with occasional parachroma t in clearing. There was very little

This is considered to be a benign form of the mixed tumor of the

kidney and consists of proliferative lipocytes, tubular structures,
fibroblasts, and vascular spaces in varying proportions.
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stroma in the papillary formations and blood vessels were not promi-

nent. Adjacent epithelium was often hyperplastic. The lesions were

classified as papillomas.

There were two tumors of the renal parenchyma, a tubular-cell

adenoma in a low dose male and a hamartoma in a high dose male. A

papilloma and a noninvasive papillary carcinoma were seen in the

transitional-cell epithelium of the bladder of low dose females. A

papilloma also occurred in the bladder of one control female. There

were liver neoplasms observed in the low dose female rats that may

have been related to administration of the test chemical.

A variety of other nonneoplastic lesions which are commonly seen

in aged Fischer 344 rats was observed with approximately equal fre-

quency in the dosed and control groups.

Based on the results of this pathologic examination, the car-

cinogenicity of N-( l-naphthyl)ethy lenediamine dihydrochloride for

Fischer 344 rats was not established under the conditions of this

experiment. Proliferative lesions of the renal pelvis which occurred

only in dosed rats may be related to the dietary administration of

N-( 1-naphthy l)ethy lenediamine dihydrochloride.

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 N-( 1-naph thy 1

)
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ethy lenediamine dihydrochloride-dosed groups and where such tumors

were observed in at least 5 percent of the group.

For male rats, the Fisher exact test comparing low dose to con-

trol for the incidence of pituitary adenomas NOS, chromophobe adeno-

mas or basophil adenomas was significant (P = 0.025). However, the

Fisher exact test comparing high dose to control and the Cochran-

Armitage test for association between dosage and incidence were not

s ign if icant

.

The Fisher exact test comparing the incidence of hepatocellular

carcinomas or neoplastic nodules in low dose female rats to the con-

trol had a probability level of P = 0.036; however, this probability

is above the 0.025 level required by the Bonferroni criterion.

For both male and female rats there were no other sites for

which the statistical tests showed a significant positive association

between dosage and an elevated incidence of tumors. Thus, at the

dose levels used in this bioassay there was no convincing statistical

evidence that N-( 1-naphthy 1 ) ethy lenediamine dihydrochloride was a

carcinogen in male or female Fischer 344 rats.

The Cochran-Armitage test indicated a significant negative as-

sociation between dosage and the incidence of leukemia or malignant

lymphomas and between dosage and the incidence of mammary gland fi-

broadenomas in female rats. In both instances, however, the Fisher

exact tests were not significant under the Bonferroni criterion.
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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

many of the confidence intervals have an upper limit greater than

one, indicating the theoretical possibility of tumor induction in

rats by N-( 1-naphthy 1 )e thy lenedi amine dihydrochloride that could not

be established under the conditions of this test.



IV. CHRONIC TESTING RESULTS: MICE

A. Body Weights and Clinical Observations

A distinct and consistent dose-related mean body weight depres-

sion was apparent in male mice throughout the bioassay. Dosed female

mice evidenced mean body weight depression relative to the control

group (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.

Although isolated clinical observations were recorded, there were

none that were consistently related to administration of the compound.

B . Survival

The estimated probabilities of survival for male and female mice

in the control and N-( 1-naphthyl ) ethylenediamine dihydrochloride-dosed

groups are shown in Figure 5.

For male mice the Tarone test did not show a significant posi-

tive association between dosage and mortality and the Cox tests were

also not significant. For female mice, the Tarone test did indicate

a significant (P < 0.001) positive association between dosage and

mortality and the Cox test comparing high dose to control was signif-

icant (P < 0.001). The Tarone test for departure from linear trend

was also significant (P < 0.001) due to the high early mortality of

the high dose group, and the increased mortality of the control group

relative to the low dose group starting with week 70.
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FIGURE 4

GROWTH CURVES FOR
N-(1-NAPHTHYL)ETHYLENEDIAMINE DIHYDROCHLORIDE

CHRONIC STUDY MICE
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FIGURE 5

SURVIVAL COMPARISONS OF
N-(1-NAPHTHYL)ETHYLENEDIAMINE DIHYDROCHLORIDE

CHRONIC STUDY MICE
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Adequate numbers of male mice were at risk from late-developing

tumors as 74 percent (37/50) of the high dose, 82 percent (41/50) of

the low dose, and 72 percent (36/50) of the control group survived on

test for at least 104 weeks.

For female mice 40 percent (20/50) of the high dose, 88 percent

(44/50) of the low dose, and 72 percent (36/50) of the control group

survived on test for at least 106 weeks. In the high dose female

group, 24/50 (48 percent) died before week 52. No cause of death for

these mice was recorded.

C. Pathology

Histopathologic findings on neoplasms in mice are summarized in

Appendix B (Tables B1 and B2); findings on nonneoplastic lesions are

summarized in Appendix D (Tables Dl and D2).

A variety of neoplasms occurred with approximately equal fre-

quency in the dosed and control mice. Occasionally, as shown in the

summary tables, neoplasms occurred only in the dosed mice or with an

increased frequency when compared with the control animals. The

nature and incidence of these neoplasms was similar to spontaneously

occurring neoplasms in B6C3F1 mice.

The dosed mice had a variety of nonneoplastic lesions. The

incidence and severity of the lesions was approximately equal in the

dosed and control groups. The lesions were not observed in the high

dose female mice that died early in the bioassay. Hyperplasia of the

renal pelvic epithelium was not found in mice of either sex.

37



Based on the results of this pathologic examination, the admini-

stration of N-( 1-naphthy 1 )ethylenediamine dihydrochloride was not

carcinogenic to B6C3F1 mice 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 N-( 1-naphthyl

)

ethylenediamine dihydrochloride-dosed groups and where such tumors

were observed in at least 5 percent of the group. Due to the early

mortality of high dose female and high dose and control male mice,

the analyses for mice have been based upon those males and females

surviving at least 52 weeks or, in the event that the tumor of

interest appeared earlier, at least as long as the time at which the

first tumor of interest was observed.

None of the statistical tests for any site in mice of either sex

indicated a significant positive association between the administra-

tion of N-( 1-naphthyl ) ethylenediamine dihydrochloride and an increased

tumor incidence. Thus, at the dose levels used in this bioassay there

was no evidence that N-( 1-naphthyl )ethylenediamine dihydrochloride was

a carcinogen in B6C3F1 mice.

For female mice the Cochran-Armitage test indicated a signifi-

cant negative association between dosage and the incidence of pitui-

tary adenomas NOS and between dosage and the incidence of adrenal
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pheochromocytomas or malignant pheochromocytomas . The Fisher exact

tests, however, were not significant for either site.

A significant negative Fisher exact test was indicated for the

comparison between the incidence of hepatocellular carcinomas in the

low dose male mice to that in the control group. However, the high

dose Fisher exact test and the Cochran- Armi tage test for linear trend

were not significant. Both the Cochran-Armi tage test and the Fisher

exact test comparing high dose to control had significant negative

results for the incidence of leukemias or malignant lymphomas in male

mice. It should be noted, however, that in historical control data

collected by this laboratory for the NCI Carcinogenesis Testing Pro-

gram, only 22/275 (8 percent) of the untreated B6C3F1 male mice had

leukemias or malignant lymphomas as compared with 13/39 (33 percent)

of the controls 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 5 and 6, the value one is included; this indicates the absence

of statistically significant results. It should also be noted that

many of the confidence intervals have an upper limit greater than

one, indicating the theoretical possibility of tumor induction in

mice by N-( 1-naphthyl ) ethy lenediamine dihydrochloride that could not

be established under the conditions of this test.
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V. DISCUSSION

There were no significant positive associations between the con-

centrations of N-( l-naphthyl)ethylenediamine dihydrochloride adminis-

tered and mortality in rats of either sex or in male mice. There was

a significant positive association between concentration and mortal-

ity in female mice. In all groups, except for high dose females,

adequate numbers of animals survived sufficiently long to be at risk

from late-developing tumors. Mean body weight depression, in relation

to controls, was apparent for both sexes of rats and mice, indicating

that higher concentrations of the test chemical would not have been

tolerated by these animals.

In rats or mice of either sex, there were no statistically sig-

nificant positive associations between the concentration of N-(l-naph-

thyl)ethylenediamine dihydrochloride and tumor incidence. The only

tumors occurring in statistically significant higher incidences in a

dosed group, when compared to controls, were pituitary adenomas in

low dose male rats. This finding was not supported in the high dose

male rats. The incidence of hepatocellular neoplasms was higher in

low dose female rats than in control females; however, this differ-

ence was not statistically significant.

Under the conditions of this bioassay, dietary administration of

N-( 1-naphthyl )ethylenediamine dihydrochloride was not carcinogenic in

Fischer 344 rats or B6C3F1 mice.
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN RATS TREATED WITH N-( 1 -NAPHTHYL)
ETHYLENEDIAMINE DIHYDROCHLORIDE





TABLE A

I

SUMM ARY OE THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED WITH

N-( 1-NAPHTHYL)ETHYLENEDIAMINE DIHYDROCHLORIDE

CONTROL (UNIR) LOW DOSE HIGH DOSE
01-0330 01-0295 01-0300

ANIMALS INITIALLY IN STUDY 25 5C 50
ANIMALS NECEOPSIED 25 48 50
ANIMALS EXAMINED HISTOPATHOLOGICALLY** 25 48 49

INTEGUMENTARY SYSTEM

•SKIN (25) (48) (50)
SCUAMCUS CELL FAPILLOMA 2 (8*) 1 (2*)

BASAL-CELL CARCINOMA 1 (255) 1 (2%)

•SUBCUT TISSUE (25) (48) (50)

FIBROMA
LIPOMA

1 (4*)
1 (2%)

RESPIF ATOPY SYSTEM

• LUNG (25) (48) (49)
SQUANC0S CELL CARCINOMA, METASTA 1 (2%)
ALVEOLA R/EEONCEIOLAP ADENOMA 1 (2%) 2 (4%)
ALVEOLAR/ERONCEIOLAR CARCINOMA
PHEOCHFOMOCYTOMA, METASTATIC 1 (4%) 1 ( 2 %)

1 (2%)

HEMATOPOIETIC SYSTEM

•MULTIELE ORGANS (25) (48) (50)

HALIG.LYMPHCMA, HISTIOCYTIC TYFE 1 (2%)

UNDIFFERENTIATED LEUKEMIA 9 (19%) 2 (4%)

MYELCMCNOCYTIC LEUKEMIA
LYMPHCCYTIC LEUKEMIA
GRANULOCYTIC LEUKEMIA

1 (4?)
1 (2%)

1 (2%)

•MANDIEULAR L. NCCE (24) (47) (49)

C-CELL CARCINOMA, METASTATIC 1 (4%)

CIFCULATCFY SYSTEM

DONE

» NUMEER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMEEB CE ANIMALS NECROPSIED

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE Al (CONTINUED)

CONTROL (UN TR) LOW DOSE HIGH DOSE
01-0330 0 1-0295 01-0300

DIGESTIVE SYSTEM

#IIVER (25) (48) (49)
SQUAMOUS CELL CARCINOMA, META3TA 1 (2%)
NEOELASIIC NODULE 1 (N%) 2 (4%) 1 (2%)

URINARY SYSTEM

•KIDNEY (25) (48) (49)
TUBULAF-CELL ADENOMA
HAMARTCMA+

1 (2%)

1 (2%)

• U RI N A F Y ELADEEP (25) (48) (49)
TFA NSITICNAL -C ELL FAPILLCMA 1 (2%)

ENLCCRINE SYSTEM

•PITUITARY (22) (44) (47)
ADENCMA, NCS
CHPCMCEHOBE ADENOMA

2 (9%)

11 (25%) 3 (6%)
CHROMOEHOEE CARCINOMA 1 (2%)
BASCEHIL ADENOMA 4 (9%) 4 (9%)
FHEOCHEOMOCYTOMA , MEIASTATIC 1 (2%)

•ADRENAL (24) (48) (49)

CCPTICAL ADENCMA 1 (2%)
PHEOCHROMOCYTCMA 1 (4%) 8 (17%) 6 (12%)
PHEOCHROMOCYTCKA, MALIGNANT 1 (4%) 1 (2%) 1 (2%)
GANGLICNEUROELASTOMA 1 (2%)

•THYROID (21) (47) (49)

FCLLICULAP-CELL ADENOMA
C-CELL ADENCMA

1 (5%)

2 (4%) 4 (8%)
C-CELL CARCINOMA 2 (10%) 1 (2%) 2 (4%)

PAPILLARY CYSTADENOMA, NOS 1 (2%)

• EAPATHY ECID (13) (22) (28)

ADENCMA, NCS 1 (4%)

•EANCREAT1C ISLETS (25) (47) (49)

ISLET-CELL ADENOMA 1 (4%) 1 (2%) 1 (2%)
ISLET-CELL CARCINOMA l-JMJ

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPIC ALLY
NUMBER CF ANIMALS NECPOPSIED

THIS IS CONSIDERED TO BE A BENIGN FORM OF THE MIXED TUMOR OF THE KIDNEY AND CONSISTS OF PROLIFERATIVE
LIPOCYTES, TUBULAR STRUCTURES, FIBROBLASTS, AND VASCULAR SPACES IN VARYING PROPORTIONS.



TABLE Al (CONTINUED)

CONTROL (UNTP.)

01-0330
LOW DOSE
0 1-0295

HIGH DOSE
01-0300

B E F RO DUCT IVE SYSTEM

SEMINAL VESICLE
ADENOMA, NCS

(25) (48)

1 (2*)

(50)

•TESTIS
INTERSTITIAL-CELL TUMOR

(25)

21 (84*)
(48)

46 (9b*)
(49)

40 (82*)

NERVOUS SYSTEM

NCNE

SPECIAL SENSE ORGANS

EAR CANAL
SQUAMOUS CELL CARCINOMA

(25)
1 (4%)

(48) (50)

ZYMEAL'S GLAND
SEBACEOUS ADENOCARCINOMA

(25) (48) (50)
1 (2*)

MUSCULOSKELETAL SYSTEM

NONE

BOEY CAVITIES

EODY CAVITIES
MESOTHELIOMA, NOS

(25) (48)

1 (2*)
(50)

ALL OTHER SYSTEMS

NCJjE

M) (1 EEF CF ANIMAL'
MJMEEF CF ANIMALS

WITH TISSUE
NECFOPSI ED

EXAMINED MICROSCOPICALLY
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TABLE Al (CONCLUDED)

CONTROL (UNTR) LOW DOSE HIGH DOSE
01-0330 01-0295 01-0300

ANIMAL EISECSIHON SUMMARY

ANIMALS INITIALLY IN STUDY
NATURAL DEATHS
MCRIEUND SACRIFICE
SCHEDULED SACRIFICE
ACCIDENT ALIY KILLED
TERMINAL SACRIFICE
ANIMAL MISSING

25 50 50

5 4 2

3 3 4

17 43 44

3 INCLUDES AUTCLYZFD ANIMALS

TUPCR SUMMARY

TOTAL ANIMALS KITH PRIMARY TUMCRS* 21

TOTAL PRIMARY TUMORS 35

TOTAL ANIMALS WITH BENIGN TUMORS 21

TOTAL EENIGN TUMORS 29

TCTAL ANIMALS WITH MALIGNANT TUMCFS 5

TCTAL MALIGNANT TUMORS 5

TOTAL ANIMALS WITH SECONDARY TUMCRS# 2

TOTAL SECONDARY TUMORS 2

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
E E NIG N OF MALIGNANT 1

TCTAL UNCERTAIN TUMORS 1

TOTAL ANIMALS WITH TUMORS UNCEFTAIN-
PRIMARY CP METASTATIC

TCTAL UNCERTAIN TUMORS

48
97

47

80

13

14

1

1

3

3

47
76

43
62

1

1

13

2

3

1

1

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

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED WITH

N-( l-NAPHTHYLIETHYLENEDIAMINE DIHYDROCHLORIDE

CONTROL (UNTR) LOW DOSE HIGH DOSE
02-0330 02-0295 02-0300

ANIMALS INITIALLY IN STUDY 25 50 50

AN 1 HALS NECROPSIED 24 50 50

ANIMALS EXAMINED HISTOPATHOLOGICALLY** 24 50 50

INTEGUMENTARY SYSTEM

•SKIN
TRICHOEPITHELIOMA

•SUBCUT TISSUE
FIBRCSAFCCMA

(24)

(24)

(50)
1 ( 2%)

(50)

(50)

(50)
1 ( 2 %)

BESPIBATOFY SYSTEM

HUNG (24) (50) (50)
UNDIFFERENTIATED CARCINOMA METAS 1 (2%)
ALVEOLA R/BRONCHIOLAR ADENOMA 2 (4%)

HEMATOPOIETIC SYSTEM

MULTIPLE ORGANS
MALIC. LYMPHOMA , HISTIOCYTIC TYPE
UNDIFFERENTIATED LEUKEMIA
MYELCMCNOCYTIC LEUKEMIA

•MESENTERIC L. NODE
UNDIFFEPENTIATED CARCINOMA METAS

(24) (50) (50)

1 (4*)
4 (8%)

2 ( 8 %)

(19) (48) (50)
1 ( 2%)

CIRCULATORY SYSTEM

• HEART (24) (50) (50)
ANITSCHKOW-CELL SARCOMA 1 (2%)

DIGESTIVE SYSTEM

• LIVER (24) (50) (50)

NIOFIi^TIC.NOBSli 6 (12 %) 1 (2* )

• NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
• NUMBER OF ANIMALS NECROPSIED
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE A2 (CONTINUED!

CONTROL (UNTR) LOW DOSE HIGH DOSE
02-0330 02-0295 02-0300

HEEATCCELLULAR CARCINOMA 2 (4%)
HEMANGIOMA 1 (2*)

URINAFY SYSTEM

UEINAFY ELADLER
TRANSITIONAL-CELL PA PILL CM A

TRANSITIONAL-CELL CARCINOMA

(24)
1 (4%)

(50)
1

1

(2%)

(2%)

(49)

ENLCCBINE SYSTEM

PITUITARY (21) (47) (42)
CARCI NCMA, NCS 2 (4%)

ADENOMA, NOS 6 (29%)
CHROMCFHOBE ADENOMA 14 (30%) 6 (14%)
CHROMOPHOBE CARCINOMA 1 (2%)
ACIDOPHIL ADENCMA 2 (4%)

ADRENAL (24) (50) (49)
CORTICAL ADENOMA 3 (6%) 1 (2%)
EHEOCHROMOCYTOMA 1 (4%) 2 (4%) 1 (2%)
PHECCHEONOCYIOHA, MALIGNANT 1 (2%)
LIPOMA 2 (4%) 1 (2%)
ANGIOLIPOMA 1 (2%)
OSTEOSARCOMA 1 (2%)

THYROID (21) (46) (50)
FOLLICULAR-CELL CARCINOMA 1 (5%) 1 (2%)
C-CELL ADENOMA 8 (16%)
C-CELL CARCINOMA 1 (5%) 2 (4%)
CYS1ADENOCARCINOMA, NOS 1 (2%)

PANCREATIC ISLETS (22) (50) (50)
ISLET-CELL CARCINOMA 1 (5%)

RE PRC DUCT I VE SYSTEM

MAMMARY GLAND (24) (50) (50)
ADENOCARCINOMA, NOS 1 (2%)
PAPILLARY ADENOCARCINOMA 1 (2%)
FIBROADENOMA 4 (17%) 5 (10%) 1 (2%)

CLITORAL GLAND (24) (50) (50)

CARCINOMA , NOS 1 i**%l . 1 J2S!

*

*
NUMEER CF ANIMALS
NUMBER CF ANIMALS

WITH TISSUE
NECROPSI ED

EXAMINED MICROSCOPICALLY
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TABLE A2 (CONTINUED)

CONTROL (UNTR) LOW DOSE HIGH DOSE
02-0330 0 2-0 29 5 02-0300

•UTERUS (24) (50) (48)
ADENOCARCINCMA , NOS 1 (4*)
ENDOMETRIAL STROMAL POLY F 2 (8%) 5 (10%) 9 (19%)
ENDOHE1EIAL STROMAL SARCOMA 1 (4%) 2 (4%)

•CVARY (24) (50) (50)
UNDIFFERENTIATED CARCINOMA 1 (2%)
GRANULCSA-CELL TUMOR 1 (2%)
SERTOLI-CELL TUMOR 2 (4%)

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

•EAR CANAL (24) (50) (50)
SQUAMOUS CELL CARCINOMA 1 (4%)

MUSCULOSKELETAL SYSTEM

NONE

EOLY CAVITIES

•ECDY CAVITIES (24) (50) (50)
MESOTHELIOMA, NOS 1 (2%) 3 (6%)

•ABDOMINAL CAVITY (24) (50) (50)
LEIOMYOSARCOMA 1 ( 4%

)

ALL OTHER SYSTEMS

NONE

* NUMEEP OF
NUMBEF CF

ANIMALS WITH TISSUE
ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY



TABLE A2 (CONCLUDED)

CONTROL (UNTR) LOW DOSE HIGH DOSE
02-0330 0 2-0295 02-0300

ANIMAL DISICSITICN SUMMARY

ANIMALS INITIALLY IN STUDY 25 50 50
NATURAL DEATRS 4 4 1

MCEIEUND SACRIFICE
SCHEDULED SACRIFICE

5 3 2

ACCIDENTALLY KILLED
IEFMINAL SACRIFICE
ANIMAL MISSING

16 43 47

3 INCLUDES AUTCLYZED ANIMALS

TUMCB SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMORS* 17 36 30
TOTAL FRIMARY TUMOFS 25 64 40

TOTAL ANIMALS WITH BENIGN TUMORS 10 26 23
TOTAL EENIGN TUMORS 14 38 30

TOTAL ANIMALS WITH MALIGNANT TUMCFS 10 17 5

TOTAL MALIGNANT TUMOFS 1 1 19 5

TOTAL ANIMALS WITH SECONDARY TUMCFS# 1

TOTAL SECONDARY TUMORS 2

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
EENIGN OR MALIGNANT 7 5

TOTAL UNCERTAIN TUMORS 7 5

TOTAL ANIMALS WITH TUMOFS UNCEETAIN-
EFIMABY OF METASTATIC

TOTAL UNCERTAIN TUMORS

* RFIMAFY TUMORS: ALL TUMOFS EXCEPT SECONDARY TUMORS
# SECONDARY TUMORS: METASTATIC TUMORS OF TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN MICE TREATED WITH N-( 1 -NAPHTHYL)
ETHYLENEDIAMINE DIHYDROCHLORIDE
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TABLE B1

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE TREATED WITH
N-(1-NAPHTHYL)ETHYLENEDIAMINE DIHYDROCHLORIDE

CONTROL ( UNTR) LOW DOSE HIGH DOSE
05-0330 05-0295 05-0300

ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS HISSING 2

ANIMALS NECROPSIED 39 50 49
ANIMALS EXAMINED HISTO FATHOLOG IC ALL Y** 39 49 47

INTEGUMENTARY SYSTEM

SKIN (39) (50) (49)
SARCOMA, NOS 1 (2%)

RESPIRATORY SYSTEM

• LUNG (39) (49) (45)

HEPATCCELLULAP CARCINOMA, HETAST 2 (5%) 1 (2%)
ALVEOLAR/BEONCRIOLAR ADENOMA 2 (5%) 5 (10%) 1 (2%)
ALVEOLAR/BRONCEIOLAR CARCINOMA 2 (5%) 2 (4%) 2 (4%)

HEMATOPOIETIC SYSTEM

* MULTI ELI ORGANS (39) (50) (49)
MALIGNANT LYMPHOMA, NOS 11 (28%) 4 (8%) 4 (8%)
MALIG. LYMPHOMA , HISTIOCYTIC TYPE 1 (2%)

•SPLEEN (38) (48) (45)
MALIGNANT LYMPHOMA, NOS 1 (3%)

•MEDIASTINAL L. NODE (36) (43) (45)
ADENOCARCI NCMA , NOS 1 (2%)

•MESENTERIC L. NODE (36) (43) (45)
MALIGNANT LYMPHOMA, NOS 2 (5%)
MALIG. LYMPHOMA, HISTIOCYTIC TYEE 1 (3%) 1 (2%)

CIRCULATORY SYSTEM

•HEART (39) (99) (45)
i£E^C&2££INCMA x NOS 1 J2%1

» NUMBER CF ANIMALS KITH TISSUE EXAMINED MICROSCOPICALLY
* KUMEES CE ANIMALS NECROPSIED

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE B1 (CONTINUED)

CONTROL (UNTR)
05-0330

LOW DOSE
05-0295

HIGH DOSE
05-0300

DIGESTIVE SYSTEM

# LIVER
HEPATOCELLULAR CARCINOMA

139)
12 (31%)

(49)

5 (10%)
(45)

9 (20%)

tSTCMACH
SQUAMOUS CELL FA PILLOMA

(37) (49) (44)

1 (2%)

URINARY SYSTEM

# KID NE

Y

ADENOCARCINOMA # NOS
(39) (49)

1 (2%)

(46)

ENDOCRINE SYSTEM

NONE

REPRODUCTIVE SYSTEM

NONE

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

NCNE

MUSCULOSKELETAL SYSTEM

NONE

BOEY CAVITIES

NONE

ALL OTHER SYSTEMS

NONE

# NUMBER CE ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER CF ANIMALS NECROPSIED
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TABLE 131 (CONCLUDED)

CONTROL (UNTF.) LON DOSE HIGH DOSE
05-0330 05-0295 05-0300

ANIMAL C1SICSITICN SUMMARY

ANIMALS INITIALLY IN STUDY 50
NATURAL DEATHS 13

HCPIBUND SACRIFICE 2

SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE 33
ANIMAL MISSING 2

50
7

3

40

50

1 1

2

37

4 INCLUDES AUTCLYZED ANIMALS

TUBCP SUMMARY

TOTAL ANIMALS WITH PRIMARY TUMCRS* 24 19 16

TOTAL ERIMARY TUMORS 29 24 17

TCTAL ANIMALS WITH BENIGN TUMORS 2 5 2

TOTAL EENIGN TUMORS 2 5 2

TOTAL ANIMALS WITH MALIGNANT TUMCRS 22 14 14
TCTAL MALIGNANT TUMORS 27 19 15

TOTAL ANIMALS WITH SECONDARY TUMCRS# 2 1

TOTAL SECONDARY TUMORS 2 1

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

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
EBIHARY OR METASTATIC

TOTAL UNCERTAIN TUMORS

* ERIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
t SECONDARY TUMORS: METASTATIC TUMCRS .OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TAliLE B2

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREATED WITH
N-( l-NAPHTHYDETHYLENEDIAMINE DIHYDROCHLORIDE

CONTROL (U NTR) LOW DOSE HIGH DOSE
06-0330 06-0305 06-0310

ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS NECROPSIED 4 9 48 35
ANIMALS EXAMINED b ISTO PA THOLOG IC AL L Y** 4 9 48 31

INTEGUMENTARY SYSTEM

SUECUT TISSUE (49) (98) (35)
FIBROSARCOMA 2 (4*)
HEMANGIOSARCOMA 1 <3S)

RESPIRATORY SYSTEM

HUNG (49) (48) (31)
ALVECLAVBRCNCHIOLAR ADENOMA 2 (4%) 1 (3*)

HEMATOPOIETIC SYSTEM

MULTIFIE ORGANS (49) (48) (35)

MALIGNANT IYMEHOMA, NOS 10 (20*) 6 (13*) 2 (6S)

MALIG. LYMPHOMA, HISTIOCYTIC TYRE 1 (2*)
MALIGNANT IYMEEOMA, MIXED T Y EE 1 (3*)

SFIEEN (45) (48) (30)
HEMANGIOSA RCCMA 1 (2*)
MALIGNANT IYMPEOMA, NOS 1 (2*)

•EANCREATIC L.NCDE (44) (45) (27)
MALIGNANT IYMEHOMA, NOS 1 (2*)

MESENTERIC L. NODE (44) (45) (2 7)

MALIGNANT IYMEHOMA, NOS 1 (2*)
MALIG. LYMPHOMA, HISTIOCYTIC TYPE 1 (2*) 1 (4S)

LIVER (46) (48) (30)

MALIGNANT IYMEHOMA, NOS 1 (2%)

CIFCULATCEY SYSTEM

ENDOCARDIUM («9) (47) (31)
HEMANGIOSA RC£MA^. METASTATIC 1 i3*l

# NUMBER C E ANIMALS WITH TISSOE EXAMINED MIC PO SCOPIC AL LX
* NOMEER Cf ANIMALS NECROPSIED
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE B2 (CONTINUED!

CONTROL (UNTR)
06-0330

LOH DOSE
06-0305

HIGH DOSE
06-0310

DIGESTIVE SYSTEM

•1IVER
HEPATOCELLULAR CARCINOMA

(46)
1 <2X)

(48)
1 ( 2%)

(30)
1 (3*)

ORINARY SYSTEM

NONE

ENDOCRINE SYSTEM

•PITUITARY
ADENOMA, NCS

(34)
3. (9*)

(38) (24)

• ADRENAL
PHECCBFCMOCYTCMA
PHEOCHROMOCYTOMA, MALIGNANT

(46)

3 <7X)

1 (2S)

(47) (30)

•THYROID
FOLLICULAR -CELL ADENOMA
FOLLICULAR -CELI CARCINOMA

(44)
2 (5%)

2 (5*)

(39) (28)

1 (4*)

REPRODUCTIVE SYSTEM

MAMMARY GLAND
ADENOCARCINOMA, NOS

(49) (48)

1 (2*)

(35)

1 (3%)

•UTERUS
ENDOMETRIAL STROMAL POLYP

(44)
1 (2*)

(47) (25)

•OVARY
TUBULAR ADENOMA

(44)
1 ( 2S)

(47)
1 (2*)

(27)

NERVOUS SYSTEM

NONE

SPECIAL SENSE ORGANS

* RABEERI A N GLANC (49) (48) (35)

£2£lIli£I_l£i£CMA 1 C2%1

<

*
NOMBEF
NOMEER

CF ANIMALS KITH TISSUE
CE ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY
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TABLE B2 (CONTINUED)

CONTROL (UNTR)
06-0330

LOW DOSE
06-0305

HIGH DOSE
06-0310

MUSCULOSKELETAL SYSTEM

NONE

EOEY CAVITIES

NONE

ALL OTHER SYSTEMS

NONE

ANIMAL CISECSITICK SUMMARY

ANIMALS INITIALLY IN STUDY
NATURAL DEATHS)
MORI EU ND SACRIFICE
SCHEDULED SACRIFICE
ACCIDENTALLY KILLED
TERMINAL SACRIFICE
ANIMAL MISSING

3 INCLUDES AUTCLYZED ANIMALS

50
17

3

30

50

43

50

26
4

20

# NUMEER CF ANIMALS WITH TISSUE EX A Ml NED MICROSCOPICALLY
* NUMEER CF ANIMALS NECROPSIED

B-g



TABLE B: (CONCLUDED)

CONTROL (UNTR) LOW DOSE HIGH DOSE
06-0330 06-0305 06-0310

TUMCF SUMMARY

TOTAL ANIMALS KITH PRIMARY TUMORS* 21 15 9

TOTAL PRIMAFY TUMORS 26 17 9

TOTAL ANIMALS WITH BENIGN TUMOFS 9 4 1

TOTAL EENIGN TUMORS 10 4 1

TOTAL ANIMALS KITH MALIGNANT TUMORS 16 12 8

TOTAL MALIGNANT TUMORS 18 13 8

IOTAL ANIMALS KITH SECONDARY TUMOFS#
TOTAL SECONDARY TUMORS

1

1

TOTAL A (i I HALS KITH TUMORS UNCEFTAIN-
EENIGN OF MALIGNANT
TOTAL ONCEFTAIN TUMORS

TOTAL ANIMALS WITH TUMORS ONCEFTAIN-
EFIMARY CR METASTATIC

ICTAL UNCEFTAIN IUMORS

» EBIMARY TUMOFS: ALL TUMORS EXCEPT SECONDARY TUMORS
t SECONDARY TUMORS: METASTATIC TUMCFS OF. TUMOFS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX C

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN RATS TREATED WITH N-( 1 -NAPHTHYL)

ETHYLENEDIAMINE DIHYDROCHLORIDE





TABLE Cl

SI MM ARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE R ATS TRE ATED WITH

N-l 1 -NAPHTHYL lETHYLENEDLAMINE DIHYDROCHLORIDE

CONTROL (UNTE) LCK DOSE HIGH DOSE
01-0330 01-0295 01-0300

ANIMALS INITIALLY IN STUDY 25 50 50
ANIMALS NECFOPSIED 25 46 50
ANIMALS EXAMINED H 1ST0PA THOLOG IC AL L

Y**
25 48 49

INTEGUMENIAPY SYSTEM

•SKIN (25) (48) (50)
E 1 1 CE F HAL INCLUSION CYSI 1 (2S)

SCAF 1 (4%)

SUBCUT TISSUE (25) (48) (50)

AESCESS, NCS 1 (2*)

PESFIFATCEY SYSTEM

•LUNG/EFCNCHUS (25) (48) (49)

EFCNCHIECTASIS 2 (4*) 5 (10S)

• in NG (25) (48) (49)
ERONCHCENEUMCNIA , NOS 1 (2*)
EFONCHCENEUMONIA NECROTIZING 1 (4%)
AESCESS, NCS 1 ( 2*) 1 (2%)
PNEUMONIA, CERCNIC MURINE 5 (10*) 5 (10*)

HEMATOPOIETIC SYSTEM

IECNE MA F FCW (23) (45) (49)

HYPEPELASIA, HEMATOPOIETIC 2 (4*) 1 (2*)

•SFLEEN (25) (48) (49)
CONGESTION , NCS 1 (4%)
HEMCS ICEROSIS 1 (2*)

•LYMFH NCCE (24) (47) (49)
HYPEPFLASIA, NCS 1 (2%)

•MANDIBULAR L. NODE (24) (47) (49)
RYFERFIASIA. PLASMA CELL

. 2(83i_

» NUMEEP CF ANIMALS WITH TISSUE EXAMINED MIC RO SCOPIC AL LT
» NUMBER CE ANIMALS NECROPSIED
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE Cl (CONTINUED)

CONTROL (UNTK) LOW DOSE HIGH DOSE
01-0330 0 1-0295 01-0300

MIS ENTER IC L. NOIE (24) (47) (49)
HEMOSIDEROSIS 1 (2%)

RENAL IYBFH NODE (24) (47) (49)

HEMOSIDEROSIS 5 (10%)
HISTIOCYTOSIS 1 (2%)

CIRCULATORY SYSTEM

HEART (25) (48) (49)
THRCMBCS, MU BA I 1 (2%)

MYOCARDIUM (25) (48) (49)
INFLAMMATION, CHRONIC
DEGENERATION, NOS

1 (4%)
8 (17%) 14 (29%)

DIGESTIVE SYSTEM

LIVER (25) (48) (49)
INFLAMMATION , ACUTE FOCAL
DEGENERATION, NOS 1 (4%)

1 (2%)

METAMOREHOSIS FATTY 1 (4%) 1 (2%)
BASOPHILIC CYTC CHANGE 1 (4%) 4 (8%) 3 (6%)

CLEAR-CELL CHANGE
HYPERPLASIA, FOCAL 1 (4%)

1 (2%) 1 (2%)

ANGIECTASIS 1 (4%)

EILE DUCT (25) (48) (49)
FIBROSIS 1 (2%)

tEANCREAS (25) (47) (49)

ATROPHY, FOCAL 2 (4%)

STOMACH (24) (48) (49)
HYPERPLASIA, BASAL CELL 5 (10%) 8 (16%)

URINAFY SYSTEM

KIDNEY (25) (48) (49)

GLOMERULONEPHRITIS, NOS 1 (2%)

PYELONEPHRITIS. CHRONIC 1 (21) 3 16%)

#

*

NUMBER CF ANIMALS
NDMBEB Cf ANIMALS

WITH TISSUE
NEC POP SI ED

EXAMINED MICROSCOPICALLY
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TABLE Cl (CONTINUED)

CONTROL (UNTR) LO K DOSE HIGH DOSE
01-0330 01-0295 01-0300

NEPbFCSIS, NCS
NECROSIS, MEDULLARY

21 (84*) 25 (52*) 25
1

(51*)

(2%)

•KICNEY/CCRTEX
MULTILCCULAE CYST

(25)
1 (4%)

(48) (49)

KIDNEY/PELVIS
HYPEREIASIA, EPITHELIAL

(25) (48)

1 (2*)

(49)
7 (14X)

URINARY ELADDER
I NFLA MMATIC N , ACUTE
HYPERPLASIA, EPITHELIAL

(25) (48) (49)
1

1

(2*)

(2*)

ENEOCPINE SYSTEM

ADRENAL CORTEX (24) (48) (49)
HYPERELASIA, ECCAL 1 (4*)

ADRENAL MEDULLA (24) (48) (49)
HYPERPLASIA, NCS 1 (2*)
HYFEPPLASIA, FOCAL 4 (17%)

THYROID (21) (47) (49)
CCLLCID CYST 1 (2*)

PARATHYROID (13) (22) (28)
HYFERELASIA, NCS 3 (14*)

PANCREATIC ISLETS (25) (47) (49)
HYPEPFLASIA, NCS 1 (2%)

BEEPOEUCTIVE SYSTEM

F.AMMAFY GLAND
GALACTCCELE

(25) (48)

1 (2*)

(50)

MAMMARY DUCT
HEMCFRHAGE

(25)

1 (4%)

(48) (50)

PROSTATE
INFLAMMATION, SUPPURATIVE

(25)
2 (8*)

(42) (4 8)

TESTIS
ATROPHY, NCS

(25)
5 (20*1

(48) (49)

NUMBER CE ANIMALS KITH TISSUE EXAMINED MIC POSCOP IC AL LY
* NUMBER CE ANIMALS NECROPSIED
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TABLE Cl (CONCLUDED)

CONTROL (UNTH) LOW DOSE HIGH DOSE
01-0330 01-0295 01-0300

HYPERPLASIA, INTERSTITIAL CEIL
( 2 %) 1 ( 2%)

NERVOUS SYSTEM

NCNE

SPECIAL SENSE ORGANS

* EVE
HEMORRHAGE
SYNECHIA, EOSTERIOR

(25) (48) (50)

1 <2X)

1 ( 2 %)

EYE/CRYSTALLINE LENS
CALCIFICATION, NOS

(25) (48) (50)
1 12%)

MUSCULOSKELETAL SYSTEM

NONE

BOEY CAVITIES

ABDOMINAL CAVITY (25) (48) (50)
NECROSIS, EAT 1 (2%)

AL1 OTHER SYSTEMS

NCNE

SPECIAL MOREHOLOGY SUMMARY

NO LESION EEEORTED 4

AUTC/ NECRCESY/NO HISTO 1

AUTOLYSIS/NC NECROPSY 2

*

*

NUMBER
NUMEER

CF ANIMALS WITH TISSUE
CF ANIMALS NECROPSIED

EXAMINED MICROSCOPICALLY
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TABLE C2

SUMMARY OE THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS TREATED WITH

N-( I-NAPHTHYLIETHYLENEDIAMINE DIHYDROCHLORIDE

CONI ROL (UNTR)
02-0330

LCW DOSE
0 2-0295

HIGH DOSE
02-0300

ANIMALS INITIALLY IN STUDY 25 5 C 50
ANIMALS NECROPSIED 24 50 50
ANIMALS EXAMINEE HISTOPATHOLOGICALLY** 24 50 50

INTEGUMENTARY SYSTEM

• SKIN (24) (50) (50)
EPIDERMAL INCLUSION CYST 1 (2%)

FESFIFATOFY SYSTEM

• LUNG
PNEUMONIA, CHRONIC MURINE
REACTION, FOREIGN BODY
HYPERPLASIA, ADENOMATOUS
METAPLASIA, NOS

(24) (50)
3 (6%)

1 (2%)

2 (4%)

1 (2%)

(50)
10 (20%)

HEMATOPOIETIC SYSTEM

* SFLEE N

INFARCT, HEALED
EFYTHROPOIESIS

(23)

1 (4%)

(50)
1 (2%)

(50)

•MANDIBULAR L. NODE
HYPEREIASIA, FLASMA CELL

(19)

2 (11%)
(48) (50)

• ME S EN TE F IC L. NODE
INFLAMMATION, CHRONIC
HYPERFLASIA, NCS

(19) (48)

1 (2%)
1 (2%)

(50)

•RENAL LYMPH NODE
HEMOSIDEROSIS

(19) (48) (50)
2 (4%)

CIRCULATORY SYSTEM

•MYOCARDIUM (24) (50) (50)
degeneration, NOS 5 (10%) 5 (10%)

1 NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER CF ANIMALS NECEOPSIED

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE C2 (CONTINUEDI

CONTROL (UNTR)
02-0330

LON DOSE
02-0295

HIGH DOSE
02-0300

CALCIFICAT1CN, FCCAL 1 (4%)

* AORTA
MEDIAL CALCIFICATION

(24)
1 (456)

(50) (50)

CORONARY ARTERY
MEDIAL CALCIFICATION

(24)

1 (4%)
(50) (50)

DIGESTIVE SYSTEM

LIVER
METAMORPHOSIS FATTY

(24) (50)

1 (2%)

(50)

EASOEBILIC CYTC CHANGE
ANGIEC1ASIS
HYPERPLASIA, BASOPHILIC

10 (42%)
1 (4%)
1 (4%)

11 (22%) 3 (6%)

PANCREAS
INFLAMMATION, CHRONIC FOCAL

(22) (50)
1 (2%)

(50)

STOMACH
EPIDERMAL INCLUSION CYST
ULCER, NOS

(24) (50)

1 (2%)

1 (2%)

(50)

H YFERPL ASI A , E.ASAL CELL 5 (10%) 8 (16%)

URINARY SYSTEM

KIDNEY
HYDRONEPHROSIS
PYELONEPHRITIS, FOCAL
PYELONEPHRITIS, CHRONIC

(24) (50)

1 (2%)

3 (6%)

(50)
2 (4%)

NEPHROSIS, NOS
CALCIFICATION, FOCAL

8 (33%) 1 (2%)
1 (2%)

KIDNEY/TUBULE
CALCIFICATION, NOS

(24)
1 (4%)

(50) (50)

ENDOCRINE SYSTEM

PITUITARY
HEMOSIDEROSIS

(21)
1 (5%)

(47) (42)

ADRENAL CORTEX (24) (50) (49)

HYPERPLASIA^ NCS _ J (221 1 ii%l

«

*

NUMBER CF ANIMALS
NUMBER CF ANIMALS

WITH TISSUE EXAMINED MICROSCOPICALLY
NECROPSIED
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TABLE C2 (CONTINUED)

CONTROL (UNTR) LOW DOSE HIGH DOSE
02-0330 02-0295 02-0300

•THYROID (21) (46) (50)
HYPERPLASIA, C-CELL 1 (5%)

REPRCDUCTIVE SYS1EK

•MAMMARY GLAND (24) (50) (50)
GALACTCCELE 2 (4*)

•UTERUS (24) (50) (48)
HYDPCMETRA 2 <4X)

•UTERUS/ ENDOMETRIUM (24) (50) (48)
INFLAMMATION, SUPFURATIVE 3 <13%)
METAPLASIA, SQUAMOUS 1 (4*)

•CVARY/CV1DUCT (24) (50) (48)
I NFLA MMATICN , SUPPURATIVE 5 (21%)

•CVARY (24) (50) (50)
CYST, NOS 2 (8*)
INFLAMMATION, SUPPURATIVE
AESCESS, NOS

1 (4%)
2 (4*) 1 (2*)

INFLAMMATION, ACUTE/CHRONIC 1 (2%)

NERVOUS SYSTEM

•ERAIN (23) (48) (50)
HYDROCEPHALUS, NOS 1 (2*) 1 (2*)

SPECIAL SENSE CEGANS

NCNE

MUSCULOSKELETAL SYSTEM

NCNE

EC D Y CAVITIES

NONE

*

NUMEEE CF
NUMEER CE

ANIMALS WITH TISSUE
ANIMALS NECROPSI ED

EXAMINED MICROSCOPICALLY
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TABLE C2 (CONCLUDED!

CONTROL (UNTF.) LOW DOSE
02-0330 02-0295

HIGH DOSE
02-0300

ALL OTHER SYSTEMS

CRANICBUCCAL ECUCH
CYST, NOS 1

SEECIAL MC F EHOLC G Y SUMMARY

NO LESION F E EC PT ED
AUTO/NECROESY/HISTO PERF
AUTOLYSIS/NO NECROPSY

1 3

2

1

8

1

# NUMEER CE ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER CE ANIMALS NECEOPSIED
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APPENDIX D

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN MICE TREATED WITH N-( 1 -NAPHTHYL)

ETHYLENEDIAMINE DIHYDROCHLORIDE
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TABLE Dl

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE TREATED WITH
N-< 1-NAPHTHYL)ETHYLENEDIAMINE DIHYDROCHLORIDE

CONTROL(UNTR)
05-0330

LOW DOSE
05-0295

HIGH DOSE
05-0300

ANIMALS INITIALLY IN STUDY 50 50 50
ANIMALS MISSING 2

ANIMALS NECFOFSIEC 39 50 49
AN IMALS EXAMINED HISTOPATHOLOGICALLY** 39 99 47

INTEGUMENTARY SYSTEM

* SKIN (39) (50) (49)
EFIDEFMAL INCLUSION CYST 1 (3*)
INFLAMMATION, NOS 1 (2%)
INFLAMMATION, CHRONIC 1 (3%)
FIBROSIS 1 (3%)

SUBCUT TISSUE (39) (50) (49)
INFLAMMATION, ACUTE 1 (2*)

RESPIFATCFY SYSTEM

NONE

HEMATOPOIETIC SYSTEM

•SPLEEN (38) («8) (45)
HYPERPLASIA, LYMFHOID 1 (3%)
HEMATOPOIESIS 1 (3%) 3 (6*) 1 (2*)
EFYTHRCFOIESIS 3 (8%)

•MANDIBULAR L. NCIE (36) (43) (45)
HYPERFIASIA, PLASMA CELL 1 (3%)

•LUMEAR LYMPH NODE (36) (43) (45)
HYPEREIASIA, LYMFHOID 1 (2S)

•MESENTERIC L. NCIE (36) (43) (45)
CONGEST IO N , NCS 6 (13*)
HYPERFLASIA, NCS 4 (11*) 7 (16*) 5 (11*)
HYPERPLASIA, LYMPHOID 4 (11*) 1 ( 2S) 12 (27*)
HEMATOPOIESIS _ 1 (2%)

* NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER CE ANIMALS NECROPSIED
^EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE D1 (CONTINUED)

CONTROL (UNTR) LOW DOSE HIGH DOSE
05-0330 05-0295 05-0300

THYMUS
DEGENEFATICN , HYALINE

(13) (28) (27)
1 (9*)

CIRCULATORY SYSTEM

# MYOCARDIUM (39) (99) (95)
INFLAMMATION, ACUTE FOCAL 1 (2*)

DIGESTIVE SYSTEM

#1IVER (39) (99) (95)
NECROSIS, NOS 1 (2*)
METAMORPHOSIS FATTY 2 ( 4%)

HEPATCCYTOMEGALY 1 (2*)
HYPERFLASIA, FOCAL 3 (8*)
ANGIEC1ASIS 1 (2*)

SE1LE DUCT (39) (99) (95)
INFLAMMATION, CHRONIC 1 (2*)

INFLAMMATION, CHRONIC DIFFUSE 6 (12%) 2 (9*)

(tEANCREAS (36) (97) (93)

DILATATION/DUCTS 1 (2*)
CYSTIC DUCTS 1 (2%)
THROMBOSIS, NOS 1 (2*)

INFLAMMATION, CHRONIC 1 ( 2 %)
INFLAMMATION, CHRONIC FOCAL 2 (5%)

EANCREATIC ACINUS (36) (97) (93)
ATROPHY, NCS 1 (2%)

STOMACH (37) (99) (99)
ECTOPIA 1 (2%)

INFLAMMATION, ACUTE 1 (2*) 1 (2%)

EROSION 1 ( 2%)

JEJUNUM (37) (98) (93)

AMYLOIDOSIS 1 (3%)

ILEUM (37) (98) (93)

iMIIOIJICSIS 2 (5%J

*

NU M BEE CF ANIMALS
NUMEER CF ANIMALS

WITH TISSUE
NECEOPSI ED

EXAMINED MICROSCOPICALLY
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TABLE D1 (CONTINUED)

CONTROL ( UNTR

)

LOW DOSE HIGH DOSE
05-0330 05-0295 05-0300

URINARY SYSTEM

•KIDNEY (39) (49) (46)
FCLYCYSTIC KIENEY 1 ( 2%)
FYELCNEPHRI7IS, NOS 1 ( 2%)

GLOMEFULO NEPHRITIS, CHRONIC 1 (2*)
GLOMEFULOSCLERCSIS, NOS 3 (8*)

•KIDNEY/CCRTEX (39) (49) (46)
SCAR 1 (3%)

KIDNEY/G ! 7 RUT US (39) (49) (46)
AMYLCILcSIs 2 (5%)

URINARY ELADCER (37) (49) (45)
INFLAMMATION, ACUTE 1 (2*)

ENDOCRINE SYSTEM

ADRENAL (36) (49) (45)
AMYLCIECSIS 2 (6%)

THYROID (38) (42) (41)
CYSTIC FOLLICLES 1 (3%)
AMYLOIDOSIS 1 (3%)
HYPERELASIA, FOLLICULAR-CELL 2 (5*)

FAPATHYFCID (28) (22) (22)
HYPEREIASIA, NCS 1 (4%)

FANCFEATIC ISLETS (36) (47) (43)

HYPERPLASIA, NCS 1 (3%)

REPRODUCTIVE SYSTEM

PROSTATE (37) (48) (44)
INFLAMMATION, ACUTE 1 (2%)

TESTIS (38) (49) (44)
ATROPHY, NCS 1 (2%)

TESTIS/TUBULE (38) (49) (44)
£E G E N.EF A T I C N_,_ NOS i_J2%L

#

*

NUMBER CF ANIMALS
MJMEEE CB ANIMALS

WITH TISSUE
NECROP SI E D

EXAMINED MICROSCOPICALLY
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TABLE Dl (CONCLUDED)

CONTROL (ONTE) LOW DOSE HIGH DOSE
05-0330 05-0255 05-0300

NERVOUS SYSTEM

NONE

SFECIAL SENSE ORGANS

NONE

MUSCULOSKELETAL SYSTEM

NONE

BODY CAVITIES

NONE

ALL OTHER SYSTEMS

* MULTIPLE ORGANS (39) (50) (49)
AMYLOICOSIS 1 (3%)

SPECIAL MORPHOLOGY SUMMARY

19 13

1

1 2

1

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

NO LESION REPORTED 5

ANIMA1 MISSING/NO NECROPSY 2

AUTC/NECROESY/HISTO PERF
AUTO/NECROPSY/NO HISTO
AUTOLYSIS/NC NECROPSY 9
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TABLE 1)2

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE TREATED WITH
N4 l-NAPHTHYL)ETHYLENEDIAMINE DIHYDROCHLORIDE

CONTROL (UNTR)
06-0330

LOW DOSE
06-0305

HIGH DOSE
06-0310

ANIMALS INITIALLY IN STUDY 50 5C 50
ANIMALS NECROPSIED 49 48 35
ANIMALS EXAMINEE HISTOPA TH OLOGIC AL L

Y** 49 48 31

INTEGUMENTARY SYSTEM

•SKIN
INFLAMMATION, ACUTE

(49)
1 (2%)

(48) (35)

EESPIRATOPY SYSTEM

HUNG
LEUKOCYTOSIS, NOS

(49) («8) (31)

1 (3%)

•LUNG/ ALVEOLI
HEMORBBAGE

(49) (48) (31)
1 (3*)

HEMATOPOIETIC SYSTEM

•SPLEEN
S1DEROSIS

(45) (48) (30)

1 ( 3%)
HYPERFLASIA, LYMPHOID
HEMATOPOIESIS

1 (2*) 2 (4*)

1 (2*)

1 (3X)

SRYTHROFOIESIS 4 ( 9%) 1 (2%) 2 (7%)

•LYMEH NCDE OF THORAX
HYPERFLASIA, NCS

(44)
1 ( 2 %)

(45) (27)

•FANCREAIIC L.NOCE
HEMATOPOIESIS

(44)
1 (2*)

(45) (27)

•IUMEAR LYMPH NCDE
HYPERFLASIA, NCS

(44)
1 (2%)

(45) (27)

•MESENTERIC L. NODE (44) (45) (27)
LYHPHANGIECTASIS 1 (2%)

1 mX)

# HUMBER Of ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER CE ANIMALS NECROPSIED
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE 02 (CONTINUED)

CONTROL (DNTR)
06-0330

LOW DOSE
06-0305

HIGH DOSE
06-0310

HYPERPLASIA, NCS 1 (2%) 4 (15%)
HYPEEFLASIA, LYMPHOID 1 (2%) 3 (7)5) 2 (7%)

HEMATCFOIESIS 1 (255)

RENAL LYMPH NODE (44) (45) (27)

HEMATCFOIESIS 1 (2%)

CIRCULATORY SYSTEM

NONE

DIGESTIVE SYSTEM

#LI VEF (46) (48) (30)
INFLAMMATION, ACUTE FOCAL
NECROSIS, FOCAL
HYPERPLASTIC NODULE 1 (2%)

1 (2%)

1 (3%)

ANGIECIASIS
HEMATCFOIESIS 1 (2)6)

1 (2%)

1 (3%)

#EILE DUCT (46) (48) (30)

INFLAMMATION, CHRONIC 1 (2%)
INFLAMMATION, CHRONIC DIFFUSE 2 (4%) 1 (3%)

# FA NCREAS (38) (47) (29)
INFLAMMATION, CHRONIC 1 (3%)

ilLEUM (42) (48) (27)

AMYLOICCSIS 1 (2%) 1 (4%)

URINARY SYSTEM

KIDNEY (46) (48) (30)
INFLAMMATION, CHRONIC
GLOMEFULOSCLERCSIS, NOS 2 (4%) 1 (2%)

1 (3)6)

#KIDNEY/GICMEFULUS (46) (48) (30)

INFLAMMATION, CHRONIC 1 (2%)

URINARY ELADDER (43) (48) (29)
INFLAMMATION. CHRONIC i jm_

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* KUMEER CF ANIMALS NECEOPSIED



TABLE D2 (CONTINUED)

CONTROL (UNTh) LOW DOSE HIGH DOSE
06-0330 06-0305 06-0310

ENICCFINE SYSTEM

•THYROID (44) (39) (28)
INFLAMMATION, ACUTE 1 (3%)
INFLAMMATION, ACUTE FOCAL
INFLAMMATION, CHRONIC FOCAL

1 (2%)
1 (3%)

AMYLOIDOSIS
HYPERPLASIA, CYSTIC

1 (3%)

1 (4%)
HYPERPLASIA, C-CELL
HYPERPLASIA, FCL LICU L AR- C E L L 2 (5%)

1 (4%)

*f ASATHYFCID (24) (22) (15)
A MYLCICCSIS 1 (5%)

REPRODUCTIVE SYSTEM

* LTEFUS (44) (47) (25)
HYDFCMETRA CD •vJ 2 (8%)
INFLAMMATION, SUPPURATIVE 1 (4%)

•UTERUS/ ENDOMETRIUM (44) (47) (25)
INFLAMMATION, SUPPURATIVE 1 (2%)
HYPERPLASIA, CYSTIC 30 (68%) 2 (4%) 7 (28%)

•OVARY (44) (47) (27)
CYST, NOS 7 (16%) 3 (11%)
HEMORRHAGIC CYST 4 (9%) 2 (7%)
ABSCESS, NCS 1 (2%)
INFLAMMATION, CHRONIC 2 (5%)

NERVOUS SYSTEM

NONE

SPECIAL SENSE CEGANS

NCNE

MUSCULOSKELETAL SYSTEM

SKELETAL MUSCLE (49) (48) (3 5)

AEJCE'S^NCS

# NUMEEP CF ANIMALS WITH TISSUE EXAMINED MIC BO SCOP IC AL L

Y

NUMEEP CF ANIMALS NECROPSIED



TABLE D2 (CONCLUDED)

CONTROL (UNTB) LOW DOSE HIGH DOSE
06-0330 06-0305 06-0310

EOEY CAVITIES

NONE

ALL OTHER SYSTEMS

PEIFOSE TISS0E
STEA1IIIS 1

NECFCSIS, EAT 1

LESSEE CMENILM
INFLAMMATION, CH6CNIC 1

SFECIAL M C F I HO LOG Y SUMMARY

15 10

4

2 15

» NUMEEF CE ANIMALS WITH TISSUE E X A El NED MICROSCOPICALLY
* NUMEER CE ANIMALS NECROPSIED

NC LESION FEFOETEE 3

AUTC/RECRCESY/H1STO PERF 3

AUTC/NECRCESY/NO HISTC
AUTOLYSIS/NC NECROPSY 1
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Review of the Bioassay of N-l ( 1-Naphthyl ) ethylenediamine Hydrochloride*
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

N-l ( 1-Naphthyl) ethylenediamine Hydrochloride for carcinogenicity.

The primary reviewer agreed with the conclusion in the report that

N-l ( 1-Naphthyl) ethylenediamine Hydrochloride was not carcinogenic in

rats or mice, under the conditions of test. He noted that the survival

was adequate in all groups except high dose female mice. He thought

that there would have been some benefit to have analyzed the compound

for free alpha- and beta- naphthy lamine . The primary reviewer pointed

out the nonstatistically significant increases in the incidence of

urinary tract lesions, including neoplasms, among treated rats. He

suggested that the lesions should not be totally ignored since the

compound is a naphthylamine . Because of the nature of the compound, he

said that hamsters, dogs, or monkeys, would be better experimental

models for testing the carcinogenicity of N-l ( 1-Napththy 1) ethy lenediamine

Hydrochloride. As a result of the relative insensitivity of the test

species to naphthylamine carcinogenicity, the primary reviewer said that

an assessment of human risk would be difficult to derive based on the

results of this study.
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The secondary reviewer agreed with the conclusion in the report
that N-l(l-Naphthyl)ethylenediamine Hydrochloride was not carcinogenic,
under the conditions of test. He noted, however, an increased incidence
of hepatocellular carcinomas in treated female rats. Although the
tumors were not statistically significant, he recommended that they be

noted in the summary or discussion sections in the report. He also
recommended that the early mortality among high dose female mice be

noted. Despite its deficiencies, the secondary reviewer concluded that

the study was still valid. He said that the data do not suggest that
N-l ( 1-Naphthyl) ethy lenediamine Hydrochloride would present any significant
hazard to humans.

A recommendation that the report be accepted with the addition of a

statement to the text regarding the increased, but statistically insignificant
incidence of hepatocellular tumors in treated rats was accepted without
obj ection.

Members present were :

Arnold Brown (Chairman), University of Wisconsin Medical School
Joseph Highland, Environmental Defense Fund
Michael Shimkin, University of California at San Diego
Louise Strong, University of Texas Health Sciences Center
(Verald Rowe, Dow Chemical USA, submitted a written review)

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.

LI
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