IV. CHRONIC TESTING RESULTS: MICE

A. Body Weights and Clinical Observations

Mean body weight depression was readily apparent in dosed male
mice when compared to controls. A gimilar but less pronounced trend
was evident in dosed females (Figure 4).

One low dose male had a soft Subéuﬁaneous mass on the leg and
two males in this group had palpable abdominal masses.. Firm nodular
growths developed in one low dose male and two high dose females,
Alopecia was observed in 27 control males, 16 low dose méles, 4 high
dose males, 25 control females, and 3 low dose females. Two low dose
and two high QOSe males experienced noticeable swelling of the eyes.
Abdominal distention was observed in one control male and one control
female mouse,

B. Survival

The estimated probabilities of survival for maie and female mice
in the control and 1,5-naphthalenediamine-dosed groups are shown'in
Figure 5. There was no siganificant positive association between dos-
age and mortality for either male or female mice. '

Adequate numbers of male wice were at risk from late-~developing
tumors with 58 percent (29/50) of the high dose, 78 percent (39/50)
of fhe low dose and 66 perceﬁt (33/50) of the eontfols surviving omn

.test until the termination of the study, The 6 control male mice
that died in week 11 were autclyzed, as were 2 of the 4 high dose

male mice that died in week 41.
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TIME ON TEST (WEEKS)

FIGURE 5

SURVIVAL COMPARISONS OF 1,5-NAPHTHALENEDIAMINE CHRONIC STUDY MICE

a1

78

i0 —10
P ——
L
e
- - 08
é 08
A 5
>
5
@»n pe— —-06
w
o
> . -
Ly
-
@ 04— - 04
2 04
3
T - B
Q.
02— s CONTROL 02
aasasnenaar LOW DOSE
o n s HIGH DOSE
20 ] T T T ] ¥ I T I T oo
a 45 60 . 75 40 105 120
TIME ON TEST (WEEKS}
10 S A —10
- h—_-——l ------ r
T o e 1 L LT W,
| s e e L 08
08
<
2 N "
>
3
" 06— l—-06
[V 9
[w]
> -
-
5
@ 04 =y
2 04
o
Q
& . 5
o
02 ——— CONTROL o2
exusnsmsses LOW DOSE
FEMALE MICE —— e HIGH DOSE
o0~ — T T T 1T 1 T 1%
¢ 45 60 75 90 1086 120



For .female mice, with 68 percent (34/50) of the high dose, 82
percent (41/50) of the low dose and 60 percent (30/50) of the comtrol
mice surviving on test until the termination of the study, adequate
numbers were at risk from late-developing tumors.

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 D1 and D2).

Dietar§ administration of 1,5-naphthalenediamine produced an
increase in hepatocellular neoplasms in female mice, and it produced
a dose-related increase in thyroid neoplasms and compound-related
nonneoplastic thyroid lesions in both sexes. The compound-related

lesions are summarized below:

MALES FEMALES
Con~ Low High Con- Low High
trol Dose Dose trol Dose Dose

LIVER
(Number of animals with
tissues examined histo-—

pathologically) ' (39) (45) (43) (46) (&49) (46)
Hepatocellular Carcinoma 12 10 7 1 25 16
Hepatocellular Adenoma 0 3 6 0 3 11
THYROID

{Number of animals with

tissues examined histo-

pathologically) (38) (46) (43) (44) (49) (45)
Follicular-Cell Adenoma

(Papillary or Follicular-Cell

Adenoma, Papillary

Cystadenoma) (] 8 16 2 17 14
Follicular-Cell Carcinoma 0 1 1 2 0 1
Follicular-Cell Hyperplasia 2 12 9 2 1 4
C-Cell Adenoma 0 2 0 0 1 2
C~Cell Carcinoma 0 0 4 0] 1 6
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In male mice, dietary administration of the compound did not
increase the incidence of hepatocellular neoplasms, whereas dosed
females showed a striking increase in hepatocellular carcinomas and
hepatocellular adenomas.

Grossly, hepatocellular neoplasms appeared as smooth, nodular,
rounded masses distorting the normal shape of the liver. Color
varied, many neoplasms appearing pale tan or dark red. Microscopic-
ally, hepatocellular carcinomas were expansi&e masses of hepatocytes
exhibiting loss of normal architectural pattern,Athe cells being
arranged in sheets or trabeculae instead of the normal lobules.
Nuclei were frequently uniform, although variable amounts of pleomor-
phism did occur. The cytoplasm was either basophilic or acidophilic,
sometimes varying from one region of the tumor to another, and was
frequently pale. Lesions classified as hepatocellular adenomas were
smaller, usually better differentiated, and were less pleomorphic
than the hepatocelluylar carcipomas.

The criteria for classification of thyroid neoplasms in mice
were the same as those used to classify thyroid neoplasms in rats.
The nouneoplastic th}roid lesions found in dosed mice were similar‘
to those in the rats but occurred in higher incidences. Hyperplasia
of follicular cells {focal, papillary or ademomatous) were found in
2/38 (5 percent) control, 12/46 (26 percent) low dose, and 9/43 (21
percent) high dose male mice. Abundant golden brown pigment was seem

in follicular epithelium, colloid, and macrophages. In the mice,
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there were frequent foci of lymphocytes in the thyroid parenchyma and
occasional cystic areas filled with amorphous material containing
long clefts suggesting cholesterol crystals.,

Three transitional-cell papillomas occurred in the bladder or
urethra of dosed mice (two high dose méles and one high dose female),
but none occurred in controls. . |

Based upon the results of this pathologic examination? 1,5-
naphthalenediamine was carcinogenic to B6C3Fl mice, producing
hepatocellular neoplasms in females and thyroid neoplasms in both
sexes.

D. Statistical Analyses of Results

The results of the statistical analyses of tumor incidence in
mice are summariged in Tables 5 and 6. The analysis is included for
every type of tumor in either sex where at least two such tumors
were observed in at least one of the control or 1,5-naphthalenedia-
mine—-dosed groups and where such tumors were observed in at least 5

percent of the group.

For both male and female mice elevated incidences of thyroid tu-
‘mors wvere observed.in the dosed groups. In female mice the Cochran-
Armitage test indicated a significant (P = 0.005) positive association
between éietary concentration and the incidence of C~cell carcinomas.
" This was supported by a significant (P = 0.014) Fisher exact test for
the high dose group. For males the Cochran—Armitage test result

was also significant (P = 0.017), but the Fisher exact tests were
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not. When incidences were combined so that the numerator represented
mice with either a papillary adenoma, a follicular—cell adenoma, or a
papillary cystadenoma of the thyroid, the Cochran-Armitage test indi-
cated a significant positive association between dietary concentration
and tumor incidence for both males (P < 0,001) and females (P = 0.003).
These were supported by significant (P < 0.006) Fisher exact test
results in each sex for comparisous of each dosed group to the control
group. Based on these results, the administration of 1l,5-naphthalene-
diamine was associated with the incidence of thyroig neoplasms in both
male and female mice.

For females an increased incidence of hepatocellular ca?cinomas
was also observed among the dosed mice. The Cochran-Armitage test
indicated a significant (P = 0.001) positive association between dose
and incidence. This was supported by significant (P < 0.001) com- -
parisons of both the high and low dose to the control group using
the Fisher exact test. Based on these results the administration of
I,S—naphthalenediamine was associated with the incidence of hepato-
cellular carcinomas in female mice.’

For female mice, when the inpidence of .alveclar/bronchiolar
adenomas and alveclar/bronchiolar carcinomas were.combined, an in-
creased incidence in the dosed groups was noted. The Fisher exact
test was significant.for both the high (P = 0.024) and low (P = 0.001)
dose groups. Tﬁe departure from linear trend was significant since .

tumor incidence was increased more in the low dose than in the high
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dose group. In historical control data compiled by this laboratory
for the NCI Carcinogenesis Testing Program, 17/275 (6 percent) of the
untreated female B6C3F] mice had an alveolar/bronchiolar neoplasm.
Based  upon tﬁese results the administration of 1,5-naphthalenedizmine
was associated with the incidence of alveolar/bronchiclar neoplasms
in female mice.

For females the Fisher exact test comparing the incidence of
levkemia or malignant lymphoma in high dose mice with that in the
controls had a probability level in the negative direction of
P = 0.045, a marginal result which was not significant under the
Bonferroni eriterion.

Also for females the Cochran~Armitage test showed a significant
(P = 0.040) negative association between dose and the incidence of
‘adrenal pheochromocytomas, but the Fisher exact tests were not sig-
nificant. .

In male mice the possibility of a negative association bgtween
dose and the incidence of malignantllymphomas or leukemia was noted.

Based upon these statistical results the administration of 1,5-
naphthalenediamine was associated with the increased incidence‘of
thyroid neoplasms in male méce and of thyroid neoplasms, of hepato-
cellular carcinomas, and of alveolar/bronchiolar neoplasms in female

mice.
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V. DISCUSSION

There were mo significant positive associations between dietary
concentrations of 1,5-naphthalenediamine and mortality in either sex
of rats or mice, In all groups adequate numbers of animals survived
sufficiently long to be at risk from late-developing tumors.

Several uterine neoplasms occurred in dosed female rats at higher
incidences than in corresponding controls. There was a significant
positive association between dietary concentration of the compound
and the incidences of endometrial stromal polyps in female rats. In

_addition, the high dose to control Fisher exact comparicon was sig-
nificant. Endometrial stromal sarcomas were observed in two low dose
‘and two high dose female rats, but not in céntrols. Uterine adenocar-
cinomas occurred at a higher,iﬁcidence in the high dose female rat
group than in the control group, but the difference in tumor incidence
was not statistically significant.

The administration of 1,5-naphthalenediamine was associated with
an elevated incidence of.clitoral gland uneoplasms in female rats.
There Qas a significant positive association between the concentration
of the chemical a&aed éo the diet and the incidence of either adenomag
or carcinomas of the clitoral gland in female rats. The incidence of
either of these neoplasms in the high dose female rat group ﬁas
significant relative to the incidence in the control group.

Elevated incidences of thyroid neoplasms were cbserved among
dosed mice. For mice of both sexes there were significant positive
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associations between dietary comcentration of 1,5-naphthalenediamine
and the incidences of thyroid (-cell carcinomas. For the females the
high dose to control Fisher exact comparison supported the finding;
this was not true for males. When the mice were grouped so that the
numerator of the incidence represented those animals with a papillary
adenoma, a follicular-cell adenoma, or a papillary cystadenoma of

the thyroid, the Cochran-Armitage test was significantly positive for
both males and females and all the Fisher exact comparisons supported
the findings.

The incidence of hepatocellular carcinomas in female mice was
significantly associated with increased concentration of 1,5-naphtha-
lenediamine. In addition, the high dose to control and the low dose
to control Fisher exact comparisons were significanﬁ. The incidence
of alveolar/bronchiolar adenomas was significant, relative to con-
trols, in both the low dose and the high dose female mouse groups.

Under the conditions of this bioassay, l,5~naphthalenediamine
was carcinogenic in female Fischer 344 rats, causing clitoral and
uterine neoplasms. 1,5-Naphthalenediamine was also carcinogenic for
B6C3F]1 mice, pr&ducing thyroid neoplaswms in males and neoplasms of the
thyroid, liver, and lung in females. Insufficient evidence was pro-

vided for the carcinogenicity of the compound in male Fischer 344 rats.
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Review of the Biocassay of 1,5-Naphthalenediamine#¥
for Careinogenlcity

by the Data Evaluation/Risk Assessment Subgroup

of the Clearinghouse on Environmental Carcinogens

June 29, 1978

The Clearinghouse on Environmental Carcinogens was
established in May, 1976, in compliance with DHEW Committee
Regulations and the Provisions 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, blochemistry,
biostatisties, toxicology, pathology, and epidemiology.
Representatives of wvarious Governmental agencies participate
as ad hoc members. The Data Evaluation/Risk Assessment
Subgroup of the Clearinghouse 1s charged with the responsi-
bility of providing a peer review of reports prepared on
NCI-sponsored bioassays of chemicals studied for carcinogenic-
ity. It is in this context that the below critique is given
on the bioassay of 1,5-Naphthalenediamine for carcinogenicity.

The reviewer agreed with the conclusion in the report
that 1,5-Naphthalenediamine was carcinogenic in treated
femalé rats and in both sexes of mice. He noted that the
study was conducted 1n a room in whilch other compounds were
under test. 'Based on the experimental findings, he con-
cluded that 1,5-Naphthalenediamine may pose a carcinogenic
risk to humans. The reviewer moved that the report on the
biocassay of 1,5-Naphthalenediamine be accepted as written.
The motion was approved without objection.

Clearinghouse Members present:

Arnold L. Brown (Chairman), Mayo Clinic

Paul Nettesheim, National Institute of Environmental
Health Sciences

Verne Ray, Pflzer Medical Research Laboratory

Verald XK. Rowe, Dow Chemical U.S.A.

Michael B. Shimkin, University of Californla at San Diego

~ Loulse Strong, University of Texas Health Scilences 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 criticlisms

reflected in the review may no longer be appropriate.
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