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H3C\N/CH3

N,N-DIMETHYLANILINE
CAS No. 121-69-7
CgH 1N Molecular weight 121.2

Synonyms: dimethylaminobenzene; N,N-dimethylbenzenamine;
dimethylaniline; dimethylphenylamine; N,N-dimethylphenylamine

ABSTRACT

N,N-Dimethylaniline is used as a chemical intermediate in the synthesis of dyestuffs. Toxicology and
carcinogenesis studies were conducted by administering N,N-dimethylaniline (greater than 98%
pure) in corn oil by gavage to groups of F344/N rats and B6C3F; mice of each sex for 2 weeks, 13
weeks, or 2 years. Genetic toxicology studies were conducted in Salmonella typhimurium, mouse
lymphoma cells, and Chinese hamster ovary (CHO) cells.

Two-Week and Thirteen-Week Studies: In the 2-week studies, doses were 94-1,500 mg/kg; deaths of
rats and mice were observed in groups given doses of 750 or 1,500 mg/kg. The final mean body
weights of male rats that received 375 or 750 mg/kg were 15% or 47% lower than that of vehicle con-
trols; final mean body weights of other groups of rats and mice were similar to those of vehicle con-
trols, Compound-related clinical signs observed included cyanosis in rats and lethargy and tremors
in rats and mice. Splenomegaly occurred in nearly all dosed groups of rats and mice, and the inci-
dences were dose related.

In the 13-week studies, doses were 32-500 mg/kg; no compound-related deaths occurred. The final
mean body weights of male rats that received 250 or 500 mg/kg were 15% or 27% lower than that of
vehicle controls. The final mean body weights of all groups of dosed female rats and male and female
mice were within 12% of those of vehicle controls. Compound-related clinical signs included lethargy
in rats and mice and cyanosis in rats. Splenomegaly was observed in all dosed groups of rats and
mice; the severity was dose related. Compound-related extramedullary hematopoiesis and hemo-
siderosis occurred in the kidney or testis of dosed rats and liver and spleen of dosed rats and mice.

Two-year studies were conducted by administering 0, 3, or 30 mg/kg N,N-dimethylaniline in corn oil
by gavage, 5 days per week for 103 weeks, to groups of 50 rats of each sex. The lower dose was selected
to be one-tenth the higher dose to increase the likelihood that one dose would cause only a minimal
nonneoplastic response. Groups of 50 mice of each sex were administered 0, 15, or 30 mg/kg on the
same schedule.

Body Weight and Survival in the Two-Year Studies: Mean body weights of vehicle control and dosed
rats and mice were similar throughout the studies. Survival rates of all respective groups were sim-
ilar after 2 years, except for the lowered survival of vehicle control female rats (vehicle control, 21/50;
low dose, 32/50; high dose, 36/50). This may reflect the large number (24/50) of vehicle control female
rats killed when observed to be in a moribund state. Final survival for other groups was as follows:
male rats--29/50; 32/50; 28/50; male mice--34/50; 30/50; 34/50; female mice--35/50; 39/50; 33/50.
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Nonneoplastic and Neoplastic Effects in the Two-Year Studies: In these 2-year studies, the spleen was
the expected site of chemical-related effects. Fatty metamorphosis and fibrosis in the spleen of high
dose male rats were increased (fatty metamorphosis: vehicle control, 0/49; low dose, 1/49; high dose,
10/50; fibrosis: 5/49; 2/49; 22/50). Splenic hemosiderosis and hematopoiesis were present at an inci-
dence greater than 85% in all groups of rats; however, the severity of the lesions was greater in dosed
groups than in vehicle controls. Sarcomas of the spleen were seen in 3/50 high dose male rats, and an
osteosarcoma was seen in another high dose male rat. One additional high dose male rat had a sarcd-
ma of the thymus. Splenic sarcomas are uncommon in corn oil vehicle control male F344/N rats (NTP
historical incidence 3/2,081, 0.1%), and thus, these neoplasms in high dose male rats (4/50, 8%) were
considered to be chemically related.

Lower incidences of mononuclear cell leukemia (which apparently originates in the spleen) were seen
in dosed male and female rats than in vehicle controls (male: 13/50; 4/50; 3/50; female: 11/50; 7/50;
0/50).

The incidence of squamous cell papillomas of the forestomach in high dose female mice was mar-
ginally greater than that in vehicle controls (2/50; 2/50; 8/50). No malignant forestomach neoplasms
were observed.

Genetic Toxicology: N,N-Dimethylaniline was not mutagenic in S. typhimurium strains TA98,
TA100, TA1535, or TA1537 in the presence or absence of exogenous metabolic activation. In the
mouse lymphoma assay, N,N-dimethylaniline produced a positive response with and without meta-
bolic activation. In CHO cells, N,N-dimethylaniline induced both sister chromatid exchanges (SCEs)
and chromosomal aberrations in the presence of exogenous metabolic activation. Without activation,
an increase in chromosomal aberrations was observed, but no increase in SCEs occurred.

Conclusions: Under the conditions of these 2-year gavage studies, there was some evidence of carcino-
genic activity* of N,N-dimethylaniline for male F344/N rats, as indicated by the increased incidences
of sarcomas or osteosarcomas (combined) of the spleen. There was no evidence of carcinogenic activity
of N,N-dimethylaniline for female F344/N rats given 3 or 30 mg/kg body weight by gavage for 2 years.
There was no evidence of carcinogenic activity of N,N-dimethylaniline for male B6C3F; mice given 15
or 30 mg/kg body weight by gavage for 2 years. There was equivocal evidence of carcinogenic activity
of N,N-dimethylaniline for female B6C3F; mice, as indicated by an increased incidence of squamous
cell papillomas of the forestomach. Both rats and mice could have tolerated doses higher than those
used in these studies.

There were decreased incidences of mononuclear cell leukemia in dosed male and high dose female

rats. Compound-related splenic fibrosis, hemosiderosis, and fatty metamorphosis were increased in
male rats.

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 9.
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SUMMARY OF THE TWO-YEAR GAVAGE STUDIES OF N,N-DIMETHYLANILINE

Male F344/N Rats

Female F344/N Rats

Male B6C3F; Mice

Female B8C3F; Mice

Doses

0,3, 0r 30 mg/kg

N, N-dimethylaniline in
cornoil, 5 d/wk

Body weights
Dosed and vehicle control
groups similar

Survival rates
29/50; 32/50; 28/50

Nonneoplastic effects
Splenic fibrosis and fatty
metamorphosis; increase in
the severity of hemosiderosis
and hematopoiesis of the
spleen

Neoplastic effects

Splenic sarcomas or osteosarco-
mas (combined): 0/49; 0/49; 4/50;

decrease in the incidence of
mononuclear cell leukemia
{13/50; 4/50; 3/50)

0, 3,or 30 mg/kg
N, N-dimethylaniline in
corn oil, 5 d/wk

Dosed and vehicle control
groups similar

21/50; 32/50; 36/50

Increase in the severity of
hemosiderosis and hemato-
poiesis of the spleen

Decrease in the incidence of
mononuclear cell leukemia
(11/50; 7/50; 0/50)

Level of evidence of carcinogenic activity*

Sorne evidence

No evidence

0,15, 0r 30 mg/kg
N, N-dimethylaniline in
corn oil, 5 d/wk

Dosed and vehicle control
groups similar

34/50; 30/50; 34/50

None

None

No evidence

0, 15, 0r 30 mg/kg
N, N-dimethylaniline in
cornoil, 5 d/wk

Dosed and vehicle control
groups similar

35/50; 39/50; 33/50

None

Squamous cell papillomas
of the forestomach
(2/50; 2/50; 8/50)

Equivocal evidence

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6.
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of
the evidence for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence
of neoplasia than control animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are
conducted under a limited set of conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals
under the conditions of the study and indicate that exposure to the chemical has the potential for hazard to humans. Other
organizations, such as the International Agency for Research on Cancer, assign a strength of evidence for conclusions based on
an examination of all available evidence including: animal studies such as those conducted by the NTP, epidemiologic studies,
and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in labora-
tory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evi-
dence observed in each experiment: two categories for positive results ("Clear Evidence” and "Some Evidence”); one category
for uncertain findings ("Equivocal Evidence”); one category for no observable effects ("No Evidence”); and one category for ex-
periments that because of major flaws cannot be evaluated ("Inadequate Study”). These categories of interpretative conclusions
were first adopted in June 1983 and then revised in March 1986 for use in the Technical Reports series to incorporate more
specifically the concept of actual weight of evidence of carcinogenic activity. For each separate experiment (male rats, female
rats, male mice, female mice), one of the following quintet is selected to describe the findings. These categories refer to the
strength of the experimental evidence and not to either potency or mechanism.

o Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked
increase of benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress
to malignancy.

® Some Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a chemically
related increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less
than that required for clear evidence.

o Egquivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a mar-
ginalincrease of neoplasms that may be chemically related.

e No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically re-
lated increases in malignant or benign neoplasms.

o Inadequate Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quanti-
tative limitations cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity?

‘When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would ex-
tend the actual boundary of an individual category of evidence. This should allow for incorporation of scientific experience and
current understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be
on the borderline between two adjacent levels. These considerations should include:

The adequacy of the experimental design and conduct;

Occurrence of common versus uncommon neoplasia;

Progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;
Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it
is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent
course is to assume that benign neoplasms of those types have the potential to become malignant;

Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same or-
gan or tissue;

Latency in tumor induction;

Multiplicity in site-specific neoplasia;

Metastases;

Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments
(same lesion in another sex or species);

The presence or absence of dose relationships;

The statistical significance of the observed tumor increase;

The concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;
Survival-adjusted analyses and false positive or false negative concerns;

Structure-activity correlations; and

In some cases, genetic toxicology.
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
NN-DIMETHYLANILINE

On March 13, 1989, the draft Technical Report on the toxicology and carcinogenesis studies of N,N-di-
methylaniline received public review by the National Toxicology Program Board of Scientific Courl-
selors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting
was held at the National Institute of Environmental Health Sciences, Research Triangle Park, NC.

Dr. K.M. Abdo, NIEHS, began the discussion by reviewing the experimental design, results, and pro-
posed conclusions (some evidence of carcinogenic activity for male rats, no evidence of carcinogenic
activity for female rats, no evidence of carcinogenic activity for male mice, equivocal evidence of car-
cinogenic activity for female mice).

Dr. Perera, a principal reviewer, agreed with the conclusions. She asked that a comment be added to
the last sentence in the conclusion that “Both rats and mice could have tolerated doses higher than
those used in these studies,” to indicate that the sensitivity of the studies for detecting the presence of
carcinogenic responses was likely reduced. Dr. Abdo said that such a phrase would be added.

Dr. Garman, the second principal reviewer, agreed with the conclusions. He considered the doses se-
lected for the 2-year studies to be adequate but wondered why the dose range was twofold for mice but
tenfold for rats. Dr. Abdo indicated that the wider exposure range for rats was a successful attempt to
administer a dose low enough that hemosiderosis would not be produced.

Dr. Popp commented that the lesions reported were very typical of the aniline class of compounds and
stated that the comparison table in the discussion was a good idea.

Dr. Perera moved that the Technical Report on N,N-dimethylaniline be accepted with the conclusions
as written, some evidence of carcinogenic activity for male rats, no evidence of carcinogenic activity
for female rats and male mice, and equivocal evidence of carcinogenic activity for female mice. Dr.
(Garman seconded the motion, which was accepted unanimously by the Panel.
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I. INTRODUCTION

H3C~_ _~CHs
N

N,N-DIMETHYLANILINE

CAS No. 121-69-7

CgH{1N

Molecular weight 121.2

Synonyms: dimethylaminobenzene; N,N-dimethylbenzenamine;
dimethylaniline; dimethylphenylamine; N,N-dimethylphenylamine

N N-Dimethylaniline is a chemical intermediate
used in the synthesis of dyestuffs. It is also used
as a solvent and as an aid in methylation. N,N-
Dimethylaniline is made by heating aniline,
methyl alcohol, and sulfuric acid under pressure.
The sulfate formed is converted to the free base
with sodium hydroxide (Merck, 1983).

i’hysical and Chemical Properties

N,N-Dimethylaniline is an oily liquid with a
density of 0.956, a boiling point of 192°-194° C, a
melting point of 2.5° C, and a flashpoint of 61° C
(Merck, -1983). This compound is insoluble in
water but is freely soluble in alcohol, chloroform,
and ether (Merck, 1983; Sax, 1984). It is also
soluble in acetone, benzene, and other organic
solvents (CRC, 1981).

Production and Use

According to the 1988 U.S. Environmental
Protection Agency TSCA inventory, the United
States production of N,N-dimethylaniline was
between 2 and 20 million pounds. The import
volume for N,N-dimethylaniline in 1985 was 1.9
million pounds (USDOC, 1986).

N ,N-Dimethylaniline is used as an intermediate
in the production of vanillin, Michler’s ketone,
and basic dyes (Merck, 1983). It is used as a sol-
vent, as an activator for polyesters, and as an al-
kylating agent (Kirk-Othmer, 1978). It is also
used as an acid scavenger or acceptor in the
manufacture of semisynthetic penicillins and

N ,N-Dimethylaniline, NTP TR 360

cephalosporins (Choi and Park, 1981) and as a
rubber vulcanizing agent (Poisonindex, 1988).

Human Exposure and Health Effects

According to a national occupational exposure
survey conducted from 1981 to 1983, the number
of workers occupationally exposed to N,N-di-
methylaniline was estimated at 21,300 (NIOSH,
1988). The American Conference of Govern-
mental Industrial Hygienists adopted a thresh-
old-limit value/time-weighted average of 5 ppm
for this compound in the workplace air (ACGIH,
1988).

Because N,N-dimethylaniline is present as an
impurity in B-lactam antibiotics (penicillins and
cephalosporins) (Nachtmann and Gestrein,
1981), potential exposure of the public exists
through their use. The allowable level in these
drugs is limited to no more than 20 ppm
(Quercia et al., 1980).

Toxicity in Humans

Toxic effects of N,N-dimethylaniline after inha-
lation exposure are similar to those of aniline
and include inhibition of the nerve centers and
circulatory system, with headache, cyanosis, diz-
ziness, labored breathing, paralysis, and con-
vulsion (Poisonindex, 1988). Increased blood
methemoglobin levels, slight erythropenia, de-
creased hemoglobin concentration, and reticulo-
cytosis were observed in workers exposed to
N,N-dimethylaniline (Lazarev and Levine,
1976).



I. INTRODUCTION

Toxicity in Animals

The reported oral LDsg for rats is 1,410 mg/kg
(Smyth et al., 1962). Guinea pigs administered
an oral or subcutaneous dose of N,N-dimethyl-
aniline at 2 g/kg showed weakness, tremors,
tonic and clonic convulsions, and slowing of
breathing; death occurred due to respiratory
failure (Sax, 1984).

Continuous inhalation exposure of male rats to
N,N-dimethylaniline for 100 days, at a concen-
tration of 300 ug/m3 in the air, led to anemia,
methemoglobinemia, leukopenia, and impair-
ment of adrenal gland and liver functions
(Markosyan, 1969). No toxicity was observed at
5 ug/ms3,

Carcinogenicity

N,N-Dimethylaniline administered by subcuta-
neous injection was not carcinogenic for Wistar
rats (Walpole, 1963). In this study, the com-
pound was administered at a rate of 50 mg/100 g
body weight in arachis oil for up to 21 weeks
(twice per week for the first 13 weeks and once
per day thereafter), followed by a 19-week ob-
servation period. These studies are considered
to be inadequate for evaluating potential carci-
nogenicity mainly because of the short duration
and incomplete reporting.

Aniline hydrochloride (NCI, 1978) and several
other compounds such as Dapsone, azobenzene,
p-chloroaniline, o-toluidine hydrochloride,
D & C Red No. 9, and p-chloroaniline hydrochlo-
ride were carcinogenic to F344/N rats and
B6C3F; mice (NCI, 1977, 1979a,b,c; NTP, 1982,
1989). Most of these compounds induced splenic
sarcomas in rats and hepatocellular adenomas
and carcinomas in mice. -

Metabolism

N ,N-Dimethylaniline undergoes N-demethyla-
tion, N-oxidation, and ring hydroxylation in ani-
mals and in vitro when incubated with liver mi-
crosomal preparations. Urinary metabolites
produced by dogs and rabbits injected subcu-
taneously with this compound included 4-amino-
phenol, 4-dimethylaminophenol, 2-aminophe-
nol, and N-methylaniline (Williams, 1959; Kiese
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and Renner, 1974). Similar reactions were dem-
onstrated in vitro with liver microsomal prep-
arations from pigs, rats, rabbits, chickens, or
guinea pigs (Fish et al., 1956; Ziegler and Pettit,
1964, 1966; Abou-Donia and Menzel, 1968). N-
Oxidation of N,N-dimethylaniline was dem-
onstrated with whole homogenates of human
liver (Ziegler and Gold, 1971; Kitada et al.,
1974). N,N-Dimethylaniline was also metabo-
lized in the nasal and respiratory mucosa of
F344 rats (McNulty et al., 1983). Alveolar type
II cells from rabbit and rat lungs catalyzed the
N-oxidation of this compound (Devereux and
Fouts, 1974; Ohmiya and Mehendale, 1981).
The rate of N-oxidation of N,N-dimethylaniline
by lung tissue varies with species; rabbit lung
homogenate was found to be three to five times
more active than rat lung homogenate (Ohmiya
and Mehendale, 1983). The microsomal prep-
aration from rat seminal vesicles, when fortified
with arachidonic acid, catalyzed the demethyla-
tion of N,N-dimethylaniline (Sivarajah et al.,
1982).

Genetic Toxicology

N,N-Dimethylaniline was not mutagenic in
several strains of Salmonella typhimurium at
concentrations as high as 1,000 pg/plate with or
without exogenous metabolic activation (Mori et
al., 1980; Ho et al., 1981; Mortelmans et al.,
1986; see Table H1). Results of in vitro cyto-
genetic tests with Chinese hamster ovary (CHO)
cells conducted by the NTP were positive. In
these NTP studies, N,N-dimethylaniline in-
duced both chromosomal aberrations and sister
chromatid exchanges (SCEs) in the presence of
Aroclor 1254-induced male Sprague Dawley rat
liver 89; in the absence of S9, there was a weakly
positive response in the chromosomal aberration
test, but results of the SCE test were negative
(Loveday et al., 1989; see Tables H3 and H4).

Mutagenicity information is available on three
metabolites of N,N-dimethylaniline: 4-amino-
phenol, 2-aminophenol, and N-methylaniline.
Results of Salmonella tests for gene mutation in-
duction were negative for two of the compounds
(Lavoie et al., 1979; Mori et al., 1980; Thompson
et al., 1983; Zeiger et al., 1988), but 2-amino-
phenol was found to induce reverse mutations in
strain TA100 with and without S9 (Lavoie et al.,
1979; Haworth et al., 1983; Thompson et al.,
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1983). 4-Aminophenol and 2-aminophenol were
reported to induce SCEs in human cells in vitro,
both with S9 (Takehisa and Kanaya, 1982) and
without S9 (Wilmer et al., 1981). 4-Aminophe-
nol was also positive in tests with mice for chro-
mosomal aberration induction (Mitra and
Manna, 1971), micronucleus induction (Wild et
al., 1980), and induction of sperm head abnor-
malities (Topham, 1979).

Aniline, a structural analog of N,N-dimethyl-
aniline, has been tested extensively for geno-
toxic activity. Tests designed to measure pri-
mary DNA damage events gave mixed results.
No increase in DNA repair was detected in
hepatocytes from several rodent species after in
vitro treatment with 3 mM aniline (McQueen et
al., 1981; Williams, 1981). In vitro induction of
SCEs by aniline was reported in human lympho-
blastoid cells in the presence of S9 (Tohda et al.,
1983) and in human fibroblasts without S9 (Wil-
mer et al., 1981), but not in human lymphocytes
with or without S9 (Takehisa and Kanaya,
1982). NTP in vitro cytogenetics tests with CHO
cells showed that aniline induced SCEs with and
without S9 (Galloway et al., 1987). DNA strand
breaks were detected in the liver and kidney
cells of male Sprague Dawley rats after an intra-
peritoneal injection of up to 420 mg/kg aniline
but not in the liver, kidney, or bone marrow cells
of male Swiss mice similarly injected with ani-
line (Parodi et al., 1982). However, SCEs were
induced in the bone marrow cells of male Swiss
mice administered a single intraperitoneal in-
jection of 210 or 420 mg/kg aniline (Parodi et al.,
1983).

N,N-Dimethylaniline, NTP TR 360
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Aniline, like N,N-dimethylaniline, did not in-
duce gene mutation in bacteria (McCann et al,,
1975; Anderson and Styles, 1978; Simmon, 1979,
Florin et al., 1980; Chung et al., 1981; De Flora,
1981; Haworth et al., 1983) or sex-linked reces-
sive lethal mutations in Drosophila melanogas-’
ter (Yoon et al., 1985).

Amacher et al. (1980) reported a weak positive
response with aniline in the mouse lymphoma
L5178Y/TK /- assay with S9; aniline was also
positive in NTP mouse lymphoma assays both in
the presence and absence of S9 (Mitchell et al.,
1989; Myhr and Caspary, 1989).

NTP in vitro tests for induction of chromosomal
aberrations in CHO cells by aniline gave weakly
positive results; a small but significant increase
in chromosomal aberrations was observed at the
highest dose tested (5,000 pg/ml) in the presence
of S9, and no increase was observed without S9
(Galloway et al., 1987). Ishidate (1983) reported
induction of chromosomal aberrations in Chi-
nese hamster lung cells in the presence of S9 at
doses up to 2,000 pg/ml aniline.

Study Rationale

N,N-Dimethylaniline was nominated by the Na-
tional Cancer Institute for evaluation of poten-
tial carcinogenicity in laboratory animals be-
cause of its structural similarity to other car-
cinogenic anilines. Because this compound is
moderately volatile, the gavage route of admin-
istration was chosen.
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
N,N-DIMETHYLANILINE

N,N-Dimethylaniline was obtained in one lot
(lot no. 0557019) from Buffalo Color Corporation
(West Patterson, NJ). Purity and identity anal-
vses were conducted at Midwest Research Insti-
tute, Kansas City, MO (Appendix Q). The study
chemical was identified as N,N-dimethylaniline
by infrared, ultraviolet/visible, and nuclear
magnetic resonance spectroscopy. Lot no.
0557019 was found to be greater than 98% pure
as determined by elemental analysis, Karl
Fischer water analysis, nonaqueous potentio-
metric titration of the tertiary amino group with
0.1 N perchloric acid, thin-layer chromatogra-
phy, and gas chromatography.

The identity of the chemical at the study lab-
oratory was confirmed by infrared spectroscopy.
The stability of the study material was moni-
tored by gas chromatography. No deterioration
of the study material was seen over the course of
the studies.

CHARACTERIZATION OF DOSE
MIXTURES

The study chemical in corn oil (at 0.6% w/v) was
found by gas chromatography to be stable for 3
weeks in the dark at room temperature; corn oil
solutions were stable for 3 hours when exposed
to light and air at room temperature. During
the 13-week studies, N,N-dimethylaniline/corn
oil mixtures were stored at 4° C for no longer
than 1 week. During the 2-year studies, the dose
mixtures were stored at 4° C for up to 2 weeks for
rats and up to 3 weeks for mice.

Periodic analysis of formulated N,N-dimethy!-
aniline/corn oil dose mixtures was conducted at
the study laboratory and the analytical chemis-
try laboratory by extraction of the dose mixtures
with methanol and spectrophotometric quantita-
tion at 251 nm. During the 2-year studies the
dose mixtures were analyzed at approximately
8-week intervals. The results of the analysis of
the first several mixes indicated a problem with
the analytical procedure. Reanalysis of the
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samples after the procedure was modified gave
results that were within specifications.

For the N,N-dimethylaniline studies, the mix-
tures were formulated within +10% of the tar-
get concentrations for all 44 analyses performed
after the analytical procedure was modified (Ta-
ble G3). Results of referee analysis periodically
performed by the analytical chemistry labora-
tory indicated generally good agreement with
results from the study laboratory (Table G4).

SINGLE-ADMINISTRATION STUDIES

Male and female F344/N rats and B6C3F; mice
were obtained from Charles River Breeding Lab-
oratories; rats were observed for 14 days and

mice for 15 days before the studies began.

Groups of five rats and five mice of each sex were

. administered a single dose of 350, 700, 1,410,

2,820, or 5,640 mg/kg N,N-dimethylaniline in
corn oil by gavage. Animals were observed two
times per day for 14 days. Details of animal
maintenance are presented in Table 1.

FOURTEEN-DAY AND FIFTEEN-DAY
STUDIES

Male and female F344/N rats and B6C3F; mice
were obtained from Charles River Breeding Lab-
oratories and held for 14 days before the studies
began. The rats were approximately 6-7 weeks
old when placed on study, and the mice were 6-8
weeks old.

Groups of five rats and five mice of each sex were
administered 0, 94, 188, 375, 750, or 1,500 mg/kg
N,N-dimethylaniline in corn oil by gavage for 14
consecutive days.

Animals were housed five per cage. Water and
feed were available ad libitum. The rats and
mice were observed two times per day and were
weighed on days 0, 7, and 15. A necropsy was
performed on all animals; histologic examina-
tions were performed on selected animals. De-
tails of animal maintenance are presented in Ta-
ble 1.



TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES
OF N,N-DIMETHYLANILINE

Single-Administration
Studies

Fourteen-Day and
Fifteen-Day Studies

Thirteen-Week
Studies

Two-Year
Studies

EXPERIMENTAL DESIGN

Size of Study Groups
5 males and § females of
each species

Doses

350,700,1,410, 2,820, or
5,640 mg/kg N, N-dimethy!l-
aniline in corn oil by ga-
vage; dose vol--rats: 2-20
mlkg; mice: 2.5-20 ml/kg

Date of First Dose
Rats--8/30/79; mice--8/31/79

Date of Last Dose
N/A

Duration of Dosing

5 males and 5 females of
each species

0,94, 188,375,750, or 1,500
mg/kg N, N-dimethylaniline
in corn 0il by gavage; dose
vol--rats: 5 ml/kg; mice:

10 mlkg

10/26/79

Rats--11/8/79; mice--11/9/79

Single dose 14 (rats) or 15 (mice)
consecutive d
Type and Frequency of Observation

Observed 2 X d; weighed
initially

Observed 2 X d; weighed
initially and 1 X wk
thereafter

Necropsy and Histologic Examinations

No necropsy or histologic
exams performed

Necropsy performed on all
animals; histologic exams
performed on 3 male and 3
female rats from the 94 and
375 mg/kg groups andon 3
male and 3 female mice from
the 375 mg/kg groups. Tis-
sues examined include adre-
nal glands, brain, colon, duo-
denum, esophagus, gallblad-
der (mice), heart, ileum,

jejunum, kidneys, larynx,

liver, lungs and bronchi, sali-
vary glands, testes or ova-
ries/uterus, skin, spleen, thy-
mus, and trachea

10 males and 10 females of
each species

0,31, 62,125, 250, or 500 mgrkg
N, N-dimethylaniline in corn

oil by gavage; dose vol--rats:

5 ml/kg; mice: 10 mlkg

1/10/80
4/9/80

5 d/wk for 13 wk

Observed 2 X d; weighed
initially and 1 X wk
thereafter

Necropsy and histologic exams
performed on all animals; the
following tissues were examined:
adrenal glands, brain, blood, bone
marrow, colon, costochondral
junction, duodenum, esophagus,
external and middle ear, eyes,
femur, gallbladder (mice), heart,
ileum, jejunum, kidneys, larynx,
liver, lungs and bronchi, mam-
mary gland, mandibular and
mesenteric lymph nodes, nasal
cavity, pancreas, parathyroids,
pituitary gland, rectum, regional
lymph nodes, salivary glands, sci-
atic nerve, seminal vesicles/pros-

tate/testes or ovaries/uterus, skin,
spinal cord, spleen, stomach, thigh

muscle, tissue masses, thymus,
thyroid gland, trachea, and uri-
nary bladder

17

50 males and 50 females of
each species

Rats--0, 3,0r 30 mg/kg N,N-
dimethylaniline in corn oil
by gavage; mice--0, 15, or 30
mg/kg; dose vol--rats:

5 ml/kg; mice: 10 mi/kg

Rats--3/30/81; mice--3/23/81
Rats--3/18/83; mice--3/11/83

5 d/wk for 103 wk

Observed 2 X d; weighed
1 X wk for 12 wk and at
least 1 X mo thereafter

Necropsy performed on all
animals; the following tis-
sues examined histologically
for vehicle control and high
dose groups: adrenal glands,
brain, epididymis/prostate/
testes or ovaries/uterus,
esophagus, eyes (if grossly
abnormal), gross lesions and
tissue masses with regional
lymph nodes, heart, kidneys,
large intestine, liver, lungs
and mainstem bronchi,
mammary gland, mandib-
ular or mesenteric lymph
nodes, pancreas, parathy-
roids, pharynx (if grossly ab-
normal), pituitary gland,
salivary glands, skin, small
intestine, spinal cord (if
neurologic signs present),
spleen, sternum or vertebrae
or femur including marrow,
stomach, thymus, thyroid
gland, trachea, and urinary
bladder; gross lesions exam-
ined in low dose groups;
spleen and testes examined
for low dose male rats; kid-
neys, liver, and spleen for
low dose female rats; adrenal
glands for low dose mice;
liver and spleen for low dose
female mice
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TABLE 1. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES
OF N,N-DIMETHYLANILINE (Continued)

Single-Administration

Studies

Fourteen-Day and
Fifteen-Day Studies

Thirteen-Week
Studies

Two-Year
Studies

ANIMALS AND ANIMAL MAINTENANCE

Strain and Species
F344/N rats; B6C3F, mice

Animal Source
Charles River Breeding

Laboratories (Portage, MI)

Study Laboratory
Springborn Institute for
Bioresearch, Inc.

F344/N rats; B6C3F, mice

Charles River Breeding
Laboratories (Portage, MI)

Springborn Institute for
Bioresearch, Inc.

Method of Animal Identification

Toe clip and ear punch

Time Held Before Study

Rats--14 d; mice--15d

Ear notch and toe clip

144

Age When Placed on Study

6-7 wk
Age When Killed
9wk

Necropsy or Kill Dates
9/11/79

Rats--6-7 wk; mice--6-8 wk

Rats--8-9 wk; mice--8-10 wk

11/9/79

Method of Animal Distribution

According to a table of
random numbers

Diet

NIH 07 Rat and Mouse
Ration (Zeigler Bros., Inc.,
Gardners, PA); available
ad libitum

Bedding
Deotized board (Upjohn
Co., Kalamazoo, MI)

Water

Tap water from glass
bottles; available ad
libitum

Cages

Stainless steel with
wire mesh bottoms
(Shoreline)

Same as single-
administration studies

Same as single-
administration studies

Anipads (Ancare Corp.,
Manhasset, NY)

Same as single-

administration studies

Same as single-
administration studies
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F344/N rats; B6C3F; mice

Charles River Breeding
Laboratories (Portage, MI)

Springborn Institute for
Bioresearch, Inc.

Ear notch and toe clip

14d

Same as 14-d studies

Rats--19-20 wk;
mice--19-21 wk

4/10/80-4/11/80

Same as single-
administration studies

Same as single-
administration studies

Ancubes (Ancare Corp.,
Manhasset, NY)

Half deionized, half tap water
from automatic watering sys-
tem (Edstrom Industries,
Waterford, WI)

Polycarbonate (Lab
Products, Inc.)
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F344/N rats; B6C3F, mice

Charles River Breeding
Laboratories (Portage, MI)

Springborn Institute for
Bioresearch, Inc.

Toe clip and ear punch

18d

Rats--7 wk; mice--8 wk

Rats--111-112 wk;
mice--112-113 wk

Rats--3/28/83-3/31/83;
mice--3/21/83-3/24/83

Assigned to cages according
to one table of random num-
bers and then to groups
according to another table of
random numbers

Same as single-
administration studies

Heat-treated hardwood chips
(Ancare Corp., Manhasset,
NY)

Automatic watering system
(Edstrom Industries, Water-
ford, WI); available ad libi-
tum; approximately 90% of
dissolved salts removed by
a reverse 0smosis unit

Polycarbonate (Lab
Products, Inc.)



TAELE 1.

EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES

OF N, N-DIMETHYLANILINE (Continued)

Single-Administration Fourteen-Day and Thirteen-Week Two-Year
Studies Fifteen-Day Studies Studies Studies

ANIMALS AND ANIMAL MAINTENANCE (Continued)

Cage Filters

None None 100% polyester (Snow Nonwoven fiber filters
Filtration, Cincinnati, OH) (Snow Filtration, Cin-

cinnati, OH)

Animals per Cage

5 5 5 5

Other Chemicals on Study in the Same Room

None None None None

Animal Room Environment
Temp--70°-74° F; hum--68%-
74%; fluorescent light 12 h/d;

12 room air changes/h 12 room air changes/h

Temp--70°-74° F; hum--48%- Temp--68°-76° F; hum--25%-
71%; fluorescent light 12 h/d; 76%; fluorescent light 12 h/d;
12 room air changes/h

Temp--62°-82° F; hum--
14%-90%; fluorescent light
12 h/d;12 room air
changes/h

THIRTEEN-WEEK STUDIES

Thirteen-week studies were conducted to evalu-
ate the cumulative toxic effects of repeated ad-
ministration of N,N-dimethylaniline and to de-
termine the doses to be used in the 2-year
studies.

Four- to five-week-old male and female F344/N
rats and 4- to 6-week-old male and female
B6C3F; mice were obtained from Charles River
Breeding Laboratories, observed for 14 days, and
then assigned to dose groups according to a table
of random numbers.

Groups of 10 rats and 10 mice of each sex were
administered 0, 31, 62, 125, 250, or 500 mg/kg
N,N-dimethylaniline in corn oil by gavage, 5
days per week for 13 weeks.

Rats and mice were housed five per cage. Feed
and water were available ad libitum. At the end
of the 13-week studies, survivors were killed. A
necropsy was performed on all animals except
those excessively autolyzed or cannibalized. Tis-
sues and groups examined are listed in Table 1.
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TWO-YEAR STUDIES
Study Design

Groups of 50 rats of each sex were administered
0, 3, or 30 mg/kg N,N-dimethylaniline in corn oil
by gavage, 5 days per week for 103 weeks.
Groups of 50 mice of each sex were administered
0, 15, or 30 mg/kg on the same schedule.

Source and Specifications of Animals

The male and female F344/N rats and B6C3F;
(C57BL/6N, female X C3H/HeN MTV ™, male)
mice used in these studies were produced under
strict barrier conditions at Charles River Breed-
ing Laboratories. Breeding stock for the founda-
tion colonies at the production facility originated
at the National Institutes of Health Repository.
Animals shipped for study were progeny of de-
fined microflora-associated parents that were
transferred from isolators to barrier-maintained
rooms. Animals were shipped to the study lab-
oratory at 4-5 weeks (rats) or 5-6 weeks (mice) of
age. The animals were quarantined at the study
laboratory for 18 days. Thereafter, a complete
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necropsy was performed on five animals of each
sex and species to assess their health status.
The rats were placed on study at 7 weeks of age
and the mice at 8 weeks. The health of the ani-
mals was monitored during the course of the
studies according to the protocols of the NTP
Sentinel Animal Program (Appendix E).

A quality control skin grafting program has
been in effect since early 1978 to monitor the
genetic integrity of the inbred mice used to pro-
duce the hybrid B6C3F, study animal. In mid-
1981, data were obtained that showed incom-
patibility between the NIH C3H reference colo-
ny and the C3H colony from a Program supplier.
In August 1981, inbred parental lines of mice
were further tested for genetic integrity via iso-
zyme and protein electrophoresis profiles that
demonstrate phenotype expressions of known
genetic loci.

The C57BL/6N mice were homogeneous at all
loci tested. Eighty-five percent of the C3H mice
monitored were variant at one to three loci, in-
dicating some heterogeneity in the C3H line
from this supplier. Nevertheless, the genorne of
this line is more homogeneous than that of ran-
domly bred stocks.

Male mice from the C3H colony and female mice
from the C57TBL/6N colony were used as parents
for the hybrid B6C3F; mice used in these stud-
ies. The influence of the potential genetic non-
uniformity in the hybrid mice on these results is
not known, but results of the studies are not af-
fected because concurrent controls were included
in each study.

Animal Maintenance

Animals were housed five per cage. Feed (Ap-
pendix F) and water were available ad libitum.,
The racks were rotated once per week. Further
details of animal maintenance are given in Ta-
ble 1.

Clinical Examinations and Pathology
All animals were observed two times per day.
Body weights were recorded one time per week

for the first 12 weeks of the studies and at-least
once per month thereafter. Mean body weights
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were calculated for each group. Animals found
moribund and those surviving to the end of the
studies were humanely killed. A necropsy was
performed on all animals including those found
dead, except for tissues that were excessively
autolyzed or missing. Thus, the number of ani-
mals from which particular organs or tissues
were examined microscopically varies and is not
necessarily equal to the number of animals that
were placed on study.

During necropsy, all organs and tissues were ex-
amined for grossly visible lesions. Tissues were
preserved in 10% neutral buffered formalin, em-
bedded. in paraffin, sectioned, and stained with
hematoxylin and eosin. Histopathologic exami-
nation of tissues was performed according to an
“inverse pyramid” design (McConnell, 1983a,b).
That is, complete histopathologic examinations
(Table 1) were performed on all high dose and
vehicle control animals and on low dose animals
dying before the end of the studies. In addition,
histopathologic examinations were performed on
all grossly visible lesions in all dose groups. Po-
tential target organs for chemically related neo-
plastic and nonneoplastic effects were identified
from the short-term studies or the literature and
were determined by examination of the patholo-
gy data; these target organs/tissues in the lower
dose groups were examined histopathologically.

When the pathology evaluation was completed
by the laboratory pathologist and the pathology
data entered into the Carcinogenesis Bioassay
Data System, the slides, paraffin blocks, and re-
sidual formalin-fixed tissues were sent to the
NTP Archives. The slides, blocks, and residual
wet tissues were audited for accuracy of labeling
and animal identification and for thoroughness
of tissue trimming. The slides, individual ani-
mal necropsy records, and pathology tables were
sent to an independent pathology quality assess-
ment laboratory. The individual animal records
and pathology tables were compared for accu-
racy, slides and tissue counts were verified, and
histotechnique was evaluated. All tissues with a
tumor diagnosis, all potential target tissues, and
all tissues from a randomly selected 10% of the
animals were re-evaluated microscopically by a
quality assessment pathologist. Target organs
were the salivary gland of male and female rats;
thyroid gland, spleen, stomach and testes of
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male rats; liver of female rats; adrenal gland of
male mice; and liver and spleen of female mice.
Nonneoplastic lesions were evaluated for accu-
racy and consistency of diagnosis only in the po-
tential target organs, the randomly selected 10%
of animals, and in tissues with unusual inci-
dence patterns or trends. Tissues are generally
not evaluated in a “blinded” fashion (i.e., with-
out knowledge of dose group) unless the lesions
in question are subtle.

The quality assessment report and slides were
submitted to a Pathology Working Group (PWG)
Chairperson, who reviewed microscopically all
potential target tissues and any other tissues for
which there was a disagreement in diagnosis be-
tween the laboratory and quality assessment pa-
thologists. Representative examples of potential
chemical-related nonneoplastic lesions and neo-
plasms and examples of disagreements in diag-
nosis between the laboratory and quality assess-
ment pathologists were shown to the PWG. The
PWG, which includes the quality assessment pa-
thologist and other pathologists experienced in
rodent toxicology, examined the tissues without
knowledge of dose group or previously rendered
diagnoses. When the consensus diagnosis of the
PWG differed from that of the laboratory pathol-
ogist, the diagnosis was changed to reflect the
opinion of the PWG. This procedure has been de-
scribed, in part, by Maronpot and Boorman
(1982) and Boorman et al. (1985). The final pa-
thology data represent a consensus of contractor
pathologists and the NTP Pathology Working
Group. For subsequent analysis of pathology
" data, the diagnosed lesions for each tissue type
are combined according to the guidelines of

McConnell et al. (1986).
Statistical Methods

Survival Analyses: The probability of survival
was estimated by the product-limit procedure of
Kaplan and Meier (1958) and is presented in the
form of graphs. Animals were censored from the
survival analyses at the time they were found to
be dead from other than natural causes; animals
dying from natural causes were not censored.
Statistical analyses for a possible dose-related
effect on survival used the method of Cox (1972)
for testing two groups for equality and Tarone’s
(1975) life table test for a dose-related trend.
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When significant survival differences were de-
tected, additional analyses using these proce-
dures were carried out to determine the time
point at which significant differences in the sur-
vival curves were first detected. All reported P
values for the survival analysis are two-sided.

Calculation of Incidence: The incidence of neo-
plastic or nonneoplastic lesions is given as the
ratio of the number of animals bearing such le-
sions at a specific anatomic site to the number of
animals in which that site was examined. In
most instances, the denominators include only
those animals for which the site was examined
histologically. However, when macroscopic ex-
amination was required to detect lesions (e.g.,
skin and mammary tumors in rats and mice,
salivary gland and uterine tumors in rats, and
forestomach tumors in mice) prior to histologic
sampling, or when lesions could have appeared
at multiple sites (e.g., lymphomas), the denomi-
nators consist of the number of animals on which
a necropsy was performed.

Analysis of Tumor Incidence: The majority of
tumors in this study were considered to be inci-
dental to the cause of death or not rapidly lethal.
Thus, the primary statistical method used was
an incidental tumor analysis, which assumed
that the diagnosed tumors were discovered as
the result of death from an unrelated cause and
thus did not affect the risk of death. In this ap-
proach, the proportions of tumor-bearing ani-
mals in dosed and vehicle control groups were
compared in each of five time intervals: weeks
0-52, weeks 53-78, weeks 79-92, week 93 to the
week before the terminal-kill period, and the
terminal-kill period. The denominators of these
proportions were the number of animals actually
examined for tumors during the time interval.
The individual time interval comparisons were
then combined to obtain a single overall result.

In addition to incidental tumor analysis, alter-
native methods of statistical analysis were used,
and the results of these tests are summarized in
the appendixes. These include the life table test
(Cox, 1972; Tarone, 1975), appropriate for
rapidly lethal tumors, and the Fisher exact test
and the Cochran-Armitage trend test (Armitage,
1971; Gart et al., 1979), procedures based on the
overall proportion of tumor-bearing animals.
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Tests of significance include pairwise compari-
sons of each dosed group with vehicle controls
and a test for an overall dose-response trend.
Continuity-corrected tests were used in the
analysis of tumor incidence, and reported P val-
ues are one-sided. The procedures described
above also were used to evaluate selected non-
neoplastic lesions. (For further discussion of
these statistical methods, see Haseman, 1984.)
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Historical Control Data: Although the concur-
rent control group is always the first and most
appropriate control group used for evaluation,
there are certain instances in which historical
control data can be helpful in the overall assess-
ment of tumor incidence. Consequently, control
tumor incidences from the NTP historical con-
trol data base (Haseman et al., 1984, 1985) are
included for those tumors appearing to show
compound-related effects.
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III. RESULTS: RATS

SINGLE-ADMINISTRATION STUDIES

All rats that received 5,640 mg/kg and female
rats that received 1,410 or 2,820 mg/kg N,N-
dimethylaniline died before the end of the stud-
ies (Table 2). Deaths of male rats were also seen
at doses as low as 700 mg/kg. Compound-related
effects included cyanosis and nasal discharge at
the two highest doses and decreased activity at
the three highest doses. One male and two fe-
male rats that received 5,640 mg/kg had body
tremors for 1 day after they were dosed.

FOURTEEN-DAY STUDIES

All rats that received 1,500 mg/kg and 9/10 rats

that received 750 mg/kg died before the end of
the studies (Table 3). The final mean body
weights of male rats that received 375 or 750
mg/kg were 15% or 47% lower than that of ve-
hicle controls. Compound-related clinical signs
in the two highest dose groups included cyano*
sis, lethargy, fine body tremors, diarrhea, and
red ocular or nasal discharge. Splenomegaly
was seen in the male rat that received 750 mg/kg
and lived to the end of the studies, in all male
and female rats that received 375 mg/kg, in 9/10
rats that received 188 mgrkg, and in 3/10 rats
that received 94 mg/kg. Extramedullary hema-
topoiesis and an increased amount of hemo-
siderin were seen in the spleen of 3/3 males and
3/3 females at 375 mg/kg.

TABLE 2. SURVIVAL AND INITIAL MEAN BODY WEIGHTS OF RATS IN THE
SINGLE-ADMINISTRATION GAVAGE STUDIES OF NN-DIMETHYLANILINE

Dose Initial Mean Body
(mg/kg) Survival (a) Weight (grams) (b)
MALE (c)
350 5/5 129 + 25
700 (d) 4/5 128 + 1.1
1,410 (e)1/5 132+ 14
2,820 (H2/5 126 £ 1.9
5,640 (g)0/5 129 £ 3.3
FEMALE
350 5/5 106 £ 2.7
700 5/5 103 £ 2.7
1,410 (h)0/5 101 £ 1.6
2,820 (i) 0/5 103 £ 2.2
5,640 (1 0/5 108 £ 3.4

(a) Number surviving/number initially in group

(b) Initial group mean body weight * standard error of the mean; final body weights were not recorded.
(¢) LD5g by probit analysis (95% confidence interval): 1,336 mg/kg (695-2,526 mg/kg)

(d) Day of death: 4

(e) Day of death: 2,2,3,3
(f) Day of death: all 3
(g) Day of death; 1,1,1
(h) Day of death: 2,3,3,3,
(i) Day of death: 1,2,2,3,3
() Day of death: 1,1,1,2,2

2,3
3
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TABLE 3. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE FOURTEEN-DAY GAVAGE
STUDIES OF N,N-DIMETHYLANILINE

Mean Body Weights (grams)

Final Weight Relative

Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls
(mg/kg) (percent)
MALE
0 5/5 126 + 2 199 + 6 +73 5
94 5/5 130 £ 5 194 £ 7 +64 £ 2 97
188 5/5 126 £ 3 187 + 4 +61 3 94
375 5/5 122 £ 4 163 t 6 +47 2 85
750 (d1/5 118 £ 4 105 -16 53
1,500 (e)0/5 130 £ 3 ® ® 6)]
FEMALE
0 5/5 103 £ 2 135 £ 2 +32+2
94 5/5 97 £ 4 129 £ 3 +32 2 96
188 5/5 97 1 127 £ 2 +30 %2 94
375 5/5 105 £ 2 131 £5 +26 + 3 97
750 (2)0/5 91 2 ) ® 6
1,500 (e) 0/5 105 £ 2 ® ® ®

(a) Number surviving/number initially in group

(b) Initial group mean body weight & standard error of the mean. Subsequenf calculations are based on animals surviving to

the end of the study.

(c'Mean body weight change of the survivors * standard error of the mean

(d) Day of death: 4,4,6,6

(e) Day of death: all 3

(f) No data are reported due to 100% mortality in this group.
(g) Day of death: all 4

THIRTEEN-WEEK STUDIES

No deaths occurred which were clearly com-
pound related; no deaths occurred in the high
dose female group, and other deaths occurred in
the early weeks of the studies (Table 4), suggest-
ing that the deaths were probably gavage re-
lated. The final mean body weights of male rats
that received 250 or 500 mg/kg were 15% or 27%
lower than that of vehicle controls. Compound-
related clinical signs included cyanosis, exces-
sive salivation, and lethargy. Compound-rela-
ted histopathologic changes occurred in the
spleen, liver, kidney, and bone marrow of male
and female rats and in the testis of male rats
(Table 5). The incidence and severity of these le-
sions increased with increasing doses. Com-
pound-related effects were present in all dosed
groups.

The spleen of dosed rats contained increased
numbers of hematopoietic cells, which in some
rats were abundant enough to produce splenic

25

enlargement. In the red pulp, numerous promi-
nent macrophages were filled with yellow-brown
granular pigment. The pigment was identified
as hemosiderin with Perl’s stain. In contrast,
the spleen of vehicle control rats contained few
or no apparent hematopoietic cells and only
small numbers of hemosiderin-filled macro-
phages, which is normal for the rat spleen. In
the liver of dosed rats, Kupffer cells were en-
larged and filled with yellow-brown granular
pigment (hemosiderin), similar to that seen in
the spleen. The pigment-containing Kupffer
cells tended to localize in the centrilobular areas
of the liver. In addition, the liver of some dosed
rats contained scattered foci of hematopoietic
cells. Cortical epithelial cells in the kidney of
dosed rats also contained yellow-brown granular
pigment, identified as hemosiderin with Perl’s
stain. Hyperplasia of the hematopoietic cells of
the bone marrow occurred in rats administered
doses of 62.5 mg/kg or more. The bone marrow of
vehicle control rats consisted mainly of adipose
cells mixed with small numbers of hematopoietic
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III. RESULTS: RATS

cells, whereas the bone marrow of high dose rats
was composed almost entirely of solid sheets of
hematopoietic cells with very few adipose cells.
The interstitium of the testis of dosed, but not
vehicle control, rats also had small numbers of
macrophages containing granular yellow-brown,
iron-positive pigment in the cytoplasm.

Dose Selection Rationale: Because of splenomeg-
aly, the increase in the severity of hemosiderin

accumulation, and extramedullary hemato-
poiesis and because a no-observable-effect level
was not reached in the 13-week studies, doses se-
lected for rats for the 2-year studies were 3 and
30 mg/kg N,N-dimethylaniline, administered in
corn oil by gavage 5 days per week. The lower
dose was selected to be one-tenth the higher dose
to increase the likelihood that this dose would
cause minimal or no nonneoplastic response.

TABLE 4. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF N,N-DIMETHYLANILINE

Mean Body Weights (grams)

Final Weight Relative

Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls
(mg/kg) (percent)
MALE
0 10/10 122 £ 3 345 = 5 +223 + 6
31 10/10 123 £ 2 331 8 +208 £ 7 96
62 10/10 128 £ 2 3325 +204 £ 3 96
125 10/10 127 £ 2 3215 +194 £ 4 93
250 10/10 124 + 2 202 t 5 +168 £ 3 85
500 (d)9/10 122 £ 2 251 £ 9 +130 £ 8 73
FEMALE
0 10/10 103 £ 2 193 £ 2 +90 3
31 10/10 98 + 2 190 £ 2 +92 + 2 98
62 (d)9/10 96 + 1 188 £ 2 +91 2 97
125 (e)9/10 100 £ 1 187 £ 2 +88 £ 2 97
250 (H)9/10 99 t1 185 £ 2 +86 £ 2 96
500 10/10 99 £ 2 183 £ 4 +84 + 4 95

(a) Number surviving/number initially in group

(b) Initial group mean body weight * standard error of the mean. Subsequent calculations are based on animals surviving to

the end of the study.

(c) Mean body weight change of the survivors * standard error of the mean

(d) Week of death: 2
(e) Week of death: 3
(f) Week of death: 7
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TABLE 5. INCIDENCES OF RATS WITH SELECTED LESIONS IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF N,N-DIMETHYLANILINE (a)

Site/Lesion Vehicle Control 31 mg/kg 62 mg/kg 125 mg/kg 250 mg/kg 500 mg/kg

MALE
Spleen

Hematopoiesis,

extramedullary 0/10 10/10(2.3) 10/10(2.0) 10/10 (2.8) 10/10 (3.5) 9/9 (4.0)

Hemosiderosis 0/10 10/10(2.3) 10/10 (2.7) 10/10(2.9) 10/10 (3.8) 9/9 (4.8)
Liver

Pigmentation 0/10 0/10 2/10(1.5) 9/10 (1.3) 10/10(2.5) 9/9(3.2)
Kidney

Pigmentation 0/10 0/10 7/10(1.1) 10/10(2.0) 10/10(3.7) 9/9 (4.2)
Testis

Pigmentation 0/10 (b) (b) 0/10 10/10 (1.0) 9/9(1.0)
Bone marrow

Hyperplasia 0/10 0/10 2/10(1.0) 9/10(1.3) 10/10(2.1) 8/8(3.0)
FEMALE
Spleen

Hematopoiesis,

extramedullary 2/10(2.0) 10/10 (2.1) 10/10(2.4) 10/10(2.9) 10/10 (2.9) 10/10(3.9)

Hemosiderosis 0/10 10/10 (2.0) 9/10 (3.0) 9/10 3.2) 9/10 (3.1) 10/10 (4.0)
Liver

Pigmentation 0/10 0/10 6/10 (1.0) 9/10(1.6) 9/10 2.1) 10/10 (3.5)
Kidney

Pigmentation 1/10(1.0) 6/10(1.0) 9/10(1.3) 9/10(2.1) 9/10(3.6) 9/10 (3.6)

Bore marrow
Hyperplasia 0/10 0/10 1/10 (1.0} 9/10(1.4) 8/10(2.1) 9/10(1.9)

(a) Lesion incidence is the number of animals with the lesion/number of animals examined; number in parentheses denotes
mean grade of severity (1 = minimal; 2 = mild; 3 = moderate; 4 = marked; 5 = severe).
(b) Not examined
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III. RESULTS: RATS

TWO-YEAR STUDIES
Body Weights and Clinical Signs

Mean body weights of dosed and vehicle control
rats were similar throughout the studies (Ta-
ble 6 and Figure 1). No compound-related clini-
cal signs were observed.

Survival

Estimates of the probabilities of survival for
male and female rats administered N,N-dimeth-
ylaniline at the doses used in these studies and
for vehicle controls are shown in the Kaplan and
Meier curves in Figure 2 and in Table 7. The
survival of the high dose group of female rats
was significantly greater than that of the vehicle
controls after week 99.

N,N-Dimethylaniline, NTP TR 360
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Pathology and Statistical Analyses of
Results

This section describes the statistically signifi-
cant or biologically noteworthy changes in the
incidences of rats with neoplastic or nonneo-
plastic lesions of the spleen, peripheral nerves,
forestomach, liver, and hematopoietic system.

Summaries of the incidences of neoplasms and
nonneoplastic lesions, individual animal tumor
diagnoses, statistical analyses of primary tu-
mors that occurred with an incidence of at least
5% in at least one animal group, and historical
control incidences for the neoplasms mentioned
in this section are presented in Appendixes A
and B for male and female rats, respectively.



TABLE 6. MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES
OF N,N-DIMETHYLANILINE

Weeks Vehicle Control 3 mg/kg 30 mg/kg
on Av. Wt. No. of Av. Wt. Wt. (percent of  No. of Av, Wt. Wt. (percent of No. of
Study (grams) Survivors (grams) veh. controls) Survivors (grams) veh. controls) Survivors
MAILE
0 148 50 146 102 50 148 102 50
. 168 49 171 102 49 169 101 50
2 196 49 198 101 49 197 101 50
3 212 49 225 108 49 228 107 50
4 241 49 244 101 49 242 100 49
5 252 49 255 101 48 254 10t 47
B 287 49 270 101 48 257 98 47
7 273 49 283 104 48 271 99 47
8 292 49 294 101 48 296 101 47
9 301 49 300 100 48 297 99 47
10 310 49 316 102 48 308 99 47
1 321 49 326 102 48 321 100 47
12 329 49 331 101 48 321 98 47
16 355 49 352 99 48 339 95 47
20 393 49 395 101 48 393 100 47
24 396 49 401 10t 48 395 100 47
23 408 49 418 102 48 405 99 47
32 418 49 434 104 48 417 100 47
33 434 49 445 103 48 432 100 47
4 437 49 448 108 48 435 100 47
44 431 49 439 102 48 428 99 45
43 444 49 482 104 48 446 100 45
52 451 49 461 102 48 448 99 45
) 459 49 485 101 48 457 100 45
64 460 49 4 102 46 461 100 44
68 462 49 475 103 46 485 101 4
72 484 49 478 103 46 462 100 44
78 476 49 480 97 46 454 95 44
80 459 46 489 102 45 462 101 42
84 459 45 484 101 44 466 102 38
90 456 41 456 100 42 450 99 37
94 450 39 455 101 40 444 99 38
98 445 33 444 100 35 442 99 30
102 422 30 433 108 32 436 108 29
FEMALE
0 128 50 122 99 50 122 99 50
1 131 50 133 102 50 134 102 49
2 143 50 145 101 50 142 99 49
3 152 50 154 101 50 151 99 49
4 160 50 166 104 50 158 99 49
5 168 50 170 101 50 167 99 49
6 175 49 176 101 50 175 100 49
7 179 49 182 102 50 181 101 49
8 187 49 187 100 50 186 99 49
9 188 49 191 102 50 190 101 49
10 187 49 189 101 50 183 98 49
11 198 49 199 101 50 195 98 49
12 199 49 202 102 50 196 98 49
16 194 49 196 101 50 178 92 49
20 230 49 229 100 50 229 100 49
%4 223 49 224 100 50 223 100 49
%8 233 49 235 101 50 234 100 49
52 236 49 238 101 50 232 98 49
56 250 49 249 100 50 251 100 49
40 255 49 257 101 50 256 100 49
4 261 49 263 101 50 259 99 49
48 266 49 272 102 50 265 100 49
52 269 49 274 102 50 274 102 49
60 282 49 293 104 49 290 103 49
64 295 49 300 102 49 302 102 49
68 310 47 313 101 48 318 102 49
2 318 47 315 29 47 320 101 49
) 313 47 314 100 47 318 102 49
80 325 47 321 99 45 332 102 47
84 322 46 323 100 43 333 108 44
90 333 38 333 100 41 335 101 43
94 329 38 334 102 40 336 102 42
98 327 31 330 101 35 334 102 39
102 319 23 329 103 34 332 104 36
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TABLE 7. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF N,N-DIMETHYLANILINE

Vehicle Control 3 mg/kg 30 mg/kg
MALE (a)
Animalsinitially in study 50 50 50
Natural deaths 7 2 8
Moribund kills 14 14 13
Animals surviving until study termination 29 32 28
Killed accidentally 0 2 1
Survival P values (b) 0.530 0.470 0.888
FEMALE (a)
Animals initially in study 50 50 50
Natural deaths 5 7 5
Moribund kills 24 11 9
Animals surviving until study termination 21 32 36
Survival P values (b) 0.034 0.069 0.008

(a) Termination period: week 104

(b) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons

with the vehicle controls are in the dosed columns.

Spleen: Sarcomas were seen in 3/50 high dose
male rats, and an osteosarcoma was seen in
another high dose male rat (Table 8 and Fig-
ure 3). Although the incidence of sarcomas or os-
teosarcomas (combined) (4/50) was not signifi-
cantly greater in high dose males than in vehicle
controls (0/50), it exceeded the greatest his-
torical incidence observed in corn oil vehicle con-
trol male F344/N rats (1/45). One sarcoma was
observed in the spleen of a vehicle control female
rat.

The splenic sarcomas had a varied morphology,
ranging from poor to well demarcated and from
dense collections of cells with vesiculate, angu-
lar nuclei and ill-defined cell borders to a well-
differentiated osteosarcoma composed of dense
osteoid seams and spindlie-shaped cells. One sar-
coma had features of hemangiosarcoma, with
cavernous spaces that were either erapty or
filled with erythrocytes. One poorly differen-
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tiated sarcoma had a focus of minimal osteoid
production, suggesting early differentiation to-
ward osteosarcoma (Figure 4).

Compound-related nonneoplastic lesions seen in
the spleen were hematopoiesis and hemosidero-
sis in males and females and fibrosis and fatty
metamorphosis in males (Table 8 and Figure 5).
The fibrotic lesions consisted of focal or diffuse
deposits of highly cellular connective tissue.
Fatty metamorphosis was characterized as a fo-
cal collection of lipid-laden cells having a mor-
phology similar to that of adipose tissue cells.
Although the incidences of hematopoiesis and
hemosiderosis in all groups were similar, the le-
sions were more severe in the dosed groups of
rats than in the vehicle controls. The splenic
capsule was also thickened and had hyper-
trophic mesothelial cells on the surface. A nor-
mal spleen is shown in Figure 6.



Figure 3. Splenic osteosarcoma from a high dose male rat (Animal No. 45) with large areas of Figure 4. Splenic sarcoma from a high dose male rat (Animal No. 21) consisting of indistinct cells

osteoid (arrow). with vesiculate nuclei. Note focus of osteoid production (arrow).

AL NI R
g A e

Figure 5. Spleen from a high dose male rat (Animal No. 12) showing fibrosis of the red pulp with Figure 6. Normal spleen of a high dose male rat (Animal No. 8). Note the size of the lymphoid follicle
(between arrows) compared with the fibrotic spieen (see Figure 5).

focal fatty metamorphosis (arrow).






TABLE 8. SPLENIC LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES OF
N,N-DIMETHYLANILINE (a)

Vehicle Control 3 mg/kg 30 mg/kg
MALE
Hematopoiesis 44/49 48/49 50/50
Normal 5/49 1/49 0/50
Minimal 41/49 38/49 29/50
Mild 2/49 7/49 19/50
Moderate 0/49 3/49 2/50
Marked 1/49 0/49 0/50
Mean severity (b) 1.00 £ 0.09 1.24 £ 0.09 **1.46 £ 0.08
Hemosiderosis 43/49 47/49 49/50
Normal 6/49 2/49 1/50
Minimal 39/49 17/49 13/50
Mild 4/49 29/49 25/50
Moderate 0/49 1/49 11/50
Marked 0/49 0/49 0/50
Mean severity (b) 0.96 £ 0.06 **1.59 £ 0.09 **192 +0.11
Fibrosis 5/49 2/49 *+22/50
Fatty Metamorphosis 0/49 1/49 **10/50
Sarcoma
Overall Rates 0/49 (0%) 0/49 (0%) 3/50 (6%)
Incidental Tumor Tests P=0.029 () P=0.107
Ostecosarcoma
Overall Rates 0/49 (0%) 0/49 (0%) 1/60 (2%)
Sarcoma or Osteosarcoma (d)
Overall Rates 0/49 (0%) 0/49 (0%) 4/50 (8%)
Incidental Tumor Tests P=0.009 (© P=0.055
FEMALE
Hematopoiesis 47/50 48/49 49/49
Normal 3/50 1/49 0/49
Minimal 25/50 16/49 9/49
Mild 22/50 30/49 38/49
Moderate 0/50 1/49 1/49
Marked 0/50 1/49 1/49
Mean severity (b) 1.38 £ 0.09 1.69 £ 0.09 **1.88 + 0.08
Hemosiderosis 47/50 48/49 49/49
Normal 3/50 1/49 0/49
Minimal 10/50 5/49 1/49
Mild 37/50 29/49 20/49
Moderate 0/50 14/49 28/49
Marked 0/50 0/49 0/49
Mean severity (b) 1.68 £ 0.08 **914 £ 0.10 **2.55 +0.08
Fibrosis 2/50 0/49 2/49
Fatty Metamorphosis 0/50 1/49 0/49
Sarcoma 1/50 0/49 0/49

(a)For a complete explanation of the entries in this table, see Table A3 (footnotes); the statistical analyses used are discussed in
Section II (Statistical Methods). .

(b) Mean * standard error; 0 = normal; 1 = minimal; 2 = mild; 3 = moderate; 4 = marked. P values by Mann Whitney U test
(severity) (Hollander and Wolfe, 1973) or by incidental tumor test (nonneoplastic lesions).

(c) No P value is reported because no tumors were observed in the 3 mg/kg and vehicle control groups.

(d) Historical incidence of sarcomas at study laboratory (mean + SD): 1/148 (0.7% 1 1%); historical incidence in NTP studies:
3/2,081 (0.1% t 0.5%); no osteosarcomas have been observed.

**P<0.01 vs. vehicle controls
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III. RESULTS: RATS

Peripheral Nerves: The combined incidences of
neurilemomas from all sites were as follows:
male--vehicle control, 2/50; low dose, 7/50; high
dose, 7/50; female--3/50; 2/50; 2/50. The slightly
increased incidences of neurilemomas in dosed
males were not statistically significant and were
not considered to be related to chemical adminis-
tration. All the neurilemomas in the region of
the salivary glands were observed grossly. The
incidences of neurilemomas in dosed females
were not increased over vehicle control females
despite the better survival of the dosed females.
Neurilemomas occur uncommonly, with an aver-
age historical incidence in male F344/N rats in
NTP studies of 10/2,099 (0.5%); thus the number
of neurilemomas observed in these studies is un-
usual. However, in two other contemporary
studies (penicillin VK and benzofuran) at the
same laboratory, there were high incidences of
neurilemomas in both vehicle control and dosed
rats. The incidence in vehicle control male rats
in the benzofuran studies was 34% (penicillin
VK--male: 4/50; 3/50; 2/50; female: 0/50; 3/50;
1/50; benzofuran--male: 17/50; 14/50; 12/50; fe-
male: 4/50; 9/50; 3/50). Neurilemomas were not
considered to be compound related in either of
these studies. Thus, an unusually high number

of neurilemomas have occurred in vehicle con-
trol and dosed rats in studies of unrelated com-
pounds conducted at this laboratory. The neu-
rilemomas in these studies are considered to be
unrelated to chemical administration.

Forestomach: Papillomas were observed in 2/50
high dose male rats (Table Al). The historical
incidence of forestomach papillomas or carcino-
mas (combined) in corn oil vehicle control
F344/N rats is 7/2,072 (0.3%). No more than one
tumor has been observed in any vehicle control
group. However, the incidence of papillomas in
the high dose group was not statistically differ-
ent from that in the concurrent vehicle controls
and thus was not considered to be related to
chemical administration.

Liver: Chronic focal inflammation was observed
at increased incidences (P <0.05) in high dose fe-
male rats (male: none observed; female: vehicle
control, 17/50; low dose, 20/46; high dose, 30/50).

Hematopoietic System: The incidences of mono-
nuclear cell leukemia (which is believed to
originate in the spleen) in high dose rats were
significantly lower than those in vehicle controls
(Table 9).

TABLE 9. HEMATOPOIETIC SYSTEM TUMORS IN RATS IN THE TWO-YEAR GAVAGE STUDIES OF
N,N-DIMETHYLANILINE (a)

Vehicle Control 3 mg/kg 30 mg/kg
MALE
Mononuclear Cell Leukemia (b)
Overall Rates 13/50 (26%) 4/50 (8%) 3/50 (6%)
Terminal Rates 4/29 (14%) 2/32 (6%) 1/28 (4%)
Week of First Observation 91 99 83
Life Table Tests P=0.057TN P=0.018N P=0.017TN
Incidental Tumor Tests P=0,056N P=0.022N P=0.017N
FEMALE
Mononuclear Cell Leukemia (c)
Overall Rates 11/50 (22%) 7150 (14%) 0/50 (0%)
Terminal Rates 2/21 (10%) 4/32 (13%) 0/36 (0%)
Week of First Observation 86 68
Life Table Tests P<0.001N P=0.132N P<0.001N
Incidental Tumor Tests P=0.003N P=0.391N P=0.005N

(a) For a complete explanation of the entries in this table, see Table A3 (footnotes); the statistical analyses used are discussed

in Section II (Statistical Methods).

(b) Historical incidence of leukemia in study laboratory (mean * SD): 32/150 (21% t 10%); historical incidence in NTP

studies: 361/2,099 (17% £ 9%)

(c) Historical incidence of leukemia in study laboratory (mean * SD): 38/150 (25% * 3%); historical incidence in NTP

studies: 403/2,100 (19% * 8%)
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III. RESULTS: MICE

SINGLE-ADMINISTRATION STUDIES

~ All mice that received 5,640 mg/kg died before
the end of the studies (Table 10). Deaths oc-
curred in all groups except the 350 mg/kg group
of females. Decreased motor activity on the day
of dosing was observed for mice that received
1,410 mg/kg or more N,N-dimethylaniline.
Tremors were seen in one male and three female
mice that received 5,640 mg/kg.

FIFTEEN-DAY STUDIES

All mice that received 750 or 1,500 mg/kg died
before the end of the studies (Table 11). The
death of one male receiving 188 mg/kg was not
compound related. The final mean body weights
of dosed and vehicle control mice were similar.
Compound-related clinical signs included leth-
argy, excessive salivation, and tremors. Spleno-
megaly was seen in 2/5 male and 3/5 female mice
receiving 375 mg/kg and in 1/5 males receiving
188 mg/kg. Congestion and increased extra-
medullary hematopoiesis or hemosiderin were
seen in the spleen of 3/3 males and 3/3 females
receiving 375 mg/kg.

TABLE 10. SURVIVAL AND INITIAL MEAN BODY WEIGHTS OF MICE IN THE
SINGLE-ADMINISTRATION GAVAGE STUDIES OF N,N-DIMETHYLANILINE

Dose Initial Mean Body
(mg/kg) Survival (a) Weight (grams) (b)
MALE (c)
350 (d) 4/5 264 0.2
700 (d) 4/5 26.8 £ 0.2
1,410 (e)2/4 25.6 £ 0.7
2,820 H2/5 264 £ 0.6
5,640 (d)o/5 26009
FEMALE (g)
350 5/5 206 £0.2
700 (d) 35 21005
1,410 (d) 4/5 21.4+04
2,820 (h1/5 21604
5,640 (d)0/56 208 £0.2

(a) Number surviving/number initially in group; LDs, (95% confidence interval) by probit analysis.
(b) Initial group mean body weight + standard error of the mean; final body weights were not recorded.

(¢)LDso: 1,376 mgrkg (530-3,475 mg/kg)
(d) Day of death: 1

(e)Day of death: 1,3

(H Day of death: 1,2,3

(g) LDgy: 1,480 mg/kg (782-2,848 mg/kg)
(h) Day of death: 1,3,3,3,3
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TABLE 11. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FIFTEEN-DAY GAVAGE
STUDIES OF N,N-DIMETHYLANILINE

Mean Body Weights (grams)

Final Weight Relative

Dose Survival (a) Initial (b) Final Change (¢) to Vehicle Controls
(mg/kg) (percent)
MALE
0 5/5 25.2 £ 0.6 26.0 £ 0.6 +0.8%+0.2
94 5/5 260114 28113 +211+04 108.1
188 (d)4/5 247104 26.6 £ 0.5 +21+07 102.3
375 5/5 2651 0.8 28.6 £ 0.7 +21£04 110.0
750 (e)0/5 257+ 1.0 ® ® ®
1,500 (d)0/5 25.8 £ 0.7 H ) ®
FEMALE
0 5/5 19.8 £ 0.3 21.1 £0.3 +13%04
94 5/5 19.8 £ 0.7 213 +£0.6 +15+03 100.9
188 5/5 19.7+0.8 213107 +16+£03 100.9
375 5/5 204 0.6 228 0.6 +24106 108.1
750 (g)0/5 20.1 £ 0.6 ® ® ®
1,500 (d)0/5 19.6 £ 0.7 ® {3 ®

() Number surviving/number initially in group

(b) Initial group mean body weight * standard error of the mean. Subsequent calculations are based on animals surviving to

the end of the study.

(¢c) Mean body weight change of the survivors  standard error of the mean

(d) Day of death: all 3

(e) Day of death: 4,6,6,6,12

(f) No data are reported due to 100% mortality in this group.
(g) Day of death: 6,6,6,6,9

THIRTEEN-WEEK STUDIES

No compound-related deaths occurred (Ta-
ble 12). The final mean body weights of all
groups of dosed male mice were approximately
8%-10% lower than that of the vehicle controls.
The final mean body weights of dosed female
mice were not clearly dose related. Compound-
related clinical signs included blanching and
lethargy. Compound-related histopathologic
changes occurred in the spleen, liver, and kidney
of male and female mice (Table 13). The inci-
dence and/or severity of these lesions increased
with increasing dose. These effects were present
in all groups administered doses of 62 mg/kg or
more.

The spleen of the affected mice contained in-
creased numbers of hematopoietic cells, which in
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some mice were abundant enough to produce
splenic enlargement and numerous prominent
macrophages filled with yellow-brown granular
pigment, identified as hemosiderin with Perl’s
stain. In contrast, the spleen of vehicle control
mice contained few hematopoietic cells and only
small numbers of hemosiderin-filled macro-
phages, which is normal for the mouse spleen.
In the liver of dosed mice, Kupffer cells were en-
larged and filled with yellow-brown to brown
granular pigment (hemosiderin) similar to that
seen in the spleen. These pigmented cells were
scattered throughout the liver. In addition, the
liver of some dosed mice contained scattered foci
of hematopoietic cells. Cortical epithelial cells
in the kidney of dosed mice also contained yel-
low-brown granular pigment. The pigment in
the liver and kidney was identified as hemo-
siderin with Per!’s stain.



TABLE 12. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF N,N-DIMETHYLANILINE

Mean Body Weights (grams) Final Weight Relative
, Dose Survival (a) Final to Vehicle Controls
(mg/kg) (percent)
MI*IAE
0 9/10 305%03 386 £1.0 +83+08
31.25 (d)8/10 29.0 £ 0.9 348 £ 0.5 +55%1.0 90.2
62.5 (e)7/10 29.9 £ 0.6 35109 +54+04 90.9
125 10/10 28.8 £ 0.5 339*1.0 +51+09 87.8
250 9/10 273 0.8 34915 +76%1.0 90.4
500 10/10 304104 353 0.7 +49%08 91.5
FEMALE
0 10/10 234108 284112 +50%0.7
31.25 10/10 247+ 0.4 26405 +1.7%£03 93.0
62.5 (g)9/10 23104 26.7 £ 0.9 +35%08 94.0
125 10/10 232104 259 + 0.7 +27+204 91.2
250 10/10 24,1 £ 0.3 28.0 £ 0.6 +39%05 98.6
500 10710 233+04 278 £0.7 +45105 97.9

(1) Number surviving/number initially in group
(b) Initial group mean body weight * standard error of the mean. Subsequent calculations are based on animals surviving to

the end of the study.

(¢) Mean body weight change of the survivors + standard error of the mean

(1) Week of death: 1,1
(¢) Week of death: 2,3,8
(f) Week of death: 10
() Week of death: 12
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TABLE 13. INCIDENCES OF MICE WITH SELECTED LESIONS IN THE THIRTEEN-WEEK GAVAGE
STUDIES OF N,N-DIMETHYLANILINE (a)

Site/Lesion Vehicle Control 31 mgkg 62 mg/kg 125 mg/kg 250 mg/kg 500 mg/kg
MALE
Spleen
Hematopoiesis,
extramedullary 1/10(1.0) 1/10(2.0) 6/9(1.4) 9/10(1.9) 10/10(2.2) 10/10(3.9)
Hemosiderosis 1/10(3.0) 0/10 5/9 (2.0 9/10(2.0) 9/10(2.9) 10/10 (4.6)
Liver
Pigmentation 1/10(1.0) 1/10(1.0) 0/10 9/9(1.1) 9/10(3.1) 9/10(3.7)
Hematopoiesis,
extramedullary 1/10(1.0) 0/10 0/10 09 0/10 6/10(2.3)
Kidney
Pigmentation 0/10 0/10 0/3 (b) 0/10 8/10(2.6)
FEMALE
Spleen
Hematopoiesis,
extramedullary 0/10 0/10 8/10(1.9) 10/10(1.8) 10/10(2.4) 10/10(3.9)
Hemosiderosis 0/10 0/10 8/10(2.1) 10/10(2.0) 10/10(2.9) 10/10(5.0)
Liver
Pigmentation 1/10(1.0) (b) 0/10 10/10(1.0) 10/10(3.2) 10/10(3.3)
Hematopoiesis,
extramedullary 0/10 (b) 0/10 0/10 0/10 8/10(2.1)
Kidney
Pigmentation 0/10 (b) (b) 0/10 10/10(1.2) 10/10(2.8)

(a) Lesion incidence is the number of animals with the lesion/number of animals examined; number in parentheses denotes
mean grade of severity (1 = minimal; 2 = mild; 3 = moderate; 4 = marked; 5 = severe).

(b) Not examined

Dose Selection Rationale: Because of spleno-
megaly and increases in the severity of hemo-
siderin accumulation and extramedullary he-
matopoiesis at higher doses, doses selected for
mice for the 2-year studies were 15 and 30 mg/kg
N,N-dimethylaniline, administered in corn oil
by gavage 5 days per week.

N,N-Dimethylaniline, NTP TR 360
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TWO-YEAR STUDIES
Body Weights and Clinical Signs

Mean body weights of dosed and vehicle control
mice were similar throughout the studies (Ta-
ble 14 and Figure 7). No compound-related clini-
cal signs were observed.



TABLE 14. MEAN BODY WEIGHTS AND SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES
OF N,N-DIMETHYLANILINE

Weeks Vehicle Control 15 mg/kg 30 mg/kg
on Av. Wt, No. of Av. Wt. Wt (percent of No. of Av. Wt. Wt. (percent of No. of

Study (grams) Survivors (grams) veh. controls) Survivors (grams) veh. controls) Survivors

MALE

i 25.1 50 23.5 94 50 24.2 26 50

1 25.8 50 30.0 116 50 27.4 108 50

2 27.4 50 313 114 50 29.4 107 50
3 28.9 50 28.1 104 50 27.4 102 50
4 30.8 50 29.3 95 50 31.7 108 50
5 31.2 50 329 105 50 35.8 114 50
8 343 50 40.6 118 50 38.1 111 50
7 28,7 50 315 110 50 300 108 50
8 30.7 50 310 101 50 304 89 50
9 38.3 50 35.9 108 50 34.7 104 50
10 32.0 50 33.4 104 50 32.8 108 50
11 30.7 50 32.0 104 50 314 102 50
12 344 49 35.7 104 50 345 100 50
18 36.1 49 36.7 102 50 35.8 99 50
20 38.7 47 371 101 50 36.3 99 50
24 38.1 a7 37.8 99 50 371 97 50
28 38.7 47 39.0 101 49 38.0 98 50
32 40.2 47 40.4 100 49 38.8 98 50
36 40.8 47 417 103 49 40.2 99 50
40 405 47 427 105 49 4038 101 50
44 42.2 47 411 97 49 422 100 50
48 433 47 438 101 49 43.7 101 50
52 425 47 413 97 49 434 102 50
56 435 46 448 103 49 448 108 50
80 447 48 4.8 100 49 452 101 50
4 453 46 46.8 103 49 45.8 101 50
58 48.1 4 48.1 100 49 485 101 50
72 48.3 46 45.6 98 48 46.2 100 50
76 48.1 48 45.1 98 47 48.3 100 50
80 45.8 48 46.8 102 45 48.5 102 47
B4 45.8 45 455 99 41 462 101 47
90 4.0 43 4.2 100 38 “s 101 42
96 43.7 37 44.7 102 35 44,3 101 39
100 42.1 35 439 104 33 44.3 105 36
102 43.8 34 42.7 98 31 45.8 105 35

FEMALE

0 20.9 50 20.8 99 50 211 10 50
1 25.2 49 23.7 94 50 26.2 104 50
2 20.4 49 23.0 113 50 22.4 110 50
3 21.8 49 22.7 104 50 22.7 104 50
4 23.9 49 25.1 105 49 23.9 100 50
5 24.7 49 26.2 108 49 25.9 105 50
6 25.3 49 27.7 109 49 26.5 105 50
7 25.8 49 26,1 101 49 25,7 100 50
8 23.3 49 23.3 100 49 23.9 108 50
9 26.3 49 271 108 49 26.8 102 50
10 25.8 49 26.0 101 49 26.2 102 50
11 26.8 49 26.9 100 49 27.1 101 50
12 26.7 49 25.8 97 49 26.8 100 50
16 29.4 49 28.3 96 49 28,7 98 50
20 28.9 49 28.2 98 49 29.1 101 50
24 29.8 49 28,5 96 49 29.5 99 50
28 30.7 49 28.9 94 49 308 100 50
32 32.6 49 314 96 49 32.1 98 50
36 32.9 49 31.9 97 49 329 100 50
40 33.5 49 33,0 99 49 34.4 103 50
44 35.0 49 34.0 97 49 35.2 101 50
48 35.7 49 35.2 99 49 385 102 50
52 36.0 48 35.6 99 49 36.3 101 49
56 38.2 48 37.0 97 49 38.9 102 49
60 384 48 37.3 97 49 39.8 104 49
64 40.8 48 38.9 96 49 41.2 101 49
68 418 48 405 97 48 423 101 49
72 42.1 48 40.1 95 47 43.4 108 49
i 423 48 418 98 47 4.2 104 49
80 445 48 42.7 96 47 441 99 47
84 4.3 47 43.3 98 48 4.3 100 47
90 437 44 411 94 44 4.8 102 45
98 435 43 421 97 42 4.1 101 40
100 43,0 41 410 95 41 4338 102 8
102 420 a7 418 100 39 42.7 102 34
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ITI. RESULTS: MICE

Survival

Estimates of the probabilities of survival for
male and female mice administered N,N-di-
methylaniline at the doses used in these studies
and for vehicle controls are shown in Table 15
and in the Kaplan and Meier curves in Figure 8.
No significant differences in survival were ob-
served between any groups of either sex.

Pathology and Statistical Analyses of
Results

This section describes the statistically signifi-

cant or biologically noteworthy changes in the
incidences of mice with neoplastic or nonneo-
plastic lesions of the forestomach and pituitary
gland.

Summaries of the incidences of neoplasms and
nonneoplastic lesions, individual animal tumor
diagnoses, statistical analyses of primary tu-
mors that occurred with an incidence of at least
5% in at least one animal group, and historical
control incidences for the neoplasms mentioned
in this section are presented in Appendixes C
and D for male and female mice, respectively.

TABLE 15. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF NN-DIMETHYLANILINE

Vehicle Control 15 mg/kg 30 mg/kg
MALE (a)
Animals initially in study 50 50 50
Natural deaths 6 14 13
Moribund kills 6 6 3
Animals surviving to termination 34 30 34
K.illed accidentally 4 0 0
Survival P values (b) 0.579 0.158 0.610
FEMALE (a)
Animals initially in study 50 50 50
Natural deaths 7 7 10
Moribund kills 8 3 7
Animals surviving to termination 35 39 33
K.illed accidentally 0 1 0
Survival P values (b) 0.675 0.437 0.740

(a) Termination period: week 104

(b) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons

with the vehicle controls are in the dosed columns.
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III. RESULTS: MICE

Forestomach: Squamous cell papillomas were
seen in 2/50 vehicle control, 2/19 low dose, and
8/50 high dose female mice examined micro-
scopically. The incidence of squamous cell papil-
lomas in high dose female mice was significantly
greater than that in vehicle controls (Table 16).
The highest incidence of squamous cell neo-
plasms observed in a vehicle control group in
previous studies is 5/44 (11%). The eight papillo-
mas in the high dose female mice varied slightly
in morphology. Most were exophytic papillary
structures consisting of stratified squamous epi-
thelium overlying a central core of connective

tissue. Many of the papillomas had a narrow
stalk, as shown in Figure 9, but some papillomas
were more broad based. There were no squa-
mous cell carcinomas identified in the stomach
of female mice, suggesting that these papillomas
might not be progressive. The incidences of focal
epithelial hyperplasia were slightly increased in
dosed female mice. Hyperplasia consisted of a
focal increase in thickness of the stratified squa-
mous epithelium that was, in some lesions, asso-
ciated with an inflammatory reaction (Fig-
ure 10).

TABLE 16. LESIONS OF THE FORESTOMACH IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY
OF N,N-DIMETHYLANILINE (a)

Vehicle Control 15 mg/kg 30 mg/kg

Epithelial Hyperplasia

Overall Rates 8/50 (16%) (b) 11/19 (58%) 13/50 (26%)
Squamous Cell Papilloma (¢)

Overall Rates 2/50 (4%) (b) 2/50 (4%) 8/50 (16%)

Terminal Rates 1/35 (3%) 1/39 (3%) 8/33 (24%)

Week of First Observation 99 100 104

Incidental Tumor Test P=0.021 P=0.592 P=0.042

(a! For a complete explanation of the entries in this table, see Table D3 (footnotes); the statistical analyses used are discussed

in Section II (Statistical Methods).
(b’ Nineteen forestomachs were examined microscopically.

(¢) Historical incidence of squamous cell papillomas or carcinomas (combined) at study laboratory (mean + SD): 7/141
(5% 1. 6%); historical incidence in NTP studies: 32/2,047 (2% * 3%)
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III. RESULTS: MICE

Pituitary Gland: The incidences of adenomas
and adenomas or carcinomas (combined) in high
dose female mice were significantly lower than
those in vehicle controls (Table 17). However,

this decrease was not considered to be related to
chemical adminstration because these neo-
plasms occur at a variable incidence in corn oil
vehicle control female B6C3Fy mice (Table D4b).

TABLE 17. PITUITARY GLAND LESIONS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY
OF NN-DIMETHYLANILINE (a)

Vehicle Control 15 mg/kg 30 mg/kg

Chromophobe Cell Hyperplasia

Overall Rates 10/45 (22%) (b) 2/14 (14%) 16/44 (36%)
Adenoma

Overall Rates 18/45 (40%) (b) 5/14 (36%) 7/44 (16%)

Terminal Rates 17/34 (50%) 6/30 (20%)

Week of First Observation 102 103

Incidental Tumor Test P=0.017N
Carcinoma

Overall Rates 0/45 (0%) (b) 0/14 (0%) 1/44 (2%)
Adenoma or Carcinoma (c)

Overall Rates 18/45 (40%) (b) 5/14 (36%) 8/44 (18%)

Terminal Rates 17/34 (50%) 6/30 (20%)

Week of First Observation 102 94

Incidental Tumor Test P=0.031N

(a) For a complete explanation of the entries in this table, see Table D3 (footnotes); the statistical analyses used are discussed

in Section II (Statistical Methods).
(b) Incomplete sampling of tissues

(c) Historical incidence at study laboratory (mean * SD): 36/134 (27% * 12%); historical incidence in NTP studies:

418/1,893 (22% + 10%)
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Figure 9. Forestomach papilloma from a high dose female mouse (Animal No. 4) showing fingerlike projections into
the lumen. This example is representative of those seen in this dose group.

Figure 10. Forestomach focal hyperplasia from a high dose female mouse (Animal No. 15). Arrow indicates a central
area of inflammation.






III. RESULTS: GENETIC TOXICOLOGY

N,N-Dimethylaniline was not mutagenic in Sal-
monella typhimurium strains TA98, TA100,
TA1535, or TA1537 in the presence or absence of
exogenous metabolic activation. In the mouse
lymphoma assay, N,N-dimethylaniline produced
a positive response with and without metabolic
activation. In Chinese hamster ovary cells, N,N-
dimethylaniline induced both sister chromatid

45

exchanges and chromosomal aberrations in the
presence of exogenous metabolic activation.
Without activation, an increase in chromosomal
aberrations was observed (at the highest dose
tested), but no increase in SCEs occurred.

The experimental procedures and results are
presented in Appendix H.
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IV. DISCUSSION AND CONCLUSIONS

Short-Term Studies
Genetic Toxicology
Two-Year Studies
Conclusions
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IV. DISCUSSION AND CONCLUSIONS

N ,N-Dimethylaniline, used in the manufacture
of vanillin, Michler’s ketone, and methyl violet
and other dyes, was nominated for study largely
because of its structural similarity to carcino-
genic anilines. Short-term and long-term stud-
ies of N,N-dimethylaniline were conducted in
F'344/N rats and B6C3F; mice. This compound
was administered in corn oil by gavage because
of its volatility. As with other anilines, the ma-
jor site of toxicity for N,N-dimethylaniline is the
hematopoietic system.

Short-Term Studies

Oral LDsg values for N,N-dimethylaniline, as
determined by probit analysis, were approxi-
mately 1,300 mg/kg for male rats, 1,375 mg/kg
for male mice, and 1,500 mg/kg for female mice.
The LDsg for female rats could not be calculated
because 100% lethality occurred over a very nar-
row dose range.

Based on the incidences of splenomegaly, he-
mosiderin accumulation, and extramedullary
hematopoiesis observed in the 14-day and 13-
week studies, rats were more susceptible than
mice to the toxic effects of this compound. No
sex difference in toxicity was noted. In the 13-
week studies, a no-observed-effect level was not
reached for rats, whereas this level was found to
he about 30 mg/kg for mice. All male and female
rats administered 31 mg/kg or more had mild,
chemically induced extramedullary hemato-
poiesis and hemosiderosis of the spleen.

Splenic enlargement and the hematopoiesis, he-
mosiderosis, and pigmentation observed in the
spleen, liver, and kidney in dosed rats and mice
and in the testis in dosed rats and the hyper-
plasia of the bone marrow observed in dosed rats
may be related to erythrocyte destruction by in-
travascular hemolysis and increased phagocyto-
sis. A similar enlargement of the spleen was
found in rats dosed with aniline (Gralla et al.,
1979) and in rats and mice exposed to p-chloro-
aniline hydrochloride (NTP, 1989). The splenic
weight increases in aniline-dosed rats were due
to excessive deposition of damaged erythrocytes
as a result of aniline toxicity (Bus, 1983). Re-
sults of the 13-week N,N-dimethylaniline stud-
ies support this suggestion because rats and
mice had splenic enlargement that was not

N,N-Dimethylaniline, NTP TR 360

accompanied by any histopathologic degenera-
tive change. N,N-Dimethylaniline, as well as
several other aniline derivatives, induced met-
hemoglobin formation in rats and mice (NTP,
1989), Cyanosis observed in rats dosed with
N,N-dimethylaniline was also indicative of
erythrocyte destruction and reduced blood oxy-
genation, possibly as a result of methemoglobin
formation.

The finding that rats are more susceptible than
mice to the toxic effects of N,N-dimethylaniline
was expected. Species differences in response to
chemical inducers of methemoglobin have long
been recognized. Humans were reported to be
more susceptible than rats to the toxic effects of
aniline (a compound known to cause methemo-
globinemia, Heinz body formation, and splenic
enlargement) (Jenkins et al., 1972). Suscep-
tibility to the toxic effects of acetanilide (another
methemoglobin former) was also reported to
vary among species. The susceptibility of the
various species to this compound, relative to that
of the cat, were as follows: humans, 56%; dogs,
29%; rats, 5%; rabbits, 0%; and monkeys, 0%
(Beard and Noe, 1981). These differences may
be due to differences in methemoglobin reduc-
tase activity in the erythrocytes of the various
species. Reductase activity of less susceptible
species, such as rats and rabbits, is twofold to
fourfold that of humans (Robin and Harley,
1966). Differences in mixed function oxidase ac-
tivity of rats and mice may account for the dif-
ference in their susceptibility to N,N-
dimethylaniline.

Mixed function oxidase activity resulting in the
N-oxidative transformation of N,N-dimethylani-
line to form a stable N-oxide has been observed
in vitro with rat liver microsomal preparations
(Ziegler and Pettit, 1964). In vivo, the primary
transformations observed with N,N-dimethyl-
aniline are N-demethylation and ring hydroxyl-
ation (Kiese and Renner, 1974). N ,N-Dimeth-
ylaniline has a greater propensity for ring hy-
droxylation than does aniline because of the
electrons that are contributed to the ring by the
methyl groups on the nitrogen. Hydroxylation
of the ring to form the urinary metabolites 4-
aminophenol, 4-dimethylaminophenol, and 2-
aminophenol could involve an electrophilic
arene oxide intermediate capable of covalently



IV. DISCUSSION AND CONCLUSIONS

binding to macromolecules. For primary aroma-
tic amines, N-hydroxylation is considered an im-
portant step in production of cyanosis and met-
hemoglobinemia (Smith, 1986). No reports were
found which indicate that an N-hydroxy deriva-
tive of this chemical is formed.

Genetic Toxicology

Aniline and six structurally related chemicals,
including N,N-dimethylaniline, are genotoxic in
short-term tests in vitro. D & C Red No. 9 (NTP,
1982), p-chloroaniline hydrochloride (NTP,
1989), azobenzene (NCI, 1979a), and o-toluidine
hydrochloride (NCI, 1979¢) all produce splenic
neoplasms, and all are positive in the Sal-
monella gene mutation assay (Ashby and Ten-
nant, 1988). Aniline, N,N-dimethylaniline, and
Dapsone, although negative in Salmonella tests,
were clastogenic in cultured mammalian cells.
The clastogenic response with N,N-dimethyl-
aniline is increased in the presence of S9 and is
observed at lower doses than with aniline.
These observations are consistent with the hy-
pothesis that a DNA-reactive arene oxide inter-
mecdiate may be involved in the clastogenic ac-
tivity of N,N-dimethylaniline.

Two-Year Studies

N,N-Dimethylaniline administered for up to 2
years at doses of 3 or 30 mg/kg for rats and 15 or
30 mg/kg for mice had no influence on body
weight or survival. The apparent positive trend
and significantly higher survival observed in
high dose female rats is due to poor survival in
the vehicle control group (21/50).

Sarcomas or osteosarcomas (combined) of the
spleen occurred with a positive trend in male
rats, and the incidence in high dose males (4/50)
was greater than that ever seen in corn oil vehi-
cle control F344/N male rats (1/45; mean his-
torical incidence, 3/2,081, 0.1%). The splenic
sarcomas were morphologically typical of those
induced by other aniline compounds. These sar-
comas are anaplastic neoplasms that exhibit a
range of differentiation. Most have histologic
characteristics of fibrosarcoma, but some have
features of osteosarcoma or hemangiosarcoma.
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The rare splenic sarcomas that occur spontane-
ously in control F344 rats typically do not have
the histologic features of those induced by ani-
line compounds. The sites of carcinogenicity and
the sex differences in response to dosing with
N,N-dimethylaniline were generally similar to
that of aniline and other structurally related
chemicals (Tables 18 and 19). All these com-
pounds caused sarcomas in the spleen of male
rats; female rats were less susceptible than
males to induction of splenic tumors by these
compounds, except in the case of the azobenzene
and o-toluidine hydrochloride studies in which
females were equally susceptible. Although
high dose male rats in the current study showed
an increase in the incidence of fatty metamor-
phosis and fibrosis of the spleen, such an in-
crease was not seen in low dose males or dosed
females (see Table 8).

Fibrosis in the spleen is considered a potential
preneoplastic lesion that may progress to fibro-
sarcoma (Goodman et al., 1984). In a review of
F344/N rat spleens from studies with D & C Red
No. 9 and aniline, all groups of rats that had fat-
ty metamorphosis also had splenic sarcomas;
groups without this lesion did not exhibit splenic
neoplasms (Weinberger et al., 1985). Retrospec-
tively, it appears that the lack of compound-
related increases in fatty metamorphosis, fibro-
sis, and sarcomas of the spleen in dosed female
rats could be related to the doses used in the cur-
rent studies. At the doses studied (3 or 30
mg/kg), N,N-dimethylaniline did not adversely
affect survival or body weights of female rats,
and thus the female rats might have tolerated
higher doses. This could not have been predicted
from the 13-week study results.

Weinberger et al. (1985) did not find any cor-
relation between splenic hemosiderosis and the
incidence of splenic neoplasms. In contrast, the
incidence of hemosiderin classified as mild to
moderate in male rats in the current 2-year
study with N,N-dimethylaniline increased (ve-
hicle control, 4/49; low dose, 30/49; high dese,
36/50) with the increased incidence of splenic
sarcomas. A similar observation was noted with
aniline hydrochloride (CIIT, 1982).
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TABLE 18. INCIDENCES OF SPLENIC NEOPLASMS AND LEUKEMIA/LYMPHOMAS IN MALE RATS
INDUCED BY ANILINE HYDROCHLORIDE AND STRUCTURALLY RELATED CHEMICALS STUDIED BY

THE NCUNTP
Structure/Chemical
CAS Number Spleen Multiple Organs
(Reference) Dose (a) Sarcomas (b) Leukemia/Lymphomas
H3C\N /CH3

N, N-Dimethylaniline

CAS No. 121-69-7 Omg/kg Opmolkg 0/49 13/50
(NTP TR 360, current study 3mg/kg 25umolkg 0/49 4/50
30 mg/kg 248 umol/kg 4/50 3/50
Aniline hydrochloride Route of administration: feed
CAS No. 142.04.1 Oppm  Opmolkg  0/25 1/25
(NCITR 130, 1978) 3,000 ppm 810 pmol/kg 7/50 3/50
6,000 ppm 1,620 umol/kg 9/46 0/48
Azobenzene Route of administration: feed
N=N CAS No. 103-33-3 Oppm 0 pmolkg 0/20 3/20
(NCITR 154,1979a) 200ppm 38 umolkg 4/49 1/49
400 ppm 77 pmolkg 10/49 8/50
- Route of administration: feed
NH> p-Chloroaniline 0 ppm 0 umol/kg 0/20 0/20
CAS No. 106-47-8 250 ppm 71 pmolkg 0/49 0/50
(NCITR 189, 1979b) 500 ppm 141 pmol/kg 3/49 2/50
Route of administration: gavage in water
p-Chloroaniline hydrochloride O0mg/kg 0 pmolkg 0/49 21/49
CAS No. 20265-96-7 2mg/kg 12 pmolkg 1/50 3/50
(NTP TR 351, 1989) 6 mg/kg 37 pmol/kg 3/50 2/50
Cl ’ 18 mg/kg 110 pmol/kg 36/50 3/50
CHs OH _‘ Route of administration: feed
0 ppm 0 pmol/kg 0/50 12/50
1,000 ppm 39 pmol/kg 0/50 4/50
Cl N=N O B 3,000 ppm 118 uymolkg 26/48 3/50
a
D& CRedNo.9
SO3H Q CAS No. 5160-02-1
_ /12 (NTP TR 225, 1982)
H> N*@—- SO, O NH, Route of administration: feed
0 ppm 0 pmol/kg 0/14 1/14
Dapsone 600 ppm 85 pymolkg 0/34 4/35
CAS No. 80-08-0 1,200 ppm 169 pmolkg 6/32 0/33
(NCITR 20, 1977)
NH; oHCl 0-Toluidine hydrochloride Route of administration: feed
CH CAS No. 636-21-5 0 ppm 0 pmolkg 0/20 4/20
3 (NCITR153,1979¢) 3,000ppm 658 pymol/kg 1/49 2/50
6,000 ppm 1,316 pmolkg  4/42 0/49

Route of administration: gavage in corn oil

(a) Gavage studies in milligrams per kilogram; feed studies in parts per million; micromoles per kilogram in feed studies

based on 14 g feed per day for a 400-g male rat.

(b) Includes fibrosarcomas, osteosarcomas, and sarcomas, NOS
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TABLE 19, INCIDENCES OF SPLENIC NEOPLASMS AND LEUKEMIA/LYMPHOMAS IN FEMALE RATS
INDUCED BY ANILINE HYDROCHLORIDE AND STRUCTURALLY RELATED CHEMICALS STUDIED BY

THE NCINTP
Structure/Chemical
CAS Number Spleen Multiple Organs
(Reference) Dose (a) Sarcomas (b) Leukemia/Lymphomas
H3C\ e CH3
N
N, N-Dimethylanili Route of administration: gavage in corn oil
CASNo. 12150 Omghkg  Oumolkg  1/50 11/50
= NTP TR 360 t stud 3mg/kg 25 umolkg 0/50 7/50
‘ »current study) 30 mg/kg 248 pmolkg  0/50 0/50
NS
N - . o s
Aniline hydrochloride 0 ppm 0 pmol/kg 0/23 3/24
A CAS No. 142-04-1 3,000 ppm 926 pmol/kg 0/50 4/50
[/ I (NCITR 130,1978) 6,000 ppm 1,852 ymol/kg 3/50 0/50
N
// Ro .. -
Azobenzene ute of administration: feed
- ChsNoloass 0t Simolke 020 2
ppm pmolxg
(NCITR154,19798)  440pom 88 pmolkg  12/50 0150
........ NHZRouteofadmxmstratlonfeed
p-Chloroaniline 0 ppm 0 pmol/kg 0/20 2/20
CAS No. 106-47-8 250 ppm 78 pmol/kg 0/50 0/50
e (NCITR 189,1979b) 500 ppm 157 pmol/kg 0/50 0/50
[ | Route cg adr;lkinistraglon: gvakvage inoyg%ber 10/50
. § s : mg/kg PmMoYXg
XN B oalorogniline nydrochloride 2mgkg 12pmolkg  0/50 2/50
(NTP Tf.t 351. 1989 6 mgkg 37 umolkg 1/50 1/50
al »1989) 18 mgkg 110 pmolkg  1/50 1/50
PP G .
[ CHs \ Route of administration: feed
0 ppm 0 pymol/kg 0/50 11/50
_ 1,000 ppm 45 pmol/kg 0/50 4/50
Cl N=N 8 3,000 ppm  135umolkg  0/50 1/50
a

D & C Red No.9
SO3H CAS No. 5160-02-1
2 (NTPTR225,1982)

HaN Route of administration: feed ‘
0 ppm 0 pmol/kg 0/15 0/15

Dapsone 600 ppm 97 pmolkg 0/34 0/34
CAS No. 80-08-0 1,200 ppm 193 pmol/kg 0/35 0/35
(NCITR 20, 1977)
NH; « HCI o-Toluidine hydrochloride Route of administration: feed
| cH; CASNo.636215 Oppm  Opmolkg  0/20 1120
e (NCITR 153,1979¢) 3,000 ppm 752 pmol/kg 2/49 3/50
[ I 6,000 ppm 1,504 pmolkg  4/49 0/49
.Q:

{a) Gavage studies in milligrams per kilogram; feed studies in parts per million; micromoles per kilogram in feed studies
hased on 10 g feed per day for a 250-g female rat.
ib) Includes fibrosarcomas, osteosarcomas, and sarcomas, NOS
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IV. DISCUSSION AND CONCLUSIONS

As with other aniline compounds, N,N-dimeth-
ylaniline caused a decrease in the incidence of
mononuclear cell leukemia in rats (see Table 9).
Male rats that had sarcomas of the spleen did
not have leukemia. A review of NCI/NTP stud-
ies revealed an association between increased
body weight and increased leukemia incidence
in F344/N rats (Rao et al., 1987). In the current
2-year studies, final mean body weights of vehi-
cle control and dosed rats were similar, so body
weight was not considered a contributing factor.
Because the major sites for the toxicity of N,N-
dimethylaniline, as well as for other anilines,
are the hematopoietic system and spleen, the de-
creased leukemia incidence may be a direct ef-
fect of the chemical on the mechanism responsi-
ble for the induction of leukemia in the aging
rat. Splenectomy has been reported to greatly
decrease the incidence of leukemia in F344 rats,
suggesting that this neoplasm originates in the
spleen (Moloney and King, 1973).

For mice as for rats, N,N-dimethylaniline had no
effect on survival or body weights. Because no
compound-related increases were noted for non-
neoplastic or neoplastic lesions at any site in
male mice and no clearly compound-related in-
creases were noted in female mice, it appears
that mice could have received higher doses of the
compound.

The observation that N,N-dimethylaniline did
not increase the incidence of splenic neoplasms
in male or female mice is similar to results seen
with other aromatic amines (Weisberger, 1983;
NTP, 1989). However, unlike other aromatic
amines, N,N-dimethylaniline did not cause an
increase in liver neoplasms but did cause a
slight increase in the incidence of forestomach
papillomas in female mice. Papilloma is diag-
nosed when a proliferative lesion of the fore-
stomach mucosa has an exophytic papillary
form. ‘The papillary structures consisted of a
thickened, stratified squamous epithelium

overlying a fibrous connective tissue core. Well-
developed papillomas usually have a narrow
stalk., It is uncertain if these proliferative le-
sions are true neoplasms or merely an advanced
stage of hyperplasia. The forestomach papillb-
mas may be preneoplastic lesions, since a squa-
mous cell carcinoma has a greater probability of
originating from a papilloma than from normal
forestomach mucosa. Because no squamous cell
carcinomas occurred in the forestomach of fe-
male mice, the papillomas seen in this study are
considered to be early-stage lesions and might or
might not have progressed to carcinomas.
Furthermore, there was no increase in the low
dose group. Therefore, the occurrence of the
forestomach lesions is considered to be equivocal
evidence of carcinogenic activity of N,N-
dimethylaniline.

Conclusions

Under the conditions of these 2-year gavage
studies, there was some evidence of carcinogenic
activity* of N,N-dimethylaniline for male
F344/N rats, as indicated by the increased inci-
dences of sarcomas or osteosarcomas (combined)
of the spleen. There was no evidence of carcino-
genic activity of N,N-dimethylaniline for female
F344/N rats given 3 or 30 mg/kg body weight by
gavage for 2 years. There was no evidence of car-
cinogenic activity of N,N-dimethylaniline for
male B6C3F| mice given 15 or 30 mg/kg body
weight by gavage for 2 years. There was equivo-
cal evidence of carcinogenic activity of N,N-
dimethylaniline for female B6C3F; mice, as in-
dicated by an increased incidence of squamous
cell papillomas of the forestomach. Both rats
and mice could have tolerated doses higher than
those used in these studies.

There were decreased incidences of mononuclear
cell leukemia in dosed male and high dose fe-
male rats. Compound-related splenic fibrosis,
hemosiderosis, and fatty metamorphosis were
increased in male rats.

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 6.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 9.
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF N,N-DIMETHYLANILINE

Vehicie Control Low Dose High Dose
Animals initially in study 50 50 50
Animals necropsied 50 50 50
Animals examined histopathologically 49 50 50
INTEGUMENTARY SYSTEM

*Skin (50) (50) (50)
Papilloma, NOS 1 (2%)
Squamous cell carcinoma 1 (2%) 1 (2%)
Basal cell tumor 1 (2%)

Keratoacanthoma 1 (2%) 1 (2%) 1 (2%)

*Subcutaneous tissue (50) (50) (50)
Sarcoma, NOS 1 (2%) 1 (2%) 1 2%)
Fibroma 2 (4%) 3 (6%) 2 (4%)
Fibrosarcoma 1 (2%) .
Mesothelioma, invasive 1 (2%)
Neurilemoma, malignant 1 (2%) 5 (10%) 3 (6%)

RESPIRATORY SYSTEM

#Trachea (49) 3 (49)
Neurilemoma, invasive 1 (33%)

#Lung 49 (10) (50)
Carcinoma, NOS, metastatic 1 (10%)

Alveolar/bronchiolar adenoma 1 (10%) 1 (2%)
Alveolar/bronchiolar carcinoma 1 (2%) 1 (10%)
Pheochromocytoma, metastatic 1 2%)
Sarcoma, NOS, metastatic 1 (10%)
HEMATOPOIETIC SYSTEM

*Multiple organs (50) (50) (50)
Leukemia, mononuclear cell 13 (26%) 2 4%) 3 (6%)

#Spleen (49) (49) (50)
Leukemia, mononuclear cell 2 (4%)

#8plenic red pulp (49) (49) 50
Sarcoma, NOS 3 (6%)
Osteosarcoma 1 (2%)

#Thymus 24) 4) (26)
Sarcoma, NOS 1 (4%)
Neurilemoma, metastatic 1 (4%)

CIRCULATORY SYSTEM

#Heart (49) (€)) (50)
Sarcoma, NOS, metastatic 1 (13%)

#Heart/atrium (49) (8) (50)
Mesothelioma, NOS 1 (13%)

INGESTIVE SYSTEM

*Tongue (50) (50) (50)
Papilloma, NOS 1 2%) 1 2%)
Squamous cell carcinoma 1 (2%)
#Salivary gland (48) (14) (48)
Carcinoma, NOS 1 (7%)
Neurilemoma, malignant 1 (2%) 2 (14%) 3 (6%)
#Liver (49) amn (50)
Neoplastic nodule 1 (6%)
Hepatocellular carcinoma 1 (2%)
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR

GAVAGE STUDY OF N,N-DIMETHYLANILINE (Continued)

Vehicle Control Low Dose High Dose
DIGESTIVE SYSTEM (Continued)

#Bile duct (49) 17 (50)
Carcinoma, NOS 1 (6%)

#Forestomach (49) (10) (50)
Papilloma, NOS 2 (4%)

#Jejunum (49) 6) (50)
Adenoma, NOS 1 (2%)

URINARY SYSTEM

None

ENDOCRINE SYSTEM

#Pituitary 4n (16) (45)
Glisma, NOS 1 (2%)
Meningioma 1 (6%)

#Anterior pituitary 47 (16) (45)
Adenoma, NOS 11 (23%) 10 (63%) 9 (20%)
Neurilemoma, malignant 1 (2%)

#Adrenal medulla (49) (N (49)
Pheochromocytoma 17 (35%) 2 (29%) 11 (22%)
Pheochromocytoma, malignant 1 2%) 1 (2%)

#Thyroid 49) (14) (50)
Follicular cell adenoma 1 2%

Follicular cell carcinoma 1 2%) 1 (7%)
C-cell adenoma 7 (14%) 5 (36%) 2 (4%)
C-cell carcinoma 1 2%) 2 (4%)

#Parathyroid 34) 1 32)
Adenoma, NOS 1 3%)

#Pancreatic islets (48) 4) 49)

Islet cell adenoma 2 (4%)
Islet cell carcinoma 1 (2%)
REPRODUCTIVE SYSTEM

*Mammary gland (50) (50) (50)
Adenocarcinoma, NOS 1 2%)

Fibroadenoma 2 (4%) 6 (12%) 2 (4%)

*Preputial gland (50) (50) (50)
Adenoma, NOS 4 (8%) 1 (2%) 3 (6%)
Adenocarcinoma, NOS 1 (2%)

#Prostate (45) (6) 42)
Adenoma, NOS 1 (17%)

Histiocytic sarcoma 1 (17%)

#Testis (48) (50) (50)

Interstitial cell tumor 46 (96%) 44 (88%) 45 (90%)
NERVOUS SYSTEM

#Brain (49) 4 (50)

Glioma, invasive 1 (2%)
SPECIAL SENSE ORGANS
*Zymbal gland (50) (50) (50)
Carcinoma, NOS 1 (2%) 2 (4%)
MUSCULOSKELETAL SYSTEM
None
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF NN-DIMETHYLANILINE (Continued)

Vehicle Control Low Dose High Dose
BODY CAVITIES

*Abdominal cavity (50) (50) 50
Mesothelioma, NOS 1 (2%)

*Peritoneum (50) (50) (50)
Mesothelioma, NOS 1 (2%)

Mesothelioma, invasive 1 2%)

*Peritoneal cavity (50) (50) (50)
Mesothelioma, invasive 2 (4%)

*Pleural cavity (50) (50) 50
Alveolar/bronchiolar carcinoma, metastatic 1 2%

*Tunica vaginalis (50) (50) (50)
Mesothelioma, NOS 1 (2%) 1 (2%)
Mesothelioma, malignant 2 (4%) 1 2%)

ALL OTHER SYSTEMS
Nene
ANIMAL DISPOSITION SUMMARY

Animals initially in study 50 50 50
Natural death 7 2 8
Moribund sacrifice 14 14 13
Terminal sacrifice 29 32 28
Dosing accident 2 1

TUMOR SUMMARY

Total animals with primary tumors** 48 46 46
Total primary tumors 125 99 105

Total animals with benign tumors 48 44 45
Total benign tumors 96 76 79

Total animals with malignant tumors 23 17 20
Total malignant tumors 28 19 25

Total animals with secondary tumors# # 3 4 3
Total secondary tumors 3 5 4

Total animals with tumors--

wacertain benign or malignant 1 4 1
Total uncertain tumors 1 4 1

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors

# Number of animals examined microscopically at this site
## Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF NN-DIMETHYLANILINE: VEHICLE CONTROL

ANIMAL 0 oo 0
NUMBER o 1 4 2 4 of 3 1
70 1 O 6 4| 8 4 8
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STUDY 0 7] 8‘ 8]

0 7 4| 6
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Oral cavity
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Salivary gland
Neurilemoma, malignant
Liver
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Small intestine
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Large intestine
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SPECTAL SENSE ORGANS
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Carcinoma, NOS X

BODY CAVITIES

Peritoneum N NN NN NNNDNNNNNNNNNNNDNNNNNNNN
Mesothelioma, NOS X

Mesothelioma, invasive
Tunica vaginalis + + + NN + + + + + + + + + + + + + + + + + + + +
Mesothelioma, malignant

ALL "OTHER SYSTEMS

Multiple organs, NOS N NNNNNNNN
Leukemia, mononuclear cell

L4
w2

N NNNDNDNDNNNNNNNN
X X X X X X X X

Tissue examined microscopically : No tissue information submitted
Required tissue not examined microscopically Necropsy, no histology due to protocol
Tumor incidence Autolysis

Necropsy, no autolysis, no microscopic examination Animal missing

Animal missexed No necropsy performed

Animals necropsied
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL

(Continued)

ANTMAL 00 O O o O of O O O] O O 0] O Of 0O O O Of O] 0
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Papilloma, NOS X 1
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Pheochromocytoma X X X X X X X X 17
Pheochromocytoma, malignant X 1

Tayrcid + + + + o+ + o+ 4+ + + 4+ o+ 4+ + + o+ o+ o+ o+ o+ o+ o+ + o+ 49
Fellicular cell adenoma 1
Follicular cell carcinoma X 1
{-cell adenoma X X X X 7
J-cell carcinoma 1

Parathyroid -+ + - - + o+ - - + + + - 4+ o+ + + + 34
Adenoma, NOS 1

Pancreatic islets + o+ o+ + + + + + + o+ o+ + o+ + + 48
[slet cell adenoma X 2

REPRODUCTIVE SYSTEM

Mammnary gland + + N + N + N + + + 4+ 4+ + + + + + + + + + + + + + *50
Adenocarcinoma, NOS X 1
Fibroadenoma 2

Testis + + + + + + + 4+ + + + + + + + + + + o+ + + + + o+ 48
Interstitial cell tumor X X X XX X X X ¥x ¥ X X X X X X X X X X X X X X X 46

Prostate + + + + + F+ + = + + + + - + + + + + + + + + + =~ 45

Preputialiclitoral gland N NNNDNDNNNDNNNNNNNNNNNNNNNNN *50
Adenoma, NOS X X 4
Adenocarcinoma, NOS X 1

NERVOUS SYSTEM

Brain + 0+ o+ o+ o+ o+ +F + o+ 4+ o+ F o+ o+ o+ o+ o+t + o+ 49

SPECTAL SENSE ORGANS

Zymbal gland N NN NN NI NNNNDNNIDNNNDNNNNNNNNNNNN *30
Carsinoma, NOS 1

BODY CAVITIES

Peritoneum N NNNDNUNWNNNNNUDNIDNNNDNNDNDNNNNNNNNN *50
Mesothelioma, NOS 1
Mesothelioma, invasive X X 2

Tunica vaginalis + + + + o+ o+ o+ 4+ 4+ F + 4+ + o+ *50
Mesotheﬁoma, malignant X X 2

AZ]L OTHER SYSTEMS

Multiple organs, NOS N NN NNUNINNNNNNDNNNNNNNNNNDNNNNN *50
i.eukemia, mononuclear cell X X X 13
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF N,N-DIMETHYLANILINE: LOW DOSE

ANIMA O Of Of Of Of Of Of O] Of O Of o[ Of Of Of Of O o[ Of Of O of 0of 0f 0
NUMBEF‘R 1 4/ 1 of i 4l 38 2 1| 3[ o] of 2 8 4 5 1 1 0 0 0 0 O 0 1
8 6 5 2 7 9 0 o o 5 9 5 3 2 2f of 6 9 1 3 4 6 7 8 1
WEEKS ON 0] 0] O] O O Of O Of O Of Of O 0 0] 0 3 171 3] 10 I 1
STUDY of o 5 5 71 8 8 8 9 9 9 9 9 9 9 o o o o O 0 0 o 0 0
Of 4/ 3| 6 8 31 4 7 1 1 4/ 6 6 6 6 9 1 1l 4 4 4| 4| 4| 4| 4

ARY SYSTEM

Skin + + + +# N NN NDNNDNNN+FNNS+NNN + NNNN

Basal cell tumor X

Keratoacanthoma

Subeutansous tissue + + + + N N NNNNNNUN+ NN+ NNNS+NNNN

Sarcoma, NOS X

Fibroma X X X

Fibrosarcoma

Neurilemoma, malignant X X X X

RESPIRATORY SYSTEM

Lkgngsandbronchi + + + F 4+ - -+ - - - - - - - - -+ - - = -+ = -

Alveolar/bronchiolar adenoma

Alveolar/bronchiolar carcinoma

Sarcoma, NOS, metastatic X

Trachea - =+ + + - - - - - = - = = - = - = = = - = - - -

Neurilemoma, invasive X

Nasal cavity e T T

HEMATOPOIETIC SYSTEM

Bone marrow R R et T T R T

Spleen + o+ + + 4+ o+ o+ o+ o+ + o+ + o+ + o+ o+ + o+ o+ o+

Leukemia, mononuclear cell X

L{mphnodes + + - - - - - - - - - - - - - - - - - - - - - = -

Thymus R R T T T

CIRCULATORY SYSTEM

Heart A R T T T

Sarcoma, NOS, metastatic X

Mesotheiioma, NOS

DIGESTIVE SYSTEM
Oral cavity N NN NNINNNNNN
Papilloma, NOS
Salivary gland
Carcinoma, NOS
Neurilemoma, malignant
Liver
Neoplastic nodule
Bile duct
Carcinoma, NOS
Ea,ncieas
sophagus
Stomacﬁu
Small intestine
Large intestine

+

+

1

+

+

|

i

1
P+
P+ 2

|

+

+

)

)

|

|

|

t

|

!

t

+ o+
[
+
+
+
l
]
+
|
I
|
I
+ e+

+H+++ o+ o+
+ 4+
+H+++ o+
+++++ + +
P
[
T+t
[
[
Lt
|
Y
P
P
NN
N
i+t
[
[
[
[
Tk
[N
[
[N

URINARY SYSTEM
Kidney
[rinary bladder

++
++
++
++

!
+

I

I
+

|

]

!
|+
+

|

I

I

i

i

i

i

i

|

I

|

ENDOCRINE SYSTEM
Piruitary -+ + - = = - - 4 4
Adenoma, NOS
Meningioma
Adrenal I T S e
Pheochromocytoma
Thyroi - 4+ o+ + = - - - - - - - 4 - - - - e - = 4 = = = =
Follicular cell carcinoma
C-cell adenoma

Parathyroid - - 4 - - - 4 - a4 -

]
ol
o+
K+

(Kol
[Ral

KLPRODUCTIVE SYSTEM
Mammary gland N N N N
Fibroadenoma
Testis + + o+ o+
Interstitial cell tumor
Frostate + + + +
Adenoma, NOS
Histiocytic sarcoma
Preputialiclitoral gland N N N N
enoma, NOS

NERVOUS SYSTEM
Brain + + 4+ 4+ = = = e e e e e — e e e e = = =

| X+ 2
1=+ 2
1+ 4
|+ 2
+
| X+ Z
P+
S
[ 4
|+ 2
1M+ 2
| ™+ 2
| M+ 2
[ E 4
|+ 2
|+ 4
| M+ 2
[ R
|+ 2
+
| H+ 2

Z
2
4
Z
Z
4
Z
2
2
4
4
Z
Z
Z
4
Z
2
2
4
4
2

BODY CAVITIES
Pleura N
Alveolar/bronchiolar carcinoma, metastatic
Peritoneum N N NNNDNNNNNNNNNNNNNNN
Mesothelioma, NOS
Tunica vaginalis T o+ + + + + + o+ 4+ o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+
Mesothelioma, NOS

Z
z
2
z
2
Z
Z
2
Z
2,
Z
2
2
Z
2
Z
4
2
Z
2

H+ 2 2

2
Z

ALL OTHER SYSTEMS

Multiple organs, NOS N NN NNDNINNDNDNNDNNNNDNNNNDNNNDNNNNNNNN
Leukemia, mononuclear cell X X
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TABLE A2, INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE

.RATS: LOW DOSE

(Continued)
- ANIMAL OF O Oof O Of of of of o of ¢ Of O] O Of OF Of o O o of of of 0
NUMBER 1 1 1 20 2] 2 2 21 2 2 2 8 3 8 3| 3 3] 3| 4 4 4] 4 4 4| 4
2l 3 4 1 24 4 5 6 7 8 9 1 3 4 6 7 8 9 o 1 3 4 5 7 8
'OTAL:
WEEKS ON T 17 10 17 11 1% 17 1y 1 1] 17 17 17 I 17 11 1] 1f 1] 17 1f 1f I 1 ISSUES
STUDY 0l O O Of 0of o of of 0o o o O o0 o o o o o o o0 o o o 0 0 UMORS
4 4] 4] 4 4| 4] 4 4| 4 4] 4] 4| 4] 4] 4 4| 4| 4| 4] 4 4 4 4 4] 4
INTECGTUMENTARY SYSTEM
Skin N + NNNN 4+ NNNDNDNDNNNNNNNNNN + NN *50
Blasal cell tumor 1
Keratoacanthoma X 1
Subecutaneous tissue N + NNNDN 4+ NNNDNDNNNDNNNNNNNNDNN + NN *50
Sarcoma, NOS 1
Fibroma 3
Fibrosarcoma X !
Meurilemoma, malignant X 5
RESPIRATORY SYSTEM
Lungs and bronchi - = - - =+ = = = = 4 = = = = = - e - - - - = = = 10
Carcinoma, NOS, metastatic X 1
Alvenlar/ronchiolar adenoma L
Alveolarfbronchiolar carcinoma X L
Sarcoma, NOS, metastatic 1
Trachea T i 3
Neurilemoma, invasive 1
Nasal cavity I T T ) 0
AEMATOPOIETIC SYSTEM
Bene marrow - - = = = = = = = s~ . = s e e e e s = - = - = - 4
Splsen + + + + + + ~ F 4+ 4+ 4+ + 4+ + + + F + + A+ o+ + + + + 49
Laukemia, mononuclear cell X 2
Li mpt. nodes - = = = = = = = = = = = = == = e = - - - = - - - 2
Thymus T T T T R 4
CIRCULATORY SYSTEM
Heart e T
Sarcoma, NOS, metastatic
Mesothelioma, NOS
DIFESTIVE SYSTEM
Oral cavity N NNNNDNNDNNNINNDNNDNNNNIDNNIDNNNNNNN *50
Fapilloma, NOS X ;
Salivary gland -+ - - - - -+ = - - - - - - - = - - - = + - - 14
Carcinoma, NOS X 1
MNeurilemoma, malignant 2
Liver - - -+ + + - - - - - - = =+ 4+ === - - - - == 17
Neoplastic nodule 1
Bile duet - - =+ + = = = = =~ = e = = = - = = = = = 17
Carcinoma, NOS X 1
Ea nc}r‘e as e T T R e R T T :
sophagus R R - T R
Stomacgu i T I R 10
Smiall :ntestine - - = = = = = = = e = e - e b = = - b = === == 6
Large intestine - - - - -+ - - - - - - - =4 = = = = = = =- == 7
URINARY SYSTEM
Kidney -+ - -+ + - - - - -+ - -+ + -+ - - - + + + - 18
Urinary bladder - m = = e — e = e e e e - = e e - - = = = = = = 4
ENDOCRINE SYSTEM
Pituitzry -+ - - + 4+ - - + =~ - = %+ + + = - F = = - - + - = 18
Adenoma, NOS X X X X X X X 10
Meningioma 1
Adrenal e T R R 7
Fhaochromocytoma X X 2
Thyroid + -+ -+ + - -+ -+ = = = = + - - = = - - 4+ - 14
Fallicular cell carcinoma X 1
C-cell adenoma X X X 5
Parathyroid - - - - - - - - - - - - - = - - - - = - 1
REPRODUCTIVE SYSTEM B - )
Mammrary gl