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NH2 HCI 

c) 
Cl 

p-CHLOROANILINE HYDROCHLORIDE 

CAS NO. 20265-96-7 

C6H6NC1 HC1 Molecular weight 164.1 

Synonyms: l-amino-4-chlorobenzene hydrochloride; 4-chlorophenylamine hydrochloride; 
4-chlorobenzenamine hydrochloride 

ABSTRACT 

p-Chloroaniline has a large production volume and is used as  a dye intermediate. Toxicology and car- 
cinogenesis studies of p-chloroaniline (greater than 99% pure) were conducted by administering p-  
chloroaniline hydrochloride in water by gavage to groups of F344/N rats and B6C3F1 mice of each sex 
for 16 days, 13 weeks, or 2 years. Vehicle controls were given deionized water by gavage. All doses 
were calculated as  p-chloroaniline; the chemical was administered as the hydrochloride after dissolu- 
tion in water containing molar equivalents of hydrochloric acid. Genetic toxicology studies were con- 
ducted in Salmonella typhimurium, mouse L5178Y lymphoma cells, and Chinese hamster ovary 
(CHO) cells. Hematologic parameters were measured at the end of the 13-week studies and at 6, 12, 
18, and 24 months in the 2-year studies. Supplemental studies of the distribution and disposition of p -  
chloroaniline were conducted in male F344 rats. 

Sixteen-Day and Thirteen-Week Studies: In the 16-day studies, male and female rats arid mice re- 
ceived 25, 50, 100, 200, or 400 mg/kg of body weight. The vehicle controls received deionized water. 
All rats and mice that received 200 or 400 mg/kg died during the first 6 days of the studies. Some 
deaths occurred in each of the lower dose groups of mice. Splenic enlargement was  observed a t  nec- 
ropsy in rats administered 25,50, or 100 mg/kg. Congestion of the spleen and hemosiderin deposition 
in the renal cortical tubular epithelial cells were observed at 100 mg/kg in male and female rats. 
Compound-related lesions in mice included hemosiderosis of the liver Kupffer cells and congestion of 
the spleen. 

In the 13-week studies, 10 rats of each sex were administered doses of 0 , 5 ,  10,20,40,  or 80 mg/kg. All 
male rats lived to the end of the 13-week studies. One of 10 female rats that  received 80 ,mg/kg died 
from unknown causes. The final mean body weights of rats that  received 80 mg/kg were 16% lower 
than that of vehicle controls for males and 4% lower for females. In the 13-week studies in mice, 10 
animals of each sex were administered doses of 0, 7.5, 15, 30, 60, or 120 mg/kg. Deaths in mice were 
not related to p-chloroaniline hydrochloride administration. The final mean body weights of dosed 
and vehicle control mice were similar. In both rats and mice, no chemically related effects on organ 
weights were observed a t  necropsy, except for the spleen, which was enlarged as  a function of increas- 
ing dose. Methemoglobin was increased in dosed groups and resulted in a secondary anemia, the se- 
verity of which was dose related. Compound-related lesions observed histologically, including pig- 
mentation (hemosiderin) in the kidney, spleen, and liver and hematopoiesis in the liver and spleen, 
reflected the response to the hemolytic anemia and methemoglobinemia induced by p-chloroaniline 
hydrochloride, 
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Based on these results, groups of 50 rats of each sex were administered 2, 6, or 18 mg/kg p-chloro- 
aniline hydrochloride in water by gavage, 5 days per week for 103 weeks. Croups of 50 mice of each 
sex were administered 3,10, or 30 mg/kg on the same schedule. 

Metabolism and Disposition Studies in  Rats: The metabolism and disposition studies in F344/N rats 
showed that metabolic and excretory pathways were not saturated by p-chloroaniline administered 
orally at doses ranging from 0.3  to 30 mg/kg. p-Chloroaniline was rapidly metabolized and excreted 
primarily in urine with a half-life of approximately 2 hours. 

Body Weight and Survival i n  the Two-year Studies: Mean body weights of dosed rats were generally 
within 5% of those of vehicle controls throughout the studies. The survival of the low and mid dose 
groups of male rats and of the low and high dose groups of female rats was significantly greater than 
that of the vehicle controls (male: vehicle control, 18/49; low dose, 32/50; mid dose, 32/50; high dose, 
21/50; female: 27/50; 39/50; 36/50; 37/50). The increased survival was attributed to the decreased in- 
cidences of mononuclear cell leukemia. Mean body weights of high dose male and female mice were 
generally within 5% of those of vehicle controls throughout the studies. The survival of the mid dose 
group of male mice was lower than that of the vehicle controls after week 99 (male: 43/50; 36/50; 
29/50; 35/50; female: 39/50; 42/50; 44/50; 41/50). 

Nonneoplastic and Neoplastic Effects i n  the Two-year Studies: Fibrosis of the spleen was increased in 
dosed male and high dose female rats (male: vehicle control, 3/49; low dose, 11/50; mid dose, 12/50; 
high dose, 41/50; female: 1/50; 2/50; 3/50; 42/50). Cellular infiltration of lipocytes (fatty metaplasia) 
was observed in the spleen a t  increased incidences in high dose rats (male: 0149; 0150; 0150; 24/50; fe- 
male: 0150; 0150; 0150; 11/50). The incidence of uncommon sarcomas of the spleen in high dose male 
rats was significantly greater than that in the vehicle controls (fibrosarcomas, osteosarcomas, or he- 
mangiosarcomas, combined: 0149; 1/50; 3/50; 38/50). Many of these tumors metastasized to one or 
more sites. In female rats, one fibrosarcoma of the spleen was found in a mid dose animal, and one os- 
teosarcoma of the spleen was found in a high dose animal. The historical incidence of splenic con- 
nective tissue sarcomas (all types) in water gavage vehicle controls is 11298 (0.3%) for male rats and 
01297 for female rats. The historical incidence of hemangiosarcomas in water gavage controls is 01300 
for male rats and 1/297 (0.3%) for female rats. 

Adrenal medullary hyperplasia was observed a t  an increased incidence in high dose female rats (4150; 
4/50; 7/50; 24/50). Marginally increased incidences of pheochromocytomas were seen in high dose 
male (13149; 14/48; 15/48; 26/49) and female (2150; 3/50; 1/50; 6/50) rats. The historical incidence of 
pheochromocytomas in water gavage vehicle control male F344/N rats is 1211299 (40% k 16%); the 
historical incidence in water gavage vehicle control female F344/N rats is 20/295 (7% k 2%). 

The incidences of mononuclear cell leukemia in dosed male and female rats were lower than those in 
vehicle controls (male: 21/49; 3/50; 2/50; 3/50; female: 10/50; 2/50; 1/50; 1/50). The incidences of 
malignant lymphomas in dosed male and female mice were lower than those in vehicle controls 
(male: 10150; 3/49; 9/50; 3/50; female: 19/50; 12/50; 5/50; 10/50). 

Hematologic and methemoglobin measurements were made on blood samples collected from 15 ran- 
domly selected male and female rats per dose group a t  6, 12, 18, and 24 months. In general, the high 
dose group at various intervals showed mild hemolytic anemia and dose-related increases in 
methemoglobin. 

In rats, compound-related nonneoplastic lesions were seen histopathologically in the bone marrow, 
spleen, and liver. These lesions included bone marrow hyperplasia, hepatic hemosiderosis, and 
splenic fibrosis and suggest compound-related effects on the hematopoietic system in general, the 
erythropoietic system specifically, and mesenchymal cells in the spleen. 
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In male mice, the incidence of hemangiosarcomas of the liver or spleen in high dose male mice was 
greater than that in the vehicle controls (4/50; 4/49; 1/50; 10/50). The historical incidence of heman- 
giomas or hemangiosarcomas a t  all sites (combined) in water gavage vehicle control male B6C3F1 
mice is 11/350 (3% * 3%). 

The incidences of hepatocellular adenomas or carcinomas (combined) were increased in dosed male 
mice (1 1/50; 21/49; 20/50; 21/50), primarily due to increased incidences of hepatocellular carcinomas 
(3/50; 7/49; 11/50; 17/50). Hepatocellular carcinomas metastasized to the lung in 1/50 vehicle control, 
1/49 low dose, 2/50 mid dose, and 9/50 high dose male mice. The historical incidence of hepatocellular 
neoplasms in water gavage vehicle controls is 106/347 (31% -t 6%). 

Genetic Toxicology: p-Chloroaniline was mutagenic in 5'. typhimurium strains TA98 and TA100 in 
the presence of exogenous metabolic activation; no increase in revertant colonies was observed in 
strains TA97, TA1535, or TA1537. p-Chloroaniline induced trifluorothymidine (Tft) resistance in 
mouse L5178Y lymphoma cells with and without metabolic activation. In cultured C€IO cells, treat- 
ment with p-chloroaniline produced significant increases in sister chromatid exchanges (SCEs) both 
with and without metabolic activation (S9); chromosomal aberrations were significantly increased 
only in the presence of S9. 

Audit:  The data, documents, and pathology materials from the 2-year studies of p-chloroaniline have 
been audited. The audit findings show that the conduct of the studies is documented adequately and 
support the data and results given in this Technical Report. 

Conclusions: Under the conditions of these 2-year water gavage studies, there was clear evidence of 
carcinogenic activity* of p-chloroaniline hydrochloride for male F344/N rats, as  indicated by increased 
incidences of uncommon sarcomas of the spleen. Pheochromocytomas of the adrenal gland may also 
have been associated with chemical administration. There was equivocal evidence of carcinogenic ac- 
tivity of p-chloroaniline hydrochloride for female F344/N rats, as indicated by the presence of uncom- 
mon sarcomas of the spleen in one mid and one high dose animal and the increased incidence of pheo- 
chromocytomas of the adrenal gland. There was some evidence of carcinogenic activity of p-chloro- 
aniline hydrochloride for male B6C3F1 mice, as indicated by increased incidences of hepatocellular 
neoplasms and of hemangiosarcomas of the liver or spleen. There was no evidence of carcinogenic ac- 
tivity of p-chloroaniline hydrochloride for female B6C3F1 mice administered 3, 10, or 30 mg/kg by ga- 
vage for 2 years. 

The incidences of mononuclear cell leukemia in male and female rats and of malignant lymphomas in 
male and female mice were decreased by administration of p-chloroaniline hydrochloride. Com- 
pound-related splenic fibrosis was present in male and female rats. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 7. 
A summary of the Peer Review comments and the public discussion on  this Technical Report appears on  page 10. 

5 p-Chloroaniline Hydrochloride, NTP TR 351 



SUMMARY O F  THE TWO-YEAR GAVAGE STUDIES O F  p-CHLOROANILINE HYDROCHLORIDE AND 
GENETIC TOXICOLOGY STUDIES O F  p-CHLOROANILINE 

Male F344/N Rats Female F344/N Rats Male B6C3F1 Mice Female B6C3F1 Mice 

Doses 
2,6, or 18 mgkgp-chloroani- 
line in acidified water, 5 d/wk; 
vehrcle controls received vehicle controls received 5 d/wk; vehicle controls 5 d/wk; vehicle controls 
deionized water deionized water received deionized water received deionized water 

Body weights in the 2-year study 
Dosed groups within 5% of 
vehicle controls vehicle controls ofvehicle controls of vehicle controls 

Survival rates in the 2-year study 
18/49; 32/50; 32/50; 21/50 

Nonneoplastic effects 
Fibrosis of the spleen (3149; 
11/50; 12/50; 41/50) 

Neoplastic effects 
Sarcomas of the spleen Sarcomas of the spleen Hepatocellular adenomas None 
(0149; 1/50; 3/50; 38/50); (0/50; 0/50; 1/50; 1/50); or carcinomas (combined) 
pheochromocytomas of the pheochromocytomas of the (1 1/50; 21/49; 20150; 21/50); 
adrenal gland (13149; 14/48; adrenal gland (2150; 3/50; hemangiosarcomas (460; 
15/48; 26/49) 1/50; 6/50) 4/49; 1/50; 1060) 

Level of evidence of carcinogenic activity 
Clear evidence Equivocal evidence Some evidence No evidence 

Other considerations 
Decreased incidences Decreased incidences Decreased incidences Decreased incidences 
of leukemia (21149; 3/50; of leukemia (1060; 2/50; of lymphomas (10/50; 3/49; of lymphomas (19/50; 
2/50; 3150) 1/50; 1/50) 9/50; 3/50) 12/50; 5/50; 10150) 

Genetic toxicology 

2,6, or 18 mgkgp-chloroani- 
line in acidified water, 5 d/wk; 

3,10, or 30 mgkgp-chloro- 
aniline in acidified water, 

3,10, or 30 mglkg p-chloro- 
aniline in acidified water, 

Dosed groups within 5% of Dosed groups within 5% Dosed groups within 5% 

27/50; 39/50; 36/50; 37/50 43/50; 36/50; 29/50; 35/50 39/50; 42/50; 44/50; 41/50 

Fibrosis of the spleen (1/50; 
2/50; 3/50; 42/50) 

Salmonella Mouse L5178YmK”- CHO Cells in Vitro 
(gene mutation) (Tft resistance) SCE Aberration- 

Positive with S9; Positive with and without S9 Positive with Positive with S9; 
negative without S9; and without S9 negative without S9 
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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 
1,he 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 ofexposure. Thus, the actual determination of risk to humans from chemicals found to be carcinogenic in labora- 
1;ory 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 ofthe 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 ofthe experimental evidence and not to either potency or mechanism. 

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 ofbenign neoplasms if there is an  indication from this or other studies of the ability of such tumors to progress 
to malignancy. 

0 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. 

Equivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a mar- 
ginal increase of neoplasms that may be chemically related. 

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

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 ofthe experimental design and conduct; 
Occurrence of common versus uncommon neoplasia; 

0 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, i t  
is impossible to identify the difrerence. Therefore, where progression is known to be a possibility, the most prudent 
course is to assume tha t  benign neoplasms ofthose types have the potential to become malignant; 
Combining benign and malignant tumor incidences known or thought to represent stagesofprogression in the same or- 
gan or tissue; 

0 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 ofdose 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 CAKCINOGENESIS STUDIES OF 

p-CHLOROANILINE HYDROCHLORIDE 

On April 18,1988, the draft Technical Report on the toxicology and carcinogenesis studies of p-chloro- 
aniline hydrochloride received public review by the National Toxicology Program Board of Scientific 
Counselors' Technical Reports Review Subcommittee and associated Panel of Experts. The review 
meeting was held a t  the National Institute of Environmental Health Sciences (NIEHS) ,  Research 
Triangle Park, North Carolina. 

Ilr. R.S. Chhabra, NIEHS, began the discussion by reviewing the experimental design, results, and 
proposed conclusions (clear evidence of carcinogenic activity for male rats, equivocal evidence of car- 
cinogenic activity for female rats, some evidence of carcinogenic activity for male mice, no evidence of 
carcinogenic activity for female mice). 

Ilr Sivak, a principal reviewer, agreed with the conclusions. However, he suggested that the un- 
usually low hepatic tumor incidence in vehicle control male mice, coupled with a tumor yield in high 
dose male mice not much above the historical control range, might be mentioned. Dr. Chhabra 
agreed and pointed out that the effects were mainly due to carcinomas and, further, that there was 
considerable metastasis of these tumors to the lung (1/50, vehicle controls vs. 9/50, high dose). Dr 
Sivak stated that inclusion of pharmacokinetic data indicating that saturation was not reached, even 
at the highest dose, w a s  a n  important addition to the data base. He suggested deleting the specula- 
tion that increased sensitivity to aniline toxicity was based on differences in a single erythrocyte en- 
~:yme, and Dr Chhabra agreed 

Dr. Hughes, the second principal reviewer, agreed with the conclusions. He requested a n  explanation 
for poor survival in male and female vehicle control rats compared with that in dosed groups. Dr 
Chhabra noted that there appeared to be a correlation with a marked negative trend for mononuclear 
cell leukemia. Dr. Hughes thought that the addition of structure-activity data on genetic toxicity, 
carcinogenicity, and other effects for the aniline compounds was useful. 

Dr. Gallo, the third principal reviewer, agreed with the conclusions, although he argued that if rarity 
of'the tumors is the criterion for the level of evidence, then the level in female rats should be the same 
as that in male rats. Dr. J. Haseman, NIEHS, said that to his knowledge, the Program had never 
made a call above equivocal evidence based on a single tumor, regardless of rarity. Dr. Gallo com- 
mented that there were marked increases in methemoglobinemia for both rats and mice in the 13- 
week studies, even at the lowest doses, and suggested that chronic methemoglobinemia could be a n  
appropriate criterion for dose selection for this type of compound. 

In  response to inquiries as  to why the 1979 NC1 studies (NC1 Technical Report No. 189) were re- 
peated, Dr. Chhabra said p-chloroaniline was considered to be a good candidate for restudy because 
the findings from the NC1 studies were unclear as to carcinogenicity and because of the nature of the 
chemical and the degree of industrial exposure of humans. Dr. J. Huff, NIEHS, added that three of 
the four previous studies were equivocal, the duration of exposure was only 18 months, and the ga- 
vage route was used in the current studies. 

Dr. Sivak moved that the Technical Report on p-chloroaniline hydrochloride be accepted with the re- 
visions discussed and with the conclusions as  written: for male rats, clear evidence of carcinogenic ac- 
tivity; for female rats, equivocal evidence of carcinogenic activity; for male mice, some evidence of 
carcinogenic activity; and for female mice, no evidence of carcinogenic activity. Dr. Hughes seconded 
the motion, which was approved by eight members, with one abstention (Dr. Ashby). 
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11, INTRODUCTION 

Cl 

p-CHLOROANILINE HYDROCHLORIDE 

CAS NO. 20265-96-7 

C6H6NC1 HCl Molecular weight 164.1 

Synonyms: 1-amino-4-chlorobenzene hydrochloride; 4-chlorophenylamine hydrochloride; 
-4-chlorobenzenamine hydrochloride 

lhhysical a n d  Chemical Properties 

1) (:hloroaniline forms colorless orthorhombic 
crystals and has a melting point of 72.5" C and a 
boiling point of 232" C. It  is soluble in hot water 
arid freely soluble in alcohol, ether, acetone, and 
c<nrbon disulfide (Merck, 1983). p-Chloroaniline 
(!W% pure) was used to prepare p-chloroaniline 
h i,drochloride solutions for administration to 
a III i mals. 

Use, Product ion,  a n d  Exposure  

j) I :hloroaniline is a n  aromatic amine widely 
uwd in the dye, chemical, textile, rubber, and 
other industries (Beard and Noe, 1981). p-Chlo- 
rmniline is used as an  intermediate in the man- 
ul'iicture of more than  10 dyes and pigments 
(( hlour Index, 1956) and has been detected as a 
dtigradation product in some pharmaceutical 
preparations (Ciarlone et  al., 1976). In rats, p -  
chloroaniline is one of the metabolites of the 
urea herbicides monuron, buturon, and mono- 
linuron (Ernst, 1969; Hargesheimer et  al., 1981). 
Monuron is carcinogenic in male rats, causing 
inrreased incidences of tubular cell adenocarci- 
nnirnas of the kidney, tubular cell adenomas of 
the kidney, and neoplastic lesions of the liver 
(NTP, 1988). p-Chloroaniline has  also been 
idrntified as a degradation product of 4,4'- 
di1::liiloro-3-(trifluoromethyl)carbanilide, a n  ac- 
tive component of deodorant bars (Demers and 
Yates, 1977). 

Specific production data for p-chloroaniline are  
not available; however, the Toxic Substance 
Control Act (TSCA) Inventory listed two com- 
panies tha t  manufactured p-chloroaniline in  
1977 (USEPA, 1978). One company reported 
that it produced between 100,000 pounds and 
1,000,000 pounds; the other company did not re- 
port i ts  production volume in  the  nionconfi- 
dential portion of the TSCA inventory. Four 
companies were reported to import p-chloro- 
aniline in 1977. Of these four, two reported a 
combined import volume of between 10,000 and 
101,000 pounds; the other two companies did not 
report import volumes. 

No data are  available on the number of workers 
exposed to this chemical, but the use pattern of 
p-chloroaniline suggests an exposure potential 
to workers in the dye, agricultural, and chemical 
industries. It is also a potential food contami- 
nant because of its release as a metabolic degra- 
dation product from herbicides used in agricul- 
ture. Aromatic organochlorine compounds are  
known to be persistent in the aquatic environ- 
ment. Schauerte et  al. (1982) studied the long- 
term fate of hexachlorobenzene, pentachloroben- 
zene, and p-chloroaniline in small experimental 
ponds in southern Germany. The chemicals, 
with added 14C-labeled tracers, were applied to 
the ponds for 4-6 weeks in amounts suf'ficient to 
maintain a n  average concentration of 50 p g l  
liter. Chemical residue concentrations were de- 
termined in water, sediment, flora, and fauna up 
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I. INTRODUCTION 

t o  166 weeks after application. Residues of these 
compounds were initially present in the biota a t  
relatively high concentrations; concentrations of 
residue slowly built up and then declined in the 
sediment. Suss et al. (1978) studied the degrada- 
tion of aniline, p-chloroaniline, and 3,4-dichloro- 
aniline in four different soil types in the labora- 
tory and reported low degradation rates  and 
strong adsorption for the chloroanilines, sug- 
gesting accumulation in the soil. However, ac- 
cording to Freitag et al. (1984), laboratory soil 
mobility studies, which normally have much 
higher leaching rates and shorter time spans 
than those conducted under environmental con- 
ditions, are not suitable for predicting the long- 
'term behavior of p-chloroaniline. 

Absorption, Distribution, Metabolism, and 
Excretion 

p-Chloroaniline is readily absorbed through skin 
and from the gastrointestinal tract after oral ad- 
ministration. I t  causes more intense methemo- 
globinemia after dermal exposure than  after 
oral exposure, suggesting greater or more rapid 
hepatic metabolism following absorption from 
the gastrointestinal tract (Gosselin e t  al., 1984). 
[)istribution and excretion studies of [14Clp- 
chloroaniline hydrochloride in ra ts  showed that 
p-chloroaniline is excreted rapidly after oral ad- 
ministration at 0.3, 3.0, or 30 mg/kg (Perry et  
al., 1981a,b; Appendix H). Within 24 hours, 81% 
of the administered dose appeared in urine and 
10% in feces. An average of 98% of the dose was 
recovered in excreta (87% in urine, 11% in feces) 
'7 days after administration. At day 7, essen- 
t tally all of the remaining radioactivity was lo- 
cated in the erythrocytes. The preliminary re- 
sults from a single intravenous dose (3 mg/kg) 
also revealed an  accumulation of p-chloroani- 
ii ne-derived radioactivity in erythrocytes. The 
ratio of concentration of p-chloroaniline in  
erythrocytes to that in plasma increased with 
1.ime and was 2:l a t  2 hours, 20:l a t  12 hours, 
and 74:l a t  2 days. These studies also revealed 
that pchloroaniline administered to F344 rats 
by intravenous injection w a s  rapidly N-ace- 
t,ylated to p-chloroacetanilide as the first step in 
metabolism and excretion. The absence of any p- 
chloroacetanilide in urine indicated further me- 
t,abolism before excretion. 

Concurrent disposition studies in mongrel dogs 
and in NJ and Swiss Webster mice also were 
performed by Perry et al. (1981a,b). Dogs ad- 
ministered 3 mg/kg [14C]p-chloroanil ine by in- 
travenous injection excreted 93% of the radioac- 
tivity in urine and 3% in feces within 2 days, 
whereas mice of both strains eliminated 75% in 
urine and 10% in feces in a similar time period; 
recovery of mouse urine was probab1.y not com- 
plete. For all species, the disappearance of total 
radioactivity from whole blood displayed two- 
phase decay kinetics, but the rates  were sub- 
stantially different. The initial decay constants 
in both strains of mice were 10 times greater 
than those in dogs and rats, and the terminal 
rates were greater by a factor of 2 to 4 The half- 
life of the radioactivity in plasma was similar in 
F344 rats and dogs. Dogs and rats rapidly elimi- 
nated the parent compound in a manner best de- 
scribed by biexponential decay kinetics, with a 
half-life of less than 10 minutes foi- the first 
phase and 1.5-4.6 hours for the second phase. 
The parent compound could not be detected after 
4 hours in dogs and rats or after 1 hour in mice. 
p-Chloroaniline clearance by mice was too rapid 
to permit calculation of the kinetic parameters. 

The biologic activity, including mutagenicity 
and carcinogenicity, of a number of aromatic 
amines may be due to their N-hydroxy metabo- 
lites (Poirier and Weisburger, 1972; Weisburger 
and Weisburger, 1973; Selkirk, 1980). A num- 
ber of in vitro studies have shown N-oxidation of 
p-chloroaniline by the hepatic microsomal cyto- 
chrome P450 system (Smith and Gorrod, 1978; 
Liu and Franklin, 1984; Hlavica, 1984). N-oxi- 
dation of p-chloroaniline during lipid peroxida- 
tion promoted by various mechanisms in rabbit 
liver microsomal preparations was also reported 
(Golly et  al., 1984). In addition, based on in vitro 
studies of the N-oxidation of p-chloroaniline by 
rabbit hemoglobin, Golly and Hlavica (1983) 
proposed that erythrocytes may be a site of bio- 
activation of aromatic amines. This proposal of' 
a reactive intermediate produced by, and react- 
ing with, erythrocytes would be consistent with 
the observed persistence of p-chlo roaniline- 
derived radioactivity in erythrocytes by Perry et 
al. (1981a,b). However, this conclusion has not 
been confirmed because it was not possible to ex- 
tract the p-chloroaniline-derived radioactivity 
from erythrocytes.  Microbial oxidation of 
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I. INTRODUCTION 

p-chloroaniline was shown by Kaufman e t  al. 
(1973); Corbett et al. (1980) demonstrated the N- 
oxidizing action of the fungal enzyme chloride 
peroxidase in vitro. 

Genetic Toxicology 

p-Chloroaniline h a s  been tested for m u t a -  
genicity by numerous laboratories in bacterial 
assays with Escherichia coli and Salmonella 
typhimurium. Test results reported in the liter- 
ature were generally negative (Garner and Nut- 
man, 1977; Pai e t  al.,  1978; Rosenkranz and 
Poirier, 1979; Seuferer et  al., 1979; Gilbert et  al., 
1980; Zimmer e t  al . ,  1980; Thompson e t  al.,  
1983) with two exceptions: a positive response 
for gene mutation in S .  typhimurium s t ra in  
TA98 in the presence of S9 metabolic activation 
(Dunkel e t  al . ,  1985) and the observation of 
growth inhibition due to DNA damage in E. coli 
polA+/polA- (Rosenkranz and Poirier, 1979). p -  
Chloroaniline was tested for mutagenicity in S. 
typhimurium for the NTP by three independent 
laboratories. Mutagenic activity was observed 
by two laboratories in strain TA98 in the pres- 
ence of Aroclor 1254-induced male Sprague 
Dawley rat or Syrian hamster S9, and one labo- 
ratory noted a n  increase in revertant colonies in 
strainTAlOO in the presence of hamster S9 only. 
No mutagenic activity was reported in strains 
TA97, TA1535, or TA1537 (Mortelmans et al.,  
1986; Table 27). Several of the negative studies 
that were reported in the l i terature tested p -  
chloroaniline within dose ranges similar to those 
used by the NTP laboratories (1,000-2,000 
pglplate). 

In addition to the bacterial assays, gene muta- 
tion was also reported in Aspergillus nidulans 
after administration of 200 pg/ml p-chloroani- 
line in the absence of exogenous metabolic ac- 
tivation (Prasad, 1970) and in cultured mouse 
L5178Y lymphoma cells both with and without 
Aroclor 1254-induced male F344 ra t  liver S9 
(Myhr and Caspary, 1989; Table 28). 

Treatment of primary hepatocyte cultures from 
adult male F344 rats with 20 pg/ml p-chloroani- 
line was reported to induce unscheduled DNA 
synthesis (UDS) (Williams et  al., 1982); another 
such investigation detected no induction of UDS 
a t  doses of 6.35 pg/ml and lower and found 

toxicity at all  doses grea te r  t h a n  10 pg/ml 
(Thompson et al., 1983). Therefore, it  may be 
that only doses within a narrow range close to 
toxic levels elicit a positive response in this 
assay. 

The NTP tested several structural analogs of p -  
chloroaniline for mutagenic activity, including 
aniline, o- and m-chloroaniline, and p-bromoani- 
line. All these compounds produced a negative 
response in the Salmonella gene mutation assay 
(Haworth et al., 1983; Zeiger et  al., 1987). Ani- 
line and m-chloroaniline induced SCEs in cul- 
tured CHO cells with and without S9 from Aro- 
clor 1254-induced male Sprague Dawley r a t  
liver; both compounds also induced chromosomal 
aberrations in this test system, but aniline re- 
quired the addition of S9 for a positive response 
(Galloway et  al., 1987). Aniline induced triflu- 
orothymidine (Tft) resistance in mouse L5178Y 
lymphoma cells with and without Aroclor 1254- 
induced male F344 r a t  l iver S9 (Myhr and  
Caspary, 1989; Mitchell et al., 1989). F’ublished 
reports on the absence of mutagenic activity of 
aniline, p-bromoaniline, and m-chloroaniline in 
bacteria support the NTP results (Garner and 
Nutman, 1977; Simmon, 1979; Chung e t  al . ,  
1981; De Flora, 1981; Probst et  al., 1981; Ashby 
et  al., 1983; Thompson et  al., 1983). Alt,hough o- 
chloroaniline was reported to be nonmutagenic 
in Salmonella,  i t  was observed to produce 
growth inhibition due to DNA damage in E. coli 
strain polA+/polA-, with and without S9 acti- 
vation (Rosenkranz and Poirier, 1979; Rosen- 
kranz and Leifer, 1980). The only reported ge- 
netic effects of aniline exposure were the induc- 
tion of SCEs in vitro (Wilmer et al., 1981; Tohda 
et al., 1983) and in vivo (Parodi et al., 1983) and 
DNA damage as  determined by alkaline elution 
sedimentation in l iver and  kidney cells of 
Sprague Dawley rats administered 420 mg/kg 
aniline; no DNA damage was observed in the 
spleen cells of these rats (Parodi et al., 1982a,b). 
Swiss mice administered identical doses of ani- 
line showed no liver, kidney, or bone marrow 
DNA damage (Parodi et al., 1982a). No induc- 
tion of UDS was observed in primary hepatocyte 
cultures from F344 rats, DS-1 mice, or Syrian 
golden hamsters; the cultures contained 1 x 

M aniline (Williams, 1981; 
McQueen et  al., 1981). 

or 1 x 
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Mutagenicity information is available on p- 
aminophenol, one of the purported metabolites 
of pchloroaniline (Ichikawa et  al., 1969). Al- 
though p-aminophenol is not generally observed 
to be mutagenic in  Salmonella (NTP unpub- 
lished results;  Garner  and Nutman,  1977;  
Degawa et al., 1979; Thompson et al . ,  19831, 
there is one report of a positive response in the 
absence of S9 in S .  typhimurium strain TA1535 
(Wild et  al., 1980). In addition, induction of Tft 
resistance in mouse L5178Y lymphoma cells has 
been reported (Amacher and Turner ,  1982; 
Oberly et  al., 1984) as well as in vivo induction 
of chromosomal aberrations (Mitra and Manna, 
19711, micronuclei (Wild et  al., 1980), and sperm 
head abnormalities (Topham, 1980). Treatment 
of human EBV-transformed lymphoblastoid 
cells with p-aminophenol resulted in inhibition 
of DNA synthesis presumably through al tera-  
tions of the DNA superstructure as noted by 
changes in the sedimentation rate of DNA ex- 
tracts from treated cells (Hayward et al., 1982). 
SCE induction in human lymphocytes was re- 
ported after exposure to p-aminophenol (Take- 
hisa and Kanaya, 1982). 

Toxicity and Carcinogenicity 

The dominant toxic effect of aromatic amines is 
methemoglobin formation (Beard and  Noe, 
1981). Specific information on p-chloroaniline 
toxicity in humans is limited. Short-term expo- 
sure to p-chloroaniline produces cyanosis, a 
manifestation of methemoglobin formation that 
could develop with or without loss of hemo- 
globin. Medical intervention is required when 
methemoglobin levels are at or above 10% in the 
blood of humans. Long-term exposure could pro- 
duce reversible anemia (Linch, 1974). p-Chloro- 
aniline administered dermally induces more in- 
tense methemoglobin formation than when ad- 
ministered orally (Gosselin e t  al., 1984). A 
threshold limit value for aniline and its homo- 
logs has been set at 2 ppm for dermal exposure 
(ACGIH, 1988-89). McLean et al. (1969) studied 
methemoglobin formation in cats by a number of 
substituted anilines including p-chloroaniline, 
These studies showed that chloro- and bromo- 
anilines, especially the 3- and 4-halo compounds, 
tend to produce a long-lasting methemoglobin 
response. The oral LD50 value in rats for p-chlo- 
roaniline was reported to be 310 mg/kg, and the 

dermal LD50 value in rabbits was reported to be 
360 mg/kg (Smyth et  al., 1962). 

Aniline hydrochloride was carcinogenic for male 
F344/N rats (NCI, 1978a; Gralla et al., 1979). 
Azobenzene (NCI, 1979a), D & C Red No. 9 
(NTP, 1982a), dapsone (NCI, 1977a), and o-tolui- 
dine hydrochloride (NCI, 1979b), all structurally 
related to aniline, are  carcinogens in rats. Car- 
cinogenesis studies on p-chloroaniline in  feed 
were conducted by the National Cancer Institute 
in F344/N rats and B6C3F1 mice of each sex 
(NCI, 1979~).  The dietary concentrations were 
250 and 500 ppm for rats and 2,500 and 5,000 
ppm for mice. The duration of compound admin- 
istration was 78 weeks, followed by an  observa- 
tion period of 24 weeks for rats and 13 weeks for 
mice. Mesenchymal neoplasms (including six fi- 
bromas, one sarcoma, one fibrosarcoma, one os- 
teosarcoma, and one hemangiosarcoma) in the 
spleen of male rats (vehicle control, 0120; low 
dose, 0/49; high dose, 10/49) and hemangioma- 
tous neoplasms in  mice (male: 2/20; 10/50; 
14/50; female: 0/18; 3/49; 8/42) may have been 
related to p-chloroaniline administrati.on. How- 
ever, the conclusions of the studies given in the 
Technical Report were that “sufficient evidence 
was not found to establish the carcinogenicity of 
p-chloroaniline for F344/N ra t s  and B6C3F1 
mice. ” 

p-Chloroaniline is 1 of 17 compounds with a 
chloroaniline moiety which have been evaluated 
or are  under evaluation by the NCI/NTP (Ta- 
ble l ) .  Six of the nine compounds evaluated to 
date were found to be carcinogenic, whereas the 
results of the original p-chloroaniline carcino- 
genesis studies were considered equivocal. 2- 
C h 1 o r o -p- p h e n y 1 e ne  d i a m i n  e s u 1 fa. t e ( N C I ,  
1978b) and 3-chloro-p-toluidine (NCI, 1 9 7 8 ~ )  
were determined not to be carcinogenic in rats or 
mice. 

No epidemiologic study of p-chloroaniline car- 
cinogenicity was available in  the l i terature .  
However, a n  epidemiologic study on an  analog, 
4-chloro-2-methylaniline, indicated the possibil- 
i ty of bladder  cancer  i n  exposed worke r s  
(USEPA, 1986). Other s t ructural ly  re la ted 
chemic a 1 s such  as 4,4 ’ - m e t  h y 1 e n  e b i s ( 2 - 
methylaniline) and toluidine were reported to be 
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TABLE 1. NCI/NTP STUDIES O F  CHEMICALS CONTAINING CHLOROANILINE MOIETIES 

NTP Testing Status 
Genetic Toxicity Carcinogenicity 

Structure Chemical CAS Number and Other 

o-Chloroaniline 95-51-2 Negative in Salmonella (Zeiger e t  Not evaluated for 
al., 1987) carcinogenicity 

& Cl 

Cl 

4, 

rn-C hloroaniline 

p-Chloroaniline 

'-Methylene bis(o-chloroaniline) 

108-42-9 Negative in Salmonella (Zeiger et Not evaluated for 
al., 1987); positive for chromosomal 
aberrations and SCE in CHO cells 

carcinogenicity 

106-47-8 

0 

y 2  2,5-Dichloroaniline 95-82-9 

p-C: hloroaniline Hydrochloride, NTP TR 351 16 

Positive in Salmonella (Mortelmans 
et al., 1986); positive in mouse lym- 
phoma cells (Mitchell et al., 1989; 
Myhr and Caspary, 1989); positive 
for chromosomal aberrations and 
SCE in CHO cells; negative in 
BALBk-3T3 transformation assay; 
positive in Fischer celURauscher 
leukemia virus transformation as- 
say; positive for UDS in primary rat  
hepatocytes 

Equivocal results in 
feed studies in rats 
and mice (NCI, 
1 9 7 9 ~ )  

Positive in Salmonella (Haworth et  Determined - y  4RC 
al., 1983); positive in mouse lym- 
phoma cells (Mitchell et al., 1989; 
Myhr and Caspary, 1989); negative 
for chromosomal aberrations; (IARC, 1974); 
positive for SCE in CHO cells 
(Galloway et  al., 1985); positive in 
BALBlc-3T3 transformation assay; 
positive in Fischer cell/Rauscher 
leukemia virus transformation 
assay; positive for UDS in primary 
rat  hepatocytes; on test in 
Drosophila 

to have sufficient 
evidence ofcarcino- 
genicity in animals 

nominated for repro- 
ductive effects study 

Negative in Salmonella Not evaluated for 
carcinogenicity 



TABLE 1. NCI/NTP STUDIES OF CHEMICALS CONTAINING CHLOROANILINE MOIETIES (Continued) 

S t ruc ture  

NTP Testing S ta tus  
Genetic Toxicity Carcinogenicity 

Chemical CAS Number a n d  Other  

NH2 3,4-Dichloroaniline 
I 

Cl 

COOH Chloraniben 

?H2 4-Chloro-o-nitroaniline qNo2 
Cl 

95-76-1 

133-90-4 

89-63-4 

N H 2  2-Chloro-p-phenylenediamine 61702-44-1 
sulfate qcl H2SO4 

N H 2  

NH2 4-Chloro-o-phenylenediamine 95-83-0 

Q N H 2  

Cl 

N H Z  4-Chloro-m-phenylenediamine 
I 

Cl 

5 13 1-60-2 

Negative for Salmonella 

Positive in Salmonella (Haworth et  
al., 1983); positive for chromosomal 
aberrations and SCE in CHO cells; 
equivocal for sex-linked recessive 
lethals in Drosophila (Valencia e t  
al., 1985) 

Positive in Salmonella (Haworth et  
al., 1983); positive for chromosomal 
aberrations, weakly positive for 
SCE in CHO cells; positive in mouse 
lymphoma assay (Galloway et  al., 
1987) 

Positive in Salmonella (Haworth e t  
al., 1983); positive for chromosomal 
aberrations and for SCE in CHO 
cells 

Positive in Salmonella (Zeiger e t  
al., 1988; Dunkel et al., 1985); posi- 
tive for chromosomal aberrations 
and for SCE in CHO cells 

Positive in Salmonella (Haworth et  
al., 1983; Dunkel e t  al., 1985); posi- 
tive for chromosomal aberrations 
and SCE in CHO cells 

Not evaluated for 
carcinogenicity 

Positive in feed 
studies; hepatocellu- 
lar carcinomas in fe- 
male mice (NCI, 
1977b) 

Short-term gavage 
studies in rats and 
mice; chemical dis- 
position studies in 
rats; on test in sperm 
morphology and vag- 
inal cyt,ologic assays 

Negative in feed 
studies in rats and 
mice (NCI, 1978b) 

Positive in feed 
studies; neoplasms of 
urinary bladder and 
forestomach in rats 
of each sex; hepato- 
cellular carcinomas 
in mice of each sex 
(NCI, 1978d) 

Positiv’e in feed 
studies; adrenal 
gland pheochromo- 
cytomas in male 
rats; hepatocellular 
neoplasms in female 
mice (NCI, 1978e) 
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TABLE 1. NCI/NTP STUDIES OF CHEMICALS CONTAINING CHLOROANILINE MOIETIES (Continued) 

N T P  Testing Status 
Genetic Toxicity Carcinogenicity 

Structure Chemical CAS Number and Other  

N H2 2,6-Dichloro-p-phenylene- 609-20-1 
diamine 

NH2 

y-42  3-Chloro-p-toluidine 95-74-9 

NH2 5-Chloro-o-toluidine 95-79-4 
I 

Positive in Salmonella (Mortelmans 
et  al., 1986); positive in mouse 
lymphoma cells; positive for chro- 
mosomal aberrations and for SCE in 
CHO cells 

Negative in Salmonella (Haworth 
et  al., 1983); positive for chromoso- 
mal aberrations and SCE in CHO 
cells 

Negative in Salmonella (Haworth 
et  al., 1983); negative in mouse 
lymphoma cells; negative in in vitro 
cytogenetics (Galloway et  al., 1987) 

4-Chloro-0-toluidine 3165-93-3 
hydrochloride 

Cl 

Negative in Salmonella (Haworth 
et  al., 1983); positive in mouse 
lymphoma cells; positive for chro- 
mosomal aberrations and for SCE in 
CHO cells (Galloway et  al., 1987) 

2,4-Dichloroaniline 554-00-7 Negative in Salmonella 

Cl 

!H2 2,4,6-Trichloroaniline 634-93-5 On test in Salmonella 

Positive in feed stud- 
ies; hepatocellular 
adenomas or carcino- 
mas (combined) in 
mice of each sex; 
hepatocellular ade- 
nomas in male mice 
(NTP, 1982b); on test 
for chemical 
disposition 

Negative in feed 
studies in rats and 
mice (NCI, 1 9 7 8 ~ )  

Positive in feed 
studies; hemangio- 
sarcomas and hep- 
atocellular carcino- 
mas in mice of each 
sex; not carcino- 
genic in rats (NCI, 
1979d) 

Positive in feed 
studies; hemangio- 
sarcomas and he- 
mangiomas in mice 
of each sex; not carci- 
nogenic in rats (NCI, 
1979e) 

Not evaluated for 
carcinogenicity 

Not evaluated for 
carcinogenicity 

Cl 
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I. INTRODUCTION 

associated with increased deaths from urinary 
bladder cancer in dyestuff factory workers in 
northern Italy (Rubino et al., 1982; Lamb et al., 
1986). 

Study Rationale 

In a previous p-chloroaniline study, rare splenic 
neoplasms were found in dosed male rats; how- 
ever, the number of neoplasms was considered to 
be insufficient to establish clearly the carcino- 
genicity of p-chloroaniline (NCI, 1979~) .  p-Chlo- 
roaniline is unstable in feed, and the animals 
may have received the chemical a t  less than the 
targeted dietary concentration. Thus, the study 

is considered to be inadequate for determining 
carcinogenicity. 

The widespread exposure of workers to p-chloro- 
aniline in the dye, chemical, and pharmaceutical 
manufacturing industries and the structural re- 
semblance of p-chloroaniline to known carcino- 
gens were the rationale for reevaluating this 
chemical for toxicity and carcinogenicity in lab- 
oratory animals. The studies described in this 
report  were conducted in  F344/N r a t s  and 
B6C3F1 mice of each sex a t  three doses. The ga- 
vage route with a water vehicle was selected be- 
cause the chemical was found to be unstable in 
feed. 

19 p-Chloroaniline Hydrochloride, NTP TR 351 
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II. MATERIALS AND METHODS - 

PROCUREMENT AND 
CHARACTERIZATION OF 
p-CHLOROANILINE 

p-Chloroaniline (S2 flaked, technical grade) was 
obtained in one lot (lot no. 127) from E.I.  DuPont 
de Nemours and Company, Inc. (Wilmington, 
Delaware). Purity and identity analyses were 
conducted a t  Midwest Research Institute (MRI) 
(Kansas City, Missouri). MRI reports on the 
analyses performed in support of the p-chloro- 
aniline studies are on file a t  the National In- 
stitute of Environmental Health Sciences. Lot 
no 127 was identified as  p-chloroaniline by in- 
frared (Figure 11, ultraviolet/visible, and nucle- 
a r  magnetic resonance spectra (Figure 2), which 
were consistent with those expected for the 
structure and the spectra in the literature (Sadt- 
ler Standard Spectra). 

Purity was determined by elemental analysis, 
Karl Fischer water analysis, titration of the 
amine component with perchloric acid, thin- 
layer chromatography, and  gas chromatog- 
raphy. Cumulative data indicated that lot no. 
127 was 99.1% pure. Results of elemental analy- 
sis of lot no. 127 were in agreement with theo- 
retical values for carbon, hydrogen, chlorine, 
and nitrogen. Water content was 0.020% by 
Kar l  Fischer titration. Titration of the amine 
group in glacial acetic acid with perchloric acid 
indicated a purity of 98.8%. Thin-layer chroma- 
tography with two different solvent systems 
(ch1oroform:methanol:acetic acid, 95:4: 1, or di- 
ethylamine) showed a single spot. Gas chroma- 
tography performed with a 10% Carbowax 20M 
column indicated one impurity after the major 
peak with an area 0.14% that of the major peak 
and three other impurities, two before and one 
after the major peak, with individual peak areas 
less than 0.1% that of the major peak. A second 
gas  ch romatograph ic  s y s t e m  w i t h  a 3% 
SP2100(DB) column indicated one impurity af- 
ter the major peak with a n  area 0.13% that of 
the major peak and a group of unresolved im- 
purities after the major peak, with a total area 
0.15% that of the major peak. 

PREPARATION AND 
CHARACTERIZATION OF 

DOSE MIXTURES 
p-CHLOROANILINE HYDROCHLORIDE 

All dose mixtures administered to animals in 
these studies were prepared from weighed quan- 
tities of p-chloroaniline dissolved in water con- 
taining hydrochloric acid; all doses refer to the p- 
chloroaniline content of the solution. p-Chloro- 
aniline and molar equivalents of 1.0 N hydro- 
chloric acid were mixed together in a calibrated 
container (Table 2). The resulting p-chloro- 
aniline hydrochloride solutions were diluted to 
the appropriate concentration with deionized 
water and had a pH of approximately 2. The 
solutions were refrigerated for 1 day and filtered 
through filter paper to remove precipitate. The 
stability of p-chloroaniline hydrochloride in wa- 
ter gavage solutions (5 mg/ml as  p-chloroaniline) 
was determined by gas chromatography with a 
3% SP2401 on 100/200 mesh Supelcoport packed 
column after dilutions with methanol and addi- 
tions of biphenyl as a n  internal reference. The 
chemical was found to be stable in water for a t  
least 14 days a t  room temperature. For the 16- 
day and 13-week studies, dose mixtures were 
prepared a t  weekly intervals, placed in foil- 
wrapped containers, and refrigerated until the 
day of dosing. For the 2-year studies, the fil- 
trates were stored in amber bottles a t  5' C and 
were used as  the stock solutions or a s  the dose 
mixtures for the highest dose groups of rats and 
mice. 

Periodic analysis of formulated p-chloroaniline 
hydrochloride in water dose mixtures by ultra- 
violet spectroscopy a t  216 nm was conducted a t  
the study and analytical chemistry laboratories. 
The study laboratory analyzed dose mixtures by 
ultraviolet spectroscopy two times during the 
13-week studies (Table 3). During the 2-year 
studies, the dose mixtures were analyzed a t  ap- 
proximately 8-week intervals. The number of 
times that concentrations were not within speci- 
fications can be extrapolated to indicate the fre- 
quency with which mixtures were formulated 
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TABLE 2. PREPARATION AND STORAGE OF DOSE MIXTURES IN THE GAVAGE STUDIES OF 
p-CHLOROANILINE HYDROCHLORIDE 

Sixteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year  
Studies 

Preparation 
Weighed portions of p-chloroaniline 
mixed with molar equivalent3 of 1.0 N 
hydrochloric acid. Resulting solution 
further diluted to appropriate concen- 
tration with deionized water. Solution 
allowed to stand 1 d and then filtered 
through filter paper. Serial dilutions 
made with deionized water to obtain 
lower dose mixtures 

Maximum Storage Time 
:2 wk 

Same as  16-d studies Same as  16-d studies 

2 wk 2 wk 

Storage Conditions 
5" C in foil-wrapped containers 5" C in foil-wrapped containers 5" C in amber glass containers 

'TABLE 3. RESULTS OF ANALYSIS OF DOSE MIXTURES IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF p-CHLOROANILINE HYDROCHLORIDE 

Concentration of p-Chloroaniline in 
Aqueous Hydrochloric Acid (mg/ml) Determined as a 

Date Mixed Target Determined (a) Percent  of Target 

5/12/81 

511 2/8 1 

5/19/81 

1 
1.5 
2 
3 
4 
6 
8 

12 
16 
24 

1 
2 
4 
8 

16 

1.5 
3 
6 

12 
24 

1.5 
3 
6 

12 
24 

1.09 
1.4 
2.0 
2.8 
4.2 
5.6 
8.5 

10.9 
17.1 
22.2 

1 
1.8 
3.9 
8.6 

17.6 

1 .o 
2.8 
6.3 

13.0 
25.7 

tb) 1.4 
(c)3.1 
(c) 6.4 

(c) 13.0 
(c) 26.0 

109 
93 

100 
93 

105 
93 

106 
91 

107 
92 

100 
90 
98 

108 
110 

67 
93 

105 
108 
107 

93 
103 
107 
108 
108 

(a) Results of duplicate analysis; concentrations expressed as milligrams per milliliter p-chloroaniline; the hydrochloride was 
formed during dose preparation. 
(b) Remix of dose mixture of 5/12/81 which was out of specifications 
(c) Remix ofdose mixture of5/12/81 
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11. MATERIALS AND METHODS 

within the specified k 10% of the target concen- of the dose mixtures were properly prepared (Ta- 
trations. For the 2-year p-chloroaniline hydro- ble 4). Results of periodic referee analyses per- 
chloride studies, 72/72 dose mixtures  were formed by the analytical chemistry laboratory 
formulated within f 10% of the target concen- indicated good agreement with the results from 
trations, and it is therefore estimated that 100% the study laboratory (Table 5 ) .  

TABLE 4. RESULTS OF ANALYSIS O F  DOSE MIXTURES IN THE TWO-YEAR GAVAGE STUDIES OF 
p-CHLOROANILINE HYDROCHLORIDE 

Concentration of D-Chloroaniline in  Aoueous Hydrochloric Acid 
for'Target Concentration (mg/ml)-(a) 

Date Mixed 0.4 0.6 1.2 2.0 3.6 6.0 

01/20/82 
02/03/82 
06/10/82 
08/11/82 
1011 4/82 
12/08/82 
12/09/82 
02/09/83 
03/30/83 
06/15/83 
06/16/83 
07/27/83 
0912 1/83 
11/17/83 
0111 1/84 

0.37 

0.40 
0.37 
0.37 

0.39 
0.39 
0.44 
0.39 

0.41 
0.36 
0.37 
0.39 

_ _  

_ _  

-_  

_ _  
0.61 
0.57 
0.60 
0.66 
0.59 

0.58 
0.57 

0.60 
0.60 
0.55 
0.57 
0.62 

_ _  

._ 

1.25 

1.19 
1.11 
1.12 

1.15 
1.17 
1.27 
1.18 

1.20 
1.17 
1.16 
1.21 

_ _  

_ _  

_ _  

_ _  
1.86 
2.03 
1.97 
1.95 
2.02 

2.06 
2.09 

1.99 
1.93 
2.02 
2.03 
2.01 

_ _  

_ _  

3.70 

3.56 
3.61 
3.65 

3.66 
3.54 
3.49 
3.59 

3.54 
3.56 
3.50 
3.62 

_ _  

_ _  

_ _  

_ _  
5.98 
6.09 
6.08 
6.00 
6.13 

6.08 
5.79 

5.96 
5.83 
5.90 
5.92 
5.83 

-_  

-_  

Mean (mg/ml) 0.39 0.59 1.18 2.00 3.58 5.97 

Coefficient of variation (percent) 5.9 4.9 4.0 3.1 1.8 1.9 

Kumber ofsamples 12 12 12 12 12 12 

Standard deviation 0.022 0.029 0.047 0.062 0.065 0.114 

Range (mg/ml) 0.36-0.44 0.55-0.66 1.1 1-1.27 1.86-2.09 3.49-3.70 5.79-6.13 

(a )  Results of duplicate analysis; concentrations expressed as milligrams per milliliter p-chloroaniline; the hydrochloride was 
formed during dose preparation. 

TABLE 5. RESULTS OF REFEREE ANALYSIS OF DOSE MIXTURES IN THE TWO-YEAR GAVAGE 
STUDIES OF p-CHLOROANILINE HYDROCHLORIDE 

Target Concentration 
Date Mixed (mg/ml) 

Determined Concentration (mg/ml) 
Study Referee 

Laboratory (a) Laboratory (b) 

01/20/82 
08/11/82 
02/09/83 
09/21/83 

1.2 
0.6 
3.6 
6.0 

1.25 
0.60 
3.54 
5.90 

1.18 
0.655 
3.50 
5.99 

(a)  Results of duplicate analysis; concentrations expressed as milligrams per milliliter p-chloroaniline; the hydrochloride was 
formed during dose preparation. 
(b  1 Results of triplicate analysis 
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II. MATERIALS AND METHODS 

SIXTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories and held for 14 days (rats) or 15 days 
(mice) before the studies began. The rats were 
approximately 7 weeks old when placed on 
study, and the mice were 8 weeks old. 

Groups of five rats and mice of each sex were ad- 
ministered 25,50,100,200, or 400 mg/kg p-chlo- 
roaniline by gavage in aqueous hydrochloric 
acid, 5 days per week for a total of 12 doses over 
1.6 days. Vehicle controls received deionized wa- 
ter by gavage. 

Animals were housed five per cage. Water and 
feed were available ad libitum. Rats and mice 
were observed twice per day. A necropsy was 
performed on all animals. Details of animal 
maintenance are presented in Table 6. 

were recorded once per week. Further experi- 
mental details are summarized in Table 6. 

At the end of the 13-week studies, survivors 
were killed. A necropsy was performed on all 
animals except those excessively autolyzed or 
cannibalized. Tissues and groups examined are 
listed in Table 6. 

On the day of necropsy, blood was taken for he- 
matologic and methemoglobin determinations 
from the vena cava of pentobarbital-anesthe- 
tized rats or from the retro-orbital sinus of un- 
anesthetized mice. Blood was collected in Bec- 
ton-Dickinson@ microtainers containing sodium 
EDTA. Hematologic analyses were performed 
with a n  Ortho ELT-8 Hematology Analyzer. 
The methemoglobin concentration was deter- 
mined by the method of Evelyn and Malloy 
(1938). 

TWO-YEAR STUDIES 
THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of repeated ad- 
ininistration of p-chloroaniline hydrochloride 
iind to determine the doses to be used in  the 
%year studies. 

Four-week-old male and female F344/N rats and 
6-week-old male and female B6C3F1 mice were 
obtained from Harlan Industries, observed for 19 
days, distributed to weight classes, and assigned 
to dose groups according to a table of random 
numbers. Rats were approximately 7 weeks old 
when placed on study, and mice were 9 weeks 
old. 

Groups of 10 rats of each sex were administered 
5, 10, 20, 40, or 80 mg/kg p-chloroaniline by ga- 
vage in water acidified with hydrochloric acid, 5 
days per week for 13 weeks for a total of 64 or 65 
doses. Groups of 10 mice of each sex were ad- 
ministered 7.5, 15, 30, 60, or 120 mg/kg on the 
same schedule for a total of 66 or 67 doses. Vehi- 
cle controls received deionized water by gavage. 

Rats and mice were housed five per cage. Feed 
and water were available ad libitum. Animals 
were observed two times per day; moribund ani- 
mals were killed. Individual animal weights 

Study Design 

Groups of 49 or 50 rats of each sex were admin- 
istered 2, 6, or 18 mg/kg p-chloroaniline by ga- 
vage in aqueous hydrochloric acid, 5 days per 
week for 103 weeks. Groups of 50 mice of each 
sex were administered 3, 10, or 30 mg/kg on the 
same schedule. Vehicle controls received de- 
ionized water by gavage. 

Source and Specifications of Animals 

The male and female F344/N rats used in these 
studies were produced under strict barrier condi- 
tions a t  Charles River Breeding Laboratories, 
and the B6C3F1 (C57BL/6N, female X C3H/ 
HeN MTV-, male) mice used in these studies 
were produced at Frederick Cancer Research 
Center. Breeding stock for the foundation colo- 
nies a t  the production facilities originated a t  the 
National Institutes of Health Repository. Ani- 
mals shipped for study were progeny of defined 
microflora-associated parents that were trans- 
ferred from isolators to barr ier-maintained 
rooms. Rodents were shipped to the study labo- 
ratory at 5-6 weeks of age. Rats were quaran- 
tined a t  the study laboratory for 20 days and 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
O F  p-CHLOROANILINE HYDROCHLORIDE 

Sixteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year  
Studies 

EXPERIMENTAL DESIGN 

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

Doses 
25,50,100,200, or 400 mgkgp-chloro. 
aniline by gavage in aqueous hydro- 
chloric acid (molar equivalents); 
dose vol--5 mVkg; vehicle controls 
received deionized water by gavage 

Date of First  Dose 
RHts--2/3/81; mice--2/4/8 1 

Date of Last Dose 
R~ts--2/18/81: mice-2/19/81 

Duration of Dosing 
1% doses over 16 d 

10 males and 10 females of each 
species 

Rats--5,10, 20,40, or 80 mgkgp-chlo- 
roaniline by gavage in aqueous hydro- 
chloric acid (molar equivalents); 
mice--7.5,15,30,60, or 120 mg/kg; 
dose vol--5 ml/kg; vehicle controls 
received deionized water by gavage 

313018 1 

Rats--male: 6/26/81; female: 6/29/81; 
mice--male: 6/30/81; female: 7/1/81 

5 d/wk for 13 wk 

Type and  Frequency of Observation 
Oliserved 2 X d; weighed 1 X wk Observed 2 X d; weighed initially 

and 1 X wk thereafter 

Necropsy, Histologic Examinations, and  Supplemental Studies 
Necropsy performed on all animals; 
histologic exams performed on 2 males 
and 2 females in the vehicle control and 
100 mg/kg groups. Tissues examined 
include: adrenal glands, bone marrow, 
brain, colon, esophagus, gallbladder 
(mice), heart, jejunum, kidneys, liver, 
lungs and mainstem bronchi, mandib- 
ular lymph nodes, pancreas, parathy- 
roiid glands, pituitary gland, prostate/ 
testes or ovarieduterus, regional lymph 
nodes, salivary glands, seminal vesicles 
(mice), skin, spleen, stomach, thymus, 
thyroid gland, tissue masses, trachea, 
and urinary bladder. Spleen examined 
from 2 males and 2 females in the 
25 mgkg groups 

Necropsy and histologic exams per- 
formed on all vehicle control and high 
dose animals; the following tissues 
were examined: adrenal glands, bone 
marrow, brain, colon, duodenum, 
esophagus, gallbladder (mice), gross 
lesions, heart, ileum, jejunum, kidneys, 
liver, lungs and mainstem bronchi, 
mandibular lymph nodes, nasal cav- 
ity, pancreas, parathyroid glands, pitu- 
itary gland, prostate/testes or ovaries/ 
uterus, rectum, regional lymph nodes 
(rats), salivary glands, skin, spleen, 
stomach, thymus, thyroid gland, tissue 
masses (rats), trachea, and urinary 
bladder. Tissues examined in the 
lower dose groups include: adrenal 
glands (mice), bone marrow, kidneys, 
liver, lungs and bronchi (mice), nasal 

49 or 50 males and 50 females of each 
species 

Rats--2,6,or 18 mgkgp-chloroaniline by 
gavage in aqueous hydrochloric acid (molar 
equivalentsk mice--3,10, or 30 mg/kg; 
dose vol--5 ml/kg; vehicle controls 
received deionized water by gavage 

Rats--1/25/82; mice--2/8/82 

Rats--1/13/84; mice--1/27/84 

5 d/wk for 103 wk 

Observed 2 X d; weighed 1 X wk for 13 
wk and then 1 X mo 

Necropsy performed on all animals; histo- 
logic exams performed on all vehicle control 
and high dose animals and on all animals 
dying before the end of the studies. Tissues 
examined include: adrenal glands, brain, 
colon, esophagus, eyes (if grossly abnormal), 
gallbladder (mice), gross lesions, heart, kid- 
neys, liver, lungs and mainstem bronchi, 
mammary gland, mandibular or mesenteric 
lymph nodes, pancreas, parathyroid glands, 
pituitary gland, prostate/testes or ovaries/ 
uterus, regional lymph nodes, salivary 
glands, skin, small intestine, spinal cord (if 
neurologic signs present), spleen, sterne- 
brae or vertebrae or femur including mar- 
row, stomach, thymus, thyroid gland, tissue 
masses, trachea, and urinary bladder. Tis- 
sues examined in the lower dose groups in- 
clude: adrenal glands, bone, bone marrow, 

cavity (rats), spleen (rats), and stomach kidneys, liver, spleen, and testes for rats 
(mice). Organ weights obtained at and liver and spleen for mice. Hematologic 
necropsy include brain, heart, liver, and methemoglobin determinations per- 
lungs, right kidney, spleen, testes, and formed for rats a t  6,12,18, and 24 mo 
thymus; hematologic and methemo- 
globin determinations performed 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species 
F344/N rats, B6C3F1 mice F344/N rats; B6C3F1 mice F344/N rats; B6C3F1 mice 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Sixteen-Day 
Studies 

Thirteen-Week 
Studies 

Two-year  
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Animal Source 
Charles River Breeding Laboratories 
(Kingston, NY) 

Study Laboratory 
Battelle Columbus Laboratories 

Method of Animal Identification 
'Toe mark 

'Time Held Before Study 
Rats--14d;mice--15d 

Age When Placed on  Study 
Rats-7 wk; mice--8 wk 

Age When Killed 
Rats--9 wk; mice-10 wk 

Necropsy Dates 
Rats--2/19/81; mice--2/20/8 1 

Method of Animal Distribution 
Animals distributed to weight classes 
and assigned to cages by one table of 
random numbers and to groups by 
another table of random numbers 

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

Bedding 
Absorb-dri hardwood chips (Absorb. 
Dri, Inc., Garfield, NJ) 

Water 
Automatic watering system (Edstrom 
Industries, Waterford, WI); available 
ad libitum 

Cages 
Polycarbonate (Lab Products, Inc., 
Rochelle Park, NJ) 

Cage Filters 
Spun-bonded polyester, Dupont 20240 
(Snow Filtration, Cincinnati, OH) 

Animals per Cage 
5 

Harlan Industries (Indianapolis, IN) 

Battelle Columbus Laboratories 

Toe mark 

19 d 

Rats-7 wk; mice--9 wk 

Rats--20 wk; mice-22 wk 

Rats-male: 6/29/81; female: 6/30/81; 
mice-male: 7/1/81; female: 7/2/81 

Same as  16-d studies 

Same as 16-d studies 

Same as  16-d studies 

Same as 16-d studies 

Polycarbonate (Lab Products, Inc., 
Garfield, NJ)  

Same as  16-d studies 

5 

Chemicals on Study in the Same Room 
None None 

Rats--Charles River Breeding Laboratories 
(Kingston, NY); mice--Frederick Cancer 
Research Center (Frederick, MD) 

Battelle Columbus Laboratories 

Toe clip and ear mark 

Rats-20 d; mice-12 d 

R a t s 4  wk; mice--7 wk 

Rats-112 wk;mice--111 wk 

Rats-- 1/24/84 1/27/84; 
mice--2/6/84-2/10/84 

Same as  16-d studies 

Same as  16-d studies 

,Same as  16-d studies 

Same as  16-d studies 

Same as 16-d studies 

Same as  16-d studies 

5 

None 
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TABLE 6. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES 
OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Sixteen-Day 
Studies 

Thirteen- Week 
Studies 

Two-year 
Studies 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Animal Room Environment 
Temp--70"-74" F; hum--40%-60%; 
fluorescent light 12 Md; 
15 room air changes/h 

Same as 16-d studies Temp--64"-82" F; hum--24%-75%; 
fluorescent light 12 h/d; 
a t  least 15 room air changes/h 

mice for 12 days. Thereafter, a complete nec- 
ropsy was performed on five animals of each sex 
and species to assess their health status. The ro- 
dents were placed on study a t  7-8 weeks of age. 
The health of the animals was monitored during 
the course of the studies according to the proto- 
cols of the NTP Sentinel Animal Program (Ap- 
pendix E). 

Animal Maintenance 

Animals were housed five per cage. Feed and 
water were available ad libitum. Cages and 
racks were rotated. Further details of animal 
maintenance are  given in Table 6. 

Clinical Examinations a n d  Pathology 

Blood samples for hematologic and methemo- 
globin determinations were collected in Vacu- 
tainersa containing EDTA by retro-orbital punc- 
ture from 15 randomly selected rats from each 
group a t  6, 12, 18, and 24 months. Rats were 
dosed for 2 consecutive days before blood col- 
lection except a t  24 months when collection was 
performed 11-14 days after administration of the 
last dose. Hematologic analyses were performed 
with a n  Ortho ELT-8 Hematology Analyzer; 
methemoglobin concentration was determined 
by the method of Evelyn and Malloy (1938). 

AX1 animals were observed two times per day. 
Clinical signs were recorded once per week for 
13 weeks and then a t  least once per month. Indi- 
vidual body weights were recorded once per 
week for the first 13 weeks of the studies and 
once per month thereafter. Mean body weights 
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, unless they were excessively autolyzed or 
cannibalized, missexed, or missing. Thus, the 
number of animals from which particular organs 
or tissues were examined microscopically varies 
and is not necessarily equal to the number of an- 
imals 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 a n  
"inverse pyramid" design (McConnell, 1983a,b). 
That is, complete histopathologic examinations 
(Table 6) were performed on all high dose and 
vehicle control animals and on lower dose ani- 
mals dying before the end of the study. In addi- 
tion, histopathologic examinations were per- 
formed on all grossly visible lesions in all dose 
groups. Potential target organs for chemically 
related neoplastic and nonneoplastic effects 
were identified from the short-term studies or 
the literature and were determined by examina- 
tion of the pathology data;  these ta rge t  or- 
gans/tissues in the lower dose groups were ex- 
amined histopathologically. If mortality in the 
highest dose group exceeded that in the vehicle 
control group by 15%, complete histopathologic 
examinations were performed on all animals in 
the second highest dose group in addition to 
those in the high dose group. 

When the pathology evaluation was completed, 
the slides, paraffin blocks, and residual wet tis- 
sues were sent to the NTP Archives for inven- 
tory, slide/block match, and wet tissue audit .  
The slides, individual animal data records, and 
pathology tables were sent to a n  independent 
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quality assessment laboratory. The individual 
animal records and tables were compared for ac- 
curacy, slides and tissue counts were verified, 
;and histotechnique was evaluated. All tumor di- 
agnoses, all target tissues, and all tissues from a 
randomly selected 10% of the animals were eval- 
uated by a quality assessment pathologist. The 
quality assessment report and slides were sub- 
mitted to the Pathology Working Group (PWG) 
Chairperson, who reviewed all target tissues 
and those about which there was a disagreement 
between the laboratory and quality assessment 
pathologists. 

Representative slides selected by the Chairper- 
son were reviewed by the PWG, which includes 
the laboratory pathologist, without knowledge of 
previously rendered diagnoses. When the con- 
sensus diagnosis of the PWG differed from that 
of the laboratory pathologist, the laboratory pa- 
thologist was asked to reconsider the original di- 
agnosis. This procedure has been described, in 
part, by Maronpot and Boorman (1982) and  
Boorman et al. (1985). The final diagnoses rep- 
resent a consensus of contractor pathologists and 
the NTP Pathology Working Group. For subse- 
quent analysis of pathology data, the diagnosed 
lesions for each tissue type are combined accord- 
ing to the guidelines of McConnell et  al. (1986). 

Slides/tissues are generally not evaluated in a 
blind fashion (i.e., without knowledge of dose 
group) unless the lesions in question are subtle 
or unless there is an inconsistent diagnosis of le- 
sions by the laboratory pathologist. Nonneo- 
plastic lesions are not examined routinely by the 
quality assessment pathologist or PWG unless 
they are considered part of the toxic effect of the 
chemical. 

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 missing or dead from other than na tura l  
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. When significant survival differ- 
ences were detected, additional analyses using 
these procedures were carried out to determine 
the time point a t  which significant differences in 
the survival curves were first detected. All re- 
ported 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 a t  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 or mammary tumors) prior to histologic 
sampling, or when lesions could have appeared 
a t  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 in- 
cidental to the cause of death or not rapidly 
lethal. Thus, the primary statistical method 
used was a logistic regression analysis, which 
assumed that the diagnosed tumors were dis- 
covered as  the result of death from a n  unrelated 
cause and thus did not affect the risk of death. 
In this approach, tumor prevalence was modeled 
as a logistic function of chemical exposure and 
time. Both linear and quadratic terms in time 
were incorporated initially, and the quadratic 
term was eliminated if it did not significantly 
enhance the fit of the model. The dosed and ve- 
hicle control groups were compared on the basis 
of the likelihood score test for the regression co- 
efficient of dose. This method of adjusting for in- 
tercurrent mortality is the prevalence analysis 
of Dinse and Lagakos (19831, further described 
and illustrated by Dinse and Haseman (1986). 
When tumors are  incidental, this comparison of 
the time-specific tumor prevalences also pro- 
vides a comparison of the time-specific tumor in- 
cidences (McKnight and Crowley, 1984). 

In addition to logistic regression, alternative 
methods of statistical analysis were used, and 
the results of these tests are summarized in the 
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appendixes. These include the life table test 
(Cox, 1972; Tarone, 19751, appropriate for rapid- 
ly  lethal tumors, and the Fisher exact test and 
th.e Cochran-Armitage trend test (Armitage, 
1971; Gart et al., 19791, procedures based on the 
overall proportion of tumor-bearing animals. 

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 anal- 
ysis of tumor incidence, and reported P values 
are one-sided. The procedures described above 
also were used to evaluate selected nonneo- 
plastic lesions. (For further discussion of these 
statistical methods, see Haseman, 1984.) 

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. 

GENETIC TOXICOLOGY 

Salmonella Protocol: Testing was performed as 
reported by Ames et  al. (1975) with modifica- 
tions listed below and described in greater detail 
by Haworth et  al. (1983) and Mortelmans et al. 
(1986). Chemicals were sent to three different 
laboratories as  coded aliquots from Radian Cor- 
poration (Austin, Texas). The study chemical 
was incubated with the Salmonella typhimuri- 
um tester strains (TA97, TA98, TA100, TA1535, 
and/or TA1537) either in buffer or S9 mix (meta- 
bolic activation enzymes and cofactors from Aro- 
clor 1254-induced male Sprague Dawley rat  or 
Syrian hamster liver) for 20 minutes a t  37" C 
before the addition of soft agar  supplemented 
with L-histidine and D-biotin and subsequent 
plating on minimal glucose agar plates. Incuba- 
tion was continued for a n  additional 48 hours. 

Chemicals were tested in a series (four strains 
used) or in a hierarchy (initial testing in TA98 
and TA100; if results were negative, then the 
chemical w a s  tested fur ther  in  addi t ional  

strains). If all results were negative, the chemi- 
cal was retested in all strains with a different 
concentration of S9. 

Each test consisted of triplicate plates of concur- 
rent positive and negative controls and of a t  
least five doses of the study chemical. The high 
dose was limited by toxicity or solubility but did 
not exceed 10 mg/plate. All negative assays 
were repeated, and all positive assays were re- 
peated under the conditions that  elicited the 
positive response. 

A positive response was defined as  a reproduci- 
ble, dose-related increase in histidine-indepen- 
dent (revertant) colonies in any one strainlac- 
tivation combination. An equivocal response 
was defined as an increase in revertants which 
was not dose related, not reproducible, or of in- 
sufficient magnitude to support a determination 
of mutagenicity. A response was considered neg- 
ative when no increase in revertant colonies was 
observed after chemical treatment. 

Mouse Lymphoma Protocol: The experimental 
protocol is presented in detail by Myhr et  al .  
(1985) and follows the basic format of Clive et al .  
(1979). All study chemicals were supplied a s  
coded aliquots from Radian Corporation (Austin, 
Texas). The highest dose of the study compound 
was determined by solubility or toxicity and did 
not exceed 1 mg/ml. Mouse lymphoma L5178Y 
cells were maintained a t  37" C as  suspension cul- 
tures in Fischer's medium supplemented with 2 
mM L-glutamine, 110 pg/ml sodium pyruvate, 
0.05% pluronic F68, antibiotics, and heat-inac- 
tivated horse serum; normal cycling time was 
about 10 hours. To reduce the number of spon- 
taneously occurring trifluorothymidine (Tft)-re- 
sistant cells, subcultures were exposed once to 
medium containing thy midine, hypoxanthine, 
methotrexate, and glycine for 1 day, to thymi- 
dine, hypoxanthine, and glycine for 1 day, and to 
normal medium for 3-5 days. For cloning, horse 
serum content was increased and Noble agar 
was added. Freshly prepared S9 metabolic ac- 
tivation factors were obtained from the liver of 
either Aroclor 1254-induced or noninduced male 
F344 rats. 

All doses within a n  experiment,  including 
concurrent positive and solvent controls, were 
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replicated. Treated cultures contained 6 X lo6 
cells in 10 ml of medium. This volume included 
the S9 fraction in those experiments performed 
with metabolic activation. Incubation with the 
study chemical continued for 4 hours,  af ter  
which time the medium plus chemical was re- 
moved and the cells were resuspended in 20 ml 
of fresh medium and incubated for an  additional 
2 days to express the mutant phenotype. Cell 
density was monitored so that log phase growth 
was maintained. After the 48-hour expression 
period, 3 X lo6 cells were plated in medium and 
soft agar supplemented with Tft for selection of 
Tft-resistant cells (TK’”), and 600 cells were 
plated in nonselective medium and soft agar to 
determine cloning efficiency. Plates were incu- 
bated a t  37” C under 5% carbon dioxide for 10-12 
days. All data were evaluated statistically for 
both trend and peak response. Both responses 
had to be significant (P<0.05) for a chemical to 
be considered capable of inducing Tft resistance; 
a single significant response led to an  “equiv- 
ocal” conclusion, and the absence of both a trend 
and a peak response resulted in a “negative” 
call. 

Minimum criteria for accepting an  experiment 
as valid and a detailed description of the statis- 
tical analysis and data evaluation are presented 
in Myhr et al. (1985). This assay was initially 
performed without S9; if a clearly positive re- 
sponse was not obtained, the experiment was  re- 
peated with induced S9. 

Chinese Hamster Ovary Cytogenetics Assays: 
Testing was performed as reported by Galloway 
et  al. (1985,1987) and is described briefly below. 
Chemicals were sent to the laboratories as coded 
aliquots from Radian Corporation (Aust in ,  
Texas). Chemicals were tested in cultured Chi- 
nese hamster ovary (CHO) cells for induction of 
sister chromatid exchanges (SCEs) and chromo- 
somal aberrations both in the presence and ab- 
sence of Aroclor 1254-induced male Sprague 
Dawley rat  liver S9 and cofactor mix. Cultures 
were handled under gold lights to prevent photo- 
lysis of bromodeoxyuridine (BrdUbsubs t i t u ted 
DNA. Each test consisted of concurrent solvent 
and positive controls and of a t  least three doses 
of the study chemical; the high dose was limited 
by toxicity or solubility but did not exceed 5 
mg/ml. 

In the SCE test without S9, CHO cells were incu- 
bated for 26 hours with the study chemical in 
McCoy’s 5A medium supplemented with 10% fe- 
tal bovine serum, L-glutamine (2 mM), and anti- 
biotics. BrdU was added 2 hours after culture 
initiation, After 26 hours, the medium contain- 
ing the study chemical was  removed and re- 
placed with fresh medium plus BrdU and colce- 
mid, and incubation was continued for 2 more 
hours. Cells were then harvested by mitotic 
shake-off, fixed, and stained with Hoechst 33258 
and Giemsa. In the SCE test with S9, cells were 
incubated wi th  the  chemica l ,  se rum-free  
medium, and S9 for 2 hours. The medium was 
then removed and replaced with medium con- 
taining BrdU and no study chemical; incubation 
proceeded for an  additional 26 hours, with colce- 
mid present for the final ‘2 hours. Harvesting 
and staining were the same as for cells treated 
without S9. 

In the chromosomal aberration test without S9, 
cells were incubated in McCoy’s 5A medium 
with the study chemical for 8 hours; colcemid 
was added, and incubation was continued for 2 
hours. The cells were then harvested by mitotic 
shake-off, fixed, and stained with Giemsa. For 
the chromosomal aberration test with S9, cells 
were treated with the study chemical and S9 for 
2 hours, after which the treatment medium was 
removed and the cells were incubated for 10 
hours in fresh medium, with colcemid present 
for the final 2 hours. Cells were harvested in the 
same manner as for the treatment without S9. 

For the SCE test, if significant chemical-induced 
cell cycle delay was seen, incubation time was 
lengthened to ensure a sufficient number of 
scorable cells. The harvest time for the chromo- 
somal aberration test was based on the cell cycle 
information obtained in the SCE test; if cell 
cycle delay was anticipated, the incubation peri- 
od was extended approximately 5 hours. 

Cells were selected for scoring on the basis of 
good morphology and completeness of karyotype 
(21 k 2 chromosomes). All slides were scored 
blind, and those from a single test were read by 
the same person. For the SCE test, 50 second- 
division metaphase cells were usually scored for 
frequency of SCEs per cell from each dose; 100 
first-division metaphase cells were scored a t  
each dose for the chromosomal aberration test. 
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Classes of aberrations included simple (breaks 
and terminal deletions), complex (rearrange- 
ments and translocations), and other (pulverized 
cells, despiralized chromosomes, and cells con- 
taining 10 or more aberrations). 

Statistical analyses were conducted on both the 
slopes of the dose-response curves and the indi- 
vidual dose points. An SCE frequency 20% 
above the concurrent solvent control value was 
chosen as  a statistically conservative positive 

response. The probability of this level of differ- 
ence occurring by chance a t  onc dose point is less 
than 0.01; the probability for such a chance oc- 
currence a t  two dose points is less than 0.001. 
Chromosomal aberration data are presented as 
percentage of cells with aberrations. As with 
SCEs, both the dose-response curve and individ- 
ual dose points were statistically analyzed. A 
statistically significant (P < 0.003) trend test or 
a significantly increased dose point (P < 0.05) 
was sufficient to indicate a chemical effect. 
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SIXTEEN-DAY STUDIES 

All rats that received 200 or 400 mg/kgp-chloro- 
aniline hydrochloride died within 5 days (Ta- 
ble 7). The final mean body weights of rats that 
received 100 mg/kg were 19% lower than that of 
vehicle controls for males and 5% lower for fe- 
males. Compound-related clinical s igns in- 
cluded blue extremities and eyes, indicative of 

cyanosis. Rats that received 200 or 400 mg/kg 
were lethargic, and rats that received 25 or 50 
mg/kg had labored breathing. Splenic enlarge- 
ment was observed at 25, 50, and 100 mg/kg. 
Sinusoidal congestion of the spleen and  he- 
mosiderin deposition in the renal cortical tubu- 
lar epithelial cells were observed in 2/2 males 
and 2/2 females that received 100 mg/kg. 

TABLE 7. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE SIXTEEN-DAY GAVAGE 
STUDIES O F  p-CHLOROANILINE HYDROCHLORIDE 

Mean Body Weights (grams) Final Weight Relative 

(percent) 
Dose (a) Survival (b) Initial (e) Final Change (d) to Vehicle Controls 
(mg/kg) 

MALE 

0 515 125 209 + 84 
25 515 124 199 + 75 95.2 
50 515 123 196 + 73 93.8 

100 5/5 125 169 -t 44 80.9 
200 (e) 015 124 (D (D (D 
400 (g) 015 124 (D (D (D 

FEMALE 

0 515 105 132 + 27 
25 515 105 131 + 26 99.2 
50 515 104 133 + 29 100.8 

100 515 105 125 + 20 94.7 
200 (e) 0/5 104 (D (D (D 
400 (h) 015 103 (D (D (D 

-II 

(a) All doses calculated as  milligrams p-chloroaniline per kilogram body weight 
(ti) Number surviving/number initially in group 
( c )  Initial group mean body weight 
(ci) Mean body weight change of the group 
( e )  Day of death: 4,4,4,4,5 
(f) No data are reported due to the 100% mortality in this group. 
(g) Day ofdeath: 2,2,2,3,3 
( h )  Day ofdeath: 2,2,3,3,3 
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.I 

THIRTEEN-WEEK STUDIES 

All male rats lived to the end of the studies (Ta- 
ble 8). One of 10 female rats that received 80 
mg/kg died before the end of the studies. The fi- 
nal mean body weights of rats that received 80 
mg/kg were 16% lower than that of vehicle con- 
trols for males and 4% lower for females. The 
weights of brain, liver, thymus, kidney, heart, 
lung, and testis for dosed groups were compara- 
ble to those of vehicle controls, except that the 
brain and lung weights of male rats at 80 mg/kg 
were significantly lower than those of vehicle 
controls and the heart and kidney weights of fe- 
male rats were significantly greater than those 
of vehicle controls (Table Fl). Spleen weights 
were increased in dosed groups, and a clear dose- 
response relationship was observed (Figure 3; 
Table F l ) .  Spleen weights were not recorded for 
male vehicle controls ,  bu t  t h e  sp l eens  of 
untreated animals of comparable age weigh 
0.678-0.848 g (NTP data base). The hematocrit 

value, the hemoglobin concentration, and the 
erythrocyte count for all dosed groups of ra ts  
were significantly lower than those for vehicle 
controls (Table 9; Figures 4 and 5) .  The methe- 
moglobin concentrations for all dosed groups of 
rats were significantly greater than those for ve- 
hicle controls. Blood samples for hematologic 
analysis were taken 72 (male) or 24 (female) 
hours after administration of the final dose. 

This time difference probably contributed to the 
lower methemoglobin concentrations observed 
for males compared with those for females.  
Compound-related increases were seen for the 
number of segmented neutrophils, the mean cor- 
puscular hemoglobin, the mean corpuscular he- 
moglobin concentration, the mean corpuscular 
volume, and the numbers of nucleated and poly- 
chromatophilic erythrocytes. The leukocyte 
count and lymphocyte count were significantly 
increased for male rats a t  40 mg/kg (but not a t  
80 mg/kg) and for all dosed groups of female rats. 

TABLE 8. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF p-CHLOROANILINE HYDROCHLORIDE 

Mean Bods Weights (grams) Final Weight Relative 
Dose (a) Survival (b) Initial (c) Final Change (d) to Vehicle Controls 
(mg/kg) (percent) 

MALE 

0 
5 
10 
20 
40 
80 

FEMALE 

0 
5 
10 
20 
40 
80 

10110 
10110 
10/10 
10/10 
10110 
10110 

10110 
10110 
10110 
10110 
10/10 

(e) 9110 

140 f 3 
135 f 3 
137 f 2 
135 f 2 
137 f 3 
136 f 3 

110 f 2 
109 f 2 
111 f 2 
109 f 2 
107 f 2 
104 f 2 

334 f 9 
338 f 6 
345 f 4 
338 f 4 
325 f 8 
280 f 9 

197 f 2 
199 f 3 
197 f 3 
194 f 2 
192 f 3 
189 f 3 

+194 f 7 
+203 f 5 
+208 f 4 
+203 f 4 
+I88 f 5 
+144 f 8 

+87 f 2 
+90 f 2 
+86 f 3 
+85 f 2 
+85 f 3 
+84 f 3 

101 
103 
101 
97 
84 

101 
100 
98 
97 
96 

(a) All doses calculated as milligrams p-chloroaniline per kilogram body weight 
(b) Number surviving/number initially in group 
(c) Initial group mean body weight f standard error of the mean. Subsequent calculations are based on animals surviving to 
the end of the study. 
(d) Mean body weight change of the survivors f standard error of the mean 
(e) Week of death: 3 
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FIGURE 3. SPLEEN WEIGHTS (MEAN AND STANDARD DEVIATION) OF RATS IN 
THE THIRTEEN-WEEK GAVAGE STUDIES OF 

p-CHLOROANILINE HYDROCHLORIDE 
(all doses calculated as milligrams p-chloroaniline per kilogram body weight) 
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TABLE 9. ANALYSIS OF HEMATOLOGIC DATA FOR RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF pCHLOROANILINE HYDROCHLORIDE (a) 

Vehicle 5 10 20 40 80 
Control mgflrs m m 3  wm mg/kg wk3 

MALE 

Number examined 

~ e u ~ o e y t e s  (1.000/mm3) 
Lymphocytes (1.000/mm31 
Segmented neutmphrla 

(1 ,00o/~m3)  
~ o n o c y t e s  ( 1 , 0 0 0 / ~ ~ 3 )  
Eosinophils (l.000/mm3) 
Hernatocnt (percent) 
Hemoglobin (g/dl) 
MCH (pel 
MCHC (g/dl) 
MCV (cubic miemus) 
Methemoglobin (percent 

of hemoglobin) 
Nucleated erythmcytes 

Erythrocytes (106/mm3) 

FEMALE 

(1 ,000/mm3) 

10 

5.49 f 0.222 
4.64 f 0.274 

0.74 f 0.096 
0.06 f 0.021 
0.05 f 0.015 
45.5 f 0.43 
15.5 f 0.11 
16.9 f 0.06 
34.0 f 0.10 
50.1 f 0.18 

0.08 f 0.035 

0.00 f 0.000 
9.14 f 0.056 

10 

4.57 f 0.321 
3.84 f 0.270 

0.68 f 0.081 
0.05 f 0.016 
45.7 f 0.26 
15.1 f 0.11 
18.1 f 0.08 
33.1 * 0.12 
55.0 f 0.00 

0.46 f 0.126 

1.40 f 0.542 
8.35 * 0.049 

10 9 10 10 10 

6.28 f 0.227 
5.36 f 0.221 

6.60 f 0.197 
5.38 * 0.132 

6.55 f 0.109 
5.50 f 0.119 

(b) 12.55 f 0.816 
(b) 10.34 f 0.638 

(b) 3.47 f 0.231 
(b) 2.76 f 0.167 

0.86 f 0.072 
0.01 * 0.008 
0.04 f 0.016 

(bl42.8 f 0.49 
(bl 14.7 f 0.17 

17.0 f 0.10 
34.3 f 0.19 
49.4 f 0.16 

1.19 f 0.140 
0.00 i 0.000 
0.03 f 0.016 

(b) 42.4 f 0.24 
(b) 14.6 * 0.10 
(b) 17.9 f 0.12 
(b) 34.5 f 0.14 
(b) 51.8 f 0.28 

1.00 f 0.078 
0.01 f 0.007 
0.05 f 0.020 

(b142.7 f 0.37 
(b) 15.1 f 0.13 
(b) 20.1 f 0.12 
(b) 35.3 f 0.14 
(b) 56.9 f 0.28 

(bl2.07 f 0.328 
0.08 f 0.032 
0.06 f 0.023 

(b)39.4 * 0.31 
(b) 14.2 f 0.13 
(b) 23.5 f 0.15 
(b) 35.9 f 0.16 
(b) 65.1 f 0.41 

0.66 f 0.094 
0.04 f 0.019 
0.01 f 0.007 

(b) 36.5 f 0.43 
(b) 13.4 f 0.16 
(b)27.3 + 0.14 
(b) 36.6 f 0.13 
(b) 74.7 f 0.40 

(c) 0.59 f 0.098 (c) 0.70 f 0.241 (e) 0.68 f 0.195 (c) 0.68 f 0.186 (b) 0.86 f 0.155 

1.70 f 0.496 
(bl8.68 f 0.096 

(e) 3.44 f 0.603 
(b) 8.18 f 0.035 

(c) 2.90 f 0.458 
(b) 7.48 f 0.061 

(b) 8.70 f 1.359 
(bl 6.07 f 0.063 

(bl23.80 f 1.590 
(b) 4.90 f 0.069 

Number examined 

Leukocytes (1,00o/mm3) 
Lymphocytes ( l . ~ ~ ~ / m m ~ )  
Segmented neutmphila 

Eosinophils (l,000/mm3) 
Hematocrit (percent) 
Hemoglobin Cg/dS 
M C H W  
MCHC (g/dl) 
MCV (cubic microns) 
Methemoglobin (percent 

of hemoglobin) 
Nucleated erythmcytes 

~.000/rnrn31 
Erythrocytes (106/mm3) 

(1.0001mm3) 

10 10 10 10 9 

(c) 6.04 f 0.221 
(cl 5.14 f 0.232 

(bl8.09 f 0.278 
(bl6.81 f 0.228 

(el 1.17 f 0.138 
0.10 f 0.028 

(bl43.3 f 0.40 
(bl 14.3 f 0.14 
(b) 19.6 f 0.09 

33.2 f 0.27 
(bl 59.3 f 0.15 

(b) 9.70 f 0.550 
(b) 7.99 f 0.479 

(b) 10.26 * 0.781 
(bl7.93 f 0.647 

(b) 6.49 f 0.391 
(bl5.13 f 0.332 

0.86 f 0.075 
0.04 f 0.015 

(b) 43.8 f 0.29 
(b) 14.4 f 0.11 

18.5 f 0.06 
32.8 f 0.13 

(b) 56.3 * 0.15 

(b) 1.64 f 0.244 
0.06 f 0.039 

(b) 42.5 f 0.34 
(b) 14.8 f 0.16 
(b) 22.8 f 0.17 
(b) 35.0 f 0.17 
(b) 65.1 f 0.23 

(bl2.26 f 0.241 
0.06 f 0.028 

(bl39.8 f 0.63 
(b) 13.7 f 0.24 
(bl24.0 f 0.22 
(b134.3 f 0.22 
(b) 69.9 f 0.28 

(bl 1.33 f 0.148 
0.03 i 0.015 

(b) 36.3 f 0.47 
(b) 13.0 f 0.12 
(b) 25.8 f 0.21 
(b) 35.7 f 0.31 
(bl 72.2 f 0.22 

(bl 1.35 f 0.146 (b) 1.85 f 0.178 (b) 1.73 f 0.213 (bl2.40 k 0.154 

3.10 f 0.605 
(b) 7.77 f 0.048 

4.40 f 0.618 
(b) 7.27 k 0.082 

(el 7.90 i 1.048 
(b) 6.49 f 0.060 

(b) 22.60 f 3.622 
(bl5.69 f 0.085 

(bl24.44 f 1.676 
(b) 5.06 i 0.060 

(al Mean f standard error. MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; MCV = mean corpuscular volume; P values 
am vs. the vehicle controls; Dunnett's test was used when a nonsignificant result was obtained by the Jonckheere test; o t h e d s e  Williams' test was used (Dunnett, 1980 
Jonckhearo. 19M. Williams. 1971.19721; doses calculated as p-chlomaniline. 
(b) PCO.01 vs. vehicle controls 
(c) P<0.05  vs. vehicle contmls 
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III. RESULTS: RATS 

Compound-related lesions included bone mar- 
row hyperplasia (severe at 80 mg/kg and mini- 
mal at 5 mg/kg), pigmentation (hemosiderin) of 
the kidney, spleen, and Kupffer cells of the liver, 

hematopoiesis of the liver and spleen, and sple- 
nic congestion, which are attributable to in- 
creased erythrocyte destruction secondary to 
methemoglobin formation (Table 10). 

IABLE 10. NUMBER OF RATS WITH SELECTED LESIONS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF pCHLOROANILINE HYDROCHLORIDE (a) 

Sitenesion 
Dose ( m a n )  

0 5 10 20 40 80 

MALE 

Femoral bone marrow 
Hyperplasia 

Kidney 
Hemosiderosis 

Liver 
Hemosiderosis of Kupffer cells 
Hematopoiesis 

Spleen 
Hematopoiesis 
Hemosiderosis 
Congestion 

FEMALE 

Femoral bone marrow 
Hyperplasia 

Hemosiderosis 
Kidney 

Liver 
Hemosiderosis of Kupffer cells 
Hematopoiesis 

Spleen 
Hematopoiesis 
Hemosiderosis 
Congestion 

0 

0 

0 
0 

0 
0 
0 

0 

0 

0 
0 

0 
0 
0 

10 10 10 10 

5 10 10 10 

0 0 3 5 
0 1 2 4 

3 10 10 10 
10 9 9 4 
10 10 10 10 

9 10 10 10 

2 7 10 10 

0 2 6 9 
0 0 0 3 

0 4 1 10 
10 10 8 10 
10 10 9 10 

10 

10 

10 
7 

10 
10 
10 

10 

10 

10 
2 

5 
9 

10 

(a) Ten animals in each group examined; all doses calculated as milligrams p-chloroaniline per kilogram body weight. 
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III. RESULTS: RATS 

Dose Selection Rationale: Major compound- 
related effects observed in rats were hemolytic 
anemia, methemoglobinemia, and splenomega- 
ly. The hemolytic anemia and splenomegaly 
responses were dose related. Methemoglobin 
levels were approximately 1 8 - 4 8  in the highest 
dose groups and slightly lower in the other dose 
groups. It was judged that doses higher than 20 
mg/kg for the 2-year studies might produce se- 
vere anemia in animals because hematocrit and 
erythrocyte values were reduced substantially 
in the 13-week studies at doses of 40 and 80 
mg/kg. Furthermore, the magnitude of spleno- 
megaly was considered to be too great to permit 
selection of doses higher than 20 mg/kg. There- 
fore, 18 mg/kg was selected as  the high dose and 
2 and 6 mg/kg, a s  the  low and  mid doses, 

respectively. This dose regimen was expected to 
achieve a no-effect level a t  the low dose and to 
produce some effects on the hematopoietic sys- 
tem at the mid dose in the 2-year studies. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

The mean body weights of high dose female rats 
were 4%-6% lower than those of vehicle controls 
after week 70 (Table 11 and Figure 6). Mean 
body weights of dosed male rats were generally 
within 5% of those of vehicle controls throughout 
the studies. Mid and high dose male rats and 
high dose female rats had blue extremities in- 
dicative of cyanosis. 
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TABLE 11. MEAN BODY WEIGHTS OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
pCHLOROANILINE HYDROCHLORIDE 

Weeks Vehicle Control 2 mg/kg 8 mnha 18 mg/kg 
on Av. Wt. No. Av. Wt. Wt. (percent of No. Av. Wt. Wt. (percent of No. Av. Wt. Wt. (percent of No. 

Study (grams1 Weighed (grams) veh. controlr) Weighed (grams) veh. control) Weighed (grmsl veh. controbl Weighed 

MALE 

0 135 
1 170 
2 203 
3 232 
4 241 
5 285 
6 2 1 9  
7 295 
8 305 
9 316 
10 3.90 
11 3.97 
12 346 
13 354 
17 375 
22 397 
26 411 
30 429 
34 440 
38 448 
42 454 
46 462 
50 474 
54 461 
55 471 
58 472 
62 489 
66 493 
70 492 
74 484 
78 479 
82 474 
86 478 
90 469 
94 456 
98 455 
102 442 

FEMALE 
0 108 
1 128 
2 138 
3 l!w 
4 156 
5 165 
6 169 
7 173 
8 181 
9 184 
10 186 
11 188 
12 190 
13 192 
17 200 
22 207 
26 211 
30 224 
34 B8 
.98 231 
.42 234 
46 238 
50 249 
7x4 256 
58 260 
H2 W6 
66 287 
'10 292 
74 292 
78 299 
82 299 
86 309 
90 309 
94 316 

102 323 
98 324 

49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 

(al 47 
48 
48 
48 
48 
47 
47 
46 
46 
46 
46 

(a) 41 
45 
44 
43 
42 
40 
38 
36 
31 
26 
21 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 

(a) 47 
49 
47 
46 
46 
46 
46 
46 
45 
44 
44 
44 
43 
43 
40 
38 
38 
35 
33 
31 
30 

131 
166 
200 
229 
238 
258 
275 
289 
304 
315 
325 
334 
344 
352 
313 
395 
413 
429 
437 
447 
449 
456 
466 
468 
473 
484 
484 
492 
488 
484 
480 
474 
473 
470 
460 
474 
462 

109 
128 
138 
151 
160 
188 
175 
179 
185 
188 
191 
193 
195 
198 
206 
217 
220 
229 
23 1 
237 
241 
245 
258 
264 
274 
286 
298 
305 
303 
308 
305 
320 
314 
322 
332 
333 

97 
98 
99 
99 
99 
97 
99 
98 
100 
100 
98 
99 
99 
99 
99 
99 
100 
100 
99 
100 
99 
99 
98 
100 
100 
103 
99 
100 
99 
100 
100 
100 
99 
100 
101 
104 
105 

101 
100 
100 
101 
103 
102 
104 
103 
102 
102 
103 
103 
103 
103 
103 
105 
104 
102 
102 
103 
103 
103 
104 
103 
105 
104 
104 
104 
104 
103 
102 
104 
102 
102 
102 
103 

50 134 
50 188 
50 202 
50 229 

50 263 
50 275 
50 289 
50 307 
50 313 
50 319 
50 326 
50 338 
50 348 
50 371 
50 392 
50 404 
50 418 
50 427 
50 440 
50 446 
50 454 
50 458 
50 460 
50 466 
50 474 

(al 45 478 
50 486 
49 482 
49 475 
48 476 
47 467 
47 469 
46 467 
42 461 
37 456 
35 453 

50 248 

50 108 
50 128 
50 140 
50 154 
50 149 
50 167 
50 172 
50 179 
50 185 
50 189 
50 192 
50 195 
50 198 
50 200 
50 207 

(a) 48 214 
49 218 
49 230 
49 233 
49 241 
49 244 
49 245 
49 258 
49 261 
49 272 
48 286 
48 297 
48 300 
48 303 
48 304 
48 302 
48 317 
45 317 
45 327 
44 332 
42 334 

99 
99 
100 
99 
103 
99 
99 
98 
101 
99 
97 
97 
98 
98 
99 
99 
98 
91 
97 
98 
98 
98 
97 
99 
99 
100 

99 
98 
98 
99 
99 
98 
100 
101 
100 
102 

98 

100 
100 
101 
103 
9% 
101 
102 
103 
102 
103 
103 
104 
104 
104 
104 
103 
103 
103 
103 
104 
104 
103 
104 
102 
105 
104 
103 
103 
104 
102 
101 
103 
103 
103 
102 
103 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

50 
50 
50 
50 
50 
50 
49 
48 
48 
48 
48 
48 
46 
45 

(a) 39 
42 
39 
39 
39 
39 
37 

(a) 39 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

(a) 46 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
47 
46 
43 
41 
40 
39 
38 

134 
166 
203 
232 
255 
269 
284 
293 
307 
315 
324 
331 
34 1 
348 
371 
387 
403 
417 
425 
436 
440 
446 
453 
443 
451 
464 
468 
475 
467 
461 
458 
461 
460 
460 
458 
456 
462 

109 
124 
137 
150 
148 
166 
170 
178 
182 
188 
189 
193 
195 
200 
206 
212 
214 
225 
229 
236 
240 
239 
247 
249 
260 
272 
275 
282 
279 
284 
283 
294 
291 
301 
303 
310 

99 
98 
100 
100 
106 
102 
102 
99 
101 
100 
98 
98 
99 
98 
99 
97 
98 
97 
97 
97 
97 
97 
96 
95 
96 
98 
96 
96 
95 
95 
96 
97 
96 
98 
100 
100 
105 

101 
97 
99 
100 
95 
101 
101 
103 
101 
102 
102 
103 
103 
104 
103 
102 
101 
100 
101 
102 
103 
100 
99 
97 
100 
99 
96 
97 
96 
95 
95 
95 
94 
95 
94 
96 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

(a )  35 
50 
50 
50 
50 

(al 45 
50 
50 
50 
50 
50 

(a) 44 
49 

(a) 47 
47 
45 
44 
43 
39 
39 
32 
28 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

(a) 48 
50 
50 
50 
50 
50 
50 
50 

(al 46 
50 

(a )  47 
50 
50 
49 
47 
46 
44 
42 
41 
40 
37 

(a) The number ofanimala weighed wan lower than the number of animals sumnng. 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats  administered p-chloro- 
aniline hydrochloride at the doses used in these 
studies and for vehicle controls are shown in Ta- 
ble 12 and in the Kaplan and Meier curves in 
Figure 7. The survival of the low and mid dose 
groups of male rats was significantly greater 
than that of the vehicle controls after week 94. 
The survival of the high dose group of female 
rats was significantly greater than that of the 
vehicle controls at the end of the study; the sur- 
vival of the low dose female group was signifi- 
cantly greater than that of the vehicle controls 
after week 77. 

Hematology at Six, Twelve, Eighteen, and 
Twenty-Four Months 

Hematologic changes a t  6 months for male and 
female rats included decreases in hemoglobin 
concentration, erythrocyte count, and hemato- 

crit value and increases in  mean corpuscular 
volume, nucleated erythrocytes, and mean cor- 
puscular hemoglobin (Tables 13 and 14). These 
changes, which were mild in the mid dose groups 
and moderate in  the high dose groups, a r e  
consistent with a regenerative response (in- 
creases in mean corpuscular hemoglobin, nucle- 
ated erythrocytes, and mean corpuscular vol- 
ume) secondary to a decreased erythrocyte mass 
(decrease in erythrocyte count, hematocrit val- 
ue, and hemoglobin concentration). The in- 
creases in methemoglobin concentrations in the 
dosed groups indicate a hemolytic mechanism 
through the oxidation and subsequent denatura- 
tion of hemoglobin as  the cause of the regenera- 
tive anemia. The increase in  methemoglobin 
was more pronounced in high dose male rats (ap- 
proximately sevenfold that of vehicle controls) 
compared with that in the high dose female rats 
(approximately twofold that of vehicle controls); 
however, the regenerative response, a s  mea- 
sured by nucleated erythrocyte count and mean 
corpuscular volume, was greater in female rats. 

TABLE 12. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF p-CHLOROANILINE 
HYDROCHLORIDE (a) 

- 
Vehicle Control 2 mg/kg 6 mg/kg 18 mgflts 

MALE (b) 

Animals initially in study 
Nonaccidental deaths before termination (c) 
Accidentally killed 
Animals missexed 
Killed at termination 
Died during termination period 
Survival P values (d) 

FEMALE (b) 

Animals initially in study 
Nonaccidental deaths before termination (c) 
Killed at termination 
Survival P values (d) 

50 
31 
0 
1 

18 
0 
0.793 

50 
23 
27 

0.244 

50 
18 
0 
0 

32 
0 
0.007 

50 
11 
39 
0.011 

50 
16 
2 
0 

32 
0 
0.005 

50 
14 
36 

0.075 

50 
28 

1 
0 

20 
1 
0.367 

50 
13 
37 

0.043 

(a ) All doses calculated as milligrams p-chloroaniline per kilogram body weight 
(b) First day of termination period: 730 (week 105) 
(c) Includes animals killed in a moribund condition 
(d) 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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TABLE 13. HEMATOLOGY FOR MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
p-CHLOROANILINE HYDROCHLORIDE (a) 

-. 
Analysis Vehicle Control 2 mg/kg 6 mg/kg 18 mg/kg 

-. 
6 Months 

Number examined (b) 13 12 12 13 

Hemoglobin (g/dl) 15.3 f 0.21 
Hematocrit (percent) 45 f 0.5 
Leukocytes (103/mm3) 6.0 f 0.37 
Erythrocytes (lO6/mm3) 9.34 f 0.102 
Mean corpuscular volume (p3) 48 f 0.2 ( 
Bands (percent) 0 * O.O(l4) 
Segmented neutrophils (percent) 22 * 1.7(14) 
Eosinophils (percent) 1 f 0.3(14) 
Lymphocytes (percent) 77 f 1.7(14) 
Monocytes (percent) 0 k O.O(l4) 
Nucleated erythrocytes (per 100 leukocvtes) 1 f 0.3 (14) 
Mean corpuscular hemogiobin (pg) 
Mean corpuscular hemoglobin 

Methemoglobin (percent of hemoglobin) 

12 Months 

Number examined 

concentration (percent) 

Hemoglobin (g/dl) 
Hematocrit (percent) 
Leukocytes (10Vmms) 
Erythrocytes (lO~/mm3) 
Mean corpuscular volume (p3) 
Bands (percent) 
Segmented neutrophils (percent) 
Eosinophils (percent) 
Lymphocytes (percent) 
Monocytes (percent) 
Nucleated erythrocytes (per 100 leukocytes) 
Mean corpuscular hemoglobin (pg) 
Mean corpuscular hemoglobin 

Reticulocytes (percent of erythrocytes) 
Methemoglobin (percent of hemoglobin) 

18 Months 

Number examined 

concentration (percent) 

Hemoglobin (g/dl) 
Hematocrit (percent) 
Leukocytes (103/mm3) 
Erythrocytes (lO6/mm3) 
Mean corpuscular volume (4) 
Bands (percent) 
Segmented neutrophils (percent) 
Eosinophils (percent) 
Lymphocytes (percent) 
Monocytes (percent) 
Nucleated erythrocytes (per 100 leukocytes) 
Mean corpuscular hemoglobin (pg) 
Mean corpuscular hemoglobin 

Reticulocytes (percent of erythrocytes) 
Methemoglobin (Dement of hemoelobin) 

concentration (percent) 

16.4 f 0.09 

34.4 f 0.16 
0.26 f 0.111 

14 

14.3 f 0.28 
42 f 0.9 

5.0 f 0.27 
8.91 f 0.183 

48 f 0.3 
0 f0 

26 f 1.8 
1 f 0.3 

73 f 2.0 
0 f 0  
1 f 0.2 

16.1 f 0.15 

33.7 f 0.29 
0.8 f 0.05 

0.28 f 0.056 

13 

14.4 f 0.19 
47 f 0.7 

5.2 f 0.31 
8.92 f 0.106 

53 f 0.6 
0 f 0.0 

43 f 2.2 
1 f 0.6 

56 f 2.4 
0 f 0.2 
1 f 0.3 

16.1 f 0.17 

30.5 f 0.40 
2.0 f 0.12 

1.04 f 0.056 

15.2 f 0.27 
44 f 1.1 
5.9 f 0.36 

9.10 f 0.190 
c)49 f 0.2 

0 f 0.0 
24 f 2.0 

1 f 0.4 
74 f 1.8 

0 f 0.1 
1 f 0.5 

(c) 14.6 
(d) 42 

7.1 
(d) 8.61 

(d) 50 
0 

18 
1 

80 
0 
2 

f 0.14 
f 0.5 
f 0.38 
f 0.094 
f 0.3 
f 0.0 
f 1.9 
f 0.5 
f 2.1 
f 0.3 
f 0.4 

(c) 14.7 
(d) 41 

6.7 
(d) 7.58 

(d) 54 
0 

18 
1 

80 
(d)  1 
(d) 4 

f 0.14 
f 0.4 
f 0.21 
f 0.058 
f 0.2 
f 0.0 
2 1.4 
f 0.4 
k 1.4 
f 0.4 
f 0.3 

16.7 f 0.14 (d)16.9 f 0.10 (d)19.4 f 0.10 

34.2 f 0.36 34.3 f 0.29 (d)36.0 f 0.19 
(c) 0.79 f 0.151 (d) 0.89 f 0.178 (d) 1.97 f 0.170 

15 15 15 

14.5 f 0.16 
43 f 0.5 
6.0 f 0.24 

9.04 f 0.104 
47 f 0.2 

0 f O  
27 f 1.8 

1 f 0.3 
72 f 1.9 
0 f0 
1 f 0.3 

16.0 f 0.09 

13.9 
42 

(d) 7.0 
8.57 

(d) 49 
0 

30 
1 

69 
0 
2 

16.2 

f 0.28 
f 0.1 
f 0.58 
f 0.192 
f 0.3 
f0 
f 3.0 
f 0.3 
f 3.0 
fO 
f 0.5 
f 0.12 

14.4 
43 

(d) 8.6 
(c) 8.38 

(d) 51 
0 

td) 42 
(c) 0 

(d) 58 
0 

(d) 3 
(d) 17.2 

f 0.18 
f 0.5 
f 0.56 
f 0.103 
f 0.2 
f O  
2 2.9 
f 0.1 
f 2.8 
f 0  
f 0.4 
f 0.09 

33.9 f 0.15 33.3 f 0.17 33.4 f 0.14 
(c) 1.3 f 0.18 (~11.5 k 0.20 (c) 1.4 f 0.19 

0.41 f 0.090 (d) 1.08 f 0.122 (d) 1.18 f 0.167 

15 13 13 

13.8 f 0.42 13.9 f 0.24 
46 f 1.3 45 f 0.8 
4.4 f 0.21 5.0 f 0.35 

8.89 f 0.177 8.47 f 0.167 
51 f 0.9 54 f 0.5 
0 _+ 0.1 0 f 0.2 

36 f 2.5 43 f 2.7 
2 f 0.4 2 f 0.2 

61 f 2.4 55 f 2.7 
(c) 1 f 0.2 0 f 0.0 

1 f 0.4 2 f 0.4 
15.5 f 0.26 16.4 f 0.18 

13.7 
(c) 43 

(d) 8.4 
(d) 7.32 

(d) 58 
0 

(c) 53 
1 

(d) 45 
0 

(d) 5 
(d) 18.7 

f 0.47 
f 1.3 
f 0.72 
f 0.206 
f 0.5 
f 0.2 
f 3.4 
f 0.2 
f 3.3 
f 0.0 
f 1.5 
f 0.36 

30.3 f 0.19 30.7 k 0.11 (d)32.1 f 0.44 
(d3.2 f 0.43 (c)3.2 f 0.19 (d)6 .4  f 0.54 

- I (d) 1.96 f 0.130 (d)2.37 f 0.245 (d)4.09 f 0.248 
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TABLE 13. HEMATOLOGY FOR MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
p-CHLOROANILINE HYDROCHLORIDE (Continued) 

AnaIysis Vehicle Control 2 mg/kg 6 m g k ?  18 mg/kg 

24 Months (e) 

Number examined (b) 15 15 15 15 

Hemoglobin (gldl) 
Hematocrit (percent) 
Leukocytes (10Vmrn3) 

Mean corpuscular volume (p3) 
Bands (percent) 
Segmented neutrophils (percent) 
Eosinophils (percent) 
Lymphocytes (percent) 
Monocytes (percent) 
Nucleated erythrocytes (per 100 leukocytes) 
Mean corpuscular hemoglobin (pg) 
Mean corpuscular hernoglobin 

~ r y t h r ~ ~ y t e s  (iovmm3) 
54 f 0.7 

1 f 0.2 
55 f 3.2 
1 f 0.2 

44 f 3.2 
0 f 0.0 
3 f 0.7 

8.1 f 0.22 (c) 

7.82 f 0.268 8.07 f 0.179 
52 f 0.5 
0 f 0.1 

49 f 3.8 
2 f 0.4 

48 f 4.0 
0 f 0.0 
1 f 0.2 

7.3 f 0.20 ( 

14.1 f 0.41 14.0 f 0.33 13.9 f 0.48 
42 f 1.1 42 f 0.9 42 f 1.4 

6.9 rf: 1.07 (05.4 rf: 0.34(14) 6.1 f 0.96 
8.08 f 0.262 

52 f 0.5 
0 f 0.2 

57 rf: 2.9 
1 f 0.4 

41 f 3.0 
0 f 0.0 
1 f 0.4 

) 17.2 f 0.20 

13.8 f 0.71 
40 f 2.1 
8.8 f 0.97 

7.54 f 0.402 
54 f 0.6 

1 f 0.7 
63 f 1.8 

1 k 0.3 
(c)34 f 1.9 

0 f 0.0 
5 f 1.1 

18.4 f 0.19 

concentiation (percent7 33.6 f 0.21 33.2 f 0.27 33.2 f 0.23 34.1 k 0.27 
Platelets ( X  103/mm3) 408 f 28.3 (c)486 f 20.6 (c)490 k 23.8 (d)609 k 33.5 

4.2 k 0.66 Reticulocytes (percent of eythrocytes) 3.4 f 0.61 3.0 f 0.44 3.2 f 0.32 
Methemoglobin (percent of hemoglobin) 1.56 f 1.333 1.79 f 0.136 (d)2.16 f 0.101 (dj2.17 f 0.195 

(a) Mean f standard error; P values vs. the vehicle controls by Williams’test (Williams, 1971,1972); doses calculated as 
p-chloroaniline. 
(b) Unless otherwise specified by a number in parentheses 
( c )  P<0.05 
(d) P<O.Ol 
(e) Blood taken for analysis 11  -1 4 days after the last dose was administered 
(f) One value of 128.2 excluded 
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TABLE 14. HEMATOLOGY FOR FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
p-CHLOROANILINE HYDROCHLORIDE (a) 

Analysis Vehicle Control 2 mg/kg 6 mgflrg 18 mgfltg 

6 Months 

Number examined 15 

H emoglobin 
Hematocrit (percent) 
Leukocytes (1 03/mm3) 
Erythrocytes (1 O~/mm3) 
Mean corpuscular volume (p3) 
Bands (percent) 
Segmented neutrophils (percent) 
Eosinophils (percent) 
Lymphocytes (percent) 
Monocytes (percent) 
Nucleated erythrocytes (per 100 leukocytes) 
Mean corpuscular hemoglobin (pg) 
Mean corpuscular hemoglobin 

Methemoglobin (percent of hemoglobin) 
concentration (percent) 

14.8 
45 
4.1 

8.54 
53 
0 

13 
1 

86 
1 
2 

17.3 

32.6 
0.20 

f 0.24 
f 0.6 
f 0.32 
f 0.123 
f 0.2 
f 0.0 
f 1.6 
f 0.2 
f 1.7 
f 0.2 
f 0.4 
f 0.13 

f 0.22 
f 0.108 

12 Months 

Number examined 12 

Hemoglobin (g/dl) 14.8 
Hematocrit (percent) 45 
Leukocytes (103/mm3) 3.0 
Erythrocytes (1 O%m3) 8.41 
Mean corpuscular volume (p3) 54 
Bands (percent) 0 
Segmented neutrophils (percent) 24 
Eosinophils (percent) 2 
Lymphocytes (percent) 74 
Monocytes (percent) 0 
Nucleated erythrocytes (per 100 leukocytes) 1 
Mean corpuscular hemoglobin (pg) 17.6 
Mean corpuscular hemoglobin 

concentration (percent) 32.6 
Reticulocytes (percent of erythrocytes) 1.5 
Methemoglobin (percent of hemoglobin) 0.47 

18 Months 

f 0.31 
f 1.1 
f 0.17 
f 0.197 
f 0.2 
f 0.0 
f 1.7 
f 0.5 
f 1.9 
f 0.0 
f 0.5 
f 0.16 

f 0.29 
f 0.10 
f 0.108 

Number examined 12 

Hemoglobin (g/dl) 14.6 

Leukocytes (103/mm3) 2.5 
Erythrocytes (lOVrnm3) 8.30 

Hematocrit (percent) 47 

Mean corpuscular volume (p3) 57 
Bands (percent) 0 
Segmented neutrophils (percent) 35 
Eosinophils (percent) 2 
Lymphocytes (percent) 64 
Monocytes (percent) 0 
Nucleated erythrocytes (per 100 leukocytes) 2 
Mean corpuscular hemoglobin (pg) 17.5 
Mean corpuscular hemoglobin 

concentration (percent) 30.7 

Methemoglobin (percent of hemoglobin) 0.75 
Reticulocytes (percent of erythrocytes) 2.5 

f 0.27 
f 0.7 
f 0.21 
f 0.122 
f 0.4 
k 0.0 
f 1.3 
f 0.5 
f 1.7 
f 0.1 
f 0.5 
f 0.17 

f 0.26 
f 0.10 
f 0.082 

15 

14.3 f 0.18 

3.9 f 0.18 
(c)43 f 0.6 

(b)8.08 f 0.113 
(b)54 f 0.1 

0 f 0.0 
15 f 1.5 

1 f 0.3 
84 f 1.6 
0 f 0.2 
2 f 0.5 

(c) 17.7 f 0.09 

33.1 f 0.15 
0.63 f 0.322 

15 

14.5 f 0.19 
44 f 0.9 
3.0 f 0.17 

8.13 f 0.166 
54 f 0.2 

0 f 0.0 
28 f 2.6 

1 f 0.3 
71 f 2.5 

0 f 0.0 
2 f 0.3 

17.9 f 0.21 

33.4 f 0.42 
1.6 f 0.12 

0.34 f 0.069 

15 

14.1 f 0.18 
46 f 0.6 
2.9 f 0.13 

8.00 f 0.104 
57 f 0.3 

0 f 0.1 
37 f 1.8 

(c) 1 f 0.3 
62 f 1.8 

0 f 0.1 
3 f 0.9 

17.6 f 0.12 

30.7 f 0.12 
2.9 f 0.21 

(b) 1.42 f 0.106 

15 

(b) 13.9 f 0.12 
( ~ 1 4 3  f 0.3 

4.6 f 0.19 
(b)7.60 f 0.057 

(b)56 f 0.2 
0 f 0.0 

15 f 1.4 
1 f 0.2 

84 f 1.3 
1 f 0.2 

(c)5 f 0.8 
(b) 18.3 f 0.07 

32.7 f 0.12 
0.07 f 0.029 

14 

13.8 f 0.36 
42 f 1.1 
3.5 f 0.39 

7.62 f 0.202 
(b)55 f 0.3 

0 f 0.0 
(c)32 f 2.5 

1 f 0.3 
(c)66 f 2.3 

0 f 0.0 
(b)3  f 0.6 
18.1 f 0.10 

32.9 k 0.24 
(b)2.6 k 0.15 

(b) 1.16 f 0.123 

14 

(b) 13.5 f 0.23 
(b)44 f 0.7 
(d3 .2  f 0.24 

(b)7.35 f 0.119 
(b)59 f 0.4 

0 f 0.1 
36 f 2.3 

1 f 0.3 
62 f 2.3 
0 f 0.0 

(c)6 f 0.9 
(b) 18.3 f 0.16 

30.8 f 0.22 
(b)5.3 f 0.25 

(b) 2.52 f 0.178 

15 

(b) 13.2 f 0.32 
(b)40 f 0.8 

3.8 f 0.19 
(b)6.49 f 0.121 

(b)61 f 0.2 
0 f 0.0 

(b)19 f 1.4 
1 f 0.2 

(b)80 f 1.4 

(b)12 1 f f 0.2 1.4 
(b)20.3 f 0.19 

33.2 f 0.32 
0.45 f 0.136 

15 

14.8 f 0.30 
47 f 1.1 

(b)4.7 f 0.44 
8.17 f 0.173 

(b)57 f 0.2 
0 f 0.1 

(c)30 f 0.9 
1 f 0.3 

(1369 f 1.0 
0 f 0.0 

( b ) 5  f 0.4 
18.2 f 0.34 

31.9 f 0.62 
(b)2.7 k 0.21 

(b) 1.82 f 0.122 

14 

(b) 13.5 f 0.24 
tb)44 f 0.7 

(b)3.8 f 0.26 
(b)6.80 f 0.075 

(b)66 f 0.4 
0 f 0.1 

33 f 2.3 
1 f 0.1 

66 f 2.4 
0 k 0.1 

(b)10 f 1.7 
(b, 19.9 f 0.24 

30.4 f 0.26 
(b)8.4 f 0.47 

(b)3.41 f 0.156 
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TABLE 14. HEMATOLOGY FOR FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Analysis Vehicle Control 2 mg/kg 6 m g M  18 mg/kg 

24 Months (d) 

Number examined 15 15 15 15 

Hemoglobin (g/dl) 
Hematocrit (percent) 
Leukocytes (103/mm3) 
Erythrocytes (lO6/mm3) 
Mean corpuscular volume (p3) 
Bands 
Segmented neutrophils (percent) 
Eosinophils (percent) 
Lymphocytes (percent) 
Monocytes (percent) 
Nucleated erythrocytes (per 100 leukocytes) 
Mean corpuscular hemoglobin (pg) 
Mean corpuscular hemoglobin 

Platelets (103/mm3) 
Reticulocytes (percent of erythrocytes) 
Methemoglobin (percent of hemoglobin) 

concentration (percent) 

13.2 f 0.41 
39 f 1.1 

3.4 f 0.34 
7.12 f 0.248 

55 f 0.6 
2 f 1.0 

46 f 2.6 
2 f 0.4 

50 f 2.8 
0 f 0.0 
2 f 0.5 

18.5 f 0.19 

33.6 f 0.23 
382 f 35.6 
2.5 f 0.65 

1.67 f 0.099 

13.2 f 0.43 
40 f 1.6 
3.5 f 0.33 

7.22 f 0.226 
54 f 0.3 

1 f 0.5 
48 f 2.2 

2 k 0.5 
48 f 2.3 
0 f 0.0 
1 f 0.2 

18.3 f 0.12 

34.1 k 0.25 
426 f 14.8 
2.7 f 0.84 

1.97 f 0.099 

13.8 f 0.16 
41 f 0.5 

4.1 f 0.46 
7.33 f 0.162 

55 f 0.7 
1 f 0.3 

47 f 3.7 
2 f 0.4 

50 f 3.8 
0 f 0.0 
1 f 0.3 

18.7 f 0.23 

33.9 f 0.16 
396 f 17.7 
2.1 f 0.20 

(c) 2.03 f 0.167 

14.1 f 0.54 
41 f 1.6 
4.3 f 0.57 

7.10 f 0.184 
(b)58 f 1.1 

1 f 0.3 
53 f 3.2 
1 f 0.3 

44 f 3.1 
0 f 0.1 
2 f 0.5 

(b) 19.7 f 0.40 

34.2 f 0.21 
320 f 42.3 
5.1 f 2.32 

(c) 1.91 f 0.149 

(a) Mean k standard error; P values vs. the vehicle controls by Williams’test (Williams, 1971,1972); doses calculated a s  
p-chloroaniline. 
(b) P<O.O1 
(c) P<0.05 
(d) Blood taken for analysis 11-14 days after the last dose was administered 

At 12 months, dose-related changes in the eryth- 
ron were minimal to mild. Mild increases in 
mean corpuscular volume, nucleated erythro- 
cytes, mean corpuscular hemoglobin, and methe- 
moglobin were detected. At 18 months, how- 
ever, changes in the erythrocyte mass and in 
methemoglobin concentrations were similar to 
those detected a t  6 months. Approximately two- 
fold to fourfold increases in methemoglobin 
concentrations in mid and high dose male and 
female rats were associated with hematologic 
evidence of regenerative anemia. At 24 months, 
results of methemoglobin and hematologic anal- 
yses were essentially unremarkable. Because 
these animals had not been dosed for 11-14 days 
before the collection of the samples, these data 
suggest that the direct hematologic effects of p -  
chloroaniline hydrochloride are transient. 

Pathology and Statistical Analyses of 
Results 

This section describes the statistically signifi- 
cant or biologically noteworthy changes in the 
incidences of ra ts  with neoplastic or nonneo- 
plastic lesions of the spleen, adrenal gland, tes- 
tis, bone marrow, liver, hematopoietic system, 
and anterior 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 a t  least 
5% in a t  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. 
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III. RESULTS: RATS -. 

Spleen: The incidences of proliferative mesen- 
chymal lesions, which varied from nonneoplastic 
fibrous connective tissue (fibrosis) to highly ma- 
lignant sarcomas, were increased in the spleen 
of dosed rats. The incidences of splenic fibrosis 
were increased in dosed males and females, 
whereas the incidences of sarcomas (fibrosarco- 
mas, osteosarcomas, and hemangiosarcomas) 
were increased in males (Table 15). Many of the 
splenic sarcomas metastasized to one or more 
sites, Cellular infiltration of lipocytes (fatty me- 
taplasia) was observed in high dose rats (male: 
vehicle control, 0149; low dose, 0150; mid dose, 
0150; high dose, 24/50; female: 0150; 0150; 0150; 
11/50). A fibrosarcoma was observed in one mid 
dose female rat, and a n  osteosarcoma was ob- 
served in one high dose female rat. 

Fibrosis consisted of focal or diffuse proliferation 
of bundles of dense collagen intermixed with 
mildly to moderately pleomorphic fibroblasts. 
Fibrosis usually affected the splenic red pulp, 
where it replaced the splenic parenchyma, but in 
some animals fibrosis occurred in the splenic 
capsule with the formation of cysts on the capsu- 
lar surface. In two high dose males, the fibrous 
tissue formed well-demarcated expansile lesions 
that  were diagnosed a s  fibromas. Sarcomas 
were poorly demarcated, expansile, and invasive 

lesions; in some cases, fibrosis and sarcomas 
were present in the same spleen. Fibrosarcomas 
had a typical morphoIogy consisting of irregular, 
interlacing bundles of collagen mixed with spin- 
dle cells having highly pleomorphic, anaplastic 
nuclei. Many of the neoplasms with features of 
fibrosarcomas also contained either areas of os- 
teoid formation or cavernous or sinusoidal vas- 
cular spaces; these neoplasms were diagnosed as 
osteosarcomas or hemangiosarcomas, respec- 
tively. Cellular infiltration of lipocytes was seen 
concurrently with fibrosis or sarcomas and con- 
sisted of a few to several clumped andlor scat- 
tered, variably sized adipose cells within the 
areas of fibrosis or neoplasia. This change ap- 
peared to represent metaplasia of the prolifera- 
ting fibrous tissue elements to adipose cells (fat- 
ty metaplasia). 

Adrenal Gland: Medullary hyperplasia was ob- 
served a t  a n  increased incidence in high dose 
female rats; pheochromocytomas were also ob- 
served in vehicle control and dosed females 
(Table 16). Pheochromocytomas or malignant 
pheochromocytomas (combined) in male rats oc- 
curred with a significant positive trend; the 
incidence in the high dose group was signifi- 
cantly greater than that in the vehicle controls. 
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TABLE 13. SPLENIC FIBROSIS AND PRIMARY SARCOMAS IN RATS IN THE TWO-YEAR GAVAGE 
STUDIES O F  pCHLOROANILINE HYDROCHLORIDE (a) 

Vehicle Control 2 mg/kg 6 mgflrg 18 mgflcg 

MALE 

Fibrosis 
Overall Rates 

Fibroma 
Overall Rates 

3149 (6%) 

0149 (0%) 

Fibrosarcoma (b) 
Overall Rates 0149 (0%) 
Adjusted Rates 0.0% 
Terminal Rates 0118 (0%) 
Day of First Observation 
Life Table Tests P < 0.001 
Logistic Regression Tests P<O.OOl 

Osteosarcoma (b) 
Overall Rates 0149 (0%) 
Adjusted Rates 0.0% 
Terminal Rates 0/18 (0%) 
Day of First Observation 
Life Table Tests P < 0.001 
Logistic Regression Tests P < 0.00 1 

Hemangiosarcoma (d) 
Overall Rates 0149 (0%) 
Adjusted Rates 0.0% 
Terminal Rates 0118 (0%) 
Day of First Observation 
Life Table Tests P=0.002 
Logistic Regression Tests P = 0.002 

Fibrosarcoma, Osteosarcoma, or Hemangiosarcoma 
Overall Rates 0149 (0%) 
Adjusted Rates 0.0% 
Terminal Rates 0/18 (0%) 
Day of First Observation 
Life Table Tests P < 0.001 
Logistic Regression Tests P c 0.001 

FEMALE (e) 

Fibrosis 
Overall Rates 

Fibrosarcoma 
Overall Rates 

Osteosarcoma 
Overall Rates 

1/50 (2%) 

0150 (0%) 

0/50 (0%) 

11/50 (22%) 

0150 (0%) 

1/50 (2%) 
2.7% 
0/32 (0%) 
687 
P=0.570 
P=0.523 

0150 (0%) 
0.0% 
0132 (0%) 

(C)  
(C) 

0150 (0%) 
0.0% 
0/32 (0%) 

(C) 
(C) 

1/50 (2%) 
2.7% 
0/32 (0%) 
687 
P = 0.570 
P=0.485 

2/50 (4%) 

0150 (0%) 

0150 (0%) 

12/50 (24%) 

0/50 (0%) 

2/50 (4%) 
5.7% 
1/32 (3%) 
702 
P=0.364 
P=0.293 

1/50 (2%) 
3.1% 
1/32 (3%) 
730 
P = 0.615 
P=0.615 

0/50 (0%) 
0.0% 
0/32 (0%) 

(C)  
(C) 

3/50 (6%) 
8.7% 
2/32 (6%) 
702 
P=0.236 
P = 0.140 

3150 (6%) 

1/50 (2%) 

0/50 (0%) 

41/50 (82%) 

2/50 (4%) 

17/50 (34%) 
47.1% 
5/21 (24%) 
522 
P < 0.001 
P<O.OOl 

19/50 (38%) 
62.8% 
11/21 (52%) 
495 
P < 0.001 
P<O.OOl 

4/50 (8%) 
12.0% 
0/21(0%) 
618 
P = 0.095 
P = 0.068 

38/50 (76%) 
87.9% 
16/21 (76%) 
494 
P<O.OOl 
P<O.OOl 

42/50 (84%) 

0150 (0%) 

1/50 (2%) 
~ 

(a) The statistical analyses used are discussed in Section II (Statistical Methods) and Table A3 (footnotes); all doses calculated 
as  milligrams pchloroaniline per kilogram body weight. 
(b) Historical incidence of all sarcomas in water gavage vehicle controls (mean f SD): 11298 (0.3% F 0.8%); historical incidence 
in untreated controls in NTP studies: 8/1,906 (0.4% k 0.8%); no benign tumors, fibrosarcomas, or osteosarcomas have been 
observed in untreated controls. 
(c) No P value is reported became no tumors were observed in the vehicle control and dosed groups. 
(d) Historical incidence of hemangiomas or hemangiosarcomas (combined, for all organs) in water gavage vehicle controls 
(mean f SD): 2BOO (0.7% f 2%); historical incidence in untreated controls in NTP studies: 12/1,936 (0.6% f 1%) 
(e) Historical incidence of sarcomas in water gavage vehicle controls: 0/297; historical incidence of sarcomas in untreated con- 
trols in NTP studies: 111,961 (mean f SD) (0.05% f 0.4%); no fibrosarcomas or osteosarcomas have been observed. 
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TABLE 16. ADRENAL MEDULLARY LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES O F  
pCHLOROANILJNE HYDROCHLORIDE (a) 

Vehicle Control 2 mg/kg 6 mg/kg 18 mgfltg 

MALE 

Hyperplasia 
Overall Rates 15/49(31%) 

Pheochromocytoma 
Overall Rates 13/49 (27%) 
Adjusted Rates 53.8% 
Terminal Rates 8/18 (44%) 
Day of First Observation 633 
Life Table Tests P<O.OOl 
Logistic Regression Tests P=0.003 

Malignant Pheochromocytoma 

Pheochromocytoma or Malignant Pheochromocytoma (b) 

Overall Rates 1/49 (2%) 

Overall Rates 13/49 (27%) 
Adjusted Rates 53.8% 
Terminal Rates 8/18 (44%) 
Day of First Observation 633 
Life Table Tests P<O.OOl 
Logistic Regression Tests P=O.OOl 

FEMALE 

Hyperplasia 
Overall h t e s  4/50 (8%) 

Pheochromocytoma (c) 
Overall Rates 2/50 (4%) 
Adjusted Rates 6.2% 
Terminal Rates 1/27 (4%) 
Day of First Observation 557 
Life Table Tests P = 0.091 
Logistic Regression Tests P = 0.077 

21/48 (44%) 

18/48 (29%) 
40.3% 
11/31 (35%) 
65 1 
P=0.158N 
P=0.358N 

0148 (0%) 

14/48 (29%) 
40.3% 
11/31 (35%) 
65 1 
P=0.158N 
P=0.358N 

4/50 (8%) 

3/50 (6%) 
7.7% 
3/39 (8%) 
729 
P=0.650 
P = 0.553 

15/48 (31%) 

14/48 (29%) 
40.7% 
12/32 (38%) 
476 
P=0.134N 
P =0.504N 

1/48 (2%) 

15/48 (31%) 
43.6% 
13/32(41%) 
476 
P=0.175N 
P = 0.586N 

7/50 ( 14% ) 

1/50 (2%) 
2.8% 
1/36 (3%) 
729 
P=0.415N 
P = 0.488N 

17/49 (35%) 

25/49 (51%) 
79.5% 
15/21 (71%) 
618 
P=0.061 
P = 0.028 

1/49 (2%) 

26/49 (53%) 
82.9% 
16/21 (76%) 
618 
P=0.041 
P=0.017 

24/50 (48%) 

6/50 (12%) 
16.2% 
6/37 (16%) 
729 
P=0.248 
P = 0.192 

(a) All doses calculated as  milligrams p-chloroaniline per kilogram body weight 
(b) Historical incidence in water gavage vehicle controls (mean f SD): 121/299 (40% k 16%); historical incidence in untreated 
controls in NTPstudies: 48911,915 (26% f 14%) 
(c) Historical incidence of pheochromocytomas or malignant pheochromocytomas (combined) in water gavage vehicle controls 
(mean * SD): 20/295 (7% f 2%); historical incidence in untreated controls in NTP studies: 99/1,968 (5% f 4%) 

p-Chloroaniline Hydrochloride, NTP TR 351 54 



III. RESULTS: RATS 

Testis: The incidences of interstitial cell adeno- 
mas in the dosed groups of male rats were great- 
er than that in the vehicle controls (vehicle con- 
trol, 36/49; low dose, 44/46; mid dose, 44/50; high 
dose, 46/50). These marginal increases were not 
considered to be related to chemical exposure. 

Bone Marrow: Femoral hyperplasia was ob- 
served a t  increased incidences in high dose male 
and mid and high dose female rats (male: vehi- 
cle control, 26/49; low dose, 36/50; mid dose, 
35/49; high dose, 46/50; female: 11/50; 12/48; 
21/50; 37/47). Femoral reticular cell hyperplasia 
was observed at increased incidences in mid and 
high dose female rats (male: 0149; 0150; 3/49; 
0150; female: 1/50; 2/48; 7/50; 7/47). 

Liver: Hemosiderin pigmentation was observed 
at an increased incidence in high dose male rats 

(male: vehicle control, 1/49; low dose, 0150; mid 
dose, 0149; high dose, 26/49; female: 0150; 0150; 
0150; 1/50). 

Hematopoietic System: Mononuclear cell leuke- 
mia in male and female rats occurred with sig- 
nificant negative trends; the incidences in  the 
dosed groups were significantly lower than those 
in the vehicle controls (Table 17). 

Anterior Pituitary Gland: Cysts of the pars dis- 
talis were observed at increased incidences in fe- 
male rats (male: vehicle control, 3/47; low dose, 
0118; mid dose, 0119; high dose, 1/46; female: 
2/50; 3/33; 7/35; 12/50). The incidence of adeno- 
mas in high dose male rats  was significantly 
lower than that in vehicle controls (20147; 13/18; 
11/19; 11/46; P=0.027). 

TABLE 17. MONONUCLEAR CELL LEUKEMIA IN RATS IN THE TWO-YEAR GAVAGE STUDIES OF 
p-CHLOROANILINE HYDROCHLORIDE (a) 

MALE (b) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 

FEMALE (c) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 

21/49 (43%) 
59.7% 
5/18 (28%) 
466 
P = 0.001N 
P< 0.001N 

10/50 (20%) 
27.2% 
2/27 (7%) 
529 
P= 0.01 ON 
P=0.013N 

3/50 (6%) 
8.7% 
2/32 (6%) 
674 
P<O.OOlN 
P<O.OOl N 

2/50 (4%) 
4.6% 
0139 (0%) 
617 
P =0.005N 
P= 0.015N 

2/50 (4%) 
5.2% 
1/32 (3%) 
498 
P< 0.001 N 
P 0.001 N 

1/50 (2%) 
2.6% 
0/36 (0%) 
71 1 
P=0.003N 
P = 0.004N 

3/50 (6%) 
9.8% 
1/21 (5%) 
615 
P < 0.00 1 N 
P<O.OOlN 

1/50 (2%) 
2.7% 
1/37 (3%) 
729 
P = 0.002N 
P = 0.004N 

(a) All doses calculated as milligrams p-chloroaniline per kilogram body weight 
(b) Historical incidence of leukemia in water gavage vehicle controls a t  study laboratory (mean k SD): 120/300 (40% _+ 16%); 
historical incidence in untreated controls in NTPstudies: 636/1,936 (33% f 15%) 
(c) Historical incidence ofleukemia in water gavage vehicle controls at study laboratory (mean f SD): 75/299 (25% _+ 15%); 
historical incidence in untreated controls in NTP studies: 383/1.983 (19% f 7%) 
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III. RESULTS: MICE 

SIXTEEN-DAY STUDIES 

Deaths occurred in all dosed groups (Table 18). 
The final mean body weights of dosed and vehi- 
cle control mice were comparable. Cyanosis was 

indicated by the bluish extremities of dosed 
mice. Compound-related lesions a t  100 mg/kg 
included diffuse hemosiderosis of the liver Kupf- 
fer cells and diffuse congestion of the spleen in 
2/2 males and 2/2 females. 

TABLE 18. SURVIVAL AND MEAN BODY WEIGHTS O F  MICE IN THE SIXTEEN-DAY GAVAGE 
STUDIES O F  pCHLOROANILINE HYDROCHLORIDE 

Mean Body Weights (grams) Final Weight Relative 
Dose (a) Survival (b) Initial (c) Final Change (d) to Vehicle Controls 
(mg/kg) (percent) 

MALE 

0 
25 
50 

100 
200 
400 

FEMALE 

0 
25 
50 

100 
200 
400 

515 
(e) 4t5 
(0 415 
( g )  415 
(h) 015 
(i) 015 

515 
(k) 315 
(1) 4t5 

(m) 315 
(j) 015 

(n) 015 

24.4 
24.2 
22.8 
24.2 
24.0 
18.8 

18.4 
18.4 
17.6 
18.0 
14.0 
13.8 

27.0 
28.2 
27.7 
27.7 
(i) 
(i) 

20.4 
21.0 
21.0 
21.3 
(i) 
(i) 

+2.6 
+ 4.0 
+ 4.9 
+3.5 
(i) 
(i) 

+ 2.0 
+ 2.6 
+3.4 
+3.3 
(i) 
(i) 

104.4 
102.6 
102.6 

(i) 
(i) 

102.9 
102.9 
104.4 

(i) 
(i) 

(a)  All doses calculated as milligramsp-chloroaniline per kilogram body weight 
(b) Number surviving/number initially in group; laboratory report states that three of the deaths were probably gavage 
related. 
(c) Initial group mean body weight 
(d) Mean body weight change of the survivors 
(er Day of death: 16 
(0 n a y  of dea th  7 
( g  1 Day of death: 3 
(h1 Day ofdeath: 3,3,4,4,6 
(i) No data are reported due to the 100% mortality in this group. 
(j) Day of death: 2,2,2,2,3 
(k) Day ofdeath: 2,8 
(1) Day of death: 5 
(rn) Day of death: 7,8 
(ni Day of death: all 2 
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III. RESULTS: MICE 
I 

THIRTEEN-WEEK STUDIES 

Two male mice that received 120 mg/kg, three 
female mice that received 60 mg/kg, one female 
mouse that received 30 mg/kg, and one female 
vehicle control mouse died before the end of the 
studies (Table 19). Deaths were attributed to 
pneumonia. The pneumonia was generally con- 
fined to the terminal bronchioles and surround- 
ing alveoli and was characterized by necrosis of 
bronchiolar and alveolar epithelium , suppura- 
tive inflammation, fibrosis, and varying degrees 
of hyperplasia of the remaining epithelium, 
sometimes leading to bronchiolization of alveoli. 
Epithelial cells in one affected animal contained 
intracytoplasmic inclusions. The mice were 
positive for Sendai titer, and the appearance of 
the pneumonia was compatible with Sendai vi- 
rus infection. The final mean body weights of 
dosed and vehicle control mice were similar, 
The heart weights of male mice at 30 mg/kg or 
more, the lung weights of male mice a t  60 and 
120 mg/kg, the spleen weights of all groups of 
dosed male mice, and the spleen weights of 

female mice at 30 mg/kg or more were signifi- 
cantly greater than those of vehicle controls 
(Figure 8; Table F2). The hematocrit value and 
the erythrocyte count for almost all dosed groups 
of mice were significantly lower than those for 
vehicle controls (Table 20; Figures 9 and 10). 
The methemoglobin concentration for all groups 
of male mice and female mice dosed a t  15 mg/kg 
or more was significantly greater than those for 
vehicle controls. Compound-related increases 
were seen for the hemoglobin concentration, the 
number of segmented neutrophils (females 
only), the mean corpuscular hemoglobin, the 
mean corpuscular hemoglobin concentration, 
the mean corpuscular volume, and the number 
of nucleated erythrocytes. Erythrocytes from 
male and female mice in the mid (30 mg/kg) and 
high (120 mg/kg) dose groups had moderate to 
marked numbers of Heinz bodies (inclusions of 
denatured hemoglobin). Related findings in- 
cluded moderate to marked polychromasia and 
poikilocytosis (presence of erythrocytes with ab- 
normal shapes). 

TABLE 19. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF pCHLOROANILINE HYDROCHLORIDE 

Mean Bods Weights (grams) Final Weight Relative 
Dose (a) Survival (b) Initial (c) Final Change (d) to Vehicle Controls 
(mgflrf3) (percent) 

MALE 

0 1011 0 23.2 f 0.5 31.9 k 1.3 +8.7 k 1.2 
7.5 10/10 23.5 f 0.5 33.3 f 1.0 +9.8 f 0.9 104.4 
15 10/10 24.3 f 0.5 32.4 f 1.0 +8.1 f 0.8 101.6 
30 1011 0 23.1 k 0.6 33.6 f 0.6 +10.5 f 0.6 105.3 
60 loll0 23.3 f 0.4 32.5 f 0.7 +9.2 f 0.5 101.9 
120 (e) 8/10 23.7 k 0.5 31.8 k 1.0 +8.4 f 0.9 99.7 

FEMALE 

0 (D 9/10 18.6 f 0.2 26.6 f 0.5 +7.9 f 0.4 
7.5 loll0 18.2 f 0.2 25.7 f 0.4 +7.5 f 0.4 96.6 
15 loll0 19.1 f 0.3 25.3 f 0.7 +6.2 f 0.5 95.1 
30 (g) 911 0 18.1 k 0.2 25.2 f 0.7 +7.1 f 0.7 94.7 
60 (D 7/10 18.2 f 0.3 25.9 f 0.7 +7.4 f 0.5 97.4 
120 10/10 18.7 f 0.3 26.1 f 0.4 +7.4 f 0.2 98.1 

(a) All doses calculated as milligramspchloroaniline per kilogram body weight 
(b) Number surviving/number initially in group 
(c) Initial group mean body weight f standard error of the mean. Subsequent calculations are based on animals s w i v i n g  to 
the end of the study. 
(d) Mean body weight change of the survivors f standard error of the mean 
(e) Week of death: 2,3 
(0 Week ofdeath: all 2 
(g) Week of death; 6 
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TABLE 20. HEMATOLOGY FOR MICE IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 
p-CHLOROANILINE HYDROCHLORIDE (a) 

MALE 

No examined 

Leukocytes (l,000/mm3) 
Lymphocytes ~ l , ~ ~ ~ / m m ~ )  
Segmented neutrophils 

Monocytes (l.000/mm3) 
Eosinophils ( l . ~ ~ ~ / m m ~ )  
Hernatocnt (percent) 
Hemoglobin Cg/dl) 
M C H W  
MCHC (gldl) 
MCV (cubic rmcrons) 
Methemoglobin (percent 

of hemoglobin) 
Nucleated erythrocytes 

(l,000/mm31 
Erythrocytes (106/mm3) 

FEMALE 

( 1 , 0 0 0 / ~ ~ 3 )  

No. eramined 

1,eukocytes ( ~ . o o o / ~ ~ ~ )  
Lymphocytes (l.000/mm3) 
Segmented neutrophils 

Monocytes (l,000/mm3) 
Eosinophils ( l , ~ ~ O / m m ~ )  
Hematocnt (percent) 
Hemoglobin (gldl) 
MCH (pgJ 
MCHC (gldl) 
MCV (cubic microns) 
Methemoglobin (percent 

of hemoglobin) 
Nucleated erythrocytes 

Erythrocytes (108/mm3) 

(1 ,000/mm3) 

~1.0001mm3~ 

10 10 10 10 10 8 

8.27 k 0.516 6.92 2 0.533 (b) 5.44 f 0.697 7.15 i 0.747 9.26 f 0.795 8.99 i 1.284 
6.01 * 0.349 (b) 3.76 f 0.209 (bl3.83 It 0.686 4.90 i 0.696 6.06 + 0.751 5.54 i 0.711 

2.07 f. 0.331 
0.01 i 0,009 
0.18 f 0.055 

48.70 * 0.400 
16.7 f 0.10 
15.7 k 0.04 
34.2 f 0.09 
45.7 i 0.15 

3.07 f 0.613 
0.04 f 0.020 
0.05 f 0.022 

46.90 i 0.530 
15.9 i 0.15 
15.5 f 0.18 
34.0 f. 0.15 
45.9 f. 0.69 

1.46 i 0.341 
0.03 i 0.017 
0.11 i 0.026 

(c) 45.50 i 1.340 
16.1 ?c 0.61 

(b) 16.5 i 0.25 
35.4 i 0.53 
46.5 i 0.48 

2.01 f. 
0.04 i 
0.15 f 

(e) 43.80 f 
16.3 f 

I C )  17.6 + 
I C )  37.3 f 

47.2 i 

0.293 
0.015 
0.047 
0.530 
0.28 
0.25 
0.39 
0.44 

3.10 f 
0.03 f 
0.06 f 

(c) 40.40 + 
(b) 18.4 i 
(cl 20.9 i 
( C l  45.3 i 

46.3 * 

0.496 
0.015 
0.023 
0.400 
0.24 
0.29 
0.71 
0.30 

3.35 f 
0.02 f 
0.08 i 

(e) 32.63 i 
tbl 17.2 i 
(c) 25.1 f 
fcl 52.6 i 
icl47.9 f 

1.005 
0.021 
0.032 
0.820 
0.31 
0.21 
0.65 
0.44 

0.63 f 0.075 (c) 1.72 i 0.194 (c) 1.77 i 0.140 (cl 2.36 i 0.174 (cl  2.84 f 0.388 ( e l  3.80 f 0.201 

0.00 i 0.000 0.00 i 0.000 0.20 i 0.200 0.30 i 0.153 0.50 f 0.307 (c) 3.13 k 0.833 
10.66 f 0.070 10.24 f 0.130 (c) 9.79 f 0.350 I C )  9.26 F 0,100 (cl 8.78 5~ 0.090 (c) 6.86 * 0.160 

9 10 9 7 10 10 

6.13 f 0.681 5.10 i 0.428 6.48 It 0.334 7.39 * 0.644 9.37 i 0.929 7.13 f 1.022 
4.87 i 0.553 4.16 5 0.332 5.06 f 0.236 5.70 i 0.522 7.36 f 0.870 5.23 f 0.935 

1.13 f 
0.04 i 
0.09 i 

49.78 f 
16.8 f 
15.7 f 
33.9 f 
46.3 f 

0.190 0.83 f 
0.012 0.01 i 
0.038 0.10 k 
0.720 (h) 47.30 i 
0.22 16.1 f 
0.07 15.7 f 
0.16 34.1 k 
0.33 46.0 i 

0.146 1.30 f 0.184 
0.007 0.00 i 0.000 
0.025 0.12 i 0.029 
0.750 (b) 47.20 f 0.470 
0.22 16.6 f 0.17 
0.08 16.3 0.13 
0.13 35.1 2 0.19 
0.26 46.4 i 0.37 

1.60 f 0.214 
0.00 f 0.000 
0.08 f 0.025 

(c) 45.67 f 0.530 
17.1 f 0.22 

(c) 17.8 i 0.17 
(c) 37.5 f 0.36 

47.6 f 0.24 

(bl 1.89 i 0.238 
0.08 !t 0.038 
0.05 f 0.030 

(c) 41.43 f 1.460 
(cl 19.6 f 0.56 
(c) 22.0 f 0.59 
(c) 47.2 i 1.12 

46.9 i 0.63 

(b) 1.75 f 0.149 
0.05 k 0.031 
0.11 * 0.028 

(c) 35.40 f 0.650 
(Cl 18.1 i 0.22 
(c) 25.0 f 0.43 
f c )  51.3 f 0.80 
I C )  48.8 f 0.44 

0.29 * 0.071 0.30 f 0.112 (e) 1.65 * 0.189 (cl 2.88 i 0.360 (c) 3.22 f 0.146 IC) 3.32 i 0.257 

0.22 k 0.147 0.00 i 0.000 0.10 f 0.100 0.00 i 0.000 0.86 f 0.404 ic) 5.80 i 1.218 
10.69 f 0.150 10.30 * 0.160 (b) 10.18 k 0.150 ( c )  9.63 k 0.100 (ci 8.93 k 0.330 (c )  7.26 * 0,150 

(a)  Mean i standard error. MCH = mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; MCV = mean corpuscular volume; P values 
are  vs. the vehicle controls; Dunnett's test was used when a nonsignificant result was obtained by the Jonckheere trend test; othenvise Williams'test was used fDunnett. 
1980; Jonckheere, 1954, Williams. 1971,1972); doses calculated as  p-chloroaniline. 
(b) P<0.05 vs. vehicle controls 
(c) P<O.Ol vs. vehicle controls 
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III. RESULTS: MICE 
I_ 

Compound-related effects in the 13-week studies 
included increased incidences of pigmentation 
(hemosiderin) of the kidney and Kupffer cells of 
the liver and hematopoiesis of the spleen (Ta- 
ble 21). The severity of the hematopoiesis in- 
creased as  the dose increased. 

Dose Selection Rationale: Major compound-re- 
lated effects observed in mice were he olytic 
anemia, methemoglobinemia, and splen mega- 
ly. The hemolytic anemia and splenome [ aly re- 
sponses were dose related. Methemoglobin 
levels ranged from 0.3% to 3.8% in dosed groups 
compared with 0.3% to 0.6% in vehicle controls. 
I t  was judged that doses higher than 30 mg/kg 
for the 2-year studies might produce severe ane- 
mia in animals because hematocrit and erythro- 
cyte values were reduced substantially in the 
13-week studies a t  doses of 60 and 120 mg/kg. 

Furthermore, the magnitude of splenomegaly 
was thought to be too great for selection of doses 
higher t han  30 mg/kg. Based on t h i s  in -  
formation, 30 mg/kg was selected a s  the high 
dose and 3 and 10 mg/kg as the low and mid 
doses, respectively. This dose regimen was ex- 
pected to achieve a no-effect level a t  the low dose 
and some effects on the hematopoietic system a t  
the mid dose in the 2-year studies. 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of high dose male and female 
mice were generally within 5% of those of vehi- 
cle controls throughout the studies (Table 22 and 
Figure 11). No compound-related clinical signs 
were observed. 

‘TABLE 21. NUMBER OF MICE WITH SELECTED LESIONS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF p-CHLOROANILINE HYDROCHLORIDE (a) 

Sitenesion 
Dose (mg/kg) 

0 7.5 15 30 60 120 

Kidney 
Hemosiderosis 0 0 0 0 0 9 

I.. I ver 
Hemosiderosis of Kupffer cells 0 0 0 2 10 9 

Spleen 
Hematopoiesis 

FEMALE 

Kidney 
Hemosiderosis 

0 8 10 10 10 8 

0 0 0 0 4 10 

Liver 
Hemosiderosis of Kupffer cells 0 0 0 0 7 10 

Spleen 
Hematopoiesis 2 9 10 9 8 10 

(ii) Ten animals in each group examined; all doses calculated as milligrams pchloroaniline per kilogram body weight. 

p-Chloroaniline Hydrochloride, NTP TR 351 62 



TABLE 22. MEAN BODY WEIGHTS OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
p-CHLOROANILINE HYDROCHLORIDE 

Weeks Vehicle Control 3 rneke 10 mekn 30 meku 
on Av. W t  No. Av. W t  W& (percent of No. Av. Wt. Wt. (percent of No. Av. Wt. Wt. (percent of No. 

Study (grama) Weighed (grams) veh. controls) Weighed (grams) veh. controls) Weighed (grams) veh. controls) Weighed 

MALE 
1 
2 
3 
4 
5 
0 
7 
8 
9 

10 
11 
12 
13 
17 
22 
26 
30 
34 
38 
42 
40 
50 
54 
58 
62 
60 
70 
74 
78 
82 
80 
90 
94 
98 

102 

FEMALE 
1 
2 
3 
4 
5 
0 
7 
8 
9 

10 
11 
12 
13 
17 
22 
20 
30 
34 
38 
42 
40 
50 
54 
58 
62 
00 
70 
74 
70 
82 
80 
90 
94 
98 

102 

21.9 
23.3 
24.0 
25.5 
27.7 
28.0 
28.5 
28.9 
30.2 
30.3 
31.2 
31.0 
32.0 
33.5 
35.2 
35.7 
37.5 
30.7 
42.8 
44.4 
43.7 
41.0 
42.9 
43.1 
45.0 
45.1 
44.8 
44.9 
44.9 
45.4 
45.6 
44.3 
44.9 
44.2 
42.9 

16.8 
17.1 
19.1 
20.0 
20.0 
21.2 
22.0 
22.2 
23.2 
22.7 
23.4 
23.0 
24.0 
25.4 
26.7 
28.1 
28.5 
30.5 
31.7 
33.4 
39.7 
34.7 
30.2 
36.9 
39.0 
40.7 
41.0 
40.9 
40.1 
41.8 
42.3 
43.1 
43.4 
44.2 
44.4 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
47 
47 
46 
46 

(a) 44 
43 
43 

50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
47 
47 
40 

(a) 45 
40 
46 
46 
44 
42 

21.8 
23.8 
24.9 
20.2 
27.0 
28.0 
28.6 
29.0 
30.9 
29.4 
31.6 
30.6 
31.4 
34.3 
34.9 
35.3 
30.7 
37.3 
41.3 
43.4 
42.5 
37.0 
40.9 
42.8 
43.8 
43.9 
43.8 
43.0 
43.0 
43.9 
43.5 
43.1 
42.0 
42.0 
42.2 

10.3 
17.9 
18.7 
19.9 
21.3 
21.0 
22.2 
22.0 
23.2 
22.7 
23.0 
23.0 
23.7 
25.2 
20.7 
27.7 
28.2 
29.0 
31.5 
32.9 
33.8 
34.3 
35.2 
30.8 
37.9 
39.1 
39.9 
38.8 
39.5 
41.5 
42.3 
42.0 
42.6 
44.0 
43.9 

99.5 
102.1 
103.8 
102.7 
99.0 
97.9 

100.4 
102.4 
102.3 
97.0 

101.3 
98.7 
98.1 

102.4 
99.1 
98.9 
97.9 
90.4 
96.5 
97.7 
97.3 
90.9 
95.3 
99.3 
97.3 
97.3 
97.8 
95.8 
97.1 
96.7 
95.4 
97.3 
94.9 
96.4 
98.4 

97.0 
104.7 
97.9 
99.5 

103.4 
101.9 
100.9 
101.8 
100.0 
100.0 
100.9 
100.0 
98.8 
99.2 

100.0 
98.0 
90.9 
97.0 
99.4 
98.5 

100.3 
98.8 
97.2 
99.7 
97.2 
90.1 
97.3 
94.9 
98.5 
99.3 

100.0 
98.0 
98.2 
99.5 
98.9 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
48 
48 
48 
48 
48 
47 
47 
40 
45 
45 
45 
45 
45 
45 

(a) 43 
40 
37 

50 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
40 
40 
40 
45 
45 
45 
45 

(a) 43 
44 
43 

22.5 
24.0 
25.1 
20.7 
28.4 
29.0 
29.7 
30.5 
31.2 
30.2 
31.9 
32.3 
31.7 
34.3 
35.1 
36.2 
37.9 
38.0 
42.8 
44.7 
43.8 
41.5 
42.8 
44.5 
44.0 
44.4 
43.9 
43.2 
43.8 
44.0 
44.4 
43.4 
42.5 
42.8 
41.8 

17.1 
18.2 
19.3 
20.4 
21.5 
21.9 
22.1 
22.9 
23.7 
22.6 
23.4 
23.9 
24.2 
25.5 
27.2 
27.7 
28.9 
29.8 
32.5 
34.0 
34.4 
34.4 
35.3 
37.2 
39.5 
40.4 
41.3 
41.8 
41.5 
42.0 
42.9 
43.1 
43.6 
45.2 
45.2 

102.7 
103.0 
104.6 
104.7 
102.5 
101.4 
104.2 
105.5 
103.3 
99.7 

102.2 
104.2 
99.1 

102.4 
99.7 

101.4 
101.1 
99.7 

100.0 
100.7 
100.2 
99.8 
99.8 

103.2 
97.8 
98.4 
98.0 
90.2 
97.0 
98.2 
97.4 
98.0 
94.7 
90.8 
97.4 

101.8 
100.4 
101.0 
102.0 
104.4 
103.3 
100.5 
103.2 
102.2 
99.0 

100.0 
101.3 
100.8 
100.4 
101.9 
98.0 

101.4 
97.7 

102.5 
101.8 
102.1 
99.1 
97.5 

100.8 
101.3 
99.3 

100.7 
102.2 
103.5 
100.5 
101.4 
100.0 
100.5 
102.3 
101.8 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
48 

(a) 28 
47 
45 
44 

(a) 38 
43 
43 

(a) 40 
34 
30 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
48 

(a) 40 
48 
47 
47 
44 
44 

21.0 
23.7 
24.8 
20.0 
28.0 
28.2 
28.0 
29.3 
29.9 
28.8 
31.0 
31.8 
31.7 
33.1 
35.2 
35.9 
37.0 
38.2 
42.2 
44.1 
42.0 
41.7 
42.9 
44.2 
44.9 
45.5 
44.0 
45.0 
44.0 
45.3 
44.8 
44.0 
43.1 
42.4 
41.1 

17.3 
18.3 
19.5 
20.7 
21.5 
21.5 
21.9 
23.1 
23.8 
24.5 
23.4 
23.7 
24.0 
25.9 
27.2 
28.2 
29.4 
29.3 
31.8 
32.9 
33.0 
33.4 
35.5 
36.8 
38.0 
38.0 
39.0 
39.7 
40.3 
41.5 
42.2 
41.3 
41.8 
43.1 
43.5 

98.0 
101.7 
103.3 
104.3 
101.1 
98.6 

100.4 
101.4 
99.0 
95.0 
99.4 

102.0 
99.1 
98.8 

100.0 
100.0 
98.7 
98.7 
98.8 
99.3 
96.1 

100.2 
100.0 
102.0 
99.8 

100.9 
99.0 

101.0 
99.3 
99.8 
98.2 
99.3 
90.0 
95.9 
95.8 

103.0 
107.0 
102.1 
103.5 
104.4 
101.4 
99.5 

104.1 
102.0 
107.9 
100.0 
100.4 
102.5 
102.0 
101.9 
100.4 
103.2 
90.1 

100.3 
98.5 
97.9 
90.3 
98.1 
99.7 
97.4 
94.8 
95.1 
97.1 

100.5 
99.3 
99.8 
95.8 
90.3 
97.5 
98.0 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
47 
46 

(a) 44 
46 
45 

(a) 41 
(a) 41 

37 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 

(a) 47 
48 
46 
45 
44 
42 

(a) The number of animals weighed was lower than the number of animals surviving. 
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FIGURE 11. GROWTH CURVES FOR MICE ADMINISTERED p-CHLOROANILINE 
HYDROCHLORIDE BY GAVAGE FOR TWO YEARS 
(all doses calculated as milligrams p-chloroaniline per kilogram body weight) 
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III. RESULTS: MICE 

Survival 

Estimates of the probabilities of survival for 
male and female mice administered p-chloroani- 
line hydrochloride a t  the doses used in these 
studies and for vehicle controls are shown in Ta- 
ble 23 and in the Kaplan and Meier curves in 
Figure 12. The survival of the mid dose group of 
male mice was significantly lower than that of 
the vehicle controls after week 99. No other sig- 
nificant differences in survival were observed 
between any groups of males or females. 

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 liver, circulatory system, 
hematopoietic system, and kidney. 

Summaries of the incidences of neoplasms and 
nonneoplastic lesions, individual animal tumor 
diagnoses, statistical analyses of primary tu- 
mors that occurred with a n  incidence of a t  least 
5% in a t  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 23. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF PCHLOROANILINE 
HYDROCHLORIDE (a) 

~ ~ ~~ ~ ~~~ 

MALE (b) 

Animals initially in study 50 50 50 50 
Nonaccidental deaths before termination (c) 7 13 21 15 
Animals missing 0 1 0 0 
Killed at termination 43 36 29 35 
Survival P values (d) 0.295 0.211 0.005 0.1 10 

FEMALE (b) 

Animals initially in study 50 50 50 50 
Nonaccidental deaths before termination (c) 10 5 6 9 
Accidentally killed 1 3 0 0 
Killed at termination 39 42 44 41 
Survival P values (d) 0.875 0.298 0.408 0.966 

---- 
(a) All doses calculated as  milligrams p-chloroaniline per kilogram body weight 
(b) First day of termination period: 728 (week 104) 
(c) Includes animals killed in a moribund condition 
(d) 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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FIGURE 12. KAPLAN-MEIER SURVIVAL CURVES FOR MICE ADMINISTERED 
p-CHLOROANILINE HYDROCHLORIDE BY GAVAGE FOR TWO YEARS 

(all doses calculated as milligrams p-chloroaniline per kilogram body weight) 
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III. RESULTS: MICE 

Liver: Pigmentation (hemosiderin) of the Kupf- 
fer cells was observed in high dose mice (male: 
vehicle control, 0150; low dose, 0149; mid dose, 
0150; high dose, 5060; female: 0150; 0150; 1/50; 
46/50). Hepatocellular adenomas in male mice 
occurred with a signifcant negative trend, and 
hepatocellular carcinomas i n  male mice oc- 
curred with a significant positive trend (Ta- 
ble 24). The incidences of hepatocellular car- 
cinomas in mid and high dose males and of 

hepatocellular adenomas or carcinomas (com- 
bined) in low, mid, and high dose males were sig- 
nificantly greater than those in vehicle controls. 
Hepatocellular carcinomas metastasized to the 
lung in 1/50 vehicle control, 1/49 low dose, 2/50 
mid dose, and 9/50 high dose male mice. Hep- 
atocellular adenomas or carcinomas (combined) 
were observed in 6/50 vehicle control, 9/50 low 
dose, 8/50 mid dose, and 11/50 high dose female 
mice. 

TABLE 24. HEPATOCELLULAR TUMORS IN MALE MICE I N  THE TWO-YEAR GAVAGE STUDY OF 
pCHLOROAN1LINE HYDROCHLORIDE (a) 

Vehicle Control 3 mg/kg 10 m m g  30 mg/kg 

Adenoma (b) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression T e s t  

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 
Metastatic to Lung 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 

Carcinoma (c) 

Adenoma or Carcinoma (d) 

9/50 (18%) 
20.9% 
9/43 (21%) 

P = 0.044N 
P = 0.020N 

728 

3/50 (6%) 
7.0% 
3/43 (7%) 
728 
P < 0.001 
P<O.OOl 
1/50 

11/50 (22%) 
25.6% 
11/43 (26%) 

P=0.081 
P=0.117 

728 

15/49 (31%) 
36.0% 
10136 (28%) 
432 
P = 0.060 
P = 0.097 

7/49 (14%) 
16.3% 
2/36 (6%) 
637 
P=0.127 
P= 0.149 
1/49 

21/49 (43%) 
46.4% 
12/36 (33%) 
432 
P=O.O12 
P=O.O19 

10150 (20%) 
29.1% 
7/29 (24%) 
443 
P = 0.205 
P = 0.478 

11/50 (22%) 
25.9% 
1/29 (3%) 
514 
P=O.Oll 
P=0.034 
2/50 

20150 (40%) 
47.0% 

443 
P = 0.007 
P = 0.045 

8/29 (28%) 

4/50 (8%) 
11.4% 
4/35(11%) 
728 
P = 0.209N 
P = 0.209N 

17/50 (34%) 
37.9% 
8/35 (23%) 
490 
P<O.OOl 
P < 0.00 1 
9/50 

21/50 (42%) 
47.1% 
12/35 (34%) 
490 
P -0.010 
P=0.027 

(a) The statistical analyses used are discussed in Section II (Statistical Methods) and Table C3 (footnotes); all doses calculated 
as milligramsp-chloroaniline per kilogram body weight. 
(b) Historical incidence in water gavage vehicle controls (mean k SD): 541347 (16% f 4%); historical incidence in untreated 
controls in NTP studies: 259/2,032 (13% f 7%) 
(c) Historical incidence in water gavage vehicle controls (mean It SD): 561347 (16% k 8%); historical incidence in untreated 
controls in NTP studies: 379/2,032 (19% f 7%) 
(d) Historical incidence in water gavage vehicle controls (mean k SD): 1061347 (31% k 6%); historical incidence in untreated 
controls in NTP studies: 609/2,032 (30% k 8%) 
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III. RESULTS: MICE 

Circulatory System: The incidence of hemangio- 
sarcomas in high dose male mice was marginally 
increased relative to that in vehicle controls (Ta- 
ble 25). Nearly all of the hemangiosarcomas oc- 
curred in the liver or spleen (liver: vehicle con- 
trol, 2/50; low dose, 2/49; mid dose, 1/50; high 
dose, 6/50; spleen: 3/50; 2/49; 0150; 5/50). One 
vehicle control male mouse and three high dose 
male mice had liver neoplasms with characteris- 
tics of hepatocellular carcinomas but which also 
contained vascular elements similar to those of 

hemangiosarcomas; both hepatocellular carcino- 
mas and hepatic hemangiosarcomas were diag- 
nosed in each of these animals. However, it is 
not uncommon for hepatocellular carcinomas to 
contain prominent, dilated, vascular spaces or 
areas of necrosis and hemorrhage with reactive 
endothelial cells and fibroblasts that resemble a 
vascular neoplasm. For these lesions, i t  is diffi- 
cult to determine if two distinctly different pri- 
mary neoplasms are present. 

'TABLE 35. HEMANGIOSARCOMAS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
pCHLOROANILINE HYDROCHLORIDE (a) 

Vehicle Control 3 mg/kg 10 mgfltg 30 mg/kg 

Liver 
Overall Rates 

Spleen 
Overall Rates 

2/50 (4%) 2/50 (4%) 1/50 (2%) 6/50 (12%) 

3/50 (6%) 2/50 (4%) 0150 (0%) 5/50 (10%) 

All Sites (b) 
Overall Rates 4/50 (8%) 4/49 (8%) 1/50 (2%) 10/50 (20%) 
Adjusted Rates 9.3% 9.7% 3.4% 23.9% 
Terminal Rates 4/43 (9%) 2/36 (6%) 1/29 (3%) 5/35 (14%) 
Day of First Observation 728 479 728 399 
Life Table Tests P=O.Oll P = 0.560 P =  0.315N P=0.047 
Logistic Regression Tests P = 0.014 P=0.639N P=0.313N P = 0.083 

..I_ 

I a) All doses calculated as milligramsp-chloroaniline per kilogram body weight 
(ti) Historical incidence of hemangiomas or hemangiosarcomas (combined) in water gavage vehicle controls (mean k SD): 
I 11350 (3% k 3%); historical incidence in untreated controls in NTP studies: 9812,040 (5% k 4%) 
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III. RESULTS: MICE 

Hematopoietic System: Proliferation of hemato- 
poietic cells in the liver was observed a t  in- 
creased incidences in dosed female mice (male: 
vehicle control, 7/50; low dose, 4/49; mid dose, 
7/50; high dose, 5/50; female: 15/50; 29/50; 
24/50; 31/50). The incidences of malignant lym- 
phomas in low and high dose males and in mid 
and high dose females were significantly lower 

than those in vehicle controls (Table 26). 

Kidney: Multifocal renal tubular pigmentation 
(hemosiderin) was observed in high dose female 
mice (male: vehicle control, 0150; low dose, W6; 
mid dose, 0/10; high dose, 4/49; female: 0/50; 0/7; 
0/4; 38/49). 

TABLE M. MALIGNANT LYMPHOMAS IN MICE IN THE TWO-YEAR GAVAGE STUDIES OF 
p-CHLOROANILJNE HYDROCHLORIDE (a) 

Vehicle Control 3 mg/kg 10 m a t 3  30 mgflrs 

MALE (b) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Tests 

FEMALE (c) 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Day of First Observation 
Life Table Testa 
Logistic Regression Testa 

10150 (20%) 3/49 (6%) 9/50 (18%) 3/50 (6%) 
21.6% 7.7% 23.9% 8.0% 
7/43 (16%) 1/36 (3%) 4/29 (14%) 2/35 (6%) 
496 674 423 682 
P = 0.149N P= 0.072N P=0.443 P =0.074N 
P = 0.095N P = 0.037N P = 0.397N P = 0.034N 

19/50 (38%) 12/50 (24%) 5/50 (10%) 10/50 (20%) 
41.3% 27.8% 10.3% 23.0% 
12/39 (31%) 11/42 (26%) 2/44 (5%) 8/41 (20%) 
666 528 52 1 609 
P = 0.082N P=0.083N P=0.001N P=0.041N 
P=0.071N P = 0.104N P = 0.001N P=0.032N 

(a) All doses calculated as milligrams p-chloroaniline per kilogram body weight 
(b) Historical incidence of lymphomas or leukemia (combined) in water gavage vehicle controls (mean 2 SD): 42/3-50 
(12% f 6%); historical incidence in untreated controls in NTPstudies: 252/2,040 (12% f 7%) 
(c) Historical incidence of lymphomas or leukemia (combined) in water gavage vehicle controls (mean f SD): 122/350 
(35% _+ lO9bX historical incidence in untreated controls in NTP studies: 636/2,040 (31% f 13%) 
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III. RESULTS: GENETIC TOXICOLOGY 

Mutagenic activity for p-chloroaniline was ob- 
served by two laboratories in strain TA98 in the 
presence of Aroclor 1254-induced male Sprague 
Dawley rat or Syrian hamster S9, and one labo- 
ratory noted a n  increase in revertant colonies in 
strain TA100 in the presence of hamster S9 only 
(Table 27). No mutagenic activity was reported 
in strains TA97, TA1535, or TA1537. Trifluoro- 
thymidine resistance was observed in cultured 
mouse L5178Y lymphoma cells both with and 
without Aroclor 1254-induced male F344 ra t  
liver S9 (Table 28). p-Chloroaniline induced sis- 
ter  chromatid exchanges (SCEs) both i n  the  
presence and absence of Aroclor 1254-induced 

male Sprague Dawley r a t  liver S9; tests per- 
formed a t  Environmental Health Research and 
Testing (EHRT) found a n  increase in SCEs only 
in the absence of S9 (Table29). Chromosomal 
aberration studies conducted at Litton Bionetics, 
Inc. (LBI), showed a significant increase in aber- 
rations in the presence of S9 (Table 30). No sig- 
nificant increase in aberrations in either the 
presence or absence of S9 was observed in a 
study conducted by EHRT; however, the maxi- 
mum doses of p-chloroaniline used in this study 
were lower than the doses that produced positive 
responses in the LBI study. 
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TABLE 27. MUTAGENICITY OF pCHLOROANILINE IN SALMONELLA TYPHIMURIUM (a) 

Strain Dose 
(pdplate) 

RevertantslPlate (b) 

Study performed at SRI International 

TA100 0 
33 
100 
333 

1,000 
1,666 

Trial summary 
Positive 
control (c) 

'r A 1 535 0 
33 
100 
333 

1,000 
1,666 

Trial summary 
Positive 
control (c )  

TA97 0 
33 
100 
333 

1,000 
1,666 

Trial summary 
Positive 
control (c) 

TA98 0 
33 
100 
333 
666 

1,000 
1,666 

Trial summary 

Positive 
control (c) 

- s9 

131 f 8.3 
128 f 9.5 
124 f 12.5 
113 f 11.9 
120 f 3.5 

Toxic 

Negative 

510 f 11.1 

23 f 1.8 
18 f 2.9 
16 f 0.9 
22 f 1.3 
22 f 2.6 

(d)O f 0.0 

Negative 

451 f 26.8 

166 f 7.7 
173 f 10.7 
170 f 4.7 
162 f 6.0 
126 f 6.4 

Toxic 

Negative 

1,615 f 55.6 

- 99 
Trial 1 

21 f 1.5 
23 f 1.7 
23 f 0.9 
22 f 3.8 

24 f 1.7 
_ _  

Toxic 

Negative 

1,626 f 93.3 

+ 59 (hamster) 

169 f 9.5 
158 f 10.1 
151 k 6.1 
148 f 5.2 
170 f 9.8 
160 f 6.4 

Negative 

2,285 f 42.7 

5 k 0.9 
11 f 1.5 
9 f 1.5 
8 f 1.3 
11 k 3.1 
11 f 1.0 

Negative 

600 k 17.8 

178 f 10.7 
171 f 17.2 
186 f 12.7 
206 f 10.3 
202 k 28.4 
185 f 1.2 

Negative 

1,466 f 12.8 

+ 99 (hamster) 
Trial 1 Trial 2 

24 f 2.1 36 f 1.5 
36 f 4.0 39 f 1.8 
38 f 7.2 34 f 3.2 
53 f 6.7 44 f 3.1 

-_ 76 f 3.2 
93 f 1.9 69 f 2.9 
83 f 7.0 _ _  
Positive Positive 

1,660 f 60.2 829 f 83.6 

+S9 (rat) 

172 f 5.3 
164 k 2.2 
161 f 12.0 
163 f 10.8 
173 k 7.6 
155 f 3.7 

Negative 

1,053 f 75.0 

8 f 0.6 
10 f 0.6 
8 f 1.5 
10 k 1.2 
10 f 2.1 
9 f 2.3 

Negative 

232 f 9.2 

193 f 5.1 
207 f 3.1 
190 f 12.2 
205 f 2.9 
203 f 3.7 

(dl95 f 5.0 

Negative 

1,235 f 24.1 

+S9  (rat) 
Trial 1 Trial 2 

28 f 1.7 27 f 2.6 
31 f 3.8 30 f 2.3 

41 f 5.2 35 f 4.3 
56 f 8.4 49 f 5.1 _ _  65 f 5.5 
80 f 2.4 88 f 6.9 
55 f 8.1 _ _  
Positive Positive 

690 f 49.7 248 f 20.6 

71 pChloroaniline Hydrochloride, NTP TR 351 



TABLE 27. MUTAGENICITY OF p-CHLOROANILINE IN SALMONELLA TYPHlMURlUM (Continued) 
-I 

Strain Dose RevertantdPlate (b) 
(pdplate) 

- ..._ - 
Study performed at Microbiological Associates 

- s9 t S9 (hamster) 
5% 10% 30% 30% 

TA 100 0 
33 
100 
333 

1,000 
1,500 
2,000 

Trial summary 
Positive 
control (c) 

TA100 0 
33 
100 
333 

1,000 
1,500 
2,000 

Trial summary 
Positive 
control (c) 

TA98 0 
33 
100 
333 

1,000 
1,500 
2,000 

Trial summary 
Positive 
control (d) 

TA.88 0 
33 
100 
333 

1,000 
1,500 
2,000 

Trial summary 
Positive 
control (d) 

99 f 4.7 92 f 3.2 86 f 3.3 109 f 4.4 114 f 11.1 
103 f 2.6 83 f 4.4 94 f 4.9 144 f 3.3 115 f 0.7 
97 f 2.9 92 f 5.2 97 f 3.2 142 f 0.0 134 f 8.9 
102 f 0.9 83 f 6.1 100 f 7.9 149 f 25.7 160 f 10.8 

(d)90 f 1.3 96 f 9.2 106 f 3.2 178 f 5.5 174 f 12.2 _ _  (d)57 f 13.0 (d)85 f 7.5 _ _  (d) 158 f 8.8 
(d)33 f 18.0 -_  _ _  (d) 100 f 47.7 _ _  

Negative Negative Negative Equivocal Weakly positive 

453 f 2.0 1,714 f 97.5 904 f 8.4 493 f 14.6 505 f 36.9 

tS9 (rat) 
5% 10% 30% 30% 

87 f 3.8 98 f 9.7 130 f 2.1 121 f 0.3 
98 f 5.0 99 f 3.5 136 f 7.8 102 f 7.0 
84 f 6.4 99 f 4.9 144 f 7.2 107 f 2.3 
93 f 0.3 99 f 9.0 146 f 19.8 111 f 3.5 
105 f 1.2 107 f 3.2 162 f 8.6 130 f 6.1 

(d)69 & 2.3 (d)78 f 1.5 _ _  (d) 129 f 2.7 _ _  _ _  (d)98 f 15.3 _ _  

Negative Negative Negative Negative 

1,043 f 29.3 993 f 84.3 729 f 7.1 859 f 3.3 

- 59 t 59 (hamster) 
5% 10% 30% 30% 30% 

38 f 5.8 26 f 1.7 29 f 2.0 55 f 2.3 26 k 1.8 24 f 0.6 
39 f 1.2 35 f 1.9 27 f 2.5 49 f 5.2 25 f 1.8 23 f 1.9 
37 f 6.5 26 f 3.0 28 f 2.2 57 f 1.8 24 f 1.0 29 f 1.8 

44 f 2.4 30 f 1.9 37 f 8.4 39 f 1.9 47 k 3.8 63 f 3.5 
26 f 0.6 50 f 2.8 73 f 6.4 (d)90 f 7.1 42 f 6.2 66 f 4.4 

.- (d)32 f 3.0 (d)61 f 3.8 _ _  (d)60 f 7.5 (d)57 f 1.5 
(d)8 f 2.0 _ _  _- (d)21 f 11.1 _ _  _ _  

Negative Weakly positive Positive Equivocal Weakly positive Weakly positive 

205 f 12.8 107 f 12.0 77 f 7.9 111 f 5.7 142 f 5.5 70 f 4.0 

tS9 (rat) 
5% 10% 30% 30%0 30% 

23 f 5.3 26 f 1.5 51 f 3.5 30 f 3.2 27 f 2.9 
29 f 2.7 31 f 1.5 54 f 0.6 28 f 1.8 26 f 2.1 

53 f 1.7 33 f 5.6 21 f 2.3 31 f 3.8 31 f 5.6 
30 f 2.1 45 f 2.8 41 f 2.5 66 f 4.7 42 f 0.6 

63 k 6.5 71 f 4.5 86 f 1.5 81 f 6.6 50 f 5.3 
(d)30 f 2.1 (d)46 f 3.5 _ _  (d)83 f 9.7 (d)51 f 3.1 _ _  _. (d)12 f 12.0 _ _  _ _  

Positive Positive Equivocal Positive Positive 

382 & 4.9 316 & 25.1 169 f 16.3 169 f 17.2 171 f 5.2 
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TABLE 27. MUTAGENICITY OF p-CHLOROANILINE IN SALMONELLA TYPHlMURlUM (Continued) 

Strain Dose 
(pg/plate) 

RevertantdPlate  (b) 

Study performed at Case Western Reserve University 

- 99 

'TA100 0 97 f 6.8 
10 104 f 8.0 
33 94 f 5.0 

100 107 f 6.4 
333 90 f 4.7 

1,000 93 f 4.5 
3,333 _ _  

Trial summary Negative 
Positive 
control (c) 459 f 23.9 

TA1535 0 6 f 0.9 
10 _ _  
33 5 f 1.9 

100 4 f 1.2 
333 5 f 2.3 

1,000 6 f 1.5 
3,333 1 f 1.3 

'Trial summary Negative 
Positive 
control (c) 212 f 33.8 

'TA1537 0 
10 
33 

100 
333 

1,000 
3,333 

2 f 1.2 

3 f 0.9 
2 f 0.3 
3 f 1.3 
2 f 0.3 

Toxic 

_ _  

'Trial summary Negative 
Positive 
control (c) 398 f 32.0 

TA98 0 15 f 2.3 
10 14 f3 .2  
33 8 f 1.2 

100 13 f 1.2 
333 13 f 2.4 

1,000 10 f 1.7 
3,333 _ _  

Trial summary Negative 
Positive 
control (c) 278 f 25.4 

+ S 9  (hamster) 

122 f 11.6 
165 f 9.6 
166 f 13.9 
157 f 11.2 
150 f 9.5 
130 f 13.9 _ _  

Negative 

1,818 f 296.3 

6 f 3.0 
4 f 0.7 
5 f 0.7 
3 k 0.7 
4 f 1.2 
3 f 0.9 -_ 

Negative 

30 f 3.7 

6 f 1.2 
6 f 0.6 
7 f 0.7 
6 f 0.7 
3 f 1.9 
4 f 1.7 _ _  
Negative 

107 f 1.8 

19 f 0.6 
25 f 2.9 
21 f 3.0 
25 f 3.8 
21 f 3.5 
17 f 3.6 

-- 

Negative 

984 f 100.2 

t S9 (rat)  

121 f 6.8 
125 f 5.1 
143 f 5.7 
146 f 4.2 
143 f 12.1 
135 f 3.2 

Negative 

1,057 f 174.4 

6 k 2.1 
2 f 0.6 
4 f 0.3 
2 k 0.7 
7 k 1.3 
7 f 2.6 

Negative 

38 f 2.1 

6 f 0.0 
10 f 2.0 
8 f 0.9 
9 f 0.9 

10 f 1.5 
5 f 1.5 _ _  
Negative 

109 f 2.3 

22 f 1.2 

23 f 2.6 
_ _  

25 f 2.0 
30 f 2.2 
24 f 0.9 
8 f 5.8 

Negative 

626 f 139.2 

(a) The detailed protocol is presented by Mortelmans e t  al. (1986). Cells and study compound or solvent (dimethyl sulfoxide) 
were incubated in the absence of exogenous metabolic activation (-S9) or with Aroclor 1254-induced S9 from male Syrian 
hamster liver or male Sprague Dawley rat liver. High dose was limited by toxicity or solubility but did not exceed 10 mg/plate; 
0 pglplate dose is the solvent control. 
cb) Revertanta are presented a s  mean f standard error from three plates. 
(c) Positive control; 2-aminoanthracene was used on all strains in the presence of S9. In the absence of metabolic activation, 
4-nitro-o-phenylenediamine was used with TA98, sodium azide was used with TA100 and TA1535, and 9-aminoacridine was 
used with TA97 and TA1537. 
td) Slight toxicity 
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TABLE 28. MUTAGENICITY OF p-CHLOROANILINE IN MOUSE L5178Y LYMPHOMA CELLS (4b) 

Cloning Relative Tft-Resistant Mutant 
Compound Concentration Efficiency Total Growth Cells Fraction (c) 

(Wrnl) (percent) (percent) 

Study performed at Inveresk Research International 

-'s9 

Ethanol (d) 77.8 f 2.8 99.8 f 1.8 

62.3 f 4.3 
56.3 f 1.7 

180.5 f 15.7 77.3 f 6.0 

232.0 f 18.1 (e)145.0 f 7.8 
333.3 f 22.8 (e)166.3 f 11.0 
330.0 f 36.2 (e) 170.3 f 24.8 
452.0 f 20.5 (e)260.0 f 11.7 

p-C hloroaniline 50 54.0 f 6.7 
100 67.0 f 3.5 
200 65.7 f 5.6 
400 58.3 f 0.9 
600 Lethal 

39.7 f 3.8 
12.3 f 1.2 _ _  

Ethyl methanesulfonate (D 250 74.0 f 0.0 94.5 f 5.5 660.5 f 81.5 (e)296.5 f 36.5 

Methanol (d) 83.0 f 8.4 100.0 f 1.9 

62.5 f 2.5 
44.0 f 8.0 
14.5 f 3.5 -- 

144.0 f 11.8 58.3 k 1.7 

594.0 f 5.0 (e)314.0 f 25.0 
637.0 f 38.0 (e)315.0 f 50.0 
926.5 f 23.5 (e)627.0 f 54.0 _ _  _ _  

p-Chloroaniline (D 25 63.5 f 4.5 
50 70.0 f 15.0 

100 49.5 f 2.5 
200 Lethal 

Methylcholanthrene (0 2.5 45.0 f 3.0 20.0 f 1.0 884.5 f 41.5 667.0 f 77.0 

Trial 2 

Methanol (d) 59.3 f 3.4 100.0 k 9.7 

59.5 f 4.5 
49.0 f 2.0 
30.0 f 4.0 
7.5 f 0.5 _ _  

139.5 f 6.6 79.0 f 5.1 

205.5 f 10.5 (e)132.5 f 11.5 
215.5 f 13.5 (e)165.5 f 21.5 
472.0 f 88.0 (e)318.0 f 14.0 
402.5 f 67.5 (e)427.0 f 78.0 

p-Chloroaniline (0 9.375 52.0 f 7.0 
18.75 44.0 k 3.0 
37.5 50.0 k 11.0 
75 31.5 f 0.5 

150 Lethal 

Methylcholanthrene (D 2.5 31.5 f 2.5 

Study performed at Litton Bionetics, Inc. 

-" 89 

Trial 1 

25.5 f 4.5 413.0 k 11.0 441.5 f 25.5 

Dimethyl sulfoxide (d) 83.0 f 9.0 100.0 f 9.0 98.8 f 4.7 40.8 f 4.4 

p-C hloroaniline (h) 31.3 
(D 62.5 

(h) 125 
(D 250 
( f )  375 
(i) 500 
1,000 

115 
82.5 f 2.5 
78 
89.0 f 14.0 
88.5 f 20.5 
81 

Lethal 

117 
88.5 f 2.5 
82 
62.0 f 9.0 
19.0 f 5.0 
12 _ _  

81 24 
90.5 f 17.5 36.0 f 6.0 
87 37 

134.0 k 7.0 51.0 k 5.0 
199.0 f 3.0 (e)80.0 k 20.0 
244 100 _ _  _ _  

Ethyl methanesulfonate (D 500 49.5 f 2.5 37.0 f 0.0 952.0 f 31.0 (e1645.0 f 13.0 
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TABLE 28. MUTAGENICITY OF p-CHLOROANILINE I N  MOUSE L5178Y LYMPHOMA CELLS 
(Continued) 

Cloning Relative TR-Resistant Mutant 
Compound Concentration Efficiency Total Growth Cells Fraction (c) 

(pdml) (percent) (percent) 

- 59 (Continued) 

Trial 2 

Dimethyl sulfoxide (d) 

p-Chloroaniline 

Ethyl methanesulfonate 

Trial 3 

Dimethyl sulfoxide (d) 

p-C hloroaniline 

Ethyl methanesulfonate (D 

+ss (g) 

Trial 1 

Dimethyl sulfoxide (d) 

p-Chloroaniline (D 

Methylcholanthrene (D 
Trial 2 

Dimethyl sulfoxide (d) 

p-Chloroaniline (D 

Methylcholanthrene (D 

(D 200 
300 
400 
450 
500 
550 

500 

100 
200 
300 

( j) 400 
(k) 500 
(k) 550 

600 

500 

7.8 
15.6 
31.3 
62.5 

125 

5 

31.3 
62.5 
83.4 

125 
166.7 

5 

86.3 f 4.0 

46.0 f 8.0 
52.0 f 5.5 
58.0 f 10.4 
74.3 f 10.2 
88.7 f 6.6 
75.0 f 10.5 

34.0 f 6.0 

65.8 f 1.3 

48.0 f 3.1 
43.7 f 2.6 
29.7 f 0.7 
35.5 f 6.5 
50 
38 

Lethal 

16.0 f 3.0 

76.8 k 4.5 

65.0 f 3.0 
74.0 f 4.0 
67.0 f 16.0 
74.0 f 8.0 
61.5 f 1.5 

38.0 f 1.0 

80.5 f 3.5 

79.0 f 6.0 
75.0 f 3.0 
78.5 f 8.5 
72.5 f 6.5 
75.0 f 8.0 

48.0 f 7.0 

100.0 f 5.7 

48.0 f 2.0 
28.7 f 6.3 
16.0 f 6.2 
25.7 f 2.7 
18.0 f 2.1 
14.3 f 3.9 

26.3 f 1.2 

40.3 f 5.3 15.8 f 2.1 

26.5 f 6.5 19.0 f 1.0 
37.0 f 7.4 24.0 f 4.2 
39.0 f 5.3 22.7 f 1.7 
60.0 f 11.5 (e)26.3 f 1.7 
67.0 f 5.0 (e)25.3 f 1.2 
61.3 f 10.5 (e)27.3 f 1.9 

379.3 f 53.1 (e)378.3 f 21.5 

100.0 f 5.0 30.3 f 3.3 15.5 f 1.7 

49.7 k 2.2 49.7 f 4.3 (e)34.7 f 1.8 
32.3 f 3.4 41.0 f 3.0 (e)31.7 f 1.2 
10.7 f 1.3 28.0 f 2.3 (e)31.7 f 2.7 
5.0 f 0.0 35.5 f 4.5 (e)35.0 f 10.0 
6 43 29 
4 30 26 _ _  -_ _ -  

11.0 k 1.0 500.5 k 34.5 (e)1,075.0 f120.0 

99.8 f 4.3 84.5 f 7.7 36.5 f 1.3 

67.0 f 2.0 106.5 f 6.5 55.0 f 6.0 
55.5 f 7.5 144.5 f 0.5 (e)65.5 f 3.5 
43.0 f 8.0 122.5 f 8.5 (e)63.5 f 10.5 
30.5 f 2.5 174.0 f 42.0 (e)77.0 f 11.0 
21.0 f 0.0 188.5 f 0.5 (e)102.5 f 3.5 

19.5 f 1.5 396.5 f 24.5 (e)353.0 f 31.0 

100.0 f 4.5 108.8 f 7.4 45.0 f 1.2 

37.0 f 3.0 122.0 f 18.0 51.0 f 4.0 
26.5 f 3.5 151.0 f 21.0 68.0 f 12.0 
21.0 f 0.0 151.5 f 11.5 64.5 f 1.5 
16.0 f 1.0 190.0 f 16.0 (e)87.5 f 0.5 
15.0 f 0.0 152.5 f 33.5 67.0 f 8.0 

26.5 f 2.5 347.5 f 30.5 (e)244.0 f 16.0 

75 p-Chloroaniline Hydrochloride, NTP TR 351 



TABLE 28. MUTAGENICITY O F  P-CHLOROANILINE IN MOUSE L5178Y LYMPHOMA CELLS 
(Continued) 

-.- 
Cloning Relative Tft-Resistant Mutant 

Compound Concentration Efficiency Total Growth Cells Fraction (c) 
(pg/ml) (percent) (percent) 

t 99 (g) (Continued) 

Trial 3 

Dimethyl sulfoxide (d) 

pChloroaniline 

87.8 f 6.4 

75 83.0 f 1.5 
100 74.7 f 4.9 
125 83.3 f 3.8 
150 88.3 f 1.7 
166.7 76.0 f 5.5 
200 65.7 f 3.9 

Methylcholanthrene 5 52.0 f 2.5 

100.0 f 7.2 

35.0 f 2.6 
29.0 f 2.3 
29.0 f 1.2 
23.3 f 0.9 
15.3 f 1.2 
17.0 f 1.2 

39.7 f 3.2 

57.0 f 5.8 21.8 f 1.1 

95.7 f 3.2 (e138.7 f 2.2 
90.7 f 11.2 (e)40.7 f 4.3 

136.7 f 12.7 (e)54.7 f 2.7 
132.7 f 4.9 (e)50.0 f 2.6 
114.7 f 10.8 (e150.3 f 3.3 
118.7 f 9.9 (e)60.7 f 4.8 

291.3 f 23.8 (e)187.0 f 19.5 

(a) The experimental protocol is presented in detail by Myhr et  al. (1985) and follows the basic format of Clive et  al. (1979). The 
highest dose of study compound is determined by solubility or toxicity and may not exceed 5 mg/ml. All doses are tested in 
triplicate; the average for the three tests is presented in the table. Cells (6 X lO5/ml) were treated for 4 hours a t  37" C in medi- 
um, washed, resuspended in medium, and incubated for 48 hours a t  37" c. After expression, 3 X 106cells were plated in medi- 
um and soft agar supplemented with trifluorothymidine (TR) for selection of Tft-resistant cells, and 600 cells were plated in 
nonselective medium and soft agar to determine the cloning eficiency. 
(b) Mean f standard error from replicate trials of approximately 1 X 106 cells each. All data are evaluated statistically for 
both trend and peak response (P<0.05 for a t  least one of the three highest dose sets). Both responses must be significantly 
(P < 0.05) positive for a chemical to be considered capable of inducing Tft resistance. If only one of these responses is significant, 
the call is "equivocal"; the absence ofboth trend and peak response results in a "negative" call. 
(c) Mutant fraction (frequency) is a ratio of the Tft-resistant cells to the cloning efficiency, divided by 3 (to arrive a t  MF per 
1 X 108 cells treated); MF = mutant fraction. 
(d) Data presented are the average offour tests. 
(e 1 Significant positive response; occurs when the relative mutant fraction (average MF of treated culture/average MF of sol- 
vent control) is greater than or equal to 1.6. 
(f 1 Data presented are the average oftwo tests. 
(gl 'rests conducted with metabolic activation were performed as described in (a) except that S9, prepared from the liver of 
Aroclor 1254-induced F344 rats, was added at the same time as  the study chemical and/or solvent. 
(h) Data presented are for one test. 
(i) Data presented are for one test. The dose in one test was lethal. 
( j ,  Data presented are the average oftwo tests. The dose in one test was lethal. 
(k) Data presented are for one test. The dose in two tests was lethal. 
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TABLE 29. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY 
CELLS BY p-CHLOROANILINE (a) 

No. of SCEs/ Relative 
Total Chromo- No. of Chromo- SCEs/ Hours  SCEs/Cell 

Compound Dose Cells somes SCEs some Cell in BrdU (percent) 
(pdml) (b) 

~~ ~~ ~~ 

Study performed a t  Litton Bionetics, Inc. 

-s9 (c) 

Trial 1--Summary: Positive 

Dimethyl sulfoxide 50 1.048 449 0.43 9.0 25.5 

p-Chloroaniline 16.7 50 1,039 589 
50 50 1,043 586 
167 50 1,044 773 
500 0 

0.57 11.8 
0.56 11.7 
0.74 15.5 

25.5 
25.5 

(d) 33.5 

131.1 
130.0 
172.2 

Mitomycin C 0.001 50 1,050 692 
0.01 5 105 259 

0.66 13.8 
2.47 51.8 

25.5 
25.5 

153.3 
575.6 

Trial 2--Summary: Positive 

Dimethyl sulfoxide 50 1,046 497 0.48 9.9 

0.73 15.4 
0.71 14.7 
0.81 16.9 

0.66 13.9 
2.88 60.4 

25.8 

(d) 35.3 
(d) 35.3 
(d) 35.3 

25.8 
25.8 

p-Chloroaniline 150 50 1,050 769 
175 50 1,043 736 
200 50 1,047 8 43 

155.6 
148.5 
170.7 

140.4 
610.1 

Mitomycin C 0.001 50 1,049 695 
0.01 5 105 302 

.t 59 (e) Summary: Positive 

Dimethyl sulfoxide 50 1,048 478 

p-Chloroaniline 900 50 1,043 656 
1,000 50 1,036 823 
1,100 50 1,043 794 
1,200 0 

Cyclophosphamide 0.35 50 1,046 725 
2 5 104 210 

Study performed a t  Environmental Health Research & Testing, Inc. 

59 (c) 

0.46 9.6 25.8 

0.63 13.1 
0.79 16.5 
0.76 15.9 

25.8 
(d) 35.3 
(d) 35.3 

136.5 
171.9 
165.6 

0.69 14.5 
2.02 42.0 

25.8 
25.8 

151.0 
437.5 

Trial 1--Summary: Equivocal 

Dimethyl sulfoxide 

p-Chloroaniline 

50 1,046 

1,041 
1,041 
1,037 
1,035 
1,046 
1,041 

432 0.41 8.6 26.0 

0.5 50 
1.6 50 
5 50 
16 50 
50 50 
160 50 
500 0 

0.005 50 
0.01 50 

437 
406 
405 
496 
443 
524 

0.42 8.7 26.0 
0.39 8.1 26.0 
0.39 8.1 26.0 
0.48 9.9 26.0 
0.42 8.9 26.0 
0.50 10.5 26.0 

26.0 

1.34 28.0 26.0 
1.90 39.3 26.0 

101.2 
94.2 
94.2 
115.1 
103.5 
122.1 

1,047 
1,033 

1,399 
1,964 

325.6 
457.0 

Mitomycin C 
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TABLE 29. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY 
CELLS BY /J-CHLOROANILINE (Continued) 

- 
No. of SCEs/ Relative 

Total Chromo- No. of Chromo- SCEs/ Hours SCEs/Cell 
Compound Dose Cells somes SCEs some Cell in BrdU (percent) 

(pg/ml) (b) 
I 

- 89  (Continued) 

'Trial 2--Summary: Weakly positive 

Dimethyl sulfoxide 

p-Chloroaniline 

Mitomycin C 

Trial 3--Summary: Positive 

Dimethyl sulfoxide 

p-Chloroaniline 

Mitomycin C 

t89 (e) 

Trial 1--Summary: Negative 

Dimethyl sulfoxide 

pChloroaniline 

Cyclophosphamide 

50 
100 
200 
300 
400 
500 

0.005 
0.01 

50 
100 
200 
300 
400 
500 

0.005 
0.01 

1.6 
5 

16 
50 

160 
500 

1,600 

1.5 

Trial 2--Summary: Equivocal 

Dimethyl sulfoxide 

pChloroaniline 100 
200 
300 
400 
500 
600 

Cyclophosphamide 1.5 
2 

50 

50 
50 
50 
0 
0 
0 

50 
50 

50 

50 
50 
50 
50 
0 
0 

50 
50 

50 

50 
50 
50 
50 
50 
50 
0 

50 

50 

50 
50 
50 
50 
50 
50 

50 
50 

1,042 

1,043 
1,050 
1,042 

1,034 
1,040 

1,042 

1,025 
1,036 
1,029 
1,029 

1,034 
1,040 

1,047 

1,047 
1,043 
1,046 
1,045 
1,045 
1,043 

1,044 

1,034 

1,033 
1,029 
1,038 
1,033 
1,031 
1,036 

1,035 
1,038 

43 1 

453 
521 
550 

1,246 
1,912 

43 1 

504 
503 
582 
604 

1,246 
1,912 

410 

467 
447 
453 
479 
469 
472 

1,593 

434 

492 
521 
476 
465 
482 
480 

1,918 
2,959 

0.41 

0.43 
0.50 
0.53 

1.21 
1 .84 

0.41 

0.49 
0.49 
0.57 
0.59 

1.21 
1.84 

0.39 

0.45 
0.43 
0.43 
0.46 
0.45 
0.45 

1.53 

0.42 

0.48 
0.51 
0.46 
0.45 
0.47 
0.46 

1 .85 
2.85 

8.6 

9.1 
10.4 
11.0 

24.9 
38.2 

8.6 

10.1 
10.1 
11.6 
12.1 

24.9 
38.2 

8.2 

9.3 
8.9 
9.1 
9.6 
9.4 
9.4 

31.9 

8.7 

9.8 
10.4 
9.5 
9.3 
9.6 
9.6 

38.4 
59.2 

28.0 

28.0 
28.0 
28.0 

28.0 
28.0 

28.0 

(d) 37.0 
(d) 37.0 
(d) 37.0 
(d) 37.0 

28.0 
28.0 

26.0 

26.0 
26.0 
26.0 
26.0 
26.0 
26.0 
26.0 

26.0 

26.0 

26.0 
26.0 
26.0 
26.0 
26.0 
26.0 

26.0 
26.0 

-_ 

105.8 
120.9 
127.9 

289.5 
444.2 

_ _  
117.4 
117.4 
134.9 
140.7 

289.5 
444.2 

_ _  
113.4 
108.5 
111.0 
117.1 
114.6 
114.6 

389.0 

-_ 

112.6 
119.5 
109.2 
106.9 
110.3 
110.3 

441.4 
680.5 
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TABLE 89. INDUCTION OF SISTER CHROMATID EXCHANGES IN CHINESE HAMSTER OVARY 
CELLS BY pCHLOROANILINE (Continued) 

(a) SCE = siater chromatid exchange; BrdU = bromodeoxyuridine. A detailed description of the SCE protocol is presented by 
Galloway et  al. (1985). Briefly, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sul- 
foxide) as described in (c) or (e) below and cultured for sufficient time to reach second metaphase division. Cells were then col- 
lected by mitotic shake-off, fixed, air-dried, and stained. 
(b) SCEs/cell in treated culture expressed as  a percent ofthe SCEs/cell in the control culture 
(c) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent for 2 hours a t  37" C. Then 
BrdU was added, and incubation was continued for 24 hours. Cells were washed, fresh medium containing BrdU and colcemid 
was added, and incubation was continued for 2-3 hours. 
(d) Because some chemicals induce a delay in the cell division cycle, harvest times are occasionally extended to maximize the 
proportion of second division cells available for analysis. 
(e) In the presence of S9, cells were incubated with study compound or solvent for 2 hours at 37" C. Then cells were washed, and 
medium containing BrdU was added. Cells were incubated for a further 26 hours, with colcemid present for the final 2-3 hours, 
S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
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TABLE 30. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY p-CHLOROANILINE (a) 

-59 (b) tss (Cl 

(&ml) Cells Abs Cell Cells (pg/rnl) Cells Abs Cell Cells 
Dose Total No. of Absl Percent Dose Total No. of Absl Percent 

with Abs with Abs 

Study performed at Litton Bionetics, Inc. (d) 

Dimethyl sulfoxide Dimethyl sulfoxide 
100 4 0.04 3.0 100 4 

p-Chloroaniline p-Chloroaniline 
400 100 19 0.19 10.0 800 100 5 
450 100 8 0.08 7.0 900 100 27 
500 100 2 0.02 2.0 1,000 50 35 
600 0 

Summary: Negative Summary: Positive 

Mitomycin C Cyclophosphamide 

Study performed at Environmental Health Research & Testing, Inc. 

Trial 1 (e) 

Dimethyl sulfoxide Dimethyl sulfoxide 

0.062 50 52 1.04 58.0 10 50 19 

100 0 0.00 0.0 100 0 

pChloroaniline 
30 100 

100 100 
160 100 
300 100 
400 100 
500 100 
600 0 

p-Chloroaniline 
0 0.00 0.0 1.6 100 0 
0 0.00 0.0 5 100 0 
1 0.01 1 .o 16 100 0 
0 0.00 0.0 50 100 0 
0 0.00 0.0 160 100 0 
3 0.03 3.0 500 100 0 

800 0 

Summary: Negative Summary: Negative 

Mitomycin C Cyclophosphamide 
0.25 100 26 0.26 24.0 50 100 125 
0.5 100 42 0.42 33.0 

Trial 2 (0 

Dimethyl sulfoxide Dimethyl sulfoxide 
100 0 0.00 0.0 100 0 

p Chloroaniline pChloroaniline 
100 100 0 0.00 0.0 100 100 0 
200 100 0 0.00 0.0 200 100 0 
300 100 2 0.02 2.0 300 100 0 
400 100 0 0.00 0.0 400 100 0 
500 100 4 0.04 4.0 500 100 0 
550 100 6 0.06 6.0 550 100 3 

600 100 0 

Summary: Weakly positive Summary: Negative 

Mitomycin C Cyclophosphamide 
0.5 100 58 0.58 39.0 50 100 115 

0.04 4.0 

0.05 5.0 
0.27 21.0 
0.70 38.0 

0.38 24.0 

0.00 0.0 

0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 

1.25 59.0 

0.00 0.0 

0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.00 0.0 
0.03 3.0 
0.00 0.0 

1.15 61.0 
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TABLE 30. INDUCTION OF CHROMOSOMAL ABERRATIONS IN CHINESE HAMSTER OVARY CELLS 
BY p-CHLOROANILINE (Continued) 

( a )  Abs = aberrations. A detailed presentation of the technique for detecting chromosomal aberrations is presented by 
Galloway et  al. (1985). Briefly, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sul- 
foxide) as  indicated in (b) or k). Cells were arrested in first metaphase by addition of colcemid and harvested by mitotic shake- 
off, fixed, and stained in 6% Giemsa. 
fh) In the absence of S9, Chinese hamster ovary cells were incubated with study compound or solvent (dimethyl sulfoxide) for 8- 
10 hours at 37' C. Cells were then washed, and fresh medium containing colcemid was added for an additional 2-3 hours fol- 
lowed by harvest. 
fc) In the presence of S9, cells were incubated with study compound or solvent (dimethyl sulfoxide) for 2 hours a t  37" C. Cells 
were then washed, medium was added, and incubation was continued for 8-10 hours. Colcemid was added for the last 2-3 hours 
of incubation before harvest. S9 was from the liver of Aroclor 1254-induced male Sprague Dawley rats. 
Id) Harvest time, 23.0 hours; because of significant chemically induced cell cycle delay, incubation time before addition of col- 
cemid was lengthened to provide sufficient metaphases at harvest. 
( e )  Harvest time, 12.0 hours 
(0 Harvest time, 13.0 hours 
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IV. DISCUSSION AND CONCLUSIONS 

Toxicity 

The current p-chloroaniline hydrochloride 13- 
week studies in rats and mice revealed that the 
hematopoietic system was the major target of p- 
chloroaniline hydrochloride toxicity. Methemo- 
globin formation and the accompanying hemo- 
lytic anemia, extramedullary hematopoiesis, 
and splenomegaly were indicative of erythrocyte 
toxicity induced by p-chloroaniline hydrochlo- 
ride. In the 2-year studies, results of hemato- 
logic analyses in rats and the occurrence of non- 
neoplastic lesions in the spleen and liver in both 
rats and mice and the kidney in mice showed 
that the hematopoietic system was also affected 
by long-term administration of p-chloroaniline 
hydrochloride. Erythrocyte toxicity a s  ex- 
pressed by methemoglobin formation is the dom- 
inant toxic effect seen in laboratory animals and 
humans exposed to a number of amino and nitro 
aromatic compounds (Beard and  Noe, 1981; 
Beutler, 1985). Methemoglobin formation in 
eythrocytes results from the change of heme iron 
from the ferrous to ferric state. The brown pig- 
ment formed is called methemoglobin, a deriva- 
tive of hemoglobin that is physiologically inac- 
tive. Acute methemoglobinemia may be life 
threatening when the level of methemoglobin 
exceeds half of the total circulating hemoglobin 
(Beutler, 1972). 

Short-term exposure of humans to p-chloroani- 
line produces cyanosis, a manifestation of met- 
hemoglobin forma tion. Long-term exposure 
may result in reversible anemia (Linch, 1974). 
The methemoglobin can be reduced to hemoglo- 
bin in mammalian species by a NADH-depen- 
dent methemoglobin reductase located in  the 
erythrocytes. A tenfold difference exists in the 
activity of this enzyme among various species. 
Enzymic activity in ra t  and mouse erythrocytes 
is 5 and 10 times higher, respectively, than that 
in human erythrocytes (Smith, 19861, suggest- 
ing that humans are more susceptible to this 
particular toxic effect of aniline and its homo- 
logs. The formation of methemoglobin by 
aromatic nitro and amino compounds, mecha- 
nism(s) of formation, and toxicologic implica- 
tions have been reviewed extensively (Kiese, 
1966; Beard and Noe, 1981). There is convincing 
evidence that a n  N-hydroxy metabolite is the 
reactive species responsible for this toxic effect 

(Selkirk, 1980; Weisburger, 1983). The p-chloro- 
aniline hydrochloride-induced erythrocyte toxic- 
ity seen in the current studies also could be due 
to an N-hydroxy derivative, since p-chloroani- 
line was shown to be metabolized to i t s  N -  
hydroxy derivative by the hepatic microsomal 
mono-oxygenase system of guinea pigs, rabbits, 
hamsters, mice, and rats  (Smith and Gorrod, 
1978; Uehleke and Hellmer, 1971). According to 
Bus and Popp (19871, the N-oxidation pathway 
of aniline, a n  analog of p-chloroaniline, is incon- 
sequential for rat  liver, as  liver rapidly reduces 
N-oxidized metabolites back to the parent com- 
pound. On the contrary, the small amount of 
N-phenylhydroxylamine taken up by the eryth- 
rocytes is rapidly oxidized by oxyhemoglobin to 
nitrosobenzene, with concurrent formation of 
methemoglobin. The metabolism and pattern of 
erythrocyte toxicity of p-chloroaniline hydro- 
chloride suggest that the mechanisms of methe- 
moglobin formation by aniline and its analog p -  
chloroaniline have common characteristics. 

In the 13-week studies, a dose-related increase 
in splenic weights was observed for both rats and 
mice. A similar enlargement in the spleen was 
seen in rats dosed with aniline (Gralla e t  al .  
1979). Bus (1983) suggested that splenic weight 
increases in aniline-dosed rats were due to ex- 
cessive deposition of damaged erythrocytes as  a 
result of aniline toxicity and thus that spleno- 
megaly is a secondary effect of erythrocyte tox- 
icity. Results of the current studies support this 
contention, as  rats and mice in the 13-week p- 
chloroaniline hydrochloride studies did not show 
any degenerative changes in the spleen. The in- 
creases in spleen weight were probably a result 
of increased vascular engorgement in response 
to methemoglobinemia. 

Carcinogenicity 

Recent carbon-13 nuclear magnetic resonance 
studies on relationships between chemical struc- 
ture and carcinogenicity of chlorinated mono- 
cyclic aromatic compounds predicted that p-chlo- 
roaniline would be carcinogenic (Sakamoto and 
Watanabe, 1986). The results of previous 2-year 
studies on p-chloroaniline were strongly sug- 
gestive of carcinogenicity because several rare 
fibromas and sarcomas of the spleen were found 
in exposed male rats (NCI, 1979~) .  The results 
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IV. DISCUSSION AND CONCLUSIONS 

from those studies have been substantiated by 
results from the current studies, which show 
that p-chloroaniline hydrochloride is carcino- 
genic for male rats, based on the increased inci- 
dence of splenic sarcomas in high dose male rats 
(see Table 15). The possibility exists that  in the 
first set of studies p-chloroaniline was adminis- 
tered to animals at less than target concentra- 
tions due to the instability of the chemical in  
feed. The target concentrations in feed for that  
:study were approximately equivalent to 15 and 
30 mg/kg body weight of rats, compared with 2, 
6, and 18 mg/kg in the current gavage studies. 
The different modes of oral administration (sin- 
gle dose per day by gavage and  continuous 
dosing by feed) could possibly have resulted in 
differences in pharmacokinetics and might have 
been responsible for quantitative differences 
seen between the results of these two studies. 
The dose response for splenic tumors in male 
rats in the current studies was nonlinear with 
increases in dose; although the high dose was 3 
times the mid dose, the incidence of sarcomas in 
the high dose group was 12 times that in the mid 
dose group. The doses used in these studies ap- 
parently did not saturate the metabolic and ex- 
cretory pathways, as evidenced by disposition 
studies on p-chloroaniline and p-chloroaniline 
hydrochloride conducted by the NTP (Appen- 
dix H). 

Other structurally related aniline compounds 
seem to exhibit nonlinear responses for the oc- 
currence of splenic tumors in  male ra t s  (Ta- 
ble 31). The carcinogenesis study conducted by 
the Chemical Industry Institute of Toxicology 
(CIIT) on aniline hydrochloride administered to 
male rats at 0, 10, 30, or 100 mg/kg body weight 
(0 ,  200, 600, or 2,000 ppm) in feed also showed a 
similar type of nonlinearity in tumor response 
(Bus and Popp, 1987). In that study, an  appar- 
ent no-observable-effect level of 10 mg/kg ani-  
line was found, whereas in the current studies 
with p-chloroaniline hydrochloride, no apparent 
no-observable-effect level for splenic tumors in 
male rats was reached. The female rats were 
less sensitive than the males to p-chloroaniline 
hydrochloride induction of splenic neoplasms, 
since neoplasms were seen in only one mid dose 
and one high dose female rat  in the NTP studies. 
'Table 31 shows that similar sex differences in 
the incidences of splenic tumors were seen with 

other aniline compounds, except for azobenzene 
and o-toluidine hydrochloride studies in which 
female rats were equally sensit ive.  In  the  
current studies, the incidences of splenic fibrosis 
in high dose male and female rats were 41/50 
and 42/50, respectively. Fibrosis of the spleen is 
a potential preneoplastic lesion that  may pro- 
gress to fibrosarcomas (Goodman et al., 1984). 

The incidence of adrenal gland pheochromocyto- 
mas in male rats occurred with a positive trend 
(see Table 16). Medullary hyperplasia was ob- 
served at an  increased incidence in high dose fe- 
male rats; pheochromocytomas were seen in 2/50 
vehicle control and 10/150 dosed females. Exam- 
ination of Table 31 shows that aniline hydro- 
chloride was the only structurally related chem- 
ical studied by the NCI/NTP that clearly caused 
an increase in the incidences of these neoplasms 
in dosed male rats and, to a lesser extent, in fe- 
males. The incidences of adrenal gland tumors 
in the current studies may have been related to 
p-chloroaniline administration. 

For mice, the body weights and survival in  the 
current 2-year studies were in general not af- 
fected by the administration of p-chloroaniline 
hydrochloride. No splenic fibrosarcomas or os- 
teosarcomas were observed in mice of either sex. 
The species differences between rats and mice in 
aromatic amine-induced neoplasms were re- 
viewed by Weisburger (1983). None of the aro- 
matic amines studied for carcinogenic potential 
by the NCI/NTP caused increased incidences of 
splenic tumors in mice. However, induction of 
liver tumors by those chemicals was frequently 
observed in mice. The tumor incidences in mice 
administered p-chloroaniline hydrochloride in 
the current studies followed the pattern reported 
by Weisburger (19831, with the incidences of 
hepatocellular carcinomas being increased in 
dosed male mice. Even though the incidence of 
hepatocellular carcinomas in vehicle controls is 
much lower than that in historical water gavage 
controls (6% versus 16%), the s t rong  dose- 
response relationship and the metastasis to the 
lung of the carcinomas are additional evidence 
for a chemically related effect. Also, there was a 
marginal increase in the incidence of hemangio- 
sarcomas in the liver in high dose male mice. 
The significance of the increased incidences of 
neoplasms in dosed male mice was further 
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TABLE 31. INCIDENCES O F  SPLEEN AND ADRENAL GLAND NEOPLASMS IN RATS INDUCED BY 
ANILINE HYDROCHLORIDE AND STRUCTURALLY RELATED CHEMICALS STUDIED BY THE NCI/NTP 

Spleen Adrenal Gland 
Structure/Chemical Concentration Hemangiosarcomas 

CAS Number in  Feed Sarcomas (a) or Angiosarcomas Pheochromocytomas 
(Reference) (ppm) Male Female Male Female Male Female 

0 On5 0123 0125 0123 2/24 1/24 
3,000 7/50 0150 19/50 1/50 6/50 0150 
6,000 9/46 3/50 20146 3/50 12/44 5/48 Aniline hydrochloride 

(NC1 TR 130,1978a) 
CASNO. 142-04-1 

............................................................................................................................................................. 
Azobenzene 0 0120 0120 0120 0120 1120 0120 
CASNO. 103-33-3 200 4/49 3/50 1/49 1150 1/49 0150 

400 10149 12/50 4/49 4/50 1/50 1/50 (NC1 TR 154,1979a) 

6'"' 

0 
Q - N = N a  / \  

............................................................................................................................................................. 
NH2 p-Chloroaniline 0 0120 (b)- 0120 OI20 3/19 _ _  

CASNO. 106-47-8 250 0149 _ _  0149 0148 4/46 -- 
(NC1 TR 189,1979~) 500 3/49 _ _  1/49 1/50 3/49 _ _  

p-chloroaniline 2 mg/kg 1/50 0150 0150 _ _  14/48 3/50 
Current studies on Omgkg 0149 0150 0150 _ _  13/49 2/50 

hydrochloride (c) 6 m g k g  3/50 1/50 0150 _ _  15/48 1/50 
18 mg/kg 36/50 1/50 4/50 -_ 26/49 6/50 Cl 

............................................................................................................................................................ 
D & C Red No. 9 0 0150 _ _  _ _  _ _  17/48 3/48 
CAS NO. 5160-02-1 1,000 0150 _ _  _ _  _ _  14/50 4/49 
(NTPTR225,1982a) 3,000 26/48 _ _  _ _  _ _  14/48 5/50 

0a 

2 
SO3H 

............................................................................................................................................................. 

............................................................................................................................................................. 
o-Toluidine 0 0120 0120 OI20 or20 0120 OI20 

NH2 HCI hydrochloride 3,000 1/49 2/49 7/49 7/49 3/50 4/49 
CAS NO. 142-04-1 6,000 4/42 4/49 014 2 9/49 2/49 2/49 

CH3 (NC1 TR 153,1979b) 

(a) Includes fibrosarcomas, osteosarcomas, and sarcomas, NOS 
(b) -- denotes no tumors reported 
(c) Gavage studies in water 
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IV. DISCUSSION AND CONCLUSIONS 

supported by the apparent reduction in the 
latency period for liver neoplasms. The first day 
of observation of these neoplasms in vehicle con- 
trols was 728; in dosed groups, it ranged from 
day 432 to day 490. Table 32 gives the incidence 
of hepatocellular neoplasms in mice dosed with 
those aniline compounds shown to also cause 
splenic neoplasms in male rats. Administration 
of all the aniline compounds listed seemed to re- 
sult in some increase in the incidences of hepato- 
cellular neoplasms in male or female mice. 

In the current studies, p-chloroaniline hydro- 
chloride was carcinogenic for rats and mice, but 
the sites of compound-related neoplasia were dif- 
ferent. The species differences between rats and 
mice with regard to splenic and liver neoplasms 
could be due to differences in metabolism and 
disposition of p-chloroaniline. Perry e t  a l .  
( 1981a) studied the disposition of 14C-labeled p- 
chloroaniline or p-chloroaniline hydrochloride in 
F344 rats, mongrel dogs, and A/J and Swiss 
Webster mice. They showed that the initial de- 
cay constants for p-chloroaniline clearance from 
whole blood in both strains of mice were 10 times 
greater than those in dogs and rats. The p-chlo- 
roaniline clearance in mice was too rapid to per- 
mit calculation of kinetic parameters. 

The differences in the metabolism and disposi- 
tion of aniline have also been suggested as the 
reason for differences in the carcinogenicity of 
aniline in rats and mice. The larger concentra- 
tions of the putative reactive metabolite N-phe- 
nylhydroxylamine in rats were considered to be 
responsible for the production of splenic tumors 
in rats (McCarthy et  al., 1985). If excessive met- 
hemoglobin formation in dosed animals and the 
subsequent progression to splenic sarcomas con- 
stitute one of the mechanisms of action of aniline 
compounds, then methemoglobin reductase ac- 
tivity or diaphorase activity, which is two times 
greater in mice than in rats, may be another rea- 
son for a species difference. 

Decreases were seen in the incidences of certain 
neoplasms in p-chloroaniline hydrochloride- 
dosed animals and were considered related to 
chemical administration. The incidences of 
mononuclear cell leukemia in rats and malig- 
nant lymphomas in mice were decreased in 

dosed animals of each sex. Such decreases were 
not seen in animals exposed to other aniline 
compounds listed in Table 31. 

Possible Mechanisms of Splenic Toxicity 
and Carcinogenicity 

The unusual and rare tumors of the spleen in- 
duced in F344 rats by a number of structurally 
related aniline compounds led some workers to 
study the pathogenesis of splenic lesions and to 
perform disposition studies of 14C-labeled ani-  
line to explain the possible mechanism(s1 of ac- 
tion of these chemicals. Goodman et al. (1984) 
studied splenic lesions from male rats  in the 
NCI/NTP studies listed in Table 31 and proposed 
that fibrosis of the splenic parenchyma was a po- 
tential preneoplastic lesion. They postulated 
that methemoglobin bound with aniline com- 
pounds or their reactive metabolites is broken 
down in the red pulp of the spleen and reactive 
metabolites are released which bind to splenic 
mesenchymal tissues, resulting in fibrosis that  
progresses to formation of splenic tumors. Wein- 
berger et al. (1985) proposed a similar hypothe- 
sis with their detailed analysis of splenic tumors 
in NCI/NTP studies on D 8c C Red No. 9 (NTP, 
1982a) and aniline hydrochloride (NCI, 1978a). 
Bus and Popp (1987) reviewed splenic tumors 
caused by administration of the chemicals listed 
in Table 31, CIIT-sponsored aniline carcinogene- 
sis studies in rats, and their  own disposition 
studies on 14C-labeled aniline in rats and mice. 
They proposed several possible mechanisms for 
splenic-directed toxicity of aniline compounds. 
The scheme proposed for these possible mecha- 
nisms is reproduced in Figure 13. According to 
this scheme, the occurrence of splenic tumors in 
rats may be the result of erythrocyte toxicity. 
The authors suggest that  there is strong evi- 
dence for the nongenetic mechanism in the for- 
mation of splenic tumors. However, there is a 
possibility that a direct-acting genotoxic mecha- 
nism is involved in the induction of the neo- 
plasms, as shown by McCarthy et  al. (1985), who 
found that in rats and mice, [14Claniline binds to 
a greater extent to the kidney, small intestine, 
large intestine, and spleen than to other tissues. 
Protein and RNA were major macromolecular 
targets for [ 14CIaniline binding; DNA binding 
occurred to a lesser extent. The possibility for 
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TABLE 32. INCIDENCES OF LIVER NEOPLASMS IN MICE INDUCED BY ANILINE HYDROCHLORIDE 
AND STRUCTURALLY RELATED CHEMICALS STUDIED BY THE NCI/NTP 

StructureIC hemical Concentration Hepatocellular 
CAS Number in Feed Adenomas or Carcinomas (a) 
(Reference) (ppm) Male Female 

0 12/39 1/46 
6,000 9/49 5/48 

12,000 7/49 5/48 Aniline hydrochloride 

(NC1 TR 130,1978a) 
CASNO. 142-04-1 

..... ..................................... 

Azobenzene 0 9/20 
CAS NO. 103-33-3 200 18/49 

400 2/48 (NC1 TR 154, 
1979a) 

... ........................................................ 

0 0120 
2/47 

545 013 6 
................................................................... ............................................................................ 6 p-Chloroaniline 2,500 0 

CAS NO. 106-47-8 
(NC1 TR 189,1979~) 5,000 

Current studies on 0 mg/kg 
p-chloroaniline 3 mg/kg 
hydrochloride (c) 10 mg/kg 

Cl 30 mg/kg 

3/19 011 8 
7/49 1/49 
2/49 6/41 

11/50 6/50 
21/49 9/50 
20150 8/50 
21/50 11/50 

L 

D & C Red No. 9 0 
CAS NO. 5160-02-1 1,000 
(NTP TR 225.1982a) 2,000 

N Ba 

2 

8/50 5/50 
13/50 3/50 
15/50 6/49 

.. . ........................................................................................................................................................ 
Dapsone 0 011 1 (b) -- 

500 6/33 _ _  CAS NO. 80-08-0 
(NC1 TR 20.1977a) 1,000 213 1 -_ 

... ( ............................................................................ . . . . .  . . .  . .  . . . . .  .......... . .  ......................... .......... ............... 
0 

1 .ooo 
o-Toluidine 

CAS NO. 636-21-5 3,000 
NH2 O H C I  hydrochloride AcH3 (NC1 TR 153,1979b) 

6/19 0/20 
19/50 4/49 
14/50 13/50 

(a 1 Includes neoplastic nodules, hepatocellular adenomas, and hepatocellular carcinomas 
(b 1 -- denotes no tumors reported 
(c) Gavage studies in water 

p-Chloroaniline Hydrochloride, NTP TR 351 88 



1 Liver Mixed function oxidases 
I Ani I i  ne Oxidized metabolites 
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metabolites from erythrocytes 
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FIGURE 13. PROPOSED MECHANISTIC SCHEME FOR THE SPLEEN-DIRECTED 
TOXICITY OF ANILINE AND STRUCTURALLY RELATED COMPOUNDS 

(Taken from Bus and Popp, 1987) 
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IV. DISCUSSION AND CONCLUSIONS 

involvement of genotoxic mechanisms is further 
supported by Parodi et al. (1982a,b), who showed 
that aniline induces DNA damage in vivo in the 
liver and kidney of rats. Also, aniline was clear- 
ly positive in induction of sister chromatid ex- 
changes (SCEs) in vivo in male Swiss mice. The 
damage to DNA seen in the liver, kidney, and 
bone marrow was absent in male Swiss mice. 

The patterns of p-chloroaniline hydrochloride- 
induced splenic toxicity and carcinogenicity and 
results of disposition studies suggest that  the 
mechanism(s) of p-chloroaniline hydrochloride 
toxicity and carcinogenicity could likely follow 
the scheme proposed by Bus and Popp (1987). 
However, whether the mechanism of carcinogen- 
esis is mediated through genotoxic or nongeno- 
toxic events is unresolved. p-Chloroaniline is 
clearly genotoxic, in vitro. In the Salmonella as- 
say and the test for chromosomal aberrations in 
Chinese hamster ovary cells, p-chloroaniline 
was mutagenic only in the presence of S9 metab- 
olizing enzymes. p-Chloroaniline also increased 
the fraction of cultured mouse lymphoma cells 
exhibiting trifluorothymidine resistance and the 
frequency of SCEs in Chinese hamster ovary 
cells, both in the presence and absence of S9. 
Thus, the in vitro genotoxic activity of p-chloro- 
aniline appears to be dependent on metabolism 
for its full expression. Experimental evidence 
indicates that  p-chloroaniline undergoes oxida- 
tive transformations as a reactive amine, with 
the probable formation of electrophilic interme- 
diates that  could be stablized by the chlorine. 
For example, p-chloro-N-hydroxyaniline (Von 
Jagow et  a l . ,  1966), which may be formed 
through a nitronium ion intermediate in the 
presence of oxidative enzymes, and p-aminophe- 
no1 (Ichikawa et  al., 1969), which may be formed 
via an arene oxide intermediate possibly in the 
absence of metabolizing enzymes, have been re- 
ported as metabolites of p-chloroaniline in the 
rabbit. Both of these intermediates are potential 
e lec t rophi les  a n d  could  cova len t ly  b ind  
macromolecules. 

Audit 

The experimental and tabulated da ta  for the 
NTP Technical Report on p-chloroaniline hydro- 
chloride were examined for accuracy, consis- 
tency, completeness, and compliance with Good 
Laboratory Practice regulations. As summa- 
rized in Appendix I, the audit revealed no major 
problems with the conduct of the studies or with 
collection and documentation of the  experi-  
mental data. No discrepancies were found that 
influenced the final interpretation of the results 
of these studies. 

Conclusions 

Under the conditions of these 2-year water ga- 
vage studies, there was clear evidence of carcino- 
genic activity* of p-chloroaniline hydrochloride 
for male F344/N rats, as indicated by increased 
incidences of uncommon sarcomas of the spleen. 
Pheochromocytomas of the adrenal gland may 
also have been associated with chemical admin- 
istration. There was equivocal evidence of car- 
cinogenic activity of p-chloroaniline hydrochlo- 
ride for female F344/N rats, as indicated by the 
presence of uncommon sarcomas of the spleen in 
one mid and one high dose animal and the in- 
creased incidence of pheochromocytomas of the 
adrenal gland. There was some evidence of carci- 
nogenic activity of p-chloroaniline hydrochloride 
for male B6C3F1 mice, as indicated by increased 
incidences of hepatocellular neoplasms and of 
hemangiosarcomas of the liver or spleen. There 
was no evidence of carcinogenic activity of p-chlo- 
roaniline hydrochloride for female B6C3F1 mice 
administered 3, 10, or 30 mg/kg by gavage for 2 
years. 

The incidences of mononuclear cell leukemia in 
male and female rats and of malignant lympho- 
mas in male and female mice were decreased by 
administration of p-chloroaniline hydrochloride. 
Compound-related splenic fibrosis was present 
in male and female rats. 

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 7. 
A summary ofthe Peer Review comments and the public discussion on this Technical Report appears on page 10. 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE 

Vehicle Control Low Dose Mid Dose High Dose 

Animals initially in study 50 
Animals removed 50 
Animals examined histopathologically 49 

50 50 50 
50 50 50 
50 50 50 

ALIMENTARY SYSTEM 
Intestine large, cecum (46) 

Intestine large, rectum (47) 

Intestine small, duodenum (48) 

Colon, rectum, osteosarcoma, metastatic, 
spleen 

Mesothelioma malignant 1 (2%) 

Fibrosarcoma, metastatic, spleen 
Osteosarcoma, metastatic, spleen 
Ileum, jejunum, osteosarcoma, metastatic, 

spleen 
Intestine small, jejunum (46) 

Adenocarcinoma 
Osteosarcoma, metastatic, spleen 
Polyp adenomatous 

Fibrosarcoma, metastatic, spleen 
Hepatocellular carcinoma 1 (2%) 
Hepatocellular carcinoma, multiple 
Leukemia mononuclear 21 (43%) 
Mesothelioma malignant 
Neoplastic nodule 
Osteosarcoma, metastatic, spleen 

Fibrosarcoma, metastatic, spleen 
Leukemia mononuclear 8 (16%) 

Osteosarcoma, metastatic, spleen 
Pheochromocytoma malignant, metastatic, 

Sarcoma 

Fibrosarcoma, metastatic, spleen 
Leukemia mononuclear 4 (8%) 
Mesothelioma malignant 1 (2%) 
Osteosarcoma, metastatic, spleen 
Acinus, adenoma 1 (2%) 

Salivary glands (49) 
Leukemia mononuclear 1 (2%) 

Stomach, forestomach (47) 
Leukemia mononuclear 1 (2%) 
Osteosarcoma, metastatic, spleen 
Glandular, osteosarcoma, metastatic, spleen 

Stomach, glandular (48) 
Fibrosarcoma, metastatic, spleen 
Leukemia mononuclear 1 (2%) 
Osteosarcoma, metastatic, spleen 

Papilloma squamous 2 (4%) 

Gingiva, squamous cell carcinoma 

Liver (49 ) 

Mesentery *(49) 

Mesothelioma malignant 1 (2%) 

adrenal gland 

Pancreas (48) 

Tongue '(49) 

Tooth *(49) 

*(50) 
1 (2%) 

(50) 

1 (2%) 

3 (6%) 
1 (2%) 
5 (10%) 

*60) 

2 (4%) 

1 (2%) 
*(50) 

1 (2%) 
2 (4%) 

*60) 

'(50) 
1 (2%) 

*(50) 

*(50) 

*(50) 

*(50) 

1 (2%) 

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

3 (6%) 

(49) 

*(50) 
1 (2%) 

1 (2%) 

1 (2%) 
*(50) 

*(50) 

*(50) 

*(50) 

'(50) 

*(50) 

(44) 

1 (2%) 
(44) 

(46) 
2 (4%) 
3 (7%) 

1 (2%) 
(41) 

1 (2%) 

(49) 
4 (8%) 

3 (6%) 

8 (16%) 

9 (18%) 
2 (4%) 
2 (4%) 

11 (22%) 

'(50) 

(47) 
6 (13%) 

1 (2%) 
10 (21%) 

(49) 

(46) 

1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(45) 

'(50) 

*(50) 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

CARDIOVASCULAR SYSTEM 
Fllood vessel *(49) *(50) *GO) *(50) 

Pulmonary artery, fibrosarcoma, 

Leukemia mononuclear 3 (6%) 1 (2%) 
Osteosarcoma, metastatic, bone 1 (2%) 

metastatic, spleen 1 (2%) 
Heart (49) *(50) *(50) (50) 

--. 
ENDOCRINE SYSTEM 

kdrenal gland, cortex 
Adenoma 
Leukemia mononuclear 
Capsule, fibrosarcoma, metastatic, spleen 
Capsule, osteosarcoma, metastatic, spleen 
Medulla, fibrosarcoma, metastatic, spleen 

Leukemia mononuclear 
Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

[slets, pancreatic 
Adenoma 
Carcinoma 
Fibrosarcoma, metastatic, spleen 
Osteosarcoma, metastatic, spleen 

Adenoma 
Leukemia mononuclear 

Pituitary gland 
Leukemia mononuclear 
Pars distalis, adenoma 
Parsdistalis, adenoma, multiple 
Pars distalis, carcinoma 
Pars intermedia, adenoma 

Leukemia mononuclear 
C-cell, adenoma 
C-cell, adenoma, multiple 
C-cell, carcinoma 
Follicular cell, adenocarcinoma 
Follicular cell, adenoma 

lidrenal gland, medulla 

Parathyroid gland 

Thyroid gland 

(49) 
1 (2%) 

14 (29%) 

(49) 
14 (29%) 
1 (2%) 

10 (20%) 
3 (6%) 

3 (6%) 
(48) 

(48) 

1 (2%) 

1 (2%) 
19 (40%) 

1 (2%) 

1 (2%) 

2 (4%) 
8 (17%) 
1 (2%) 
1 (2%) 

(47) 

(48) 

(49) 

1 (2%) 

(48) 
1 (2%) 

12 (25%) 
2 (4%) 

*(50) 

*(50) 
1 (2%) 

*GO) 

13 (26%) 

*(50) 

2 (4%) 

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

(49) 

1 (2%) 

(48) 
1 (2%) 
1 (2%) 
9 (19%) 
5 (10%) 

*(50) 

*(50) 

*(50) 

11 (22%) 

1 (2%) 

*(50) 

(49) 

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

1 (2%) 
1 (2%) 

13 (27%) 
12 (25%) 

1 (2%) 
1 (2%) 
4 (9%) 
7 (15%) 

1 (2%) 

(48) 

(46) 

(45) 

(46) 

10 (22%) 
1 (2%) 

(45) 

9 (20%) 

1 (2%) 

GENERAL BODY SYSTEM 
Tissue, NOS *(49) *(50) *(50) *W) 

Osteosarcoma, metastatic, spleen 1 (2%) 

GE: NITAL SYSTEM 
ECpididymis (49) 

Fibrosarcoma, metastatic, spleen 
Leukemia mononuclear 1 (2%) 
Mesothelioma malignant 1 (2%) 
Osteosarcoma, metastatic, spleen 
Sarcoma 
Bilateral, mesothelioma malignant 
Bilateral, osteosarcoma, metastatic, spleen 

Leukemia mononuclear 
Penis *(49) 

*(SO) *(50) (50) 
2 (4%) 

1 (2%) 1 (2%) 
3 (6%) 
1 (2%) 

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

1 (2%) 
*(50) *(50) *(50) 
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TABLE Al .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN  THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

GENITAL SYSTEM (Continued) 
Preputial gland 

Adenocarcinoma 
Adenoma 
Leukemia mononuclear 

Fibrosarcoma, metastatic, spleen 
Leukemia mononuclear 
Osteosarcoma, metastatic, spleen 

Osteosarcoma, metastatic, spleen 

Mesothelioma malignant 
Osteosarcoma, metastatic, spleen 
Bilateral, mesothelioma malignant 
Bilateral, interstitial cell, adenoma 
Interstitial cell, adenoma 

Prostate 

Seminal vesicle 

Testes 

(46) 

1 (2%) 
1 (2%) 

(49) 

1 (2%) 

*(49) 

(49) 
1 (2%) 

25 (51%) 
11 (22%) 

1 
38 
6 

*(50) 

(14%) 4 (8%) 

*(50) 

(2%) 
(76%) 33 (66%) 
(12%) 11 (22%) 

(48) 
1 (2%) 

3 (6%) 

2 (4%) 

2 (4%) 
3 (6%) 

40 (80%) 
6 (12%) 

*(50) 

(50) 

HEMATOPOIETIC SYSTEM 
Blood *(49) 

Bone marrow (49) 
Leukemia mononuclear 19 (39%) 

Leukemia mononuclear 
Osteosarcoma, metastatic, spleen 
Femoral, leukemia mononuclear 6 (12%) 

Axillary, leukemia mononuclear 1 (2%) 
Deep cervical, leukemia mononuclear 1 (2%) 
Inguinal, leukemia mononuclear 4 (8%) 
Lumbar, leukemia mononuclear 1 (2%) 
Mediastinal, fibrosarcoma, metastatic, spleen 
Mediastinal, leukemia mononuclear 16 (33%) 
Mediastinal, osteosarcoma, metastatic, spleen 
Mediastinal, pancreatic, fibrosarcoma, 

Pancreatic, leukemia mononuclear 1 (2%) 
Pancreatic, mesothelioma malignant 
Renal, leukemia mononuclear 1 (2%) 

Lymph node (49) 

metastatic, spleen 

Lymph node, mandibular (48) 
Leukemia mononuclear 17 (35%) 

Leukemia mononuclear 7 (70%) 
Mediastinal, osteosarcoma, metastatic, spleen 
Pancreatic, fibrosarcoma, metastatic, spleen 

Fibroma 
Fibrosarcoma 
Hemangiosarcoma 
Leukemia mononuclear 21 (43%) 
Mesothelioma malignant 1 (2%) 
Osteosarcoma 

Leukemia mononuclear 8 (19%) 
Osteosarcoma, metastatic, spleen 
Thymoma benign 

Lymph node, mesenteric (10) 

Spleen (49) 

Thymus (43 ) 

*(50) 

*(50) *(50) 

(49) (50) 
1 (2%) 3 (6%) 

1 (2%) 

1 (2%) 
1 (2%) 

*(50) (49) 

1 (2%) 

1 (2%) 

(50) 

1 (2%) 

3 (6%) 
2 (4%) 

*(50) 

1 (2%) 

*(50) 

*(50) 
1 (2%) 

(50) 

2 (4%) 

2 (4%) 

1 (2%) 

1 (2%) 
*(50) 

2 (4%) 
3 (6%) 
6 (12%) 

1 (2%) 

1 (2%) 
1 (2%) 

3 (6%) 

3 (30%) 
1 (10%) 
1 (10%) 

2 (4%) 
17 (34%) 
4 (8%) 
3 (6%) 
1 (2%) 

19 (38%) 

2 (6%) 
1 (3%) 

(48) 

(10) 

(50) 

(36) 
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TAHLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

INTEGUMENTARY SYSTEM 
Mammary gland 

S.kin 
Fibroadenoma 

Basal cell adenoma 
Basosquamous tumor benign 
Keratoacanthoma 
Leukemia mononuclear 
Papilloma squamous 
Squamous cell carcinoma 
Sebaceous gland, adenoma 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 

(32) 

(47) 
1 (3%) 

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

3 (6%) 
1 (2%) 

2 (4%) 

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

*(50) 

1 (2%) 

2 (4%) 
2 (4%) 

"(50) (36) 

"(50) (49) 
3 (6%) 3 (8%) 

1 (2%) 1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 4 (8%) 
1 (2%) 

MIJBCULOSKELETAL SYSTEM 
I3one (48) 

Cranium, osteosarcoma 
Rib, osteosarcoma 1 

Skeletal muscle "(49) 
Leukemia mononuclear 1 
Osteosarcoma, metastatic, bone 1 
Osteosarcoma, metastatic, spleen 
Diaphragm, fibrosarcoma, metastatic, spleen 
Diaphragm, mesothelioma malignant 1 
Diaphragm, osteosarcoma, metastatic, spleen 

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

(2%) 

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

*(50) "(50) *(50) 

2 (4%) 
3 (6%) 

2 (4%) 
(2%) 

-... 
NE:R:VOUS SYSTEM 

Hrain (49) *(50) *(50)  (50) 
Astrocytoma benign 1 (2%) 
Ependymoma malignant 1 (2%) 
Leukemia mononuclear 1 (2%) 
Cerebellum, meningioma malignant 1 (2%) 

--_ 
RESPIRATORY SYSTEM 

I,ung (49) "(50) 
Alveolar/bronchiolar adenoma 1 (2%) 
Fibrosarcoma, metastatic, spleen 
Hemangiosarcoma, metastatic, spleen 
Leukemia mononuclear 20 (41%) 
Osteosarcoma, metastatic, bone 1 
Osteosarcoma, metastatic, spleen 
Squamous cell carcinoma 

Nose *(49) *(50) 
Leukemia mononuclear 1 (2%) 
Polyp 1 (2%) 
Nasolacrimal duct, squamous cell carcinoma 

*(50) (50) 

5 (10%) 
1 (2%) 

1 (2%) 3 (6%) 

3 (6%) 
(2%) 

1 (2%) 
*(50) (46) 

1 (2%) 

SPECIAL SENSES SYSTEM 
E: ye *(49) *(50) *(50) *(50) 

Bilateral, leukemia mononuclear 1 (2%) 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

URINARY SYSTEM 
Kidney 

Fibrosarcoma, metastatic, spleen 
Leukemia mononuclear 
Mesothelioma malignant 
Osteosarcoma, metastatic, bone 
Osteosarcoma, metastatic, spleen 
Renal tubule, adenoma 

Leukemia mononuclear 

Leukemia mononuclear 

Fibrosarcoma, metastatic, spleen 
Leukemia mononuclear 
Mesothelioma malignant 
Osteosarcoma, metastatic, spleen 
Papilloma 

Ureter 

Urethra 

Urinary bladder 

(48) 

18 (38%) 
1 (2%) 

*(49) 

*(49) 

(47) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) (49) 
1 (2%) 

2 (4%) 1 (2%) 

1 (2%) 

(50) 
3 (6%) 
3 (6%) 

6 (12%) 
1 (2%) 

*(50) 

*(50) 

(46) 
2 (4%) 

1 (2%) 
1 (2%) 

SYSTEMIC LESIONS 
Multiple organs 

Leukemia mononuclear 
Mesothelioma malignant 
Hemangiosarcoma 

*(49) *(50) *(50) *(50) 
21 (43%) 3 (6%) 2 (4%) 3 (6%) 
1 (2%) 3 (6%) 1 (2%) 2 (4%) 

4 (8%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 49 
Dead 5 
Terminal sacrifice 18 
Dosing accident 
Moribund 26 

50 50 50 
5 9 18 

32 32 20 
2 1 

13 7 11 

'TUMOR SUMMARY 
Total animals with primary neoplasms ** 46 

Total primary neoplasms 125 
44 

Total benign neoplasms 97 
28 

Total malignant neoplasms 28 
1 

Total secondary neoplasms 2 

Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 

49 
112 
49 
96 
14 
16 
1 
3 

49 49 
98 159 
47 47 
85 107 
12 43 
13 52 
2 23 
4 132 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** 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 p-CHLOROANILINE HYDROCHLORIDE: VEHICLE CONTROL 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
x 

. . . . . . . . . . . . . . . . . . . . . . . . .  
A + + + + t + + + + + + + + + + + t + + + + + + +  

__ 
WEEKS ON 
STUDY 

_.__ 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  

CARCASS 
ID 

mE7- 

m m  
Epididpnis 

N o w  

Leuk.mia mononuclear 

Leuk iemia mononuclear 

Meictl.helioma malignant 
Bil,iwral, interstitial cell, adenoma 
Interr.titia1 cell, adenoma 

Prostate 

Seminal vesicle 
Testtts 

- .. 

6 6 7 7 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
1 8 8 5 7 4 5 0 2 3 4 0 0 0 1 1 2 3 4 4 5 1 8 9 9  

I 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X 

X 

X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + +  + + +  f + + +  M +  + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X x x x x x x  
X 

X x x  x x x  x x 
-- 

T-3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 4 3 3 
8 5 8 3 4 0 2 8 4 7 0 2 7 6 2 3 4 9 3 5 5 9 0 7 9  
2 2 1 4 2 1 1 4 1 2 4 4 5 5 5 1 4 5 3 1 4 1 3 4 3  

mm- 
Esopkzigus 
Inteitine large 
Intestine large. cecum 
Intestine large, colon 
Intestine large, rectum 

MrsJthelioma malignant 
Intejtine small 
Intestine small, duodenum 
Intestine small. ileum 
I n t e r n e  small. jejunum 
Llvr" 

Hes  toc cellular carcinoma 
Leukemia mononuclear 

Le iilremia mononuclear 
ME s'>theliorna ma1ignar.t 

Le ilremia mononuclear 
Mfs,>thelioma malignant 
Ac nus, adenoma 

Le r lwnia  mononuclear 

Le.:.l;mia mononuclear 

Le h m i a  mononuclear 

Paoilloma squamous 

Mest? I I  : e q  

Pancreas 

Saliriaiy glands 

Stoniei,h 
Stonis <:h, forestomach 

Stoniac,h, glandular 

Tongct! 

Tooth 

m T l P  
Blood vessel 
Heart. 

Lel ikmia mononuclear 
0st.ec sarcoma. metastatic. Done 

. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
A + + + + + + M A + + + + + + + + + + + + + + + +  
A + + + + M + + A + + + + + + + + + + + + + + + +  
A + + + + + + + A + b + f + + + + f + ~ + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  
A + + + + + + - A + - + + - + + + + + + + + + + i t  
A + + A + + + - A + + + + + + + + + + + c + + t +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X X X x x x x x x x x x  + + + + + + ~  + + + + ~ + + + + + + + + + + +  
x x  x x  x 

h 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

X X x 
X 

+ 
X . . . . . . . . . . . . . . . . . . . . . . . . .  

x X x x x x x x : x  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X x x x x x x x x  

X x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + - M + + + + + + + + + + + + +  

+ + + + + + + - + + - + M + + + + + M + + t + + +  

X 

X 

X 
x x x  x x x  X x x  

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
X 

X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

A- 
Esophagus 
Intestine large 
Intestine large. cecum 
Intestine large, colon 
I itestine large, rectum 

Mesothelioma malignant 
I itistine small 
I iti,stine small, duodenum 
Iitnstine small, ileum 
I itiastine small. lejunum 
Liver 

Hepatocellular carcinoma 
Leukemia mononuclear 

Mrsenterv 
Li?ukem;a mononuclear 
Mesothelioma malignant 

Pancreas 
Leukemia mononuclear 
Mesothelioma malignant 
Acinus. adenoma 

Leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

P,1 illoma squamous 

Salivary glands 

Stomach 
Stomach, forestomach 

Stomach. glandular 

Tongue 

Toot\ 

W 
h a r t  

Leukemia mononuclear 
Osteosarcoma. metastatic, bone 

Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Leukemia mononuclear 

Adrenal gland, medulla 
Leukemia mononuclear 
Pheochromocytoma malignant 
Pheochromocytoma benign 
Bilateral. pheochromocytoma benign 

Adenoma 

Leukemia mononuclear 

Leukemia mononuclear 
Pars distalis. adenoma 
Pars distalis, adenoma, multiple 
Pars intermedia. adenoma 

Leukemia mononuclear 
C-cell. adenoma 
(:.cell, adenoma, multiple 
C-cell, carcinoma 

t=L BODTSYSTEM 
None 

Islets, pancreatic 

Parathymid gland 

Pituitary gland 

Thyroid gland 

Epididymis 
Lmkemia mononuclear 
Mesothelioma malignant 

?re utial gland 
*Benoma 
1,eukemia mononuclear 

'rostate 
L,eukemia mononuclear 

!Seminal vesicle 
'Testes 

Mesothelioma malignant 
Rilateral interstitial cell adenoma 
1nterstiti)al cell, adenoma' 

_____. _~ 
1 1 1 1 1 1 1 1 1 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
O O O O O O O O O O O O O O O O O O O O O O ~ ~  
1 1 2 2 3 4 5 5 5 5 s 5 5 s 5 5 5 5 s 5 5 5 5 5  

+ + + t + + + + + + + + + + + t + t + + + + + +  
+ + + t ~ + + + + t + t t + t + t t + + t + t +  
+ + + t t + + t + + + + + + + + + + + t + + + +  
+ t + t + + + t + + + t + + t + t + + + + + t +  
t + + + t + + + t + t + + t + + + t + t + + t +  

+ + + + + + + + + t + + + + + + + + + + + t t +  
+ + + + + t + + t t + + + t t t + ~ + t + t + t  
+ M t t + + + + + + + + t t + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . .  
t + + + + t + + + + + + t + + t + + + + + ~ t +  

X 
x x x x  x x x  x X 
. . . . . . . . . . . . . . . . . . . . . . . .  

X x x  
+ + + + + t + + + t + + t + + + + + + + + ~ + +  

X 

X 
. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  
t + + + + t + + + + t + + M + + t + + + + + t +  

t + + + + + + + + + + t + t + + + + + + + + + +  

i " 
1 

+ + + + t t + t + + + + + + + + + + + + + + t +  

+ t + + + + + + + + + t t + + + + t + + t + + *  
. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  

x x  x X 
+ + + + + + + t + + + t + + + + + t + + + + + +  
x x  x X 

x x  x x  x x  X 
+ + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . .  

+ t + + + + + + + + + + + + + + + + t + + + + +  

x 
X x x  

x x  

x x x x  x x x x x x  
X 

+ + t + + + + + + + + + * t + + + + ~ + + ~ + +  

x x  X x x x  x 
X 

. . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + M + + + + t t + + + M + M + + + + +  
X 

+ t + + + + + + + + + + f + + + + + r + + + + +  

+ + + + + M + + + + t + + + + + +  + + + +  
. . . . . . . . . . . . . . . . . . . . . . . .  

x x  x x x x x  x x x x x x x  x x x  x x  X 

49 
47 
46 
46 
47 

1 
21 
47 

8 
1 

48 
4 
1 
1 

49 
1 

48 
47 
1 

48 
1 
2 
2 

49 

49 
49 

3 
1 

49 
49 
1 

14 
49 
14 
1 

10 
3 

48 
3 

48 
1 

47 
1 

19 
1 
1 

48 
2 
8 
1 
1 

49 
1 
1 

46 
1 
1 

49 
1 

36 
49 

1 
25 
11 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL 
(Continued) 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + + + + + + ~  X 

X 
X 

X 

- ... . 
WEEKS ON 
STUDY 

Y + I  - + +  
+ + .  

A + + + - M + + + + + + + + + + -  

X 
\ 

CARCASS 
ID 

I 

HEM- 
Blwc 

Bow marmw 

LvmFlh node 

Le ikemla mononuclear 

Fei i iod,  leukemia mononuclear 

Ari lary, leukemia mononuclear 
Deep Eemcal, leukemia mononuclear 
Ing?nnai leukemia mononuclear 

1 8 8 5 7 4 5 0 2 3 4 0 0 0 1 1 2 3 4 4 5 7 8 9 9  

3 3 3 3 3 4 3 3 3 3 4 3 3 3 3 3 3 3 3 9 3 3 4 3 3  
8 5 8 3 4 0 ' 2 8 4 7 0 2 7 6 2 3 4 9 3 5 5 9 0 7 9  
2 2 1 4 2 1 1 4 1 2 4 4 5 5 5 1 4 5 3 1 4 1 3 4 3  

+ +  + + +  + + + +  + + + + + + + + + + +  
X X x x x x x x x x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X X x x  X 
X 
X 

X X x x X X x x x x x  x x x  

+ + + + + + + + + + + + + + + + + + + + M + + + +  
X X X x x x x  x x x x  

X 
X 

+ + + 
X X Y . . . . . . . . . . . . . . . . . . . . . . . . .  
x X X x x x x x x x x x  

+ M + M + + + + + + + M + + + + + M + + I c i t +  x X x X X 
x 

Kidney 

Ureter 

Urethra 

Unn;iry bladder 

Leukemia mononuclear 
Me:v,thelioma malignant 

Leukemia mononuclear 

Leukemia mononuclear 

Lfsulremia mononuclear 
Mewthelioma malignant 

~~ 

i M M p M M  + + + + + + + + M  + + + M  + + + M  + + - 
+ + + + + + + + + + + + + + + + + + + + + +  

X 
+ I  

I 
I +  + x 

X x I 

Lwibar. leukemia mononuclear 
Metllastinal, leukemia mononuclear 
Pailcreatic, leukemia mononudear 
Renal, lenlcemia mononuclear 

Lymph node, mandibular 
Leukemia mononuclear 

Lymph node. mesentenc 
Lsiikemia mononuclear 

Laukemla mononuclear 
Mesothelioma malignant 

Laukemla mononuclear 

Spleen 

Thvinus 

m- 
Mair inary gland 

Fibroadenoma 
skin 

Barmquamous tumor benign 
KH -atoacanthoma 
Lwkemla mononuclear 
Siitrvtaneous tissue. fibroma 
Si> timtaneous tissue, fibrosarcoma 

M K F i P  
Boiie 

Skrl i~tal  muscle 
Rib osteosarcoma 

Leitkemia mononuclear 
Oqtsiosarcoma. metastatic. bone 
DLaphragm. mesothelioma malignant 

Ajtiocytoma benign i x  
E:ie idymoma malignant 
Leuaemia mononuclear x 

m J F K \ m  
Bra 111 . . . . . . . . . . . . . . . . . . . . . . . . .  

Penpiera1 nerve 
Spin'il cord + + I + +  

+ 

Lung 
Alv6 olarhronchiolar adenoma 
Leu mmia mononuclear 

Noce 
LHL iemia mononuclear 
Polyp 

T r a i h a  

m:- 
Eye 

Hade nan  gland 
B1 2L;eral. leukemia mononuclear 

I I 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X x x x x x x x x x  

+ + + + + + + + + + M + + + + + + + + + + + + + +  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
- 

+ + + 
X + + + + + + + +  + M + + + + + + + + + + + + + +  

x 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x X x x x x x x x x x  

+ + + + + + + + + + + + + + + + + + +  - - + + +  x 
X 
x 

+ + + + + +  4 

A + + + - M + + f f + + + + + + c + + + ~ + + + +  

X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE CONTROL 
(Continued) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

WEEKS ON 
STUDY 

+ + t + + M + + + + + t - + + + + + + + + + + +  
____ 
+ + t + + + + + + t + + i + + + + + + + + + + +  
X I  X x X X 

+ + + + + + + +  + + + + + + + + + + + + + + +  
+ + + +  + +  + + + +  + + +  
+ + + + + + + + + + + + + A + + + + + + + + + +  

CARCASS 
ID 

' 4 6  

48 
18 
1 

47 
1 

21 
1 

47 
1 

Blood 

Bone marrow 

Lymph node 

Leukemia mononuclear 

Femoral, leukemia mononuclear 

Axillary. leukemia mononuclear 
Deep cervical, leukemia mononuclear 
Inguinal. leukemia mononuclear 
Lumbar. leukemia mononuclear 
Mediastinal, leukemia mononuclear 
Pancreatic, leukemia mononuclear 
Renal, leukemia mononuclear 

Lymph node, mandibular 
Leukemia mononuclear 

Lymph node, mesentenc 
Leukemia mononuclear 

!>pleen 
Leukemia mononuclear 
Mesothelioma malignant 

Thymus 
Leukemia mononuclear 

Mammary gland 
Fibroadenoma 

Skm 
Basosquamous tumor benign 
Keratoacanthoma 
Leukemia mononuclear 
Subcutaneous tissue, fibroma 
Subcutaneous tissue. fibrosarcoma 

Bone 

Skeletal muscle 
Rib, osteosarcoma 

Leukemia mononuclear 
Osteosarcoma, metastatic, bone 
Diaphragm, mesothelioma malignant 

5- 

Astrocytoma benign 
Ependymoma malignant 
Leukemia mononuclear 

Brain 

F'enpheral nerve 
Spinal cord 

Lung 
Alveolaribronchiolar adenoma 
Leukemia mononuclear 

Leukemia mononuclear 
r iose 

Polyp 
Trachea 

EM 
Eye 

Hardenan gland 
Bilateral. leukemia mononuclear 

7- 
Kidney 

Leukemia mononuclear 
Mesothelioma malignant 

Ureter 
Leukemia mononuclear 

Urethra 
Leukemia mononuclear 

Urinary bladder 
Leukemia mononudear 
Mesothelioma malignant 

IUIAL 
3 4 3 3 3 4 3 3 3  3-377-3-3 3 3 3 3 3 3 3 3 3 3 TISSUES 
9 0 8 1 3  0 1 2  6 1 4  5 6 6 9 1 1  2 7 6 3 4 6 7 
2 2 3 2 2 5 1 3 3 5 3 3 1 4 4 3 3 2 1 5 5 5 2 3  

. . . . . . . . . . . . . . . . . . . . . . . .  x x x x  X x x  x 
X . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ + t + + + + + + + + + - + +  + + + + + + + + +  1 4 ;  

X X 

x x  X X X 

1 1  . . . . . . . . . . . . . . . . . . . . . . . .  ~ 46 
X x x x  17 I :  : + + +  + + i 10 

x x  X X 
. . . . . . . . . . . . . . . . . . . . . . . .  x x x x  X x x  x X ~ 

+ + t + +  + + + + +  + + t + +  + + + t M +  + + M  1 4 ;  
I9 .y X 1 8  

j l ~ . - - + M M + M M ~ ~ M + + + M + + + + M + +  
i x  
I x X x 1 9  
I + + * + + + + + + + + + + + + + + + * + + + + +  ~ 48 

I 

I 

x ::;1 47 2 ' +  + 4- + + + M + + + + + + + + + M + + + + + + + 

-~~ ,- 
I 

~ 

' +  + + + + + 51 + + + + + + + + 4 M + + t + + + t ~ 47 

I 4! 
. . . . . . . . . . . . . . . . . . . . . . . . . .  X 

17 I-- + + + + + + - + + + + + + + + + + + f + + + + +  , 
-___- 

h x x  x x x x  x X 1 2;  
. . . . . . . . . . . . . . . . . . . . . . . .  48 

1 
X 

+ + + + + + + + + + + + + + + + + + + + + + + +  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF p-CHLOROANILINE HYDROCHLORIDE: LOW DOSE 

0 6 0 0 0 3 3 3 4 4 4 7 7 9 9 2 3 3 5 5 5 5 5 5 5  

-T--T--T 9 

... .. 
WEEKS ON 
STUDY 

CARCASS 
ID 

nm- 
Esop~liagus 
Inte,i:ine large 
Ints,;:ine large, cecum 
Intwtine large, colon 
Intiwine large, rectum 
Inte,iiine small 
Intwtine small, duodenum 
Intrxine small, ileum 
Inte,itine small, jelunum 

Live! 
Adenocarcinoma 

t'epiatocellular carcinoma 
L s  ikemia mononuclear 
Mesothelioma malignant 
hei:'plastic nodule 

MQ,ii?ntery 
Me:,othelioma malignant 
Sw:oma 

Pa ni,.eas 
LIZ .ikemia mononuclear 
Mei.othelioma malignant g;:;;;~ glands 

St(mriiach. forestomach 
Str'niach. glandular 
To. &:Je 
F'ZI $loma squamous 

Tooth 

m A R I m S C U L A R  S Y S T E M  
811 ?L vessel 
Hea - 
W [i-TEM 
Adrmal gland 
Adn iial gland, cortex 

Adrcnal gland, medulla 
LP ikemia mononuclear 

Leukemia mononuclear 
Phaochromocytoma benign 
B115 teral, pheochromocytoma benign 

Islets. pancreatic 
Pa-alhyroid gland 

Adenoma 
Pitnil.ary gland 

Pa -I distalis, adenoma 
Th11oid gland 

C c d l .  adenoma 
C cc II. carcinoma 
Fol hcular cell, adenocarcinoma 
Foilicular cell, adenoma 

N ? r e  
mEh'lRAL BODY SYSTEM 

my T ? J x m n x  
ED didvmis 

he:dthelioma malignant 
Bilateral, mesothelioma malignant 

A<!?noma 
Pre iitial gland 

Prostate 
Sem la1 vesicle 
Teiitks 

NLeiothelioma malignant 
Bilrteral, mesothelioma malignant 
Bilateral, interstitial cell adenoma 
1:it~rstitial cell, adenoma 

+ + + + +  
+ t + t +  
* t t t t  
+ + * + +  
f + + t +  
+ + t + *  + 
+ + + t +  
+ + + t +  
+ * + + +  

X 
+ + + + + * + t + * + + + + + + * + + * + + + + +  

X + 
X 

M + + + +  + + 
X X 

X 

+ t f + +  + * + * + *  + * + * + *  + + + * + +  + 

+ + + + +  

+ + t + +  + 
+ * + e +  + + + * +  + + 
- 
+ + * + + + + * + + + + + * + + * + + + + * + +  
+ + t + + + + + + + + + + + + * + t * + * + + *  

X 
t . . . . . . . . . . . . . . . . . . . . . . .  

X 
X x x  X X X  

M + + + +  
+ t + + +  

+ * + + M  + +  
X x x  
+ + + + t  

X 

X 

+ +  
+ +  + +  + x x  x x  x 

A +  
X 

+ t + + +  + + +  + +  + 
X 

+ + + + + +  + + +  + 
X X  X X X  

+ t + + +  + + +  + + * + + * * + + + +  * t * + +  * + + i f + + +  
X X 

X x x  x x x x x x  X X X X X X X X  x x  x X 
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'X'ABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

K- 
E jophagus 
htestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
1r:testine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, lejunum 

I.,,ver 
Adenocarcinoma 

Hepatocellular carcinoma 
Leukemia mononuclear 
Mesothelioma malignant 
Neoplastic nodule 

Mesentery 
Nesothelioma malignant 
.Sarcoma 

1:':increas 
Leukemia mononuclear 
Mesothelioma malignant 

Saliva glands 
S t o m a 3  
Stomach, forestomach 
Stomach, glandular 
Tmgue 

Papilloma squamous 
Tooth 

T m A S C U L A R  VSTEM 
H ood vessel 
Ueart 

73- 
hdrenai gland 
A'lrenal gland, cortex 

Leukemia mononuclear 
A,lrenal gland, medulla 

Leukemia mononuclear 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

],lets, pancreatic 
Parathyroid gland 

Adenoma 
Ptu i ta ry  gland 

Pars distalis, adenoma 
T iyroid gland 

C-cell, adenoma 
C-cell, carcinoma 
C'ollicular cell, adenocarcinoma 
Follicular cell, adenoma 

i T m A L  SYSTEM 
E'pididymis 

P a  utial gland 

F'nostate 
Scminal vesicle 
Testes 

Mesothelioma malignant 
Bilateral, mesothelioma malignant 

J e n o m a  

Mesothelioma malignant 
Bilateral, mesothelioma malignant 
Bilateral, interstitial cell. adenoma 
[nterstitial cell, adenoma 

-- 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
o o n n n o o o o n o o n o n n n n n n o n n o o  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
2-2-, , TX- 

1 2 4 5 5 5 2 1 3 4 1 2 3 1 3 1 4 2 5 5 3 s 1 4 1  
3 5 8 ~ ~ ~ ~ f ~ 5 ~ ~ ~ ~ ~ f f ~ ~ f ~ ~ ~ ~ O  

+ 

t + + t + + + + + + + + + + + + + + + + + t + + +  
X 
X 

X X X 
+ + t 

X 
t 

+ 
X 

+ + + + + +  + + 

+ + t t + + + + + + + t + + + + + + + + + + + t +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + M + + + + + + + + t + + + + + + + + + + + t +  

X X X x x  X 
X X 

+ + +  
X X 

+ 
X 

+ 
X 

+ +  
X + + 

+ + +  + + + +  + + 
X + 

X 
+ 
X 

+ + t + + + + + +  + + + + + + + + + + + + + +  
X 

x x  x x x x  x x x  x x x x x x x x x x x x x x  

~~ 

I'OTAL: 
ISSUES 
UMORS 

5 
7 
5 
5 
5 
6 
5 
5 
6 
1 

1 
3 
1 
5 
11 
2 
1 
8 
1 
2 
6 
6 
6 
6 
1 
1 
5 

50 

E 
1 8  

49 
49 
1 

48 
1 
12 
2 
4 
I 
1 

18 
13 
8 
2 
1 
1 
1 

20 
1 
1 
12 
7 
6 
3 

46 
2 
1 

38 
6 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: LOW DOSE 
(Continued) 

- ... 
WEEKS ON 
STUDY 

CARCASS 
ID 

rn- 
B l o d  

Bone, marrow 
L niphnode 

L3 niph node, mandibular 
I.E .ikemia mononuclear 

L> n.ph node, mesentenc 
LE 'ikemia mononuclear 

Spirwn 
F7.r rosarcoma 
I.e!ikemia mononuclear 
Ms?sothelioma malignant 

T?:imoma benign 

k i k e m i a  mononuclear 

icreatic. leukemia mononuclear 

Tbvmus 

ml- 
Mirrtmary gland 

I':croadenoma 
Sk II: 
HZ ;al cell adenoma 
132 ;osquamous tumor benign 
ICu Fatoacanthoma 
Sqiiamous cell carcinoma 
Subcutaneous tissue, fibroma 
Si! ibcutaneous tissue, fibrosarcoma 

K[F-EM 
Bone 

Skrljital muscle 

r n ? P  
B r m i  
PR rpheral  nerve 

L1 111 g: 

N ~ M  
Tr;i.hea 

SE'ESjIAL s m  
EW! 
Hardenan gland 

Crtinium, osteosarcoma 

Osteosarcoma. metastatic. bone 

.~ 

Ort eosarcoma, metastatic, bone 

m m  
Kidrey 

Ure:er 

LE ikemia mononuclear 
Pltteosarcoma, metastatic, bone 

m m  
Kidrey 

Ure:er 

LE ikemia mononuclear 
Pltteosarcoma, metastatic, bone 

Ure:hra 
U:i iary bladder 

I + + + + +  + + + + + +  + +  + + + + + + t  
X X 

+ + + + * + + t + + + + + + + + + + + t + + + t +  
+ + + + +  t +  + + +  + 

X 
+ + + A  t + + 

X 
+ +  + 

t + + M M  + 
t + + * t  + + + + + +  + t I 

X 
X 

I X 
X 

x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  
~- X 

- r + + +  

12. 
t t + + t  + +  

1 t . t  Y + + +  

+ + + t t  

t + + 
~+ + +~ 
__ 

+ + + + + + + + + + + + + + + + + + + + + + + + +  I I  X X 
+ + t 

i + + t t t  + +  + + t + ~  + + + + + +  + 

- 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS LOW DOSE 

WEEKS ON 
STUDY 

CARCASS 
ID 

H- 
R Id 

Leukemla mononuclear 
Bone marrow 
Lymph node 

Pancreatic. leukemia mononuclear 
Limph node. mandibular 

Leukemia mononuclear 
L imph node, mesentenc 

Leukemia mononuclear 
Spleen 

Fibrosarcoma 
Lsukemla mononuclear 
Mesothelioma malignant 

i4ymoma benign 
T) mus 

Mammary gland 
Fibroadenoma 

Slun 
Basal cell adenoma 
Basosquamous tumor benign 
Keratoacanthoma 
3quamous cell cainnoma 
3ubcutaneous tissue, fibroma 
3ubcutaneous tissue, fibrosarcoma 

M-ETAL SYSTFM 
Rone 

ICranium, osteosarcoma 

Osteosarcoma, metastatic. bone 
Skeletal muscle 

F E R V O U S S Y S T E M  
Brain 
Penpheral nerve 

Lung 

Nose 
Trachea 

Osteosarcoma. metastatic, bone 

TEM 
E ie 
Hardenan gland 

Kidney 

I'reter 
Urethra 
llnnary bladder 

EM 

Leukemia mononuclear 
Osteosarcoma, metastatic, bone 

(Continued) 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

2 2 2 2 2 3 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 3  
3 5 8 8 9 0 3 4 4 5 6 7 7 9 0 1 1 2 3 4 5 5 8 9 0  
1 2 4 5 5 5 2 1 3 4 1 2 3 1 3 1 4 2 5 5 3 5 1 4 1  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X 
+ + + +  + 

+ + 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+ + 
X 

+ 
+ + 

X 
+ 

+ + X 

X 
X 

I 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + +  + + -  + t + + 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ +  + + +  + + + + +  + +  
t 

45 
3 
50 
16 
1 
7 
1 
5 
1 

50 
1 
3 
2 
5 
1 

6 
2 
18 
1 
1 
1 
1 
2 
2 

50 
1 
6 
1 

5 
1 

7 
1 
5 
5 

11 
4 

50 
2 
1 

24 
3 
7 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE 
STUDY OF p-CHLOROANILINE HYDROCHLORIDE: MID DOSE 

._ 
WEEKS ON 
STUDY 

0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1  
4 5 6 6 7 7 7 7 8 8 8 9 0 0 0 0 0 0 0 0 0 0 0 0 0  
9 2 8 8 2 5 7 9 2 2 3 8 1 2 2 3 3 4 5 5 5 5 5 5 5  

CARCASS 
ID 

nmtastatic. adrenal gland 
P a w  -eas 

$I;,;;;x glands 
Strimach, forestomach 
Stumach, glandular 
Toot I i  

Fitiasarcoma. metastatic, spleen 

0 1 3 0 0 5 5 3 9 5 6 6 7 3 9 1 7 3 1 1 2 2 3 4 4  
1 1 2 3 5 4 3 1 3 5 4 5 3 3 5 2 1 5 3 5 2 5 4 1 4  

X 
+ + A + + + + + + + +  + + 
+ + A + + + + + + + +  + X 

+ t + + + + t +  
i ;  :; + + + +  + + + + 

+ + 
+ + A + + + + + + + +  + 
+ + + + + + + + + +  

P a i s  distalis. carcinoma 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: MID DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
E sophagus
Intestine large
I itestine large, cecum
Intestine large, colon
I itestine large, rectum
Intestine small
Intestine small, duodenum
1 itestine small, ileum
Intestine small, jejunum

Polyp adenomatous
I iver

Hepatocellular carcinoma
Hepatocellular carcinoma multiple
Leukemia mononuclear
Neoplastic nodule

Mesentery
Flbrosarcoma, metastatlc, spleen
Pheochromocytoma malignant,

metastatlc, adrenal gland
Pancreas

Flbrosarcoma, metastatlc, spleen
Salivary glands
stomach
Stomach forestomach
stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Blood vessel
Heart

Leukemia mononuclear

FNDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Leukemia mononuclear
Adrenal gland, medulla
Leukemia mononuclear
Pheochromocytoma malignant
Pheochromocytoma benign
Bilateral, pheochromocytoma benign

1 lets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Pars distahs, carcinoma

Thyroid gland

r.ENERAL BODY SYSTEM
None

(•.ENlTAL SYSTEM
}< pididymis

Mesothehoma malignant
Penis

Leukemia mononuclear
Preputial gland

Adenoma
}- restate
Seminal vesicle
Pastes
Mesothehoma malignant
Bilateral, interstitial cell adenoma
Interstitial cell adenoma

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

~I — 2 — I 1 — I — I 1 — I — I — I — I — I — I — I — I — I 1 — I I I I I I I 2~~
8 0 1 2 6 7 4 4 5 5 7 8 9 2 2 4 6 6 7 8 8 8 9 9 0
5 2 4 1 3 4 2 3 1 2 5 2 4 3 4 5 1 2 2 1 3 4 1 2 4

+
+
+

+ - t - ^ - t - + + + + + + + + + + + 4 + + + + + + + + +

X
X

X X X

+ +

+ + + + + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + -*- +

X
X X X X

X X X X X

+ + +
X X

+• +• + + + + + + + + +

+ + +
X X

X X X X X X X X X X X X X X X X X X X X X X X
X X

TOTAL
TISSUES
TUMORS

13
12
6
9
8

12
10
6
8
1

49
1
1
2
3

11
1

1
14
1

11
11
11
11
10

12
23
1

49
49
1

48
1
1
9
5

10
10
19
11
1

10

26
1
1
1

15
4

13
5

50
1

33
11
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: MID DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
Blood

Leukemia mononuclear
Bone marrow

Leukemia mononuclear
Femoral, leukemia mononuclear

Lymph node
Mediastmal, leukemia mononuclear

Lymph node, mandibular
Leukemia mononuclear

Lymph node, mesentenc
Spleei

Flbrosarcoma
Leasemia mononuclear
OsU'OSarcoma

Thymus
Leukemia mononuclear

INTEGUMENTARY SYSTEM
Mammary gland

Fibroadenoma
Skin

Kentoacanthoma
Papi loma squamous
Sebaceous gland, adenoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, flbrosarcoma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

NERVOUS SYSTEM
Brain

Cerebellum, menmgioma malignant
Spinai cord

REfiP'RATORY SYSTEM
Lung

Leukemia mononuclear
Squ? mous cell carcinoma

Nose
Tra -h la

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

URINARY SYSTEM
Kidnoy

Fibrosarcoma, metastatic, spleen
Leukemia mononuclear

Ureter
Urethra
Urinary bladder

Paplloma

o o o o o o b o o o o o i i i i i i i i i i i i i
4 5 6 6 7 7 7 7 8 8 8 9 0 0 0 0 0 0 0 0 0 0 0 0 0
9 2 8 8 2 5 7 9 2 2 3 8 1 2 2 3 3 4 5 5 5 5 5 5 5

2 1 1 '2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 3 0 0 5 5 3 9 5 6 6 7 3 9 1 7 3 1 1 2 2 3 4 4
1 1 2 3 5 4 3 1 3 5 4 5 3 3 5 2 1 5 3 5 2 5 4 1 4

X

X
+ + + + + + + + + + + +

X

X
-t-

X
X

+ + + + + +M + + + + +
X

+ M + + M + + + + + M + + +
X

X

X

X

+ + + + + + + + + + + + + + + + + + + + + + + + ++ + + + + + + + + + +
H . + A + + + + + + + +
X
+ +

+ + + + + + + -(- + + -*-
X

X

+ + + + + + + + + + + +

+ + + + + + + + + u + + +

+ + + + + + + + + + + f L + + + + + + + + + + + + +
X

X
+ + + + + + + + + + + + + + + +

+
+ + + + + + + + + + + -f

X

p-Chloroaniline Hydrochloride, NTP TR 351 118



TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: MID DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
Blood

Leukemia mononuclear
Bone marrow

Leukemia mononuclear
Femoral, leukemia mononuclear

Lymph node
Mediastinal, leukemia mononuclear

Lymph node, mandibular
Leukemia mononuctear

Lymph node, mesentenc
Spleen

Fibrosarcoma
Leukemia mononuclear
Osteosarcoma

Thynvus
Leukemia mononuclear

INTEGUMENTARY SYSTEM
Mammary gland

Fibroadenoma
Skin

Keratoacanthoma
PapUloma squamous
Sebaceous gland, adenoma
Subcutaneous tissue, fibroma
Subcutaneous tissue, fibrosarcoma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

NERVOUS SYSTEM
Brain

Cerebellum, memngioma malignant
Spinal cord

RESPIRATORY SYSTEM
Lung

Leukemia mononuclear
Squamous cell carcinoma

Nose
Trachea

SPECIAL SENSES SYSTEM
Eye
Marderian gland

URINARY SYSTEM
Kidney

Fibrosarcoma, metastatic, spleen
Leukemia mononuclear

Ureter
Urethra
Urinary bladder

Papilloma

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2
8 0 1 2 6 7 4 4 5 5 7 8 9 2 2 4 6 6 7 8 8 8 9 9 0
5 2 4 1 3 4 2 3 1 2 5 2 4 3 4 5 1 2 2 1 3 4 1 2 4

+ + + + + + + + + + + + + + + + + + + + + + + + +

X

+ + +

+

+

X
X

X
+ +

4- +
X X

-f + +

X

X

+

+ + + + + 4- + + + +

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + + + + + + + +

TOTAL
TISSUES
TUMORS

39
1

49
1
1

15
1

12
1
2

50
2
2
1

13
1

13
3

19
1
1
1
1
1

49
11

10
1
2

11
1
1

10
13

13
9

49
1
1

27
1

12
1
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE TWO-YEAR GAVAGE
STUDY OF p-CHLOROANILJNE HYDROCHLORIDE: HIGH DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Intest.ae large
Intestine large, cecum

Colon, rectum, osteosarcoma, metastatic.
spleen

Intest ne large, colon
Intest ne large, rectum
Intest Liw small
Intest ne small, duodenum

Fibn»sarcoma, metastatic, spleen
Oste-o sarcoma, metastatic, spleen
Ileum, jejunum, osteosarcoma.

metastatic, spleen
Intestme small, ileum
Intest i ae small, jejunum

Ost*osarcoma, metastatic. spleen
Liver

Fibmsarcoma, metastatic, spleen
Leukemia mononuclear
OsteC'Sareoma. metastatic, spleen

MesenUry
Fihrosarcoma, metastatic, spleen
Leukemia mononuclear
Mesothehoma malignant
OstAosarcoma, metastatic, spleen

Pa no P» as
Fibrosarcoma, metastatic. spleen
Mes<ithehoma malignant
Osteosarcoma, metastatic, spleen

Saliva rv glands
Stomach
Stomach, forestomach

Osteosarcoma, metastatic, spieen
Glandular, osteosarcoma. metastatic.

spleen
Stomach, glandular

Fib ro sarcoma, metastatic, spleen
Osteosarcoma, metastatic. spieen

Tongxie
Papilloma squamous

Tooth
Gingi va, squamous cell carcinoma

CARDIOVASCULAR SYSTEM
Blood vessel

Pulraonary artery, fibro sarcoma.
metastatic, spleen

Heart

ENDOCRINE SYSTEM
Adrcral gland
Adrer al gland, cortex

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 6 7 7 7 8 8 8 8 8 9 9 9 9 9 9
0 8 1 5 7 0 4 8 9 9 0 1 5 5 7 7

1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 4 4 5 5 8 3 2 5 1 6 9 3 3
4 5 1 2 5 4 3 3 ^ 4 1 2 4 1 1 2

X
A + + •»- + + A A + + + + + +
A 4- + + + + A A + + -*- + •!- +

X

X
X

X X

X X X X
X

X
X X X X

X X

X X X

+ A - - + -'- + + A A - t - + + + + -r

X
+
X

0 0 0 0 0 1 1 1 1
9 9 9 9 9 0 0 0 0
7 8 8 8 9 0 2 3 3

~D — D — D — D I — 0 0 I !T~
8 5 2 5 0 4 2 0 8
1 5 1 2 5 1 2 2 2

t t t t t A t i i a

X X

X X X
X

X X X
X

X

X X X

X

+ + -*- + + A + + +

X

X

+ + + + + iL + + +
i- + + + + A + + -t

Leukemia mononuclear
Cap-iule, fibrosarcoma. metastatic.

spleen
Capsule, osteosarcoma, metastatic.

spleen
Medulla, fibrosarcoma. metastatic.

spleen
Adnruil gland, medulla

Leu,Kemia mononuclear
Pheoetromocytoma malignant
PheH5ch.romocytoma benign
Bi ateral, pheochromocytoma benign

Islets, pancreatic
Adenoma
Carcinoma
Fibrasarcoraa, metastatic. spleen
Ost^jsarooma, metastatic, spleen

Parqt.'iyroid gland
Ace r oma

Pituitary gland
Pa-, distahs, adenoma
Pa-v distahs, adenoma, multiple

Tt> -o d gland
C-~e I, adenoma
C-t*e.l, carcinoma

X X
X X X

X X

GENERAL BODY SYSTEM

OstfKJsarcoma, metastatic, spleen
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

WE KSON 
STUDY 
; 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

CARCASS 
ID 

TOTAL: 
TISSUES 
TUMORS 

Esophagus 
intestine large 
Intestine large, cecum 

Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 

Colon, rectum, osteosarcoma, metastatic, 
spleen 

Fibrosarcoma, metastatic spleen 
Osteosarcoma, metastatic', spleen 
Ileum, jejunum, osteosarcoma, 

metastatic, spleen 
Intestine small, ileum 
Intestine small, jejunum 

1,iver 
Osteosarcoma, metastatic, spleen 

Fibrosarcoma, metastatic, spleen 
Leukemia mononuclear 
Osteosarcoma, metastatic. spleen 

Fibrosarcoma, metastatic. spleen 
Leukemia mononuclear 
Mesothelioma malignant 
Osteosarcoma, metastatic. spleen 

Mesentery 

Pancreas 

1 
48 
1 
1 
13 
12 ' 46 
1 
1 

Fibrosarcoma. metastatic. spleen 
Mesothelioma malignant 
Osteosarcoma, metastatic, spleen 

(-L BODY 
hssue. NOS 

Osteosarcoma, metastatic. spleen 

;al~Iw;z glands 

%omach, forestomach 
Osteosarcoma, metastatic, spleen 
Glandular. osteosarcoma, metastatic. 

Fibrosarcoma. metastatic spleen 
Osteosarcoma, metastatic', spleen 

Pa illoma squamous 

Gingwa. squamous cell carcinoma 

spleen 
Stomach, glandular 

rongue 

root\ 

(P 
131ood vessel 

-Ieart 

1- 
.Adrenal gland 
.Adrenal gland, cortex 

Leukemia mononuclear 
Capsule, fibrosarcoma, metastatic. 

Pulmonary artery, fibrosarcoma. 
metastatic, spleen 

spleen 

x x x  
-- 

1 
1 

-- 

Ca'psule, osteosarcoma, metastatic, 

Medulla, fibrosarcoma. metastatic. 
spleen 

7 i - 6 - 0 - 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0  
1 3 3 9 6 7 8 9 1 2 4 4 6 7 0 2 6 6 7 8 9 1 7 7 9  
I 3 4 3 5 3 4 2 3 3 3 4 1 1 3 5 2 3 4 5 4 4 2 5 5  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X l x  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X x x  x X x x  
+ + t t + + + + + t + t + + + + + + + + + + + + t  x x  

X x x  X X X X . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X x x  X X X X 
+ + + + + + + + + + + + + +  + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ . . . . . . . . . . . . . . . . . . . . . . .  ' x  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
x x  x x x  x x  x x  X 

M + i + + i i i t + + + + + + + i + + i + + + + +  
x x x  X x x  X 

X 
X X X X 

X 
+ + + + + + + + + + + + + + + + + + + M + M + + M  
+ + + + + + + + t + + M + + + + + + + + + + + + +  

X X x x  X 
X 

50 
46 
44 

1 
45 
44 
47 
46 

2 
3 

1 
39 
41 
1 
49 

A 
3 
8 
48 
9 
2 
2 

11 
47 
6 
1 
10 
49 
46 
46 
1 

1 
49 
1 

50 

1 
50 

49 
49 
1 

1 

1 

4 
7 
45 
1 
46 
10 
1 
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TABLE A 2  INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

1 0  6 0  n n n n 0 0 7 0  n n o o o o n n n 1 1  1 1  
_ _  

WEEKS ON 
STUDY 6 6 7 7 7 R R k 8 8 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0  

0 8 1 5 7  0 4  6 9 9  0 4  5 5 7 7 7 8 8 8  9 0 2  3 3  

0 4 4 5 5 8 3 2 5 1 6 9 3 3 8 5 2 5 0 4 2 0 8  
1 2 5 4 9 3 5 4 1 2 4 1 1 2 1 5 1 2 5 1 2 2 2  

CARCASS 
ID 

m ’ m  
E F 2 2 E o m a ,  metastatic. spleen 

O s t t a  arcoma, metastatic, spleen 
Sarwma 
Bilarr! ral, mesothelioma malignant 
Bilatriral, osteosarcoma, metastatic, 

rplean 

Adenxarcinoma 
Aden :I ma 

Preputial gland 

rcoma, metastatic, spleen 
Oster. !sarcoma, metastatic, spleen 

Ostec c,arcoma. metastatic, spleen 

Mec,othelioma malignant 
Osti?c:iarcoma, metastatic. s leen 
Bilateral. Interstitial cell, afenoma 
Interstitial cell, adenoma 

mx’- 
Blooc 

Leuksmia mononuclear 
Bone marrow 

Ostwiarcoma. metastatic. spleen 
Lymph node 

Me& astinal, fibrosarcoma, metastatic. 
s p l e m  

Mediastinal, leukemia mononuclear 
Mediastinal. osteosarcoma, metastatic, 

spleen 
Mediastinal, pancreatic. fibrosarcoma. 

mittistatic, spleen 
Parcreatic. mesothelioma malignant 
Rer.ai. leukemia mononuclear 

Lympl node, mandibular 
Leukf mia mononuclear 

Lympt node, mesenteric 
Leukemia mononuclear 
Me(iE,stinal. osteosarcoma, metastatic, 

s p m ? n  
Pancreatic, fibrosarcoma. metastatic, 

s p m n  

Fibw n a  
Fibnwarcoma 
H e m  ngiosarcoma 
Lei,kcmia mononuclear 
Mesct.helioma malignant 
Osteosarcoma 

Leiikwnia mononuclear 
Osteosarcoma, metastatic. spleen 

Semina, vesicle 

Testes 

I 

i 
~ 

Splef n 

Thymus 

€RTR:-TEM 
Mammary gland 

Fibni adenoma 
Skin 

Keratoacanthoma 
Suhc!. taneous tissue, fibroma 

RUX1- 
Bone 
SkdHt2 1 muscle 

Osteosarcoma, metastatic. spleen 
Dia t ragm, fibrosarcoma, metastatic, 

Dia t ragm, osteosarcoma, metastatic, 
s p L  i n 

s p L  

mm- 
Brain 
Penpteral  nerve 
Spin,il :ord 

KFsm:- 
l u n g  

Fibro sarcoma, metastatic spleen 
Hennngiosarcoma, metaitatic, spleen 
Leuk.nmia mononuclear 
Oste’>sarcoma, metastatic, spleen 

Nnse 
Naxlacnmai  duct, squamous cell 

carcinoma 
Trach1.a 

+ + + + + + + + + + + + + + + + + + + + + + + + +  
X X 

X X 
X 

X 
+ t + + + + + t + + + + + + + + + + + + + A + + +  

X 
i + + + + + + M + + t + + + + + t + + + + + + + +  

X 
X 

X X 
+ + + + + +  M + + +  + + + +  + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X X X X  X X X  X X X X X X X  X X  

X 

x X X  X X 

+ +  + 
x 

+ * + + + + + + + + +  
+ + t + + + * + + + +  

X 

X 

X 

X 

X 

X 

+ - + + + + + t + + +  

+ +  

+ +  + +  + +  

+ + + + + + + + + + + + + +  
+ + + + + + + + + +  + + +  

X 

X X  
X 

x 
X 

+ + + + + + t + + +  + + +  
X + M + 
X 

X . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X X 

X X X X  X X  X X X  X 
X X  X 

X X X X X  X 
M A M M + + + * + + t + + + M M + M + + + A + + +  

X 
X 

M + M t M M M + + + + M M + + + + + + + M M + + M  
M + + + + + + + + + + + + + + + + + + + t + + + +  

X 

X X  

+ + + + + + + + + + + + + + + + + + + + + + i f f  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
X X X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ 
+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X X x x  

X 
X 

X 
+ A + + + + + + + + + + + + + + + M + + + A + t +  

+ + + + + + + + + + + + + + + + I  + + + t + + + +  
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

WEEKS ON 
STUDY 

CARCASS 
ID 

I ~ T E M  
t: ididymis 

hbrosarcoma, metastatic, spleen 
Osteosarcoma. metastatic, spleen 
Sarcoma 
Bilateral. mesothelioma malignant 
Bilateral. osteosarcoma, metastatic. 

spleen 

Aie noca mi no ma 
Adenoma 

Fibrosarcoma, metastatic, spleen 
Osteosarcoma, metastatic, spleen 

Osteosamoma. metastatic. spleen 

Mesothelioma malignant 
Osteosarcoma, metastatic, s leen 
Bilateral. interstitial cell, a8enoma 
Interstitial cell, adenoma 

?re utial gland 

?rostate 

Seminal vesicle 

Testes 

~ATIJPP 
3lood 

Leukemia mononuclear 

Osteosarcoma, metastatic, spleen 
:3one marrow 

Lymph node 
Mediastinal. fibrosarcoma. metastatic 

spleen 
Mediastinal leukemia mononuclear 
Mediastinal: osteosarcoma, metastatic, 

spleen 
Mediastinal, pancreatic. fibrosarcoma, 

metastatic, spleen 
Pancreatic, mesothelioma malignant 
Renal, leukemia mononuclear 

~,ymph node, mandibular 
Leukemia mononuclear 

Lymph node. mesentenc 
Leukemia mononuclear 
Mediastinal. osteosarcoma, metastatic, 

spleen 
Pancreatic, fibrosarcoma. metastatic, 

spleen 

Fibroma 
Fibrosarcoma 
Hemangosarcoma 
Leukemia mononuclear 

'Ipleen 

I-- 
Mammary gland 

Fibroadenoma 
%;kin 

Keratoacanthoma 
Subcutaneous tissue, fibroma 

I- 
I3one 
jkeletal muscle 
Osteosarcoma metastatic spleen 
Dia hragm, fibrosarcoma.' metastatic, 

Dia hragm, osteosarcoma, metastatic, 
,$en 

spPeen 

13rain 
IPenpheral nerve 
Spinal cord 

]Lung 
Fibrosarcoma, metastatic, spleen 
Hemannosarcoma, metastatic, spleen 
Leukemia mononuclear 
Osteosarcoma, metastatic, spleen 

Nasolacrimal duct, squamous cell 
Nose 

Trachea 
carcinoma 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  1 1  1 1  l7 

4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 s 5 s 5  
TOTAL: 

~ ~ ~ ~ 0 0 0 0 0 0 0 0 0  TISSUES 
1 3  3 9 6 7 8 9 1 2  4 4 6 7 0 2 6 6 7 8 9 1 7  7 9 TUMORS 
1 3 4 3 5 3 4 2 3 3 3 4 1 1 3 5 2 3 4 5 4 4 2 5 5  

+ t + + + t + t + t + + + + + t t t t + + + + t +  

X 

X 

x X 
~ M + + + + * t + t + + + + + + t t + + + t + + t  

X X 
M + + +  + + + +  t +  

t + t + + + + + + + + + + + + + + t + + + + + + +  

x x  X x x x x X x x x X x x x x x x x x x x x x  

X 
x X 

x 

1 
48 
1 
2 

1 
3 

23 
2 

50 
2 
3 

40 
6 

48 

t t  t t + t t t t  t + + + + + + t t + t + t  

t t + + t + t + + + t + + t t t + + t + + t t + t  

t + + t + + - + t t + + + t + + t t t + + + + + t  

X 

x 
x x  X x 

X 

+ + t + t + t + + M + + + t t + + + t + t + + + +  
X + + t + +  t x 

X 

X x x  x 
x 

X X 

31 1 5: 

6 

1 
1 
1 

3 
10 
3 

48 

I ,d 
X x x  x x x  x X x x x  x x  

X 

M + t t + + + + t t + + M + + M t + + M + + + t +  

+ t + + + + + + + + + + + + + t + + + + + t + + +  
X 

X X 

X X 
36 

3 
49 

1 
4 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + t + + t + + + + + + + + + + + + t + t  

X I-- . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X X 
+ + + t + + t  + + + + + t + + + + + + + + + + +  

I t + + + + + t t + + + + + + + + + + + + + + + + +  X 

50 
50 

2 

3 

2 

50 
5 
1 
3 
3 

46 

1 
49 
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TA.B;LE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: HIGH DOSE 
(Continued) 

- ... . 
WEEKS ON 
STUDY 

CARCASS 
ID 

Ear 
Eye 
Hardi.nan gland 

0 K T T ; ' G T s Y m m  
Kidntt y 

Fiirosarcoma, metastatic. spleen 
Leukemia mononuclear 
Ostv )sarcoma, metastatic, spleen 
Rem 1 tubule, adenoma 

Ureter 
Ureth -a 
U n n i  y bladder 

Fixosarcoma. metastatic. sDleen 
Ostt! ,sarcoma, metastatic. s'pleen 

- 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1  
6 6 7 7 7 8 8 8 8 8 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0  
0 8 1 5 7 0 4 8 9 9 0 4 5 5 7 7 7 8 8 8 9 0 ' 2 3 3  

1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0  
0 1 0 4 4 5 5 8 3 2 5 1 6 9 3 3 8 5 2 5 0 4 2 0 8  
4 5 1 2 5 4 3 3 5 4 1 2 4 1 1 2 1 5 1 2 5 1 2 2 2  

+ + 
+ M + M + + + M + + + + + M + + + M + + + A + + +  

+ + + + + +  + + + + + + + +  + + + + A +  + 
+ + +  + +  

X X 
+ M + + + + + M + + + + + + + + + + + + + A + + +  

X 
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TABLE A2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS HIGH DOSE 
(Continued) 

WEERSDN 
STUDY 

CARCASS 
ID 

EM 
Ear 
Eye 
H'arderian gland 

Kidney 
Fibrosarcoma, metastatic, spleen 
]Leukemia mononuclear 
Osteosarcoma. metastatic. spleen 
Kenal tubule, adenoma 

re thra 

Fibrosarcoma, metastatic. spleen 
Osteosarcoma, metastatic, spleen 

Ureter 

Urinary bladder 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

0 - 0  0 0 0 0 0 0 0 0 0 0 1 0  0 0 0 0 0 0 0 0 0 
1 3 3 9 6 7 8 9 1 2 4 4 6 7 0 2 6 6 7 8 9 1 7 7 9  
1 3 4 3 5 3 4 2 3 3 3 4 1 1 3 5 2 3 4 5 4 4 2 5 5  

+ + + + +  + A  + +  t + + +  
+ M + + + + + + + + + + t + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
X X X X 

X 
+ + + + + + + + * + + + + + + + t  + + + + + + +  + + + + +  + 
+ M + + + + + + + + + + + + + + + + + + + + + + +  

1 
14 
43  

50 
3 
3 
6 
1 

44 
11 
46 
2 
1 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
p-CHLOROANILINE HYDROCHLORIDE 

Vehicle Control 2 mg/kg 6 mgflrg 18 mg/kg 

Adrenal Medulla: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

13/49 (27%) 14/48 (29%) 
53.8% 40.3% 
8/18 (44%) 11/31 (35%) 
633 651 
P<O.OO 1 P =0.158N 
P = 0.003 P=0.358N 
P = 0.003 

P = 0.475 

Adrenal Medulla: Pheochromocytoma or Malignant Pheochromocytoma 
Overall Rates (a) 13/49 (27%) 14/48 (29%) 
Adjusted Rates (b) 53.8% 40.3% 
Terminal Rates (c) 8/18 (44%) 11/31 (35%) 
Day of First Observation 633 651 
Life Table Tests (d) P < 0.00 1 P=0.158N 
Logistic Regression Tests (d) P =  0.001 P=0.358N 

Fisher Exact Test (d) P=0.475 
Cochran-Armitage Trend Test (d) P = 0.002 

Preputial Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

1/46 (2%) (e) 7/12 (58%) 
6.7% 
1/15 (7%) 
729 

Preputial Gland: Adenoma or Adenocarcinoma 
Overall Rates (a) 1/46 (2%) (e) 7/12 (58%) 
Adjusted Rates (b) 6.7% 
Terminal Rates (c) 1/15 (7%) 
Day of First Observation 729 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Paincreatic Islets: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

3/48 (6%) ( e )  0/4 (0%) 
13.7% 
2/18 (1 1%) 
633 

Pancreatic Islets: Adenoma or Carcinoma 
Overall Rates (a) 3/48 (6%) ( e )  014 (0%) 
Adjusted Rates (b) 13.7% 
Terminal Rates (c) 2/18 (11%) 
Day of First Observation 633 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

14/48 (29%) 
40.7% 
12/32 (38%) 
476 
P = 0.134N 
P = 0.504N 

P = 0.475 

15/48 (31%) 
43.6% 
13/32 (41%) 
476 
P =0.175N 
P = 0.586N 

P = 0.386 

( e )  4/15 (27%) 

( e )  4/15 (27%) 

(e) 0110 (0%) 

(e) 0110 (0%) 

25/49 (51%) 
79.5% 
15/21 (71%) 
618 
P =  0.061 
P=0.028 

P=O.O11 

26/49 (53%) 
82.9% 
16/21 (76%) 
618 
P=0.041 
P = 0.017 

P = 0.006 

2/48 (4%) 
10.0% 
2/20 (10%) 
729 
P = 0.602 
P = 0.602 
P=0.516 

3/48 (6%) 
12.0% 
2/20 (10%) 
535 
P=0.393 
P = 0.348 
P=0.325 

1/46 (2%) 
3.6% 
0121 (0%) 
712 
P =  0.243N 
P=0.274N 
P=0.325N 

2/46 (4%) 
8.2% 
1/21 (5%) 
712 
P=0.418N 
P = 0.451N 
P = 0.520N 
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TABLE A3. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY O F  
p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control 2 mg/kg 6 mg/kg 18 mg/kg 

Liver: Neoplastic Nodule 
Overall Rates (a) 0149 (0%) 

Terminal Rates (c) 0118 (0%) 
Day of First Observation 
Life Table Tests (d) P=0.190N 
Logistic Regression Tests (d) P = 0.190N 
Cochran-Armitage Trend Test (d) P=0.178N 
Fisher Exact Test (d) 

Adjusted Rates (b) 0.0% 

Liver: Neoplastic Nodule or Hepatocellular Carcinoma 
Overall Rates (a) 1/49 (2%) 
Adjusted Rates (b) 5.6% 
Terminal Rates (c) 1/18 (6%) 
Day of First Observation 729 
Life Table Tests (d) P=0.106N 
Logistic Regression Tests (d) P = 0.084N 
Cochran-Armitage Trend Test (d) P = 0.102N 
Fisher Exact Test (d) 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 1/49 (2%) 
Adjusted Rates (b) 2.6% 
Terminal Rates (c) 0118 (0%) 
Day of First Observation 626 
Life Table Tests (d) P = 0.23 1 
Logistic Regression Tests (d) P = 0.297 

P= 0.292 
Fisher Exact Test (d) 
Cochran-Armitage Trend Test (d) 

Pituitary G l a n d P a m  Distalis: Adenoma 
Overall Rates (a) 20147 (43%) 
Adjusted Rates (b) 61.4% 
Terminal Rates (c) 7/18 (39%) 

Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Day of First Observation 455 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 13.2% 
Terminal Rates (c) 1/18 (6%) 
Day of First Observation 680 
Life Table Tests (d) P =0.277 
Logistic Regression Tests (d) P = 0.3 18 
Cochran-Armitage Trend Test (d) P=0.310 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 4/49 (8%) 
Adjusted Rates (b) 18.3% 
Terminal Rates (c) 2/18 (11%) 
Day of First Observation 680 
Life Table Tests (d) P = 0.566 
Logistic Regression Tests (d) P=0.586 
Cochran-Armitage Trend Test (d) P=0.586 
Fisher Exact Test (d) 

5/50 (10%) 3/49 (6%) 
15.6% 9.4% 
5/32 (16%) 3/32 (9%) 
729 729 
P = 0.103 P = 0.238 
P = 0.103 P = 0.238 

P = 0.030 P=0.121 

6/50(12%) 5/49 (10%) 
18.8% 15.0% 
6/32 (19%) 4/32 (13%) 
729 716 
P=0.196 P=0.279 
P = 0.196 P=0.241 

P = 0.059 P = 0.102 

2/50 (4%) 3/50 (6%) 
6.3% 9.4% 
2/32 (6%) 3/32 (9%) 
729 729 
P = 0.655 P=0.469 
P = 0.558 P = 0.364 

P=0.508 P=0.316 

(e) 13/18 (72%) (e,g) 11/19 (58%) 

2/50 (4%) 
5.2% 
1/32 (3%) 
626 
P = 0.314N 
P-0.425N 

P = 0.490N 

4/50 (8%) 
9.8% 
1/32 (3%) 
626 
P=0.407N 
P = 0.568N 

P=0.631N 

1/50 (2%) 
3.1% 
1/32 (3%) 
729 
P =0.150N 
P=0.222N 

P=0.301N 

2/50 (4%) 
5.1% 
1/32 (3%) 
361 
P=0.164N 
P = 0.328N 

P = 0.329N 

0149 (0%) 
0.0% 
0121 (0%) 

(D 
(D 

(D 

0149 (0%) 
0.0% 
0121 (0%) 

P=0.469N 
P = 0.469N 

P =0.500N 

3/50 (6%) 
12.3% 
2/21 (10%) 
680 
P = 0.356 
P = 0.344 

P = 0.3 16 

11/46 (24%) 
38.7% 
5/20 (25%) 
654 
P=0.023N 
P = 0.027N 
P=0.045N 

4/50 (8%) 
14.7% 
2/21 (10%) 
676 
P = 0.605 
P=0.584 

P=0.511 

4/50 (8%) 
14.7% 
2/21 (10%) 
676 
P=0.533N 
P = 0.552N 

P=0.631N 
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TABLE A3. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN  THE TWO-YEAR GAVAGE STUDY OF 
I>-CHLOROANILINE HYDROCHLORIDE (Continued) 

~~ _ _  

Vehicle Control 2 mg/kg 6 m g k 3  18 mg/kg 

Spleen: Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Spleen: Fibroma o r  Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Spleen: Osteosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Spleen: Fibrosarcoma or Osteosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Weekof First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

0/49 (0%) 
0.0% 
0/18 (0%) 

P< 0.001 
P< 0.001 
P<O.OOl 

0149 (0%) 
0.0% 
0118 (0%) 

P<O.OOl 
P <o.oo 1 
P<O.OOl 

0149 (0%) 
0.0% 
Oll8 (0%) 

P < 0.001 
P < 0.00 1 
P< 0.001 

0/49 (0%) 
0.0% 
0/18 (0%) 

P 4 0.00 1 
P < 0.00 1 

P<O.OOl 

Spleen: Fibrosarcoma, Osteosarcoma, or Hemangiosarcoma 
Overall Rates (a) 0/49 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) o m  (0%) 
Week of First Observation 
Life Table Tests (d) P < 0.001 
Incidental Tumor Tests (d) P<O.OOl 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P < 0.001 

I’ei3tis: Interstitial Cell Adenoma 
Overall Rates (a) 36/49 (73%) 
Adjusted Rates (b) 94.4% 
Terminal Rates (c) 16/18 (89%) 
Day of First Observation 466 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.064 
P = 0.082 
P = 0.073 

1/50 (2%) 
2.7% 
0/32 (0%) 
687 
P = 0.570 
P = 0.523 

P = 0.505 

1/50 (2%) 
2.7% 
0132 (0%) 
687 
P = 0.570 
P = 0.523 

P = 0.505 

0150 (0%) 
0.0% 
0132 (0%) 

(D 
(D 

(D 

1/50 (2%) 
2.7% 
0/32 (0%) 
687 
P = 0.570 
P=0.485 

P = 0.505 

1/50 (2%) 
2.7% 
0132 (0%) 
687 
P=0.570 
P=0.485 

P = 0.505 

44/46 (96%) 
100% 
30130 (100%) 
556 
P = 0.096N 
P=0.059 

P = 0.003 

2/50 (4%) 
5.7% 
1/32 (3%) 
702 
P = 0.364 
P=0.293 

P=0.253 

2/50 (4%) 
5.7% 
1/32 (3%) 
702 
P=0.364 
P = 0.293 

P = 0.253 

1/50 (2%) 
3.1% 
1/32 (3%) 
729 
P = 0.615 
P = 0.615 

P = 0.505 

3/50 (6%) 
8.7% 
2/32 (6%) 
702 
P=0.236 
P = 0.140 

P = 0.125 

3/50 (6%) 
8.7% 
2/32 (6%) 
702 
P=0.236 
P= 0.140 

P = 0.125 

44/50 (88%) 
100.0% 
32/32 (100%) 
476 
P = 0.064N 
P = 0.084 

P = 0.056 

17/50 (34%) 
47.1% 
5/21 (24%) 
522 
P< 0.001 
P < 0.001 

P < 0.00 1 

19/50 (38%) 
51.9% 
6/21 (29%) 
522 
P<O.OOl 
P <0.001 

P<O.OOl 

19/50 (38%) 
62.8% 
11/21 (52%) 
494 
P < 0.00 1 
P <0.001 

P<O.OOl 

36/50 (72%) 
87.1% 
16/21 (76%) 
494 
P < 0.00 1 
P < 0.00 1 

P < 0.001 

38/50 (76%) 
87.9% 
16/21 (76%) 
494 
P < 0.001 
P < 0.00 1 

P <0.001 

46/50 (92%) 
100.0% 
21/21 (100%) 
415 
P = 0.376 
P=0.048 

P=0.014 
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TABLE A3. ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control 2 mg/kg 6 mgncg 18 mg/kg 

Thyroid Gland: C-cell  Adenoma 
Overall Rates (a) 9/48 (19%) 
Adjusted Rates (b) 43.5% 
Terminal Rates (c) 7/18 (39%) 
Day of First Observation 554 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates ( a )  10/48 (21%) 
Adjusted Rates (b) 45.0% 
Terminal Rates (c) 7/18 (39%) 
Day of First Observation 554 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Circulatory System: Hemangiosarcoma 
Overall Rates (a) 0/49 (0%) 
Adjusted Rates (b) 0.0% 
Terminal Rates (c) 0118 (0%) 
Day of First Observation 
Life Table Tests (d) P = 0.002 
Logistic Regression Tests (d) P = 0.002 
Cochran-Armitage Trend Test (d) P = 0.002 
Fisher Exact Test (d) 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 21/49 (43%) 

Terminal Rates (c) 5/18 (28%) 
Day of First Observation 466 
Life Table Tests (d) P=0.001N 
Logistic Regression Tests (d) P<O.OOl N 
Cochran-Armitage Trend Test (d) P <  0.001N 
Fisher Exact Test (d) 

Adjusted Rates (b) 59.7% 

A.11 Sites: Malignant Mesothelioma 
Overall Rates (a) 1/49 (2%) 
Adjusted Rates (b) 3.0% 
Terminal Rates (c) 0/18 (0%) 
Day of First Observation 639 
Life Table Tests (d) P=0.570 
Logistic Regression Tests (d) P = 0.587 
Cochran-Armitage Trend Test (d) P = 0.581 
Fisher Exact Test (d) 

(e) 2/8 (25%) 

(e) 318 (38%) 

0150 (0%) 
0.0% 
0132 (0%) 

(D 
(D 
(0 

3/50 (6%) 
8.7% 
2/32 (6%) 
674 
P < 0.00 1N 
P < 0.001 N 

P < 0.001 N 

3/50 (6%) 
8.0% 
1/32 (3%) 
65 1 
P = 0.478 
P=0.333 

P = 0.316 

(e) 0110 (0%) 

(e) 0110 (0%) 

0150 (0%) 
0.0% 
0/32 (0%) 

(D 
(D 

(D 

2/50 (4%) 
5.2% 
1/32 (3%) 
498 
P <  0.00 1 N 
P <  0.00 1 N 

PC0.001N 

1/50 (2%) 
2.9% 
0132 (0%) 
716 
P = 0.679N 
P = 0.749N 

P=0.747N 

9/45 (20%) 
36.1% 
6/21 (29%) 
686 
P = 0.440N 
P=0.507N 
P=0.543 

9/45 (20%) 
36.1% 
6/21 (29%) 
686 
P=0.341N 
P =0.422N 
P =  0.563N 

4/50 (8%) 
12.0% 
0/21 (0%) 
618 
P=0.095 
P=0.068 

P=0.061 

3/50 (6%) 
9.8% 
1/21 (5%) 
615 
P <  0.00 1 N 
P<O.OOlN 

P <  0.001 N 

2/50 (4%) 
7.1% 
1/21 (5%) 
624 
P=0.543 
P=0.512 

P=0.508 

( a )  Number of tumor-bearing animals/number of animals examined a t  the site; doses calculated asp-chloroaniline. 
cb) Kaplan-Meier estimated tumor incidences a t  the end ofthe study after adjusting for intercurrent mortality 
( c )  Observed tumor incidence a t  terminal kill 
cd) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres- 
sion test regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence 
rtites. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) Incomplete sampling of tissues 
tf) No P value is reported because no tumors were observed in the dosed and vehicle control groups. 
( g )  A carcinoma was observed in a 12th animal. 
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TABLE A4a. HISTORICAL INCIDENCE OF SPLENIC CONNECTIVE TISSUE TUMORS IN MALE F344/N 
RATS (a) 

Study Incidence in Controls 

Historical Incidence for All Water Gavage Vehicle Controls (b) 

Iodinated glycerol 
Mwlonaldehyde, sodium salt 
Chi lorpheniramine maleate 
Tet.rakis(hydroxymethy1)phosphonium chloride 
Tetxakis(hydroxymethy1)phosphonium sulfate 
Methyl carbamate 

TOTAL 
SD (d) 

0150 
0150 
0149 
0150 
0149 

(c) 1/50 

1/298 (0.3%) 
0.82% 

Range (e) 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

1/50 
0150 

(f) 8/1,906 (0.4%) 
0.84% 

1145 
0150 

(al Data as of April 29,1987, for studies of a t  least 104 weeks 
(bl The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted a t  
EC%G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
(r) Fibrosarcoma 
(dl Standard deviation 
( e )  Range and SD are presented for groups of 35 or more animals. 
(D !Sarcoma, NOS; no fibrosarcomas, osteosarcomas, or benign tumors have been observed. 
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TABLE A4b. HISTORICAL INCIDENCE OF CIRCULATORY SYSTEM TUMORS IN MALE F344/N RATS (a) 

Study 
Incidence of Hemangiomas o r  
Hemangiosarcomas in Controls 

Historical Incidence for All Water Gavage Vehicle Controls (b) 

Iodinated glycerol 
Malonaldehyde, sodium salt 
Chlorpheniramine maleate 
Tetrakis(hydroxymethy1)phosphonium chloride 
Tetrakis(hydroxymethy1)phosphonium sulfate 
Methyl carbamate 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (d) 

Range (e) 
High 
Low 

Ot50 
0150 

(c) 2150 
0150 
0150 
0150 

21300 (0.7%) 
1.63% 

2150 
0150 

(0 12/1,936 (0.6%) 
1.23% 

2150 
0150 

- 
(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted a t  
EG&G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
(c) Hemangiomas 
(d) Standard deviation 
(H) Range and SD are presented for groups of 35 or more animals. 
(0 Includes two hemangiomas 
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TABLE A4c. HISTORICAL INCIDENCE OF ADRENAL MEDULLARY TUMORS IN MALE F344/N RATS (a) 

Study 

Incidence in Controls 
Pheochromocytoma Malignant Pheochromocytoma 

Pheochromocytoma or Malignant 
Pheochromocytoma 

Itiistorical Incidence for All Water Gavage Vehicle Controls (b) 

Iodinated glycerol 23/50 
Malonaldehyde, sodium salt 5/50 
Chlorpheniramine maleate 21/49 
Tekakis(hydroxymethy1)phosphonium chloride 19/50 
Tetxakis(hydroxymethy1)phosphonium sulfate 22/50 
Mcthyl carbamate 23/50 

5/50 
0150 
0149 
0150 
1/50 
4/50 

28/50 
5/50 

21/49 
19/50 
23/50 
25/50 

TOTAL 
SD (c) 

Ra ,age (d) 
High 
Low 

1131299 (37.8%) 101299 (3.3%) 1211299 (40.5%) 
13.94% 4.50% 16.14% 

23/50 
5/50 

5/50 
0150 

28/50 
5/50 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

45911,915 (24.0%) 3711,915 (1.9%) 48911,915 (25.5%) 
13.30% 2.70% 13.65% 

31/49 
2/50 

6/50 
0150 

32/49 
3/50 

--. 
(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(ti) The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted at  
EG&G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
(c 1 !Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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TABLE A4d. HISTORICAL INCIDENCE OF TESTICULAR INTERSTITIAL CELL TUMORS IN MALE 
F344/N RATS (a) 

Study Incidence in Controls 

Historical Incidence for All Water Gavage Vehicle Controls (b) 

Iodinated glycerol 
Malonaldehyde, sodium salt 
Chlorpheniramine maleate 
Tetrakis(hydroxymethy1)phosphonium chloride 
Tetrakis(hydroxymethy1)phosphonium sulfate 
Methyl carbamate 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

46150 
40150 
44/49 
44150 
40150 
43/50 

2571299 (86.0%) 
5.03% 

46/50 
40150 

1,67711,910 (87.8%) 
7.70% 

49150 
32/50 

la) Data as  of April 29,1987, for studies of a t  least 104 weeks 
1 b)  The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted a t  
I?,G&G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
1 c)  Standard deviation 
t d) Range and SD are presented for groups of 35 or more animals. 
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TABLE A4e. HISTORICAL INCIDENCE O F  LEUKEMIA IN MALE F344/N RATS (a) 
-- 

Study Incidence in Controls 

-. 
Historical Incidence for All Water Gavage Vehicle Controls (b) 

Iodinated glycerol 
Malrmaldehyde, sodium salt 
Chlorpheniramine maleate 
Tetrskis(hydroxymethy1)phosphoniurn chloride 
Tetrskis(hydroxymethy1)phosphonium sulfate 
Methyl carbamate 

TOTAL 
S D  (c) 

Range (d) 
High 
Low 

Overall Histor -LE 

TOTAL 
SD (c )  

Range (d) 
High 
Low 

16/50 
7/50 
25/50 
19/50 
30150 
23/50 

120/300 (40.0%) 
16.00% 

30150 
7/50 

Incidence for Untreate- Contrc., 

636/1,936 (32.9%) 
14.62% 

36/50 
5/50 

(a) Data as ofApril 29,1987, for studies of a t  least 104 weeks 
(b) The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted a t  
EG&G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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TABLE A4f. HISTORICAL INCIDENCE OF ANTERIOR PITUITARY GLAND TUMORS IN MALE F344/N 
RATS (a) 

Study 
Incidence in Controls 

Adenoma Carcinoma Adenoma or Carcinoma 

Historical Incidence All Water Gavage Vehicle Controls (b) 

Iodinated glycerol 25/48 
Malonaldehyde, sodium salt 20147 
Chlorpheniramine maleate 12/50 
Tetrakis(hydroxymethy1)phosphonium chloride 17/50 
Tetrakis(hydroxymethy1)phosphonium sulfate 21/50 
Methyl carbamate 26/50 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

1211295 (41.0%) 
10.82% 

25/48 
12/50 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

(e) 417/1,830(22.8%) 
10.75% 

24/46 
2/39 

1 /48 
0147 
0150 
1/50 
0150 
3/50 

5/295 (1.7%) 
2.34% 

3/50 
0150 

(D 4211,830 (2.3%) 
2.85% 

5/45 
0150 

26/48 
20147 
12/50 
18/50 
21/50 
29/50 

126/295 (42.7%) 
12.33% 

29/50 
12/50 

(e.0 45911,830 (25.1%) 
10.32% 

25/46 
2/39 

(a) Data as of April 29,1987, for studies of at least 104 weeks 
(b) The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted a t  
EG&G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
(e) Includes 32 chromophobe adenomas and 1 acidophil adenoma 
(0 Includes seven chromophobe carcinomas and one adenocarcinoma, NOS 
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TA BLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PCHLOROANILINE HYDROCHLORIDE 

Vehicle Control Low Dose Mid Dose High Dose 

Animals initially in study 50 
Animals removed 50 
Animals examined histopathologically 49 

50 50 50 
50 50 50 
50 50 50 

ALIMENTARY SYSTEM 

Foreign body 
Inflammation, necrotizing 

Dilatation 
Inflammation, chronic active 
Parasite metazoan 

Parasite metazoan 

Inflammation, chronic active 
Parasite metazoan 

Intestine small, ileum 
Dilatation 
Inflammation, chronic active 

Dilatation 
Metaplasia, osseous 
Necrosis 

Angiectasis 
Basophilic focus 
Clear cell focus 
Degeneration, cystic 
Eosinophilic focus 
Hematopoietic cell proliferation 
Hepatodiaphragmatic nodule 
Inflammation, chronic 
Inflammation, necrotizing 
Necrosis, coagulative 
Pigmentation, hemosiderin 
Vacuolization cytoplasmic 
Bile duct, hyperplasia 

Ectopic tissue 
Inflammation, chronic 
Necrosis 
Pigmentation, hemosiderin 

Inflammation, chronic 
pigmentation, hemosiderin 
Acinus, atrophy 
Acinus, hyperplasia 
Duct, ectasia 

.ialivary glands 
Granuloma 

,;ltomach, forestomach 
Acanthosis 
Hyperkeratosis 
Inflammation, chronic active 
Inflammation, necrotizing 

,Stomach, glandular 
Inflammation, chronic active 
Mineralization 
Necrosis, coagulative 

I3sophagus 

Intestine large, cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small, jejunum 

Liver 

!vfesentery 

Pancreas 

(49) 
1 (2%) 

(46) 

(46) 

(47) 
1 (2%) 

2 (4%) 
2 (4%) 

(46) 

(46) 

(49) 

14 (29%) 

10 (20%) 
3 (6%) 

3 (6%) 
8 (16%) 
4 (8%) 
6 (12%) 
1 (2%) 
6 (12%) 

41 (84%) 
(47) 

6 (13%) 
3 (6%) 

(48) 

18 (38%) 

1 (2%) 

1 (2%) 

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

(49) 

(47) 

(48) 
1 (2%) 
1 (2%) 
1 (2%) 

(5) 

1 (20%) 
(5) 

(5) 

(5) 

(5) 

(6) 

1 (17%) 
1 (17%) 

1 (2%) 
23 (46%) 

16 (32%) 

1 (2%) 
8 (16%) 

15 (30%) 
2 (4%) 
4 (8%) 

4 (8%) 
45 (90%) 

(50) 

(11) 

6 (55%) 
4 (36%) 

(8 )  

1 (13%) 
3 (38%) 

1 (13%) 
(6) 

(6) 

1 (17%) 
(6) 

2 (33%) 

(13) 
2 (15%) 
2 (15%) 

(6) 

(9) 

(8) 

1 (13%) 
(6) 

(8) 

1 (13%) 

(49) 
2 (4%) 

31 (63%) 

10 (20%) 
1 (2%) 

2 (4%) 
19 (39%) 
5 (10%) 
3 (6%) 

9 (18%) 
43 (88%) 

(11) 

2 (18%) 

1 (9%) 
(14) 

1 (7%) 
3 (21%) 
1 (7%) 

(11) 

(11) 
1 (9%) 
1 (9%) 
2 (18%) 

(11) 
1 (9%) 

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

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

2 (4%) 

(44) 

(45) 

(44) 

4 (9%) 

1 (3%) 
1 (3%) 

1 (2%) 

(39) 

(41) 

(49) 

21 (43%) 
2 (4%) 

12 (24%) 
2 (4%) 
1 (2%) 
2 (4%) 
9 (18%) 
4 (8%) 
9 (18%) 

26 (53%) 
1 (2%) 

47 (96%) 

1 (2%) 
5 (10%) 

1 (2%) 

1 (2%) 

13 (28%) 
1 (2%) 

(48) 

(47) 

(49) 

(46) 
1 (2%) 
1 (2%) 

(45) 

4 (9%) 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

ALIMENTARY SYSTEM (Continued) 
Tongue (2) (1) (1) 

Tooth (49) (5) (10) (49) 

Foreign body 2 (100%) 1 (100%) 
Inflammation, chronic active 2 (100%) 1 (100%) 1 (100%) 

Peridontal tissue, foreign body 1 (2%) 
Peridontal tissue, inflammation, chronic 

active 2 (4%) 2 (4%) 

CARDIOVASCULAR SYSTEM 
Blood vessel (49) 

Mesenteric artery, inflammation, chronic active 
Mesenteric artery, necrosis, fibrinoid 

Pulmonary artery, thrombus 
Mesenteric artery, intima, proliferation 1 (2%) 

Cardiomyopathy, chronic 44 (90%) 
Mineralization 
Atrium, thrombus 5 (10%) 
Endocardium, proliferation 1 (2%) 

Heart (49) 

(8) (12) (50) 
1 (2%) 
1 (2%) 

1 (13%) 
(18) (23) (50) 

15 (83%) 22 (96%) 42 (84%) 
1 (2%) 
8 (16%) 1 (6%) 

ENDOCRINE SYSTEM 
Adrenal gland, cortex 

Degeneration, fatty 
Hematocyst 
Hematopoietic cell proliferation 
Hyperplasia 
Hypertrophy 
Necrosis, coagulative 

Adrenal gland, medulla 
cys t  
Hematopoietic cell proliferation 
Hyperplasia 
Mineralization 

Islets, pancreatic 
Degeneration 

Parathyroid gland 
Hyperplasia 

Pituitary gland 
Craniopharyngeal duct, cyst 
Pars distalis, angiectasis 
Pars distalis, cyst 
Pars distalis, hemorrhage, acute 
Pars distalis, hyperplasia 
Pars distalis, pigmentation, hemosiderin 
Pars intermedia. angiectasis 

Inflammation, necrotizing 
Ultimobranchial cyst 
C-cell, hyperplasia 
Follicular cell, hyperplasia 

Thyroid gland 

(49) 
10 (20%) 

(49) 
10 

(49) 
10 

(49) 
16 (33%) 
1 (2%) 
1 (2%) 

17 (35%) 

(20%) (20%) 

17 (35%) 
1 (2%) 
2 (4%) 

(49) 

13 
1 
1 

(48) 

(27%) 
(2%) 
(2%) 

19 (39%) 

(2%) 

(2%) 

(31%) 

1 
(48) 

1 
(48) 

1 (2%) 
17 (35%) 

(46) 

(45) 

(46) 
1 (2%) 

1 (2%) 

15 (31%) 
1 (2%) 

1 (2%) 
(48) 

(48) 

(47) 

21 (44%) 15 

(10) (4) 

(7) 
1 

(18) 

(10) 

(19) 
(14%) 

1 (6%) (5%) 

(5%) 
(11%) 

3 (6%) 

11 (23%) 2 
1 

(11%) 
(6%) 
(6%) 

13 (28%) 

1 
(8) (48) 

1 (2%) 
19 (40%) 

(45) 
1 (2%) 

24 (53%) 
2 (4%) 

(50%) 4 4 (40%) 

GENERAL BODY SYSTEM 
None 
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

GENITAL SYSTEM 
lEpididymis 

Atrophy, diffuse 
Penis 

Concretion 
Preputial gland 

Hyperplasia 
Inflammation, chronic active 

Prostate 
Abscess 
Inflammation, chronic active 

Ijeminal vesicle 
Inflammation, chronic active 

Testes 
Interstitial cell, hyperplasia 
Seminiferous tubule, atrophy 

(49) 
1 (2%) 

(46) 
2 (4%) 
45 (98%) 

(49) 

32 (65%) 

3 (8%) 

26 (53%) 
33 (67%) 

(36) 

(49) 

(20) 

(12) 

6 (50%) 
(6) 

4 (67%) 
(3) 

(46) 
29 (63%) 
44 (96%) 

(26) 

(1) 

(15) 
1 (100%) 

1 (7%) 
7 (47%) 

(13) 

11 (85%) 
(5) 

(50) 
23 (46%) 
39 (78%) 

(50) 

(48) 
3 (6%) 
43 (90%) 

1 (2%) 
29 (60%) 

(48) 

(23) 

(50) 
25 (50%) 
46 (92%) 

HEMATOPOIETIC SYSTEM 
13lood (44) 

Bone marrow (49) 

Leukocytosis 1 (2%) 
Neutrophilia 

Hyperplasia 
Thrombus 
Femoral, hyperplasia 26 (53%) 
Femoral, hyperplasia, reticulum cell 
Femoral, myelofibrosis 1 (2%) 

Mediastinal, cyst 
Mediastinal, edema 
Mediastinal, hemorrhage, acute 
Mediastinal, hyperplasia, plasma cell 
Mediastinal, infiltration cellular, mast cell 
Mediastinal, infiltration cellular, histiocytic 
Mediastinal, pigmentation, hemosiderin 
Pancreatic, ectopic tissue 
Pancreatic, infiltration cellular, histiocytic 
Pancreatic, pigmentation, hemosiderin 
Renal, cyst 

cys t  4 (8%) 
Ectasia 

cys t  2 (20%) 
Ectasia 
Fibrosis 
Intiltration cellular, histiocytic 
Pigmentation, hemosiderin 

Lymph node (49) 

Lymph node, mandibular (48) 

Lymph node, mesenteric (10) 

Spleen (49) 
cys t  
Fibrosis 3 (6%) 
Granuloma 
Hematopoietic cell proliferation 31 (63%) 
Infarct, acute 1 (2%) 
Infiltration cellular, lipocyte 
Pigmentation, hemosiderin 37 (76%) 
Sinusoid, ectasia 

cys t  1 (2%) 
Inflammation, chronic active 

Thymus (43) 

(45) 

2 (4%) 
(50) 

36 (72%) 

(16) 

1 (6%) 

1 (6%) 
(7) 

1 (14%) 

2 (40%) 

1 (20%) 
1 (20%) 

(5) 

(50) 

11 (22%) 

48 (96%) 

39 (78%) 

(5) 

(39) 

1 (3%) 

1 (2%) 

35 (71%) 
3 (6%) 

(49) 

(15) 

1 (7%) 

(12) 

1 (8%) 

1 (50%) 
1 (50%) 

(2 ) 

(50) 

12 (24%) 

42 (84%) 

48 (96%) 

(13) 

(31) 

6 (19%) 

2 (4%) 
1 (2%) 
46 (92%) 

(50) 

(49) 
2 (4%) 
1 (2%) 
1 (2%) 

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

4 (8%) 
(48) 

(10) 
2 (20%) 

1 (10%) 
1 (10%) 

1 (2%) 
41 (82%) 
1 (2%) 
26 (52%) 
1 (2%) 
24 (48%) 
21 (42%) 
1 (2%) 

1 (3%) 
1 (3%) 

(50) 

(36) 

-. 
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TABLE A5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued)

Vehicle Control

INTEGUMENTARY SYSTEM
Mammary gland

Hyperplasia, cystic
Skin

Inflammation, chronic active
Inflammation, necrotizing
Inflammation, suppurative

MUSCULOSKELETAL SYSTEM
Bone

Femur, fibrous osteodystrophy

NERVOUS SYSTEM
Brain

Compression
Hemorrhage, acute
Hydrocephalus
Infarct, chronic
Mineralization

Spinal cord
Degeneration

RESPIRATORY SYSTEM
Lung

Granuloma
Hemorrhage, acute
Inflammation, chronic
Inflammation, suppurative
Pigmentation, hemosiderin
Alveolar epithelium, hyperplasia
Mediastinum, inflammation, chronic active

Nose
Inflammation, chronic active
Inflammation, suppurative

(32)
25 (78%)

(47)
1 (2%)

(48)

(49)
4 (8%)
1 (2%)
5 (10%)
1 (2%)

(4)
1 (25%)

(49)

3 (6%)
2 (4%)

1 (2%)
3 (6%)

(48)
6 (13%)

Low Dose

(6)
6 (100%)

(18)

1 (6%)
1 (6%)

(50)
1 (2%)

(5)

1 (20%)

(7)

1 (14%)

1 (14%)
(5)

1 (20%)

Mid Dose

(13)
10 (77%)

(19)
1 (5%)

(49)

(10)
2 (20%)
1 (10%)
1 (10%)

(2)

(11)

(10)

Nasolacrimal duct, inflammation, chronic active
Nasolacrimal duct, inflammation, suppurative 4 (8%)
Septum, thrombus, multiple

Trachea
Inflammation, necrotizing

SPECIAL SENSES SYSTEM
Eye

Hemorrhage, acute
Inflammation, chronic
Cornea, inflammation, chronic active
Lens, cataract
Retina, atrophy

Harderian gland
Inflammation, chronic

1 (2%)
(49)

(7)

4 (57%)
5 (71%)

(46)

(5)

(11)
1 (9%)

1 (9%)
11 (100%)
11 (100%)
(4)

1 (10%)

(13)
2 (15%)

(13)

12 (92%)
13 (100%)
(9)

High Dose

(36)
29 (81%)

(49)

(50)

(50)
1 (2%)

2 (4%)

1 (2%)
(1)

(50)
1 (2%)

4 (8%)
2 (4%)

2 (4%)
1 (2%)

(46)
8 (17%)
1 (2%)
1 (2%)
3 (7%)

(49)
1 (2%)

(14)

1 (7%)

13 (93%)
13 (93%)

(43)
3 (7%)
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TABLE AS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued)

Vehicle Control Low Dose Mid Dose High Dose

URINARY SYSTEM
Kidney (48) (50) (49) (50)

Inflammation, hemorrhagic 1 (2%)
Nephropathy, chronic 46 (96%) 50 (100%) 48 (98%) 46 (92%)
Renal tubule, degeneration 1 (2%)
Renal tubule, pigmentation, hemosiderin 47 (98%) 49 (98%) 47 (96%) 50 (100%)

Urethra (21) (3) (1) (11)
Inflammation, hemorrhagic 1 (33%)
Transitional epithelium, hyperplasia 1 (100%)

Urinary bladder (47) (7) (12) (46)
Dilatation 1 (14%) 1 (2%)
Hemorrhage, acute 1 (2%)
Inflammation, chronic active 2 (4%)
Inflammation, hemorrhagic 1 (14%)
Transitional epithelium, hyperplasia 1 (2%)
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE 

Vehicle Control Low Dose Mid Dose High Dose 

Animals initially in study 50 
Animals removed 50 
Animals examined histopathologically 50 

50 50 50 
50 50 50 
50 50 50 

ALIMENTARY SYSTEM 
Intestine large, cecum (40) 

Intestine large, colon (47) 

Intestine small, duodenum (49) 

Intestine small, ileum (40) 

Liver (50) 

Leukemia mononuclear 

Leukemia mononuclear 

Adenocarcinoma, metastatic, uterus 1 (2%) 

Leukemia mononuclear 

Leukemia mononuclear 10 (20%) 
Neoplastic nodule 1 (2%) 
Sarcoma, metastatic, skin 
Artery, adenocarcinoma, metastatic, uterus 1 (2%) 

Adenocarcinoma, metastatic, uterus 1 (2%) 
Leukemia mononuclear 5 (10%) 
Lipoma 

Adenocarcinoma, metastatic, uterus 1 (2%) 
Leukemia mononuclear 2 (4%) 

Carcinoma, metastatic, Zymbal gland 
Leukemia mononuclear 1 (2%) 

Leukemia mononuclear 1 (2%) 

Adenocarcinoma, metastatic, uterus 1 (2%) 
Leukemia mononuclear 1 (2%) 

Papilloma squamous 2 (4%) 

Mesentery "(50) 

Pancreas (50) 

Salivary glands (50) 

Stomach, forestomach (50) 

Stomach, glandular (50) 

Tongue "(50) 

"(50) 

(50) 
1 (2%) 

2 (4%) 
1 (2%) 

"(50) 

2 (4%) 

"(50) 

1 (2%) 

1 (2%) 

1 (2%) 

"(50) 

"(50) 

"(50) 

1 (2%) 
"(50) 

"(50) 

1 (2%) 
Y50) 

"(50) 

Y50) 
1 (2%) 

(49) 
1 (2%) 

(49) 

(48) 

(48) 

"(50) 

CXRDIOVASCULAR SYSTEM 
Heart 

Leukemia mononuclear 
(50) 

1 (2%) 
"(50) 

1 (2%) 
"(50) (50) 

E?JDOCRINE SYSTEM 
Adrenal gland, cortex (50) 

Adenoma 
Leukemia mononuclear 4 
Capsule, adenocarcinoma, metastatic, uterus 1 

Adrenal gland, medulla (50) 
Leukemia mononuclear 4 

Islets, pancreatic (50) 
Adenoma 1 
Leukemia mononuclear 1 

Pituitary gland (50) 
Leukemia mononuclear 1 
Pars distalis, adenoma 20 
Pars distalis, adenoma, multiple 1 
Pars distalis, carcinoma 

Pheochromocytoma benign 2 

(8%) 
(2%) 

(8%) 
(4%) 

(2%) 
(2%) 

(2%) 
(40%) 
(2%) 

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

(50) 
1 (2%) 
3 (6%) 

*( 50 ) 

"(50) 

13 (26%) 

"(50) 

17 

(50) 

(2%) 1 (2%) 

(50) 
(2%) 1 (2%) 
(2%) 6 (12%) 

(48) 
1 (2%) 

(50) 

(34%) 20 (40%) 
3 (6%) 
1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY O F  p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

ENDOCRINE SYSTEM (Continued) 
Thyroid gland (49) *(50) *(50) (48) 

Leukemia mononuclear 1 (2%) 
Bilateral, C-cell, adenoma 1 (2%) 
C-cell, adenoma 4 (8%) 1 (2%) 5 (10%) 
C-cell, carcinoma 1 (2%) 1 (2%) 1 (2%) 
Follicular cell, adenoma 1 (2%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Adenoma 
Leukemia mononuclear 

Granulosa-theca tumor benign 
Leukemia mononuclear 
Bilateral, adenocarcinoma, metastatic, 

Ovary 

uterus 
Uterus 

Adenocarcinoma 
Fibroma 
Leukemia mononuclear 
Polyp stromal 
Polyp stromal, multiple 

Polyp 
Vagina 

(45) 
1 (2%) 
1 (2%) 

(50) 

3 (6%) 

1 (2%) 

1 (2%) 

2 (4%) 
4 (8%) 
1 (2%) 

(50) 

*(50) 

*(50) 
1 (2%) 

2 (4%) 
1 (2%) 

*(50) 

*(50) 
1 (2%) 

6 (12%) 

*(50) 

*(50) (48) 

*(50) (49) 

1 (2%) 4 (8%) 

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

7 (14%) 6 (12%) 

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

HEMATOPOIETIC SYSTEM 

Leukemia mononuclear 

Femoral, leukemia mononuclear 

Inguinal, leukemia mononuclear 
Mediastinal, adenocarcinoma, metastatic, 

Mediastinal, leukemia mononuclear 
Mediastinal, sarcoma, metastatic skin 
Renal, leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Adenocarcinoma, metastatic, uterus 
Fibrosarcoma 
Leukemia mononuclear 
Osteosarcoma 

Leukemia mononuclear 

Blood 

Bone marrow 

Lymph node 

uterus 

Lymph node, mandibular 

Lymph node, mesenteric 

Spleen 

Thymus 

*(50) 

(50) 

(50) 

4 (8%) 

2 (4%) 

1 (2%) 

1 (2%) 
7 (14%) 

1 (2%) 

5 (10%) 

2 (29%) 

1 (2%) 

10 (20%) 

(49) 

(7) 

(50) 

(42) 
2 (5%) 

1 (2%) 

2 (4%) 

2 (4%) 
*(50) 

*(50) 

(50) 

*(50) 
1 (2%) 

1 (2%) 
1 (2%) 

*(50) 

1 (2%) 

1 (2%) 

(49) 

(9) 

(50) 
1 (2%) 

1 (2%) 
1 (2%) 

(44) 
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TABLE B1. SUMMARY O F  THE INCIDENCE O F  NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY O F  p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

1NTEGUMENTARY SYSTEM 
Mammary gland 

Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 
Leukemia mononuclear 
Sarcoma, metastatic, skin 

Basosquamous tumor benign 
Leukemia mononuclear 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, neurofibroma 
Subcutaneous tissue, sarcoma 

Skin 

*(50) 
1 (2%) 
8 (16%) 
2 (4%) 

*(SO) 

2 (4%) 

1 (2%) 

MIJSCULOSKELETAL SYSTEM 
Skeletal muscle *(50) *(50) *(SO) *(50) 

Leukemia mononuclear 1 (2%) 
Sarcoma, metastatic, skin 1 (2%) 

NE:RVOUS SYSTEM 
Brain 

Astrocytoma benign 

RESPIRATORY SYSTEM 
Lung (49) '(50) *(50) (50) 

Adenocarcinoma, metastatic, uterus 1 (2%) 1 (2%) 
Leukemia mononuclear 9 (18%) 1 (2%) 1 (2%) 
Sarcoma, metastatic, skin 1 (2%) 

Leukemia mononuclear 1 (2%) 
Osteosarcoma 1 (2%) 

Nose (49) *(50) "(50) (49) 

SF'ECIAL SENSES SYSTEM 
Zymbal gland 

Carcinoma 

IJI1:INARY SYSTEM 
Kidney (50) (50) (50) (50) 

Adenocarcinoma, metastatic, uterus 1 (2%) 1 (2%) 
Leukemia mononuclear 6 (12%) 1 (2%) 1 (2%) 
Lipoma 1 (2%) 

SYSTEMIC LESIONS 
Multiple organs 

Leukemia mononuclear 
*(50) '(50) "(50) "(50) 

10 (20%) 2 (4%) 1 (2%) 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 
Terminal sacrifice 27 
Dead 15 
Moribund 8 

50 50 50 
39 36 37 
5 11 8 
6 3 5 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

TUMOR SUMMARY 
Total animals with primary neoplasms ++ 

Total animala with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *++ 

37 
Total primary neoplasm 63 

32 
Total benign neoplasms 51 

10 
Total malignant neoplasms 12 

1 
Total secondary neoplasms 11 

30 
48 
27 
42 
6 
6 
1 
1 

34 40 
46 65 
31 36 
42 59 

4 6 
4 6 

2 
11 

* Number of animals receiving complete necropsy examinations; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an  adjacent organ 
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TAIBLE BB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE: VEHICLE CONTROL 

2 7 9 0 3 0 9 5 8 7 0 0 7 0 9 0 1 4 5 1 2 4 4 5 5  

CARCASS 
ID 

mm- 
Esopliagus 
I n t e ~ i n e  large 
Inteiisine large. cecum 
1ntes1,:ine large mlon 
1nten:ine larp'reetum 
~ntei i ' ine  smad 
1nteiil;ine sma4 duodenum 

Inteacine sma4 ileum 
Intestine small, jejunum 
Liver 

Adenocarcinoma. metastatic. uterus 

Leukemia mononuclear 
Nwplastic nodule 
A r h y ,  adenmaminoma. metastatic, 

Ad~anocaminoma, metastatic, uterus 
Leukemia mononuclear 

Adunocarcinoma, metastatic, uterus 
Leukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Adr,nocareinoma. metastatic, uterus 
Leukemia mononuclear 

Papilloma squamous 

u, 9 rus 
Mestintery 

Pancreas 

Phaxmx 
SaIiImky glands 

Stonmch 
Stoni,ich. forestomach 

Stomach, glandular 

Tong710 

Toott. 

EXR1- 
Bloal vessel 
Heail: 

Leukemia mononuclear 

m i 7  
Adi-eiial gland 
Adraiial gland, cortex 

Leukemia mononuclear 
Capsule, adenocarcinoma, metastatic. 

Laukemia mononuclear 
Phoochromocytoma benign 

Adonoma 
Leukemia mononuclear 

Leukemia mononuclear 
P . m  distalis. adenoma 
P.nr-; distalis, adenoma. multiple 

L~aiikemla mononuclear 
Bil,iteral. c-eell, adenoma 
C c e l l ,  adenoma 
C c e l l .  carnnoma 

N o w  

U!.83ruS 
Adrenal gland, medulla 

Islet,;. pancreatic 

Parathyroid gland 
Pituitary gland 

Thvrrnd gland 

ml- 

ml- 
Clitnral gland 

Adiinoma 
Lit11 kemia mononuclear 

Lru kemia mononuclear 
B .lateral, adenocarcinoma. metastatic, 

Ovary 

11 I3ruS 
Ovidict 
Ut0rcs 

Adti nocarcinoma 
Lei1 nemia mononuclear 
Polyp stromal 
P d ) p  stromal, multiple 

0 1 7 0 1 0 7 7 0 1 0 7 1 ~ 1 0 1 ~ 1 1 ~ ~ ~ ~ ~  
3 4 0 3 8 2 5 4 0 6 0 4 9 0 4 0 7 2 9 8 7 0 6 6 1  
3 4 3 2 1 1 4 1 5 2 4 2 2 1 5 2 1 5 4 4 5 5 3 4 2  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + A A A A + + A A + + A + + + A + + + M A + +  
+ + + + + + + + + + A + + + + + + + + + + A A + +  
+ + + + + A + + + A + + + + + + + A + + + M A + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + M + + + + + + + + + + + + + + + + +  
+ + + A + A A A + A + + + A + + + A A + + A M + +  
+ + + A + + A + + A + + + A + + + A + + + A A + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

x x x  x x x x  x 

X 

X 

X 

+ + + +  . . . . . . . . . . . . . . . . . . . .  
X x x x  x . . . . . . . . . . . . . . . . . . . . . . . . .  

X X + . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 

X 
X 

X X 
+ + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X X x x  

X . . . . . . . . . . . . . . . . . . . . . . . . .  
X X x x  

X . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
+ + M M + M M M + M + + + + + + + + + + + + + + M  . . . . . . . . . . . . . . . . . . . . . . . . .  

X x x x x x  x X x x  
+ + M + + + + + + + + + + + + + + + + + + + + + +  

X 
X 

X 
X 

+ + + + + + + + + + + + + + + + + + + + + M + + +  

X 

X X X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
X X 

X X X 

+ +  + + + +  M + M M  M + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

-I : 

.. . 
I: 

Tissue examined microscopically 
Not examined 
Present but not examined microscopically 
Insutficient tissue 

M: Missing 
A Autolysis precludes examination 
X: Incidence of listed morphology 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS VEHICLE CONTROL 
(Continued) 
11 . 

STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

CARCASS 7 8 8 1 1 1 1 a a a ~ 7 7 7 7 a 7 7 1 ~ a a ~ a a  
ID 9 0 1 5  6 7 9 1 2  3 5 5 6 8 9 3 4 5 7 1 1  1 2  2 3 

3 3 5 2 1 3 1 1 3 4 1 5 5 2 5 5 3 3 4 2 3 4 2 4 1  

AI; 
E:sophagus . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large. m m  + + + t + + + + + t + + + + t + + + + t + + t + +  
Intest@e large, d o n  + + + t + t + + + + + + + + t + + + + + + + + + +  
Intestine large, rectum + + + t t +  + + + + +  + + + + + + + + + + + t + t  
I n t t ~ t i n e  small . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine small, dwdenum + + + t + + + + + + + + + + t + + t + + + + + + t  

Int(3stine small, jejunum + + t t + + + +  + + + + + + + + + + + + + + + + +  

- 

A,lenocarcinoma, metastatic, u t ems  
Int(sstine small, ileum t + + t + + + + + + + + + + + + + t + + + + + + +  

Liver + + + t + + + + + t + + + + + + + + + + + + t + +  
Leukemia mononuclear x x  
Neoplastic nodule X 
Artery, adenocarcinoma, metastatic, 

Adenocarcinoma. metastatic, utems 
Leukemia mononuclear 

Adenocarcinoma, metastatic, uterus 
Loukemia mononuclear 

Leukemia mononuclear 

Leukemia mononuclear 

Ahnocarcinoma, metastatic, uterus 
Leukemia mononuclear 

P,I illoma squamous 

llt9NS 
Mesentery . . . . . . . . . . . . . . . . . . . . . . . . .  

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . .  

Phrirynx 
Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  

Stomach + . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach, forestomach . . . . . . . . . . . . . . . . . . . . .  + + + +  
Stomach. glandular . . . . . . . . . . . . . . . . . . . . . . . . .  

Torigue 

T0,tK + + + t + + + + + t + t + + + + t + + + + + + + +  

m y  
Rlood vessel . . . . . . . . . . . . . . . . . . . . .  + + +  
Heiirt + + + t + + + t + t + + + + + + + + + + + + + + +  

Leukemia mononuclear 

rn- 
Lliukemia mononuclear 
C,Ipsule. adenocarcinoma, metastatic, 

Liiukemia mononuclear 
P'ieochromocytoma benign X 

A'ienoma 
Litukemia mononuclear 

Parathyroid gland + + + t + + + + + t + + + + M + + + + + + + + + +  

Liiukemia mononuclear 
Piirs distalis, adenoma x x x x  x x x  x x  x x 
P:Irs distalis. adenoma, multiple X 

Thyroid gland + + + t + + + + + t + + + + + + + t + + + + + + +  
Loukemia mononuclear 
B lateral, c-cell. adenoma 
C cell, adenoma X X X 
C cell, carcinoma 

Nan0 

- 
Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Adimal  gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . .  

1terus 
Adiwal  gland, medulla . . . . . . . . . . . . . . . . . . . . . . . . .  

Islets, pancreatic + + + t + +  + +  + t +  + +  + +  + + + + + t t + + +  

E'itiitary gland + + + t + + + + + t + + + + + + + + + t + + + + +  

- 

- 

(,'litoral gland + + + t + t M + + M + t + + M + + + t + + + + M t  

(IVilry + + + t + t + + + t + t + + t + + + t t t t + + +  

Adenoma X 
Leukemia mononuclear 

Ltmkemia mononuclear 
Bilateral, adenocarcinoma, metastatic, 

llterus 
Oviduct + t + t  + + +  t + + + + + + + + t + + + t + +  
Uterus + + + t + + + + + + + t + + + + + + + + + t + + +  

Adenocarcinoma 
Lfiukemia mononuclear 
P d y p  stromal X 
Polyp stromal, multiple X 
. .... - 
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TOTAL 
TISSUES 
TUMORS 

50 
49 
40 
47 
45 
50 
49 
1 

40 
43 
50 
10 
1 

1 
49 
1 
5 

50 
1 
2 
1 

50 
1 

50 
50 
1 

50 
1 
1 
3 
2 

50 

49 
50 
1 

50 
50 
4 

1 
50 
4 
2 

50 
1 
1 

42 
50 
1 

20 
1 

49 
1 
1 
4 
1 

45 
1 
1 

50 
3 

1 
38 
50 
1 
2 
4 
1 



TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS VEHICLE CONTROL 
(Continued) 

- ..._ 
STUDY 

REI- 
Blocd 

BolM marrow 
hukomia  mononuclear 

oietantahc. utams 
Mndiastinal Ieukomu mononuclear 
&MI, leukdmm mononuclear 

Lymph node mandibular 
hukernm kononuclear 

Lvrr ph node mesentam 
h t i m m l a  kononuclear 

Spleen 
Adenwarnnoma. metastatic, uterus 
h u k e m i a  mononuclear 

Thymus 
Leukemia mononuclear 

m 
Macmary  gland 

hiukemia mononuclear 

B ~ m q u a m o u s  tumor benign 
h u k e m i a  mononuclear 
Siibeutaneoua tissue, fibroma 

& ! r - P  
BOII,~ 
Ske letal muscle 

K E F I V M  
Brain 

titmcytoma benign 
Pmphera l  nerve 
Spiiral cord 

Liiriig 

Nora 

Trachea 

rn- 
EVE 
Hhrienan  gland 

Kaduey 

Ureter 
Unaary bladder 

Skit 

Lmkemis mononuclear 

J 

kienwarnnome metastatic, uterus 
hi &mm monoduclear 

IAI &mm mononuclear 

Adenwarnnoma metastatic, u tems 
Leskemia monoduclear 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1  
1 2 2 3 5 5 6 1 7 ' 7 7 8 8 8 8 9 9 9 9 0 0 0 0 0 0  
2 7 9 0 3 8 9 5 6 1 8 0 7 8 9 0 1 4 5 1 2 4 4 5 5  

8 7 7 8 1 0 1 1 a 7 a i i a 7 8 7 a 7 1 1 7 7 ? ~  
3 4 6 3 8 2 5 4 0 6 0 4 9 0 4 0 7 2 9 8 7 8 6 6 1  
3 4 3 2 1 1 4 1 5 2 4 2 2 1 5 2 1 5 4 4 5 5 3 4 2  

+ + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

x' X 
+ +  

x x  
X 

X 
x x  x x x x  x 

X 

X x x  x x . . . . . . . . . . . . . . . . . . . . . . . . .  
+ +  + + + +  

x x  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

x x x  x x x x  x 
X X 

+ + + + + + + + M M + + + + + + + M + + + + M + +  

+ + + + + + + + + + + + + + + + + + + + + + + + M  
X 

X X 

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ +  + + + + + +  

+ . + + + + + + + +  + + + + + + + + + + + + + + +  
X 

x x x  x x x x  x 
. . . . . . . . . . . . . . . . . . . . . . . .  + 

X 
. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

x x  x x x  x + + +  + + + + +  + . . . . . . . . . . . . . . . . . . . . . . . . .  
- 
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(Continued) 
1 1 1 1  

STUDY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

CARCASS 7 B 8 7 7  7 7 a 8 8 7 7 7 7 7 B 7 7 7  8 8 8 8 8 8 
ID 9 0 1 5  6 7 9  1 2  3 5 5 6 8 9 3 4 5 7 1 1  1 2  2 3 

3 3 5 2 1 3 1 1 3 4 1 5 5 2 5 5 3 3 4 2 3 4 2 4 1  

I- . . . . . . . . . . . . . . . . . . . . . . . . .  Hlood 
Ibne marrow . . . . . . . . . . . . . . . . . . . . . . . . .  
I, mphnohe . . . . . . . . . . . . . . . . . . . . . . . . .  

Leukemia mononuclear x x  
Femoral leukemia mononuclear 

Mediastinal, adenocarcinoma, 
Lg-uinai, leukemia mononuclear 

L u k e m i a  mononuclear 

metastatic, uterus 
Mediastinal, leukemia mononuclear 
Renal. leukemia mononuclear 

Leukemia Lononuclear 

Id mph node. mandibular + + + + + M + + + + + + + + + + + + + + + + + + +  

Lymph node mesenteric + 
!Ipleen . . . . . . . . . . . . . . . . . . . . . . . . .  

Thymus + + + + + M + M + + + + + + + + M M + + + + + + +  
Adenocarcinoma, metastatic, utems 
Leukemia mononuclear x x  
Leukemia mononuclear 

lKammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  
Adenoma 
Fibroadenoma X X X X 
Fibroadenoma. multiple X X 
Lnukemia mononuclear 

Basosquamous tumor benign 
Leukemia mononuclear 
Subcutaneous tissue, fibroma X X 

:Skin . . . . . . . . . . . . . . . . . . . . . . . . .  

tcone + + + + + + + + + + + + + + + + + + + + + + + + . +  
Skeletal muscle + + + + + + + + + + + + + + + + + + + + + M + + +  

Leukemia mononuclear 

Brain . . . . . . . . . . . . . . . . . . . . . . . . .  
Astrocytoma benign X 

E'eripheral nerve 
Spinal cord 

1,ung . . . . . . . . . . . . . . . . . . . . . . . . .  
Adenocarcinoma, metastatic, uterus 
Leukemia mononuclear X 
Leukemia mononuclear 

Now . . . . . . . . . . . . . . . . . . . . . . . . .  
l'rachea . . . . . . . . . . . . . . . . . . . . . . . . .  

Eye + + + + + + +  + + 
H a d e n a n  gland + + + + + + + + + + t + + + M + + + + + + + + + +  

I- 
ICidne y 

Adenocarcinoma. metastatic, uterus 
Leukemia mononuclear 
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TOTAL: 
TISSUES 
TUMORS 

32 
4 

50 
2 

50 
1 

1 
7 
1 

49 
5 
7 
2 

50 
1 

10 
42 

2 

49 
1 
6 
2 
1 

50 
1 
1 
2 

50 
49 
1 

50 
1 
3 
5 

49 
1 
9 

49 
1 

50 

12 
42 



TABLE B% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE: LOW DOSE 

0 2 1 7 9 5 9 9 3 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

CARCASS 
ID 

EweW- 
Intnlltine lam 
Intestine large, cecum 

Leukbmia mononuclear 
Intnstine large, colon 

Lakamia  mononuclear 
Intristtne large rectum 
Inteatine small 
Intestine small duodenum 
Intestine ama~~ ' i l eum 

hu+ia mdnonuclear 
Inteshne small, jejunum 
Liver 

LHukemia mononuclear 
Neoplastic nodule 

Mesentrry 
LHukemia mononuclear 

Pani:resl 
hukbrnia  mononuclear 

Carcinoma. metastatic. Zymbal eland 
Salivary glands 

. -  
Stomach 
Stomach. forestomach 

Blood vesssl 
Heart 

Leukemia mononuclear 

Adrnnal gland 
Adninal gland. cortex 

Adenoma 
Leukemia mononuclear 

Admnal gland, medulla 
Leukemia mononuclear 
Pheochromocytoma benign 

Islets pancreatic 
Parnthyroid gland 
Pltiiitary gland 

Thyroid gland 
Pan distalis, adenoma 

Clitoral gland 
Adenoma 

Granulosa-theca tumor benign 
Lsukemia mononuclear 

Aiienocarrinoma 
Polyp stromal 

Ovn ry 

0Vic.uct 
Utalas 

6 7 6 7 7 6 6 7 6 6 7 6 6 6 ~ 6 ~ 7 7 7 7 7 7 ~ 6  
8 3 4 1 1 5 7 2 8 5 3 4 4 5 6 7 8 0 1 1 2 3 3 5 5  
3 4 4 1 4 4 4 3 4 3 3 1 2 5 1 5 2 2 2 3 1 1 5 1 2  

+ + + + +  + +  + + + + + +  + 
M A + + +  

X + + + + +  + 
X 

M A  + + + + + + + +  
M A  + + + 
M A  + + + 

X 
+ + + + e  . . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
Y 

+ + + +  
X + + + + +  
X 

+ + + + + t  

+ + + + +  + + + + +  
X 

+ A + + +  
X + + + +  

+ 
X + 

+ 

+ +  
X 

+ + + + +  + +  + + + + +  + 
X 

t 

-1 . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + +  
+ M + + +  + + + + +  + + e  + + + + +  + +  + + 
+ + + + +  + x x  x x  x x  X 

M + M + M  + 
+ + + + +  + + 

+ + t + + + + +  + + + +  + 
X X X X 

X 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS LOW DOSE 
(Continued) 

ON 
STUDY 

CARCASS 
ID 

gland 

Emopha(los 
Intestine large 
Intestina l a r p ,  cecum 

Leukemia mononuclear 
Inteatine large, colon 

Leukemia mononuclear 
Intastina large rectum 
Intestine small' 
Inteatina small, duodenum 
Intestine small, ileum 
Leukemia mononuclear 

Intestine small, jejunum 
Liver 

Leukemia mononuclear 
Neoplastic nodule 

Mesenbrq 
Leukemia mononuclear 

Pancreas 
LeuLemia mononuclear 

Salivary glands 
Carcinoma. metastatic, 23 

Stomach 
Stomach, forestomach 

Leukemia mononuclear 
Stomach, glandular 

Leukemia mononuclear 
Tooth 

Blood vessel 
Heart 
Leukemia mononuclear 

A d m d  gland 
Adrenal gland, cortex 

Adenoma 
Leukemia mononuclear 

Adrenal gland, medulla 
Leukernla mononuclear 
Pheochromocytoma benign 

Islets pancreatic 
Paraihymid gland 
Pituitary gland 

Thyroid gland 
Pars diatalis. adenoma 

None 

Clitoral gland 
Adenoma 

Ovary 
Granulosa-theca tumor benign 
Leukemia mononuclear 

Oviduct 
Uterus 

Adenocarcinoma 
Polyp stromal 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

B 6 6 6 6 6 7 7 7 7 7 6 6 6 6 6 6 6 7 6 6 6 7 7 7  
6 7 8 9 9 9 0 1 2 2 3 4 6 6 7 8 9 9 0 4 6 ' 7 0 0 2  
2 1 5 1 2 5 3 5 4 5 2 3 4 5 3 1 3 4 4 5 3 2 1 5 2  

+ + 

+ + + +  

+ 

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 

X 

+ + +  + + + + +  + + + + +  + +  + 
X x x x  X X 

+ + 
+ 
X + 

+ + + + + 
X 

X 

+ 
+ + + +  + 

X X 

+ + + +  + M +  

X 

'WTAL: 
k U E S  
UMORS 

8 
7 
4 
1 
8 
1 
3 
5 
3 
3 
1 
5 

50 
2 
1 
7 
2 
8 
1 
8 
1 
5 
5 
1 
4 
1 
4 

a 
7 
1 

50 
50 

1 
1 

50 
1 
3 
5 
4 

33 
13 
6 

5 
1 

15 
2 
1 
10 
14 
1 
6 
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TABLE B% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS LOW DOSE 

- -. 
WEEKS ON 
STUDY 

CARCASS 
ID 

m- 
Blood 

Leukema mononuclear 
Bone marrow 

Femoral, leukemia mononuclear 
Lymph node 

Mediastinal. leukemia mononuclear 
Lymph node, mandibular 

Leukemia mononuclear 
Lymph node, mesentenc 

Leukerma mononuclear 
Spleen 

Leukernla mononuclear 
Thymus 

Lnukema mononuclear 

Mammary gland 
Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

Subcutaneous tissue, fibroma 
Subcutaneous tissue fibrosarcoma 
Subcutaneous tissue: neurofibroma 

Skin 

m- 
Bone 
Skeletal muscle 

Brain 
Penpheral nerm 
Spinal cord 

XES7-M 
Lucg 

Leukemia mononuclear 
Nose 
Trachea 

::denan g h c d  
Zymbal gland 

Cdrnnoma 

mJ;wyspsTFm 
Kidney 

Ureter 
U n  n 3 ry bladdc r 

L m  kemm ma nonuclear 
Lljwma 

(Continued) 

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
2 6 8 8 8 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 2 1 1 9 5 9 9 3 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

8 1 6 7 1 8 6 1 6 6 1 6 6 6 6 6 6 1 1 7 7 7 7 8 8  
8 3 4 1 1 5 1 2 8 5 3 4 4 5 6 7 8 0 1 1 2 3 3 5 5  
5 4 4 1 4 4 4 3 4 3 3 1 2 5 1 5 2 2 2 3 1 1 5 1 2  

+ + +  + + + + + + + + + + + + + + + + +  
+ + + + +  + + + + + + + + + + + + + + + + + + +  
+ + + + + +  + + +  

X + + + + + +  + 
X + M +  
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X + + + + +  + +  
X X 

X X 

X 

M + + + +  + + + +  
x x  

+ + + + +  + +  + + + +  X 

X 
X 

X 

+ + + + +  + + + + + + + + + + + + + + + + + + +  + + + + +  

+ + + + +  + + 

+ + + + +  
X 

M + + + +  
M + + + +  + +  i 

~~~ ~ ~ 

+ + +  + + + + +  + + +  + +  + +  + + + +  + + 
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+ + +  + +  + + S  + + + + +  
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE 
(Continued) 

STUDY 

CARCASS 
ID 

r-M 
R l O d  

Leukemia mononuclear 
Elone marrow 

Femoral leukemia mononuclear 
I, mphnoha 

f d i a s t i n a l .  l s h m i a  mononuclear 
I. mph node. mandibular 

Lukemia mononuclear 
Lymph node, maunteric 

Leukemia mononuclear 

' I % e m i a  mononuclear 
Thymus 

b u k e m i a  mononuclear 

1-M 
Mammary gland 
Adenoma 
Fibroadenoma 
Fibroadenoma, multiple 

!3hn 
Subcutaneoui tissue fibroma 
Subcutaneous t isue:  fibrosarcoma 
Subcutaneous tissue. neurofibroma 

Hone 
Skeletal muscle 

13ram 
Iaenpheral nerve 
!Spinal cord 

,ung 

Yo80 
'Trachea 

Eye 

Leukernla mononuclear 

Hambnan gland 
Zymbal gland 

Carnnoma 

Kidney 

Ureter 
Urinary bladder 

Leukemia mononuclear 
Lipoma 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

6 8 6 6 6 6 7 7 7 7 7 6 6 6 6 6 6 6 7 6 6 6 7 7 7  
6 7 8 9 9 9 0 1 2 2 3 4 6 6 1 8 9 9 0 4 6 7 0 0 2  
2 1 5 1 2 5 3 5 4 5 2 3 4 5 3 1 3 4 4 5 9 2 1 5 2  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ +  + 

+ + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ 

+ + +  + +  t + + +  
x x x  x 
+ + +  -+ + t + + +  

X x x  
X 

x 

+ + + + + + + + + + + + + I  + + + + + + + + + + +  

+ 

+ + + + + + + + +  + + + + +  + + +  + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X + +  + + 

TOl'AL: 
ISSUES 
UMORS 

45 
2 

1 
12 
1 
7 
1 
4 
2 

50 
2 

2 

48 

a 

17 
1 

2 
20 
2 
1 
1 

a 

48 
5 

5 
1 
1 

5 
1 
4 
a 

32 
6 
2 
2 

50 
1 
1 

12 
5 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE: MID DOSE 

8 5 7 9 2 3 5 7 0 0 4 1 2 3 5 5 5 5 5 5 5 5 5 5 5  

Clitoral gland 
Adeioma 

b a r s .  
Oviduct 
Uterus 

Polyp stromal 

Blood 
Bone marrow 

Lymph node 
Lymph node, mandibular 
Lymph node, meuntsric 
Spleen 

Fibrosarcoma 
h u k e m i a  mononuclear 

Thymus 

m- 
Mammary gland 

Fibmadenoma 
Fibmadenoma. multiple 

Shc 

m a w  
Bone 
Skeletal muscle 

m m  
Brain 
Spinal cord 

KFsp- 
Lung 
Nose 

Trachwa 

Femoral, leukemia mononuclear 

Osteosarcoma 

% h i a n  gland 

Kidney 

Ureter 
Urinary bladder 

Leukemia mononuclear 

--- 

CARCASS 
ID 

+ + + + + + + + + +  
X + + + + + + + + + +  + + + +  + + + + + + + + + + + +  + + + +  + 

X x x  x X 

I +  + + + + + + + + + + + t  . . . . . . . . . . . . . . . . . . . . . . . . .  
X + + + + + + + + + + +  + + + + + + + + + + + + +  + + 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X + + + + + + + + + +  

+ + + + + + + + + +  + + +  
X x x  X x x  

+ + + + + + + + + +  + + +  

+ + + + + + + + + + + + + +  + + + + + + + + + +  + + + + + + + + + +  

+ + + + + + + + + +  + 

+ + + + + + + + + +  
+ t + + + + + + + +  + 

X + + + + + + + + + +  

+ +  + + + + + + + +  + +  + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X + + +  + +  + + 

+ M A  + +  + + +  + +  

Esophagus 
Intestine largo 
Intestina lam. m m  
Intestine la&’ mbn 
Intestine large: m u m  
Intestine small 
Intestine small duodenum 
Intestine amall: ileum 
Intestine small, jejunum 
Livar 

Leukemia mononuclear 
Mesentery 

Lipoma 
Pancreas %lala% glands 

Stomach forestomach 
Stomach: glandular 
Tongue 

P a  illoma squamous 
TWt% 

- 
Blood vessel 
Heart 

Adrenal gland 
Adrenal gland, cortex 

Adrenal gland, medulla 

Islets pancreatic 
Parat’hynd gland 
Pltuitary gland 

Thyroid gland 

Leukemia mononuclear 

Leukemia mononuclear 
Phewhromoeytoma benign 

Pars distalis adenoma 

C-rell, adenoma 
C-rell. camnoma 

6 5 6 5 5 5 8 5 6 5 5 5 5 5 5 5 5 5 8 6 6 6 6 6 6  
3 8 0 7 6 4 1 5 0 5 4 9 4 8 4 8 8 9 0 0 1 1 2 2 3  
1 3 1 5 4 1 5 5 4 3 3 2 2 1 5 4 5 3 2 3 2 3 2 5 2  

~~ ~~~ ~~~ ~ ~ 

+ + + + + + + + + +  + + + + + + + + + +  + 
A A A A A A A + + A  + 
+ A A A + + t + + +  
M + A A + + t + M +  + + + + + + + + + +  
+ + t A + A + + + +  
A A M A A A A + + A  
A A A A + A A + M A  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
I + + + + + +  + + +  
I +  + + + + + + +  + + + + + + + + + + + +  + + + + + + + + + +  

+ + A + + + + + + +  
+ + A + + + + + + +  

+ 
X + 

+ 

+ + + + + + + + + +  

+ + + + + + + + + +  + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+ A + + + + + + + +  
+ M + + + + + + + +  + + + + + + + + + + + +  + + +  + + + +  
+ + + + + + + + + +  + 

‘ X  

x x x  X x x x  
X 
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TABLE B% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: MID DOSE 
(Continued) 

+ + 1 

I t 11 
1 + + + +  15 + + +  a + + + 20 

X X 7 

STUDY 

CARCASS 
ID 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

4 1 1 5 1 3 5 1 3 4 2 4 2 3 4 1 5 1 4 3 2 2 4 4 5  
I I- M 

ESOphagIl9 
1:ntestine larga 
1.nteatine large, cecum 
1:ntestine large colon 
11atestine large’ rectum 
i:ntestine smali 
intestine small duodenum 
1:ntestine small: ileum 
1:ntestine small, jejunum 
1,iver 

Leukemia mononuclear 
Mesentery 

Lipoma 
Pancreas !;:;;x glands 

!Stomach forestomach 
Stomach: glandular 
’rongue 

Pa illoma squamous ndi 

13lood vessel 
Heart 

+ 

+ + + 
+ 

12 
12 
3 
8 
6 
10 
8 
2 
2 
50 
1 

11 
1 
12 
12 
10 
9 
9 

12 
12 
3 
8 
6 
10 
8 
2 
2 
50 
1 

11 
1 
12 
12 
10 
9 

+ + + 
+ 

. . . . . . . . . . . . . . . . . . . . . . . .  

+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ 

+ + 

9 + 
X 
+ 
X 

1 
1 
10 

1 
1 
10 

+ + 12 
10 

I I- 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

I + + t + + + + + + + + + + + + + + + + + + + + + + l  50 
.Adrenal gland 
.Adrenal gland, cortex 

.Adrenal gland, medulla 

::slets pancreatic 
:?arethyroid gland 
:?ituitary gland 

Pars distalis. adenoma 
‘rh roidgland 

&ell. adenoma 
C-cell, carcinoma 

None 

Leukamia mononuclear 

Leukemia mononuclear 
Pheochromocytoma benign 

I- 

Adenoma 
(Ovary 
j?iduet 
J terus  
Polyp stromal 

:3lood 
!%ne marrow 

.Lymph node 
:;ymph node. mandibular 
:Lymph node. mesenteric 

“ % Y + a ~ o m a  
Leu emia mononuclear 

Thymus 

P 
Mammary gland 

Fibroadenoma 
Fibroadenoma. multiple 

!k in  

1- 
l kne  
!3keletnl muscle 

Femoral, leukemia mononuclear 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

1 
50 
1 
1 
9 

+ + + +  + +  + +  + +  + + + +  + +  
x x  X x x  x x  X X X 

1 

+ t 

. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ +  t + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  + 

37 
50 
1 
17 
14 
1 
50 
1 
1 

11 + 

t + 
X X 

+ + 

+ +  + + + +  
x x x  

X + +  + t t 

+ 
X 

+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 I lo 
1- 
Brain 
!Spinal cord 

+ 

+ +  

11 
11 
1 
13 

I h l g  
Nose 

Trachea 

]Eye 
1.Iarderian gland 

1- 
Kidney 

IJreter 
lJnnary bladder 

Osteosarcoma 

!;pFcw, SEN~ES~YSTEM 

Leukemia mononucle’ar 

+ 

+ + + + + + + + + +  + t t + + + + + +  i +  + t +  

. . . . . . . . . . . . . . . . . . . . . . . . .  50 + + I  11 1 I +  8 
+ 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE: HIGH DOSE 

3 6 6 9 3 5 8 9 2 5 9 1 2 5 5 5 5 5 5 5 5 5 5 5 5  

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large. rectum 
Intestine small 
Intestine small duodenum 
Intestine small: ileum 
Intestine small. jejunum 
Liver 

Leukemia mononuclear 
Sareoma, metastatic, skin 

Adenocarcinoma. metastatic, uterus 

Adenocarcinoma, metastatic, uterus 

Mesentery 

Pancreas 

Saliva glands 
stom.afK 
Stomach, forestomach 
Stomach. glandular 
Tooth 

CAR- 
Blood vessel 
Heart. 

m v  
Adrenal gland 
Adrenal gland, cortex 

Leukemia mononuclear 
Adrenal gland,. medulla 

Leukemia mononuclear 
Pheochromocytoma benign 

CARCMS 
ID 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + A + A + + + A + + + + + + + + + + + +  
+ + + A + + A + A + + + A + + + + + + + + + + + +  
+ + + A t t A + A + + + A + + + + + + + + + + + +  
+ + + + + + A + A + + + A + + + + + + + + + + + +  
+ + + + + + + + A + + + A + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + A + + + + A + + A A + + + + + M + + + + + +  
+ + + A + + + + A + + + A + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X + + + +  + +  + + + + + + + + + + + + + + + +  
X 

+ + + + + + + + A + + + + + + + + + + + + + + + +  
X 

+ + + + t + + + + + + + + + + + M + + t + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + t + + t + + + + + + + + + + t  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

5 4 5 5 4 4 5 4 4 5 5 4 4 4 4 4 5 5 5 4 4 4 4 4 4  
0 9 3 2 4 7 3 6 5 2 2 7 8 5 8 9 0 1 1 4 4 5 5 6 7  
5 4 5 2 3 4 2 2 5 4 3 5 5 3 1 1 2 1 5 1 5 1 4 3 2  

Polyp stromal 
Vagma 

Polyp 

x x  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
+ + + M + M + M + + + + + + t + + M + M M + + t +  . . . . . . . . . . . . . . . . . . . . . . . . .  
x x  X x x x  x x  

X 
X 

+ + + + + + + + A + + t A + + + + + + + + + t + +  

X 

t + + + + + + + + + + + + + + + + + + + M + + + +  
t + + + + + + + A + + + + + + + + + + + + + + + +  

+ M t + + M  + + +  + + + t + +  + + + + +  
+ t + + t t + + + + + + + + + + + + + + + + + + +  

X 

X X 

+ 
X 

X 
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
E >ophagus
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Irtestme small
Irtestme small, duodenum
Ictestine small, ileum
Irtestme small, jejunum
I, ver

Leukemia mononuclear
Sarcoma, metastatic, skin

Mesentery
Adenocarcinoma, metastatic, uterus

Pancreas
Adenocarcinoma, metastatic, uterus

Salivary glands
&1 omach
Stomach, forestomach
Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Blood vessel
Heart

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Leukemia mononuclear
Adrenal gland, medulla

Leukemia mononuclear
Pheochromocytoma benign

1 'ilets, pancreatic
Adenoma

Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Pars distahs, adenoma, multiple
Pars distahs, carcinoma

Thyroid gland
C cell, adenoma
C cell, carcinoma
Folhcularcell, adenoma

< rENESAL fiODY SYSTEM
None

< GENITAL SYSTEM
< literal gland

Adenoma
i (vary
1 Ividuct
Uterus

Adenocarcinoma
Fibroma
Polyp stromal

Vagina
Polyp

0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5

9 0 0 3 4 6 7 8 8 1 1
5 1 3 1 2 5 3 2 4 3 4

+ + + + + + + + + + ++ + + + + + + + + + +
+ + + + + + + + + + ++ -t- + -f + + -t- + -f + +
+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + 4- + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + + +

+ + + + + + + + + +
+ + + + + + + + + + +

X

+ + + M + + 4- + + + +

X X X X
X

+ + + + + + + + + + +
X

+ + + + + + + + + + +

X X X

0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5

2 2 3 4 5 6 6 7 8 9 9 0 1 3
1 5 4 4 2 1 4 1 3 2 3 4 2 3

+ + + + + + + + + + + + + +

X

+ + + + + + + + + + + + + +
+ + + + + + + + + + + + + +

+ + + + + + + + + + + + + +

X

X
X X X

X X X X X X X X
X

X X X
X

X

X
X X

TOTAL
TISSUES
TUMORS

50
47
46
46
47
48
48
45
47
50
1
1

47
1

49
1

49
48
48
48
50

49
50

50
50
1

50
1
6

48
1

42
50
20
3
1

48
5
1
1

48
4

49
42
50
1
1
6
1
1
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TABLE B2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS HIGH DOSE 
(Continued) 

STUDY 

CARCASS 
ID 

B l t d  

Bone marrow 
L mphnode 

Leukemia mononuclear 

bediartinal, adenocarcinoma. 

Mediastinal. sareqma, metastatic. skin 
metastatic. uterua 

Lymph node. mandibular 
Lymph node. mesenteric 
S ~ i e e n  

Adenocarcinoma. metastatic, uterus 
Leukemia mononuclear 
O d e o r a m m a  

Thymus 

Mammary gland 
Adenoma 
Fibroadenoma 
Sarcoma, metastatic, slun 

Subcutaneous tissue, fibroma 
Subcutaneous tissue. sarcoma 

Sbn 

mr ETA~SPSTEM 
b i l e  
S ~ ~ l e t a l  muscle 

FEsEKVUUSSYSFDa 
Brain 

KE-M 
Lung 

Adenocarnnoma. metastatic, utems 
L3ukSmma mononuclear 
Swcoma. metastatic, slun 

S.arcoma. metastatic, slun 

Notie 
T rachea 

E yii 
Ha denan gland 

m m  
Kicnev 

b i e imrc inoma ,  metastatic, uterus 
Umter 
Urinary bladder 

a 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
7 7 7 7 8 8 8 8 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 6 6 9 3 5 8 9 2 5 9 1 2 5 5 5 5 5 5 5 5 5 5 5 5  

3 4 5 5 4 4 5 4 4 5 5 4 4 4 4 4 5 5 5 4 4 4 4 4 4  
0 9 3 2 4 1 3 6 5 2 2 7 8 5 8 9 0 1 1 4 4 5 5 6 7  
5 4 5 2 3 4 2 2 5 4 3 5 5 3 1 1 2 1 5 1 5 1 4 3 2  

+ +  + + + +  + + + + + + + + + + + +  
+ + + + + + + + A + + + + + + + + + + + + I  + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
+ + + + + + + + + + + + + + + + M + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
+ + + +  

+ + + + + + + + + M + + M + M + + M + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X x x  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + +  + + + + +  + + + +  
M M M + + M + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+ + + + + + + + + + + + A + + + + + + + + + + + +  
+ +  + + 
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‘FABLE B2. INDIVIDUAL AMMAL TUMOR PATHOLOGY OF FEMALE RATS: HIGH DOSE 
(Continued) 

STUDY 

CARCASS 
ID 

1 1 1 1  1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

4 5 5 5 4 4 4 4 4 5 5 5 5 5 4 4 4 4 4 4 4 4 5 5 5  
9 0 0 3 4 8 7 8 8 1 1 2 2 3 4 5 6 6 7 8 9 9 0 1 3  
5 1 3 1 2 5 3 2 4 3 4 1 5 4 4 2 1 4 1 3 2 3 4 2 3  

Ellood 

Ebne marrow 
L mphnqd. 

Leukemia mononuclear 

bedia~tmd, adenocarcinoma, 

Mediastid, aarcoma, metastatic, akin 
metastatic, ntems 

Lymph nod. mandibular 
Lymph nod.: mesenteric 
Spleen 

Adencarcinoma, metastatic, utems 
Leukemia mononuclear 
Osteosamma 

l’hymus 

Mammary gland 
Adenoma 
Fibroadenoma 
Sarcoma, metastatic. skin 

S u b c u t a m  tissue, fibroma 
Suhtaneous tissue, sarcoma 

Skin 

Hone 
Skeletal muach 

Sarcoma, metastatic. skin 

13rain 

.Lung 
Menoeardnoma. metastatic, uterus 
Leukernla mononuclear 
Sarcoma, metastatic. skin 

.Xose 
‘Trachea 

P 
Eye 
Harderian gland 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + M + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . .  + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + +  + + + + +  + + + +  + + +  + + +  
+ + + + + + + + M + + + + M + + + + + + t + . t + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + +  

X 
X 

+ + + + + + + + + + + + + + + + M + + + + + + M +  

Kidney 

Ureter 
Urinary bladder 

Adenocarcinoma. metastatic, uterus 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ +  + +  + . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL: 
ISSUES 
UMORS 

43 
1 

47 
50 

1 
1 

49 
9 

50 
1 
1 
1 

44 

50 
3 
6 
1 

50 
2 
1 

50 
50 
1 

50 

50 
1 
1 
1 

49 
50 

31 
44 

50 
1 
9 

49 

159 p-Chloroaniline Hydrochloride, NTP TR 351 



TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
O F  p-CHLOROAMLINE HYDROCHLORIDE 

Vehicle Control 2 m g k g  6 mg/kg 18 mg/kg 

Adrenal Medulla: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Clitoral Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Mammary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Testa (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

M m m a r y  Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Testa (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

M:immary Gland: Adenoma or Fibroaden 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates ( c )  
Day of First Observation 
Life Table Testa (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pif.uitary Gland/Pars Distalis: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
'Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

2/50 (4%) 
6.2% 
1127 (4%) 
557 
P = 0.091 
P=0.077 
P = 0.062 

1/45 (2%) 
4.3% 
1/23 (4%) 
729 

1/50 (2%) 
2.6% 
0/27 (0%) 
605 
P = 0.155 
P = 0.140 
P=0.128 

8/50 (16%) 
26.6% 
6/27 (22%) 
400 
P=0.138N 
P=0.174N 
P = 0.229N 

.oma 
9/50 (18%) 
28.5% 
6/27 (22%) 
400 
P= 0.307N 
P = 0.371N 
P = 0.451N 

21/50 (42%) 
56.9% 
12/27 (44%) 
482 

3/50 (6%) 
7.7% 
3/39 (8%) 
729 
P = 0.650 
P=0.553 

P = 0.500 

(e) 1/5 (20%) 

1/50 (2%) 
2.6% 
1/39 (3%) 
729 
P=0.692N 
P = 0.769N 

P = 0.753N 

10/50 (20%) 
25.6% 
10/39 (26%) 
729 
P = 0.487N 
P = 0.582 

P = 0.398 

11/50 (22%) 
28.2% 
11/39 (28%) 
729 
P = 0&7N 
P = 0.572 

P = 0.402 

(e) 13/33 (39%) 

1/50 (2%) 
2.8% 
1/36 (3%) 
729 
P=0.415N 
P = 0.488N 

P = 0.500N 

(e) 1/11 (9%) 

0/50 (0%) 
0.0% 
0/36 (0%) 

P=0.475N 
P=0.543N 

P = 0.500N 

13/50 (26%) 
3 1.8% 
9/36 (25%) 
539 
P = 0.375 
P = 0.233 

P = 0.163 

13/50 (26%) 
3 1.8% 
9/36 (25%) 
539 
P = 0.475 
P=0.311 

P=0.235 

(e) 17/35 (49%) 

6/50 (12%) 
16.2% 
6/37 (16%) 
729 
P = 0.248 
P=O.192 

P=0.134 

4/48 (8%) 
10.6% 
3/35 (9%) 
616 
P=0.309 
P=0.265 
P=O.201 

3/50 (6%) 
8.1% 
3/37 (8%) 
729 
P=0.407 
P = 0.351 

P = 0.309 

6/50 (12%) 
15.7% 
5/37 (14%) 
688 
P=0.192N 
P = 0.275N 

P=0.387N 

9/50(18%) 
23.6% 
8/37 (22%) 
688 
P=0.342N 
P=0.469N 

P = 0.602N 

23/50 (46%) 
53.0% 
17/37 (46%) 
51 1 
P=0.294N 
P=0.573N 
P=0.420 
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‘TABLE B3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control 2 m g k g  6 mg/kg 18 m@g 

E’ituitary G l a n d P a r s  Distalis: Adenoma or Carcinoma 
Overall Rates (a) 21/50 (42%) 
Adjusted Rates (b) 56.9% 
Terminal Rates (c) 12/27 (44%) 
Day of First Observation 482 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or Neurofibroma 
Overall Rates (a) 2/50 (4%) 

Terminal Rates (c) 2/27 (7%) 
Day of First Observation 729 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adjusted Rates (b) 7.4% 

P = 0.507N 
P = 0.559N 
P = 0.555N 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
Overall Rates (a) 2/50 (4%) 
Adjusted Rates (b) 7.4% 
Terminal Rates (c) 2/27 (7%) 
Day of First Observation 729 
Life Table Tests (d) P=0.506N 
Logistic Regression Tests (d) P = 0.560N 
Cochran-Armitage Trend Test (d) P=0.555N 
Fisher Exact Test (d) 

(e) 13/33 (39%) 

3/50 (6%) 
6.8% 
1/39 (3%) 
605 
P=0.647 
P = 0.559 

P = 0.500 

3/50 (6%) 
6.8% 
1/39 (3%) 
605 
P = 0.649 
P=0.557 

P = 0.500 

Subcutaneous Tissue: Fibroma, Neurofibroma, Sarcoma, or Fibrosarcoma 
Overall Rates (a) 2/50 (4%) 4/50 (8%) 
Adjusted Rates (b) 7.4% 
Terminal Rates (c) 2/27 (7%) 
Day of First Observation 729 
Life Table Tests (d) P = 0.600 
Logistic Regression Tests (d) P = 0.544 
Cochran-Armitage Trend Test (d) P = 0.549 
Fisher Exact Test (d) 

Thyroid Gland: C-cell  Adenoma 
Overall Rates (a) 5/49 (10%) 
Adjusted Rates (b) 16.9% 
Terminal Rates (c) 4/27 (15%) 
Day of First Observation 537 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cell Adenoma or Carcinoma 
Overall Rates (a) 6/49 (12%) 
Adjusted Rates (b) 19.7% 
Terminal Rates (c) 4/27 (15%) 
Day of First Observation 537 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

8.9% 
1/39 (3%) 
605 
P = 0.500 
P = 0.390 

P=0.339 

(e) 016 (0%) 

(e) 016 (0%) 

(e) 17/35 (49%) 

0/50 (0%) 
0.0% 
0136 (0%) 

P=0.177N 
P=0.178N 

P=0.247N 

060 (0%) 
0.0% 
0/36 (0%) 

P=0.177N 
P=0.178N 

P = 0.247N 

0/50 (0%) 
0.0% 
0136 (0%) 

P=0.177N 
P=0.178N 

P=0.247N 

(e) 1/11 (9%) 

(e) 2/11 (18%) 

24/50 (48%) 
54.1% 
17/37 (46%) 
51 1 
P=0.353N 
P = 0.507 
P = 0.344 

2/50 (4%) 
4.7% 
1/37 (3%) 
529 
P = 0.594N 
P=0.679N 

P=0.691 

2/50 (4%) 
4.7% 
1/37 (3%) 
529 
P=0.594N 
P=0.679N 

P=0.691N 

3/50 (6%) 
7.1% 
1/37 (3%) 
529 
P = 0.621 
P=0.521 

P=0.500 

5/48 (10%) 
13.5% 
5/37 (14%) 
729 
P=0.436N 
P =0.541N 
P=0.617 

6/48 (13%) 
16.2% 
6/37 (16%) 
729 
P=0.410N 
P=0.515N 
P = 0.606 
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TABLE B3. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS I N  THE TWO-YEAR GAVAGE STUDY 
OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Uterus: Stromal Polyp 
(e) 6/14 (43%) (e) 7/20 (35%) 6/50(12%) Overall Rates (a) 5/50 (10%) 

Adjusted Rates (b) 15.0% 16.2% 
Terminal Rates (c) 2/27 (7%) 6/37 (16%) 
Day of First Observation 529 729 

P=0.560N Life Table Test (d) 
Logistic Regression Test (d) P=0.596 
Fisher Exact Test (d) P = 0.500 

Hematopoietic System: Mononuclear Leukemia 
Overall Rates (a) 10150 (20%) 2/50 (4%) 1/50 (2%) 1/50 (2%) 
Adjusted Rates (b) 27.2% 4.6% 2.6% 2.7% 
Terminal Rates (c) 2/27 (7%) 0139 (0%) 0136 (0%) 1/37 (3%) 

Life Table Tests (d) P=O.OlON P=0.005N P = 0.003N P =  0.002N 
Logistic Regression Tests (d) P=0.013N P =0.015N P = 0.004N P = 0.004N 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) P = 0.014N P = 0.004N P = 0.004N 

Day of First Observation 529 617 711 729 

P = 0.012N 

(a i Number of tumor-bearing animals/number of animals examined a t  the site; doses calculated asp-chloroaniline. 
(ti) Kaplan-Meier estimated tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
( c  1 Observed tumor incidence a t  terminal kill 
(d)  Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
t h t b  P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
rq:ards tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The logistic regres- 
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rtms. A negative trend or lower incidence in a dosed group is indicated by (N). 
( E  1 Incomplete sampling of tissues 
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TABLE B4a. HISTORICAL INCIDENCE O F  SPLENIC SARCOMAS IN FEMALE F344/N RATS (a) 

Study Incidence in Controls 

Historical Incidence for All Water Gavage Vehicle Controls (b) 

iodinated glycerol 
Malonaldehyde, sodium salt 
Ghlorpheniramine maleate 
'Tetrakis(hydroxymethy1)phosphonium chloride 
'Tetrakis(hydroxymethy1)phosphonium sulfate 
Methyl carbamate 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

IOverall Historical Incidence for  Untreated Controls 

0148 
0150 
0150 
0150 
0149 
0150 

01297 (0.0%) 
0.00% 

0150 
0150 

TOTAL 
SDW 

Elange (d) 
High 
LOW 

(e) 111,961 (0.05%) 
0.40% 

1140 
0150 

(,a) Data as of April 29,1987, for studies of a t  least 104 weeks 
I b) The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted a t  
EG&G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
I c) Standard deviation 
id) Range and SD are presented for groups of 35 or more animals. 
I e) Sarcoma, NOS; no fibrosarcomas or osteosarcomas have been observed. 
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T.4BLE B4b. HISTORICAL INCIDENCE OF ADRENAL MEDULLARY TUMORS IN FEMALE F344/N 
RATS (a) 

Study Incidence in  Controls 
Pheochromocytoma Pheochromocytoma or 

Malignant Pheochromocytoma 

Historical Incidence for All Water Gavage Vehicle Controls (b) 

Iodinated glycerol 
Mdonaldehyde, sodium salt 
Chlorpheniramine maleate 
Tctrakis(hydroxymethy1)phosphonium chloride 
Tt!trakis(hydroxymethyl)phosphonium sulfate 
Methyl carbamate 

TOTAL 
SD (c) 

€hinge (d) 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
Low 

1 149 
4/50 
3/50 
2/50 
4/47 
4/49 

181295 (6.1%) 
2.63% 

4/47 
1/49 

9211,968 (4.7%) 
3.75% 

8/50 
0150 

2/49 
5/50 
3/50 
2/50 
4/47 
4/49 

201295 (6.8%) 
2.49% 

5/50 
2/50 

9911,968 (5.0%) 
3.70% 

8150 
0150 

(a) Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted a t  
EG&G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
(c )  Standard deviation 
(d) Range gnd SD are presented for groups of 35 or more animals. 
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TABLE B4c. HISTORICAL INCIDENCE OF LEUKEMIA IN FEMALE F344/N RATS (a) 

Study Incidence in Controls 

Historical Incidence for All Water Gavage Vehicle Controls (b) 

Iodinated glycerol 
Malonaldehyde, sodium salt 
Chlorpheniramine maleate 
Tetrakis(hydroxymethy1)phosphonium chloride 
Tetrakis(hydroxymethy1)phosphonium sulfate 
Methyl carbamate 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (c) 

Range (d) 
High 
LOW 

15/50 
5/50 

11/50 
4/50 

23/49 
17/50 

751299 (25.1%) 
14.90% 

23/49 
4/50 

38311,983 (19.3%) 
6.66% 

15/50 
3/50 

(a) Data as  of April 29,1987, for studies of a t  least 104 weeks 
(b) The methyl carbamate study was conducted a t  Microbiological Associates, and the iodinated glycerol study was conducted a t  
EG&G Mason Research Institute; all other studies were performed by Battelle Columbus Laboratories. 
(c) Standard deviation 
(d) Range and SD are presented for groups of 35 or more animals. 
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TABLE BS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF PCHLOROANILINE HYDROCHLORIDE 

Vehicle Control Low Dose Mid Dose High Dose 

Animals initially in study 50 
Animals removed 50 
Animals examined histopathologically 50 

50 50 
50 50 
50 50 

50 
50 
50 

ALIMENTARY SYSTEM 

Foreign body 
Inflammation, chronic active 

Intestine large, cecum 
Inflammation, chronic active 
Parasite metazoan 

Inflammation, chronic active 
Inflammation, necrotizing 
Parasite metazoan 

Parasite metazoan 

Basophilic focus 
Clear cell focus 
Degeneration, cystic 
Degeneration, fatty 
Fibrosis 
Hepatodiaphragmatic nodule 
Inflammation, chronic 
Inflammation, necrotizing 
Necrosis, coagulative 
Pigmentation, hemosiderin 
Vacuolization cytoplasmic 
Bile duct, hyperplasia 
Portal vein, intima, proliferation 

Inflammation, chronic 
Necrosis 

Ectopic tissue 
Inflammation, chronic 
Acinus, atrophy 

Pharynx 
Inflammation, chronic active 

Salivary glands 
Inflammation, chronic active 

Stomach, forestomach 
Acanthosis 
Hyperkeratosis 
Inflammation, chronic active 

Inflammation, chronic active 
Necrosis, coagulative 

Inflammation, chronic active 

Esophagus 

Intestine large, colon 

Intestine large, rectum 

Liver 

Mesentery 

Pancreas 

Stomach, glandular 

Tooth 

(50) 
6 (12%) 
1 (2%) 

1 (3%) 

(40) 

(47) 

4 (9%) 

3 (7%) 

38 (76%) 

(45) 

(50) 

1 (2%) 
1 (2%) 
5 (10%) 

32 (64%) 
1 (2%) 

3 (6%) 
8 (16%) 

(49) 

(50) 

13 (26%) 
(1) 

(50) 

(50) 

1 (100%) 

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

1 (2%) 
1 (2%) 

1 (2%) 

(50) 

(50) 

(8) 
1 (13%) 

(4) 
1 (25%) 
1 (25%) 

(6) 

(3) 

(50) 
45 (90%) 

I (2%) 
1 (2%) 

2 (4%) 
30 (60%) 
1 (2%) 

3 (6%) 
3 (6%) 

(7) 
2 (29%) 
2 (29%) 

(6) 

1 (17%) 

(8) 

(5) 

1 (20%) 
(4) 

(4) 
1 (25%) 

(12) 
3 (25%) 

(3) 

(8) 

1 (13%) 
1 (13%) 

1 (17%) 

46 (92%) 

(6) 

(50) 

2 (4%) 
32 (64%) 

3 (6%) 
2 (4%) 

1 (2%) 
1 (2%) 

2 (18%) 
(11) 

(12) 

2 (17%) 
3 (25%) 

(12) 

(9) 

(9) 

(10) 

(50) 

(46) 

1 (2%) 

1 (2%) 

3 (7%) 

2 (4%) 

44 (88%) 
3 (6%) 

(46) 

(47) 

(50) 

3 (6%) 
36 (72%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
9 (18%) 

(47) 
8 (17%) 
1 (2%) 

1 (2%) 
2 (4%) 

15 (31%) 

(49) 

(49) 

(48) 
1 (2%) 

2 (4%) 

1 (2%) 
(48) 

(50) 
1 (2%) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

CARDIOVASCULAR SYSTEM 
Blood vessel (49) (8) (12) (49) 

Heart (50) (7) (10) (50) 
Mesenteric artery, inflammation, chronic active 2 (4%) 

Inflammation, chronic active 1 (2%) 

Valve, inflammation, chronic active 1 (2%) 

Cardiomyopathy, chronic 32 (64%) 2 (29%) 7 (70%) 44 (88%) 

Coronary artery, inflammation, chronic active 1 (2%) 1 (14%) 
Endocardium, proliferation 1 (14%) 

ENDOCRINE SYSTEM 
Adrenal gland 

Accessory adrenal cortical nodule 
Adrenal gland, cortex 

Angiectasis 

Degeneration, fatty 
Hyperplasia 
Hypertrophy 
Necrosis 

Adrenal gland, medulla 
Hyperplasia 

Pituitary gland 
Pars distalis, angiectasis 
Pars distalis, atypical cells 
Pars distalis, cyst 
Pars distalis, degeneration, cystic 
Pars distalis, hyperplasia 
Pars distalis, inflammation, chronic 
Pars nervosa, hyperplasia, glandular 

CY& 

Thyroid gland 
cyst  
Inflammation, chronic active 
C-cell, hyperplasia 

(50) 

(50) 
2 (4%) 

4 (8%) 
13 (26%) 
1 (2%) 
3 (6%) 

4 (8%) 

2 (4%) 

2 (4%) 

17 (34%) 

(50) 

(50) 

(49) 
1 (2%) 

25 (51%) 

(50) 

(50) 

1 (2%) 
10 (20%) 
23 (46%) 
2 (4%) 

(50) 

(33) 
4 (8%) 

1 (3%) 

3 (9%) 

18 (55%) 

3 (50%) 

(50) 

(50) 
1 (2%) 

1 (2%) 

9 (18%) 
18 (36%) 

(50) 

(35) 
7 (14%) 

1 (3%) 
7 (20%) 

9 (26%) 

(11) 

2 (18%) 

(50) 

(50) 

11 (22%) 
20 (40%) 

(50) 

(50) 
24 (48%) 

12 (24%) 
1 (2%) 

16 (32%) 
1 (2%) 
2 (4%) 

1 (2%) 
39 (81%) 

(48) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Clitoral gland 

Hyperplasia 
Inflammation, chronic active 
Duct, dilatation 

Ovary 
cys t  

Uterus 
Dilatation 
Hemorrhage, chronic 
Inflammation, chronic active 
Endometrium, hyperplasia, cystic, 

(45) 
2 (4%) 
8 (18%) 

(50) 

(50) 
4 (8%) 

2 (4%) 

glandular 9 (18%) 

(5) (11) 
1 (20%) 1 
1 (20%) 1 

1 
(15) (15) 

4 
(14) (20) 

2 (14%) 5 

1 (7%) 1 
1 (7%) 3 

(48) 
(9%) 5 (10%) 
(9%) 7 (15%) 
(9%) 

(27%) 4 (8%) 

(25%) 6 (12%) 
1 (2%) 

(5%) 1 (2%) 
(1 5%) 8 (16%) 

(49) 

(50) 
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TABLE B5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF pCHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

HE:MATOPOIETIC SYSTEM 
Blood (32) 

Lymphopenia 1 (3%) 
Neutropenia 1 (3%) 
Neutrophilia 1 (3%) 

Femoral, atrophy 1 (2%) 
Femoral, hemorrhage, acute 
Femoral, hyperplasia 11 (22%) 
Femoral, hyperplasia, re cell 
Femoral, hyperplasia, reticulum cell 1 (2%) 

Bone marrow (50) 

Lymph node (50) 
Bronchial, pigmentation, hemosiderin 
Mediastinal, cyst 
Mediastinal, infiltration cellular, histiocytic 
Mediastinal, inflammation, suppurative 
Mediastinal, necrosis 1 (2%) 
Pancreatic, pigmentation, hemosiderin 
Renal, cyst 
Renal, idammation, chronic active 

cys t  
Hemorrhage 1 (2%) 
Hyperplasia, plasma cell 1 (2%) 
Infiltration cellular, histiocytic 1 (2%) 
Necrosis 1 (2%) 

CY& 

Lymph node, mandibular (49) 

Lymph node, mesenteric (7) 

Ectasia 
Edema 2 (29%) 
Hemorrhage 1 (14%) 
Hyperplasia, lymphoid 
Infiltration cellular, histiocytic 1 (14%) 
Necrosis 1 (14%) 

Spleen (50) 
cyst 
Depletion lymphoid 1 (2%) 
Fibrosis 1 (2%) 
Hematopoietic cell proliferation 41 (82%) 
Hyperplasia, lymphoid 
Infitration cellular, lipocyte 
Inflammation, chronic active 
Necrosis 1 (2%) 
Pigmentation, hemosiderin 39 (78%) 
Capsule, cyst 

Depletion lymphoid 1 (2%) 
Necrosis 1 (2%) 

Thymus (42) 

I 

INCEGUMENTARY SYSTEM 
Mammary gland (49) 

Skin (50) 
Hyperplasia, cystic 34 (69%) 

Inflammation, chronic active 1 (2%) 
Inflammation, necrotizing 

(45) 

(7) 

(4) 
1 (25%) 
1 (25%) 

(50) 

2 (4%) 
48 (96%) 
1 (2%) 

(37) 

(50) 

21 (42%) 

7 (14%) 
(17) 

(43) 

3 (7%) 
(47) 

37 (79%) 
4 (9%) 
7 (15%) 

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

(50) 

1 (6%) 

1 (2%) 

(1) 
1 (100%) 

1 (100%) 
1 (100%) 

(50) 

3 (6%) 
48 (96%) 

49 (98%) 

(11) 

(49) 
2 (4%) 

1 (2%) 

(9) 

1 (11%) 

(50) 
1 (2%) 

42 (84%) 
32 (64%) 

11 (22%) 
1 (2%) 

48 (96%) 
3 (6%) 

(44) 

(17) 

(20) 
11 (65%) 

(22) (50) 

(21) (50) 
17 (77%) 48 (96%) 

1 (5%) 
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TABLE 85. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IS THE 
TWO-YEAR GAVAGE STUDY OF pCHLOROASILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

MUSCULOSKELETAL SYSTEM 
Skeletal muscle (49) (5) (10) (50) 

Inflammation, chronic active 1 (2%) 1 (2%) 

NERVOUS SYSTEM 
Brain 

Compression 
Hydrocephalus 
Thrombus 

(50) (5) (10) (50) 
4 (8%) 1 (20%) 4 (40%) 5 (10%) 
3 (6%) 1 (20%) 4 (8%) 
1 (2%) 

RESPIRATORY SYSTEM 
Lung (49) (5) 

Granuloma 
Hemorrhage, acute 1 (2%) 
Inflammation, chronic active 5 (10%) 
Alveolar epithelium, hyperplasia 1 (2%) 
Mediastinum, inflammation, chronic active 1 (2%) 

Foreign body 1 (2%) 
Inflammation, chronic active 3 (6%) 
Nasolacrimal duct, inflammation, chronic attive 
Nasolacrimal duct, inflammation, suppurative 2 (4%) 

Nose (49) (4) 

(11) (50) 
1 (2%) 

1 (2%) 
2 (4%) 

1 (9%) 1 (2%) 
(11) (49) 

11 (22%) 
2 (4%) 
4 (8%) 

SPECIAL SENSES SYSTEM 
Eye (12) 

Inflammation, chronic 1 (8%) 
Anterior chamber, inflammation, suppurative 
Cornea, inflammation, chronic 
Lens, cataract 10 (83%) 
Retina, atrophy 11 (92%) 

Atrophy 
Inflammation, chronic 1 (2%) 

Harderian gland (42) 

(32) (31) (31) 
1 (3%) 1 (3%) 

1 (3%) 
1 (3%) 

30 (94%) 30 (97%) 30 (97%) 
32 (100%) 31 (100%) 31 (100%) 
(6) (11) (44) 

1 (2%) 
6 (14%) 

URINARY SYSTEM 
Kidney (50) (50) (50) (50) 

cys t  1 (2%) 
Inflammation, chronic active 1 (2%) 
Nephropathy, chronic 39 (78%) 39 (78%) 45 (90%) 41 (82%) 
Renal tubule, pigmentation, hemosiderin 44 (88%) 48 (96%) 50 (100%) 50 (100%) 

Urinary bladder (50) (5) (8) (49) 
Inflammation, chronic active 1 (2%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE 

Vehicle Control Low Dose Mid Dose High Dose 

Animals initially in study 50 
Animals removed 50 
Animals examined histopathologically 50 

50 50 50 
50 50 50 
49 50 50 

ALIMENTARY SYSTEM 
Gallbladder 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 

intestine large, colon 
Cholangiocarcinoma, metastatic, liver 

[ntestine small, duodenum 
Lymphoma malignant lymphocytic 

intestine small, jejunum 
Adenocarcinoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Peyer’s patch, lymphoma malignant 

Peyer’s patch, lymphoma malignant mixed 

Cholangiocarcinoma 
Hemangiosarcoma 
Hemangiosarcoma, multiple 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Hepatocholangiocarcinoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

Lymphoma malignant histiocytic 

Hemangiosarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

!salivary glands 
Lymphoma malignant mixed 

!Stomach, forestomach 
Papilloma squamous 

!Stomach, glandular 
Adenocarcinoma 
Lymphoma malignant lymphocytic 
Serosa, fibrosarcoma, metastatic, skin 

lymphocytic 

liver 

Mesentery 

Pancreas 

(45) 
1 (2%) 

(48) 

(48) 

(47) 
1 (2%) 
1 (2%) 
1 (2%) 

2 (4%) 
(50) 

2 (4%) 

2 (4%) 
1 (2%) 
7 (14%) 
2 (4%) 

*(49) 

*(49) 

*(49) 

*(49) 

1 (2%) 

1 (2%) 

(49) 
1 (2%) 
1 (2%) 
1 (2%) 
7 (14%) 

11 (22%) 
4 (8%) 

1 (2%) 

1 (2%) 

2 (4%) 

(50) 

1 (2%) 

8 (16%) 
3 (6%) 
8 (16%) 
2 (4%) 
1 (2%) 
1 (2%) 
3 (6%) 

1 (2%) 

1 (2%) 

(47) 

1 (2%) 
(50) 

3 (6%) 
3 (6%) 

13 (26%) 
4 (8%) 
3 (6%) 
1 (2%) 

1 (2%) 
*(50) 

(49) 
1 (2%) 

1 (2%) 

1 (2%) 
(49) 

(48) 

(48) 
1 (2%) 

1 (2%) 
-- 
CARDIOVASCULAR SYSTEM 

1 Ieart (50) *(49) *(50) (50) 
Fibrosarcoma, metastatic, multiple, skin 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
Epicardium, sarcoma 1 (2%) 

-- 
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TABLE Cl .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

~~~ ____ ~ 

VehCcle Control Low Dose Mid Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland (49) *(49) *(50) (50) 

Adrenal gland, cortex (49) *(49) *(W (50) 
Capsule, adenoma 2 (4%) 

Fibrosarcoma, metastatic, skin 1 (2%) 
Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 2 (4%) 
Lymphoma malignant mixed 1 (2%) 

Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 

Lymphoma malignant lymphocytic 1 (2%) 

Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
C-cell, adenoma 1 (2%) 
Follicular cell, adenoma 4 (8%) 3 (6%) 

Adrenal gland, medulla (49) +(49) *(50) (50) 

Pituitary gland (40) *(49) +(50) (41) 

Thyroid gland (50) *(49) +(50) (48) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis (49) *(49) *(50) (49) 

Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 1 (2%) 

Lymphoma malignant lymphocytic 1 (2%) 

Lymphoma malignant lymphocytic 1 (2%) 
Interstitial cell, adenoma 1 (2%) 

Prostate (48) Y49) *GO) (50) 

Testes (49) *(49) *(50) (50) 

HEMATOPOIETIC SYSTEM 
Blood *(50) 

Bone marrow (50) 
Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 
Lymphoma malignant histiocytic 2 (4%) 

Lymphoma malignant mixed 1 (2%) 
Femoral, hemangiosarcoma 1 (2%) 

Lymph node (49) 
Lymphoma malignant histiocytic 
Lymphoma malignant mixed 
Lumbar, lymphoma malignant mixed 
Mediastinal, lymphoma malignant histiocytic 2 (4%) 
Mediastinal, lymphoma malignant lymphocytic 
Mediastinal, lymphoma malignant mixed 3 (6%) 

Renal, lymphoma malignant lymphocytic 
Pancreatic, lymphoma malignant mixed 1 (2%) 

Renal, lymphoma malignant mixed 1 (2%) 

Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 3 (6%) 
Mast cell tumor benign 
Melanoma malignant, metastatic, skin 
Mediastinal, fibrosarcoma, metastatic, skin 

Lymph node, mandibular (48) 

*(49) +(50) *(50) 

'(49) *(50) (50) 
1 (2%) 

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

*(49) * (50)  (49) 
1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 

+(49) 

1 (2%) 

1 (2%) 

*(50) 

3 (6%) 

1 (2%) 
1 (2%) 

1 (2%) 
(49) 

2 (4%) 
1 (2%) 

1 (2%) 
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TABLE Cl .  SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OFpCHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
Lymph node, mesenteric (22) 

Hemangiosarcoma 1 (5%) 
Lymphoma malignant histiocytic 2 (9%) 
Lymphoma malignant lymphocytic 1 (5%) 
Lymphoma malignant mixed 3 (14%) 

Hemangiosarcoma 3 (6%) 
Lymphoma malignant histiocytic 3 (6%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 3 (6%) 

Lymphoma malignant histiocytic 1 (3%) 

Spleen (50) 

Thymus (36) 

Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Sarcoma. metastatic, uncertain primary site 

2 (4%) 5 (10%) 

2 (4%) 5 (10%) 
1 (2%) 
5 (10%) 

1 (6%) 
(47) (49) (49) 

2 (4%) 
*(49) *(50) (27) 

1 (2%) 

1 (2%) 
1 (4%) 

INTEGUMENTARY SYSTEM 
Skin (49) 

Basosquamous tumor benign 
Papilloma squamous 
Subcutaneous tissue, fibroma 3 (6%) 
Subcutaneous tissue, fibrosarcoma 6 (12%) 
Subcutaneous tissue, fibrosarcoma, multiple 
Subcutaneous tissue, lymphoma malignant 

Subcutaneous tissue, melanoma malignant 
Subcutaneous tissue, sarcoma 

lymphocytic 

*(49) *(50) (49) 
1 (2%) 

1 (2%) 
4 (8%) 5 (10%) 1 (2%) 
3 (6%) 8 (16%) 4 (8%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

MUSCULOSKELETAL SYSTEM 
Skeletal muscle *(50) *(49) *(50) *(50) 

Intercostal, fibrosarcoma, metastatic, skin 1 (2%) 

NE:RVOUS SYSTEM 
.Brain (50) *(49) *(50) (50) 

Lymphoma malignant lymphocytic 1 (2%) 

RESPIRATORY SYSTEM 
Lung (50) 

Alveolar/bronchiolar adenoma 4 (8%) 
Alveolar/bronchiolar adenoma, multiple 1 (2%) 
Alveolar/bronchiolar carcinoma 3 (6%) 
Fibrosarcoma, metastatic, multiple, skin 
Hemangiosarcoma, metastatic, liver 
Hepatocellular carcinoma, metastatic, liver 1 (2%) 
Hepatocholangiocarcinoma, metastatic, liver 

Lymphoma malignant lymphocytic 

Melanoma malignant, metastatic, skin 
Mediastinum, sarcoma 

Lymphoma malignant lymphocytic 

Lymphoma malignant histiocytic 2 (4%) 

Lymphoma malignant mixed 1 (2%) 

Nose (50) 

*(49) *(50)  
4 (8%) 5 

1 (2%) 3 

1 (2%) 2 
1 

2 

1 (2%) 
1 

Y49) *(50) 
1 

(50) 
(10%) 4 (8%) 

(6%) 3 (6%) 
1 (2%) 
1 (2%) 

(4%) 9 (18%) 
(2%) 

(4%) 
1 (2%) 

(2%) 

(2%) 
(50)  
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TABLE Cl .  SUMMARY OF THE INCIDENCF OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHbOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

SPECIAL SENSES SYSTEM 
Harderian gland *(50) *(49) *(50) *(50) 

Adenoma 5 (10%) 2 (4%) 1 (2%) 4 (8%) 
Adenoma, multiple 1 (2%) 
Lymphoma malignant histiocytic 2 (4%) 
Lymphoma malignant lymphocytic 1 (2%) 

URINARY SYSTEM 
Kidney (50) *(49) *(50) (49) 

Lymphoma malignant histiocytic 2 (4%) 
Lymphoma malignant lymphocytic 2 (4%) 
Lymphoma malignant mixed 1 (2%) 2 (4%) 

Lymphoma malignant lymphocytic 2 (4%) 
Urinary bladder (49) *(49) Y50) (50) 

SYSTEMIC LESIONS 
Multiple organs *(50) *(49) *(50) *(50) 

Lymphoma malignant mixed 5 (10%) 3 (6%) 

Lymphoma malignant lymphocytic 2 (4%) 2 (4%) 8 (16%) 
Lymphoma malignant histiocytic 3 (6%) 1 (2%) 1 (2%) 

Hemangiosarcoma 4 (8%) 4 (8%) 1 (2%) 10 (20%) 

I 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 
Terminal sacrifice 43 
Moribund 3 
Dead 4 
Missing 

50 
36 
6 
7 
1 

50 50 
29 35 
12 9 
9 6 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 
Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 
Total animals with malignant neoplasms 

Total primary neoplasms 

Total benign neoplasms 

Total malignant neoplasms 

Total secondary neoplasms 

40 
56 
23 
29 
25 
27 
1 
1 

30 
46 
20 
26 
16 
20 
2 
4 

35 
59 
17 
22 
28 
37 
3 
4 
1 

36 
59 
18 
21 
27 
38 
10 
16 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumod invasive into an adjacent organ 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF p-CHLOROANILINE HYDROCHLORIDE: VEHICLE CONTROL 

1 2 8 5 4 6 6 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5  

CARCASS 
ID 

In&&mlarga - 
I n t e s t i ~  large. cecum 
IntAstine large, colon 
Inhstina la+ rectum 
~ n t n r t i w  s m a d  
Intestine small, duodenum 
Inhstine imall ileum 
Intartine small: jejunum 

Adenocarcinoma 
Lymphoma malignant histiocytic 
Lvmphoma malignant lymphocytic 
Pijyer's patch, lymphoma malignant 

Hamangiosareoma 
Hepatocellular carcinoma 
Hepatocallular carcinoma, multiple 
Hepatoeellular adenoma 
Hqatoeellular adenoma, multiple 
Igmphoma malignant histiocytic 
l ~ m p h o m a  malignant mixed 

Lymphoma malignant histiocytic 

Lymphoma malignant hictioeytic 
Lymphoma malignant mixed 

inired 
Liver 

Mewntery 

Pancreas 

Saliva glands 
S t o m a 3  
Stomach forestomach 

Papilloma squamous 
Stomach. glandular 
Tooth 

Heart 

Admnal gland 
Aamnal gland cortex 

Admnal gland, medulla 

Islela. pancreatic 
Pamthyroid gland 
Pituitary land 
Thyroid gknd 

Lymphoma ;alignant histiocytic 
Lymphoma malignant mixed 

Lymphoma malignant histiocytic 

Lymphoma mali an t  histiocytic 
Follicular cell. agnorna  

No ne 

Epididymis 
Preputial gland 
PRWtatE 
Seminal vesicle 
Te3tes 

Interstitial cell, adenoma 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 4 3 3 3 3 3 3 3 3  
2 4 1 4 1 5 2 4 5 5 6 6 8 8 0 3 0 1 2 2 3 3 4 5 7  
2 4 2 5 1 1 1 1 2 5 1 2 3 2 2 2 5 5 3 4 1 4 3 4 4  

~ ~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
A M A + A + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
M A + + + + + + + + + + + + + + + + + + + + + + t  
. . . . . . . . . . . . . . . . . . . . . . . . .  
M A A + + + + + + + + + + + + + + + + + + + t + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ A A + + + + + + + + + + + t + + + + + t + + t +  
A A A + + + + + + + + + + + + + + + + + + + t + t  
A A A + + + + + + + + + + + + + + + + + + + + + +  

X 

+ + + + t  

X 
X 

t A + t +  

X 
X 

X 
. . . . . . . . . . . . . . . . . . . .  

X 
X 

x x  

+ 
X 

X 
. . . . . . . . . . . . . . . . . . . .  

+ + + t + + + + + + + + + + + + + t + + + + t + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + t + + + + + + + + t + + + t + + + t + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + M + + + + + + + + + + + t + t +  + + + + + + + + + M + + + + + + + + + + t + + + +  
X 
f + + + + + + + + M + + + + + + + + + + + + + + + ~  X 
h 
. . . . . . . . . . . . . . . . . . . . . . . . .  
M + + + + + + M + + + + + + M + + + M + + + t + +  
M M + + + + + + + M + + + + + + + t + t M M + M +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

I I 

. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + + + + + M t  + +  + + +  + +  + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+: Tissue examined microscopically 
: Not examined -.. Present but not examined microscopically 
II Insufficient tissue 

M: Missing 
A: Autolysis precludes examination 
X Incidence of listed morphology 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

3 3 3 3 3 3 1 3  3 3 3 3 Y 3 4 4 4 3 Y 3 3 3 3 3 3 3 
8 9 9 1 1  2 4 5 6 7 8 9 9 0 0 0 1 3  3 6 7 7 8 8 9 
1 2 4 3 4 5 2 3 4 3 5 1 3 1 3 4 1 3 5 5 2 5 3 4 5  

.._ 
STUDY 

TOTAL. 
TISSUES 
TUMORS 

CARCASS 
ID 

EYO ha s 
cdLia%er  

Lymphoma malignant histiocytic 
Intestine l a r p  
Intestine h r p  cwum 
Intestinr L r& wlon 

Inteatine small, ileum 
Intestine small jejunum 

Adenocarcinima 
Lymphoma malignant histiocytic 
Lymphoma mdlgnant lymphocytic 
Peyer's patch. lymphoma malignant 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma multiple 
Lymphoma malignant hi'stiocytic 
Lymphoma malignant mixed 

Lymphoma malignant histiocytic 

Lymphoma malignant histiocytic 
L mphoma malignant mixed 

muad  
L,ivrr 

Mesentery 

Pancreas 

S,alfva glands 
S t o m a x  
Stomach, forestomach 

Papilloma squamous 
Sml;omach. glandular 
Tooth 

7.:- 
Heart 

E- 
Adrenal gland 
Adrenal gland. cortex 

Adrenal gland, medulla 

Islets, pancreatic 
Parathymid gland 
Pituitary land 
Thyroid g&nd 

Lymphoma malignant histiocytic 
Lymphoma malignant mixed 

Lymphoma malignant histiocytic 

Lymphoma mali ant  histiocytic 
Follicular cell, a g n o m a  

None 
(:W 

<- 
E:pididymis 
Preputial gland 
Prostate 
Eiaminal vesicle 
Tastes 

Interstitial cell, adenoma 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + + + + + + M + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

X X X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + t + + + + + + + + + + t + + + + + + + t + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + + + + + + + + + + + + + + t + + + + t + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

50 
45 

1 
49 
48 
48 
46 
48 
48 
47 
47 
1 
1 
1 

2 
50 

2 
2 
1 
7 
2 
3 
1 
1 
1 

49 
1 
1 

50 
50 
49 
2 

50 
50 
- 

50 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
M M + + + M M M + + M M + I t + + + M + + M + + +  
M M + + + + + M + + + + + + + + + + i U + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X x x  X 

49 
49 

1 
1 

49 
1 

49 
36 
40 
50 
1 
4 

~~ ~~ 

+ + + + + + M + + + + + + + + + + + + + + + + + +  + + 
+ + + + + + M + + + + + + + + + + + + + + + + + +  

+ + + + + + M + + + + + + + + + + + + + + + + + +  
+ + + + +  + + +  

49 
2 

48 
19 
49 
1 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

1 2 8 5 4 6 6 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5  

X 
X X 

X 

~ + + + + t + + + + + + + I  X + + + + + + + + + + + +  

CARCASS 
ID 

HE- 
Blood 
Bone marrow 

L {mphoma malignant histiocytic 
L imphoma malignant mixed 
Fm~oml. hemanlposarcoma 

Med ias t id ,  lymphoma malignant 

Mediastina lym homa malignant mixed 
Pancnratx \ympBoma malignant mixed 
Runal. lym'phoma malignant mlxed 

L {mphoma malignant histiocytic 
L imphoma malignant lymphocytic 
L i m  homa malignant mired 

Hemangmarcoma 
L imphome malignant histiocytic 
L {mphoma malignant lymphocytic 
L imphoma malignant mixed 

H e m a n m r c o m a  
L imphoma malignant histiocytic 
L imphoma malignant lymphocytic 
L {mphoma malignant mixed 

L {mphoma malignant histiocytic 

Lymph node 

hist ioqtx 

Llrnph node. mandibular 

Lvrnpfnaie. mesentenc 

Spieen 

Thymus 

Mammary gland 
Skin 

iribcutaneous tissue. fibroma 
3libcutaneoU tissue, fibrosarcoma 

Boria 

RE- 
B"ain  

L lrlg 
4 ieolarfbronchiolar adenoma 
4 reolarfbronchiolar adenoma, multiple 
4 reolarhmnchiolar carcinoma 
4epatocellular carcinoma, metastatic. 

..vrnphoma malignant histiocytic 

.vmphoma malignant mixed 

ver 

N3'H 
Tiachea 

my- 
E ie 
Haidenan gland 

4den0111a 
,vmphoma malignant histiocytic 

m- 
Ktdnev 

'Lymphoma malignant histiocytic 
'Lvmphoma malignant mixed 

Unnary bladder 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 4 3 3 3 3 3 3 3 3  
2 4 1 4 7 5 2 4 5 5 6 6 6 8 0 3 0 1 2 2 3 3 4 5 7  
2 4 2 5 1 1 1 1 2 5 1 2 3 2 2 2 5 5 3 4 1 4 3 4 4  

I + + I 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 

X X 

+ + + + + + + + + + + + I  + + + + + + + + + + + +  
X 

X 

X 
+ M M + M M M + M M M M + M + M M M + M M + M ~ +  

X 
X X 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X X 

X X 
+ M + M + + + t M M M + + + + + M + + M + M + + +  

X 

X 

M M M M M M M M M M M M M M M M M M M M M M M M M  
+ + + + + + + + + + + + I  + + + + + + + + + + + +  

x x x  

/ + e  + + + + t. + + + I  + + + + + + + + +  + +  + + + I  
I + +  t + t + t- + + +  + +  + + + + + + + + + + + + + ~  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

il X 
X 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

+ 
+ + + + + + t + + + + + + + + t + + t + + t + t +  

X X X X : I  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  l x  
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TABLE CB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE CONTROL 
(Continued) 

.-_ 
STUDY 

CARCASS 
ID 

W 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

TOTAL: 
3 3 3 3 3 3 3 3 3 3 3 3 3 4 I 4 3  3 3 3 3 3 3 3 3 TISSUES 
8 9 9 1 1  2 4 5 6 7 8 9 9 0 0 0 1 3  3 6 7 7 8 8 9 TUMORS 
1 2 4 3 4 5 2 3 4 3 5 1 3 1 3 4 1 3 5 5 2 5 3 4 5  

B load 
&ne mumw 

Lymphoma mdagnant histiocytic 
Lymphoma d q n a n t  mued 
Femoral h.mang100larcoma 

Limph nod. 

hishocytu 
M d u m n a l ,  lymphoma malignant 

E%&%Toma malignant m u d  
&MI, lympbama malignant mued 

Lymphoma mdagnant histiocytic 
Lymphoma mahgnant lymphocytic 
Lym homa m a h p a n t  mued 

LympBnode. memntenc 
Hemangwamma 
Lymphoma malignant hutiocytic 
Lymphoma malzgnant lymphocytic 
Lymphoma mahpnant m u d  

Heman@-ma 
Lymphoma mahgnant hutiocytic 
Lymphoma m a l m n t  lymphocytic 
Lymphoma malignant m u d  

Lymphoma malignant histiocytic 

homa mahg. mued 

Lymph node, d b u l a r  

Splwn 

Thymus 

M a - r g W  
Stin 

%hcutaneonrhssue. fibmma 
Subnrtan~~nr hssue. Abmsareoma 

Bone 

Brain 

L u g  
1UvboIarbmncholar adenoma 
AlwlarfbmnchoIar adenoma multiple 
dvwlarlbmncfuokr camno& 
Hqmtocal l~~lar  amnoma, metaitabc, 

Lymphoma mahgnant hutioeytic 
Lymphoma mahgnant mud 

liwr 

NOW 
Trachea 

Hardenan gland 
Menoma 
Lymphoma mahgaant histiocytic 

2 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
2 
1 

X 1 
+ + + + + + + M + + + + + + + + + + + + + + + + +  49 

2 
X 3 

1 
X 1 

1 
X 1 

X X 3 
+ + + + M M + M + M M + + + M M + + + M M M + + M  22 

1 
2 

X 1 
X X 3 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

X X 3 
3 

X 1 
X 3 

+ + + + + + M +  + + M M +  + + M + M I  + + + + + +  36 
1 

+ + + + + + + M + + + + + + + + + + + + + + + + +  48 

M M M M M M M M M M M M M M M M M M M M M M M M M  . . . . . . . . . . . . . . . . . . . . . . . . .  49 
X X X 3 

X X X 6 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
X X x 4  

X 1 
X X 3 

1 
2 
1 . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 

2 . . . . . . . . . . . . . . . . . . . . . . . . .  50 
X X 5 

2 

Kidney 

IJrinargbLadder 

Lymphoma mdignant histiocytic 
Lymphoma malignant m u d  
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2 
1 
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TABLE C% INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF p-CHLOROANILINE HYDROCHLORIDE: LOW DOSE 

9 6 4 2 9 1 6 6 7 7 ' 1 1 2 2 4 4 4 4 4 4 5 5 5 5 5  

Intiistine large 

CARCASS 
ID 

+ + + + +  
A A A A A  + + + + +  + 

L 2 2 2 2 3 2 2 a a 2 2 2 2 2 2 2 1 a 3 2 2 a 2 a  
2 5 8 7 1 0 4 9 3 5 7 7 3 2 2 4 6 8 9 0 1 3 5 5 6  
1 2 5 3 3 4 1 4 2 3 1 4 4 5 2 5 1 2 1 1 1 1 1 4 5  

I + + + A A  I 

H'smanposarcoma 
Ths mus 

Ma nmary gland 
SL 3 

:hibcutaneous t isue.  fibroma 
Subcutaneous tlssue. fibrosarcoma 
tjiibcutaneous t i sue ,  melanoma 

inalignant 

7 
Brain 

Lurg 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
l<epatocellular camnoma. metastatic. 

Melanoma malignant, metastatic, shn 
liver 

NOS0 
Trachea 

6 Adenoma 

U K n A R Y  
Kidney 
Unnary bladder 

A + M A A  + + + + +  
A + A A A  
+ + + A A  
+ + I A A  
+ + M A A  

+ 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 

X 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
X x x  x x  X X 

X X X x x  
X 

X 
+ + + A A  + + + + +  + + + + +  
+ + + + +  + + + + +  + + + + +  

+ + + A A  + + + + +  + + + + +  
+ + + + +  + + + + +  + + + + +  

+ + + + +  I 
+ + + + +  + + + + +  
+ + I  + +  
M + + A A  
M + + + +  
+ + + + M  + + + + +  

X 

+ + + + +  + + 
+ + + + M  + + + + + +  

+ + + A A  + + + + +  + + + + + +  + + + + +  + 
X 

M M M + M  + + + + + +  

+ + + +  + 
+ + +  

a 
+ + + + A t + + + + + + A + + + + + + + + + + +  

M A M I  M 
X X 

M M M M M  
+ + + + + t +  + + +  + + +  + + + +  

X X 
X 

X 
~~~ ~ ~ 

+ + + + I  + + + + + + +  + + +  

+ + + + +  

+ + + + +  

X 
X + + + + +  + + + + +  

+ + +  
x x x  

M + + + M  

+ + + + +  
+ A + A A  + + +  
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TABLE C2. INDMDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 
(Continued) 

5 
1 
3 
4 
1 
5 

.- 

STUDY 

1 

+ + t + + + + +  + + + +  + + 28 

-- 
-- 

5 

I- 

CARCASS 
ID 

+ 
X 

& & k E r  
Intestine large 
Intestine lags, cacum 
Inteshne large. colon 

Intestine larga rectum 
Intestine small’ 
Inteshne small, duodenum 
Intestine small, ileum 
Intestine small. ejunnm 

Liver 

Cholangmcamnoma, metastatic. liver 

Peyer’s patch, lymphoma malignant 

Cholanpwarnnoma 
Hemanposarcoma 
Hemanplosamma multiple 
Hepatocellular cadinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Lymphoma malignant hutiocytic 

lymphocytic 

Pancreru 
Saliva glands 
S t o m a x  
Stomach forestomach 
Stomach: glandular 
Tooth 

7 

10 
4 
1 

1 
1 
5 
5 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

2 2 2 3 2 2 2 2 Y 2 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 
? 8 9 0 1 2 3 5 6 6 0 0 1 4 6 8 8 9 1 2 3 4 4 7 9  
2 3 3 3 5 4 3 5 3 4 2 5 2 3 2 1 4 2 4 3 5 2 4 5 5  

X x x  x x  
X x x  

l 5  
1 5  

Kidney 
IJrinary bladder 

2 

I i  I 
1 1- 

I i i  Adrenal gland 
Adrenal gland, cortex 
Adrenal gland medulla 
Islets pancna’tic 
Parahyroid gland 
I’ituitary land 
Th midgkand 

dlcell. adenoma 

None 

Epididymis 
1’9111s 
I’reputial gland 
Prostate 
Seminal vesicle 
Testes 

Hone marrow 
Lymph node 
I,ym h node mandibular 

Lymph node, mesentenc 

Spleen 

Thymus 

Me~anoma*mahgnant. metastatic, d u n  

Lymphoma malignant lymphocytic 

Hemanposarcoma 

S h n  
Subcutaneous tissue. hbmma 
Subcutaneous tissue fibrosarcoma 
Subcutaneous tissue: melanoma 

malignant 

M 
Done 

13rain 

Lung 

M 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar camnoma 
Hepatocellular camnoma. metastatic, 

Melanoma malignant, metastatic, skin 
liver 

Nose 
Trachea 

Hardenan gland 
Adenoma 

+ 

t +  + +  + + +  + t + + 
t +  + t + t  + + + 

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

I +  + + + +  + 
X 

+ + + +  
X X 

X 

I 26 
1 

19 
2 

47 
2 

+ 
X 

+ 
X 

+ 
X 

+ 
t + + 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF p-CHLOROANILINE HYDROCHLORIDE: MID DOSE 

CARCASS 
ID 

6 1 4 3 4 6 4 4 6 6 6 6 6 6 7 7 9 9 1 1 4 4 4 4 4  

1 1 1 1 1 1 1 1 1 2 1 1 1 2 1 1 1 2 1 1 1 1 1 1 1  
1 9 2 7 5 2 4 1 2 0 3 6 7 0 8 9 3 0 7 7 8 1 2 3 6  
2 1 2 1 1 5 4 4 4 5 2 4 4 4 4 3 3 2 2 5 1 5 1 1 5  

& k E r  

Intestme large 
Intestina large, cecum 
Intsstine l a r p ,  colon 
Intestina larga rectum 
Intestine smali 
Intestine small, duodenum 

Intestine small, ileum 
Intestine small, jejunum 

Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 
Peyer's patch, lymphoma malignant 

He inannosarcoma 
Hepatocellular carnnoma 
Heyiatocellular carnnoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Heyiatocholanaocarcinoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 

Lyuphoma malignant lymphocytic 

lymphocytic 
Liver 

Pancreas 

Saliva glands 
S t o m a 3  
Stomach formstomach 
Stomach' glandular 

Tooth 
Lynphbma malignant lymphocytic 

I 

Heart 
Lymphoma malignant lymphocytic 
Epicardium, sarcoma 

Adrenal gland 
Adrenal gland, cortex 

Adm nal gland, medulla 

Islets, pancreatic 
Para1,hyruid gland 
Pituitary gland 

Thk mid gland 

m- 

Lymphoma malignant lymphocytic 

Lveiphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 

Lhophoma malignant lymphocytic 

None 

Epididymis 

P e n !  
P r e p h a l  gland 
Prostate 

Seniinal vesicle 
Testc s 

rn- 
Bloocl 

Bone marrow 

Lympfnode 

Lvrophoma malignant lymphocytic 

Lvrnphoma malignant lymphocytic 

Lvriphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 

L y n  homa malignant lymphocytic 

Lymphoma malignant histiocytic 
Mecliastinal. lvmohoma mahanant 

t + + + + + +  + '  
x x  X 

M M M + M M M  + + + +  + +  t + 
+ + + + + + + t + + + + + + + + A + t + + + + + +  

X X 

X x x  X 
M M M + + M +  

X 
X 

lym hocytic- 
R e r a t  lymphoma malignant lymphocytic 

Lyn homa malignant lymphocytic 

Lymphoma' malignant lymphocytic 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 
Saxoma, metastatic. uncertain pnmary 

Lymph node, mandibular 

LymliRnode mesentenc 

Spleen 

Thymus 

(118 

+ + + + M + +  
A A A + A t +  

X 
+ + + + + t +  
+ A A + A + +  + + + + + + +  
+ A A  + t + +  + + + + + + +  + t 
+ + A + + + +  

X 
+ A A M M + +  
+ A + + + + +  + + 

X 
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

x x  X x x x  
X X X x x  X 

x x  
X 

+ + + + + + +  
+ + + + + + +  + + + + + + +  + + + + + + +  + + + + + + +  

X + + + + + + +  

X 

X 

+ + + + + + +  
X x 

~~~~~ ~ 

+ + + + + + +  + + + + + + +  
+ + + + + + +  
+ + + M + + +  
M M M M + M M  
I + M + + + M  

X + + + + + + +  
X 

x x  
X 

+ + + + + + +  
X 

+ + + + + + +  
X 

+ t  + 

+ + 

+ + 
X 

+ + + t + + +  
X I + + + + + + +  + + + +  + t  

x x  
X 

t +  
X + + I  
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'TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: MID DOSE 
(Continued) 

- 

STUDY 

TOTAL 
TISSUES 
TUMORS 

CARCASS 
ID 

-- 
8 
1 
1 

.- 

, % & ! r  
Lymphoma malignant lymphocytic 

.~ 
2 
1 
7 
1 

1 
za 

'ntestine large 
ntestine large, cecum 

Intestme larw.  colon 
Intestine la& rectum 
Intestine small' 
Intestine small duodenum 

Intestine small. ileum 
Lymphoma m'alignant lymphocytic 

:Intestine la&' rectum 
:Intestine small' 
Intestine small duodenum 

Lymphoma m'alignant lymphocytic 
Intestine small. ileum 
[nteshne small jejunum 

Lymphoma m'alignant lymphocytic 
Peyer's patch, lymphoma malignant 

Hemaneosarcoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma. multiple 
Hepatocellular adenoma 
Hepatocellular adenoma. multiple 
Hepatocholaneocarcinoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 

lymphocytic 
Liver 

Pancreas 

%hahex glands 

Stomach, forestomach 
Stomach, glandular 

Tooth 
Lymphoma malignant lymphocytic - 
Lymphoma malignant lymphocytic 
Epicardium, sarcoma 

Adrenal gland 
Adrenal gland cortex 

Adrenal gland medulla 

Islets. pancreatic 
E'arathymid gland 
Pituitary gland 

Thymid gland 

r- 

Lymphoma &alignant lymphocytic 

Lymphoma &alignant lymphocytic 

Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 

None 

r 
Lymphoma malignant lymphocytic 

I'enis 
Preputial gland 
Prostate 

Seminal vesicle 
Testes 

1- 
nlood 

130110 marrow 

Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 

Lym homa malignant lymphocytic 

Lymphoma malignant histiocytic 
Mediastinal. lymphoma malignant 

Rena! lymphoma malig. lymphocytic 

Lym homa malignant lymphocytic 

Lymphoma malignant lymphocytic 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 
Sarcoma, metastatic, uncertain pnmary 

1,ympt node 

lym hocytic 

Lymph node, mandibular 

~ y m p t n o d e .  mesentenc 

ipleen 

Thymus 

site 

1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1  1 1 1  1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 2 4 6 6 9 9 9 0 0 1 3 4 5 8 8 3 5 5 6 7 4 4 5 8  
1 3 1 1 3 2 4 5 1 3 3 5 3 5 2 5 4 2 4 2 3 2 5 3 3  

+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 

X X x x  x x  

+ + +  

+ +  + + +  + + +  + + t 

+ 
+ +  + 
X X 

+ +  + + +  + + t 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

- I- 
6 
4 
1 
7 
4 
7 
5 
9 
6 
1 
3 
8 
1 

2 
50 

1 
8 
3 
8 
2 
1 
1 
3 
7 
1 
7 
7 
7 
7 
1 
7 

7 
7 
2 
7 
1 
6 
1 
4 
1 
7 
1 

2 
1 
9 
3 

20 
5 

49 
1 
5 
3 
1 
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TABLE CB. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: MID DOSE 

STUDY 

CARCASS 
ID 

Mammary gland 
Skn 

Pa illomasquamous 
S u k  tanwlu tisaua fibroma 
Subcubneoun tilsw 'fibrosarcoma 
Subcutaneous tiuue: fibrosarcoma. 

SubcutaDeow tissue lymphoma 

S u h c n t a ~ ~ u s  tissue. aarcoma 

rn- 
Bona 

m- 
Brala 

multiple 

malignant lymph&ic 

Lymphoma malignant lymphocytic 

Lung 
Alveolarbronchiolar adanoma 
Alveolar/bronchiolar carcinoma 
Hepatocellnlar carcinoma, matastatic. 

Hspatocholangiocarcinoma, metastatic, 

Lymphoma malignant lymphocytic 
Mediaatinum, sarcoma 

Lymphoma malignant lymphocytic 

liver 

liver 

None 

Trachea 

Eyci 
Harderien gland 

Adenoma 
Lyraphoma malignant lymphocytic 

Kidney 

Unna  bladder 
Lymphoma malignant lymphocytic 

Lym$oma malignant lymphocytic 

(Continued) 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1  
5 6 6 7 7 7 8 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0  
6 1 4 3 4 6 4 4 6 6 6 6 6 6 7 7 9 9 1 1 4 4 4 4 4  

1 1 1 1 1 1 1 1 1 2 1 1 1 2 1 1 1 2 1 1 1 1 1 ~ ~  
1 9 2 7 5 2 4 1 2 0 3 6 7 0 8 9 3 0 7 7 8 1 2 3 6  
2 1 2 1 1 5 4 4 4 5 2 4 4 4 4 3 3 2 2 5 1 5 1 1 5  

M M M M M M M  + + + + + + +  + + + + + +  + + + + M  

x x  x x x x  X X 

X 

X 
X 

+ + + + + + + + +  + + + + +  

+ + + + + + +  
X 

+ + + + + + + + +  
X X 

X 
x x  

X x x  
X + + + + + + +  

X + + + + + + +  

+ +  
X 

X 

M + + + + i M  
X 

+ 

+ + + + + + +  + +  x x  + + + + + + +  
X 

+ + 
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‘FABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: MID DOSE 
(Continued) 

STUDY 

CARCASS 
ID 

Mammary gland 
Skin 

Pa  illoma quamous  
Su&taneoua tisaue fibroma 
Subcutaneona tissue’ fibrosarcoma 
Subcutamu8 tiuue: fibrosarcoma. 

Subcutamma tiasue, lymphoma 

Subcutaaaoua tissue, sarcoma 

multipb 

ma l ipwi t  lymphocytic 

ETICGSPSTEM 
Bone 

Brain 
Lymphoma malignant lymphocytic 

Lung 
Alveolarlbmnchiolar adenoma 
Alvaolar/bmnchiolar carcinoma 
Hepatoeellular carcinoma, metastatic, 

Hepatocholanpiocarcinoma, metastatic, 

Lymphoma malignant lymphocytic 
Mediastinum, sarcoma 

Lymphoma malignant lymphocytic 

liver 

liver 

Nose 

Trachea 

Eye 
Harderian gland 

Adenoma 
Lymphoma malignant lymphocytic 

Kidney 

‘Urina bladder 
Lymphoma malignant lymphocytic 

L y m s o m a  malignant lymphocytic 

1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1 1  1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
1 2 4 6 6 9 9 9 0 0 1 3 4 5 8 8 3 5 5 6 7 4 4 5 8  
1 3 1 1 3 2 4 5 1 3 3 5 3 5 2 5 4 2 4 2 3 2 5 3 3  

+ t  + + + + +  + + + + 
X X X 
X X 

X 

t + + + + + +  + t + + +  

t 

X 

+ + 
X X 

+ 
X 

+ 
+ + 
X 

26 

7 
1 

14 
5 
3 

2 

1 
2 
1 
7 
1 
7 

1 
7 
1 
1 

10 
2 
11 
2 
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TABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE TWO-YEAR GAVAGE 
STUDY OF p-CHLOROANILINE HYDROCHLORIDE: HIGH DOSE 

--- 
ON 

STUDY 

CARCASS 
ID 

a- 
% t i X r  
Intestine large 
Intestine l a m  cecum 
Intestine l a m :  colon 
Intertine large, n c t u m  
Intestine small 
Intestine small. duodenum 
Intestine small ileum 
Intentine small’ ‘ejunum 

Liver 

Peyer’s patch:iymphoma malignant 

Hemangiosarcoma 
Hemangiosarcoma, multiple 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Lymphoma malignant mixed 

Hemangiosarcoma 
Lymphoma malignant mixed 

Lymp oma malignant mixed 

Lliixd 

Panweas 

Saliva?: glands 

Stoniach 
Stoniach forestomach 
Stoniach: glandular 

Adenocarcinoma 
Seia~n, fibrosarcoma, metastatic, skin 

Tooth 

m- 
Heart 

Fibrosarcoma. metaatatic. multiple. skin 

Adrenal gland 
Capsule, adenoma 

Adrenal gland cortex 
Fibrosarcomh. metastatic, skin 

Adrenal gland, medulla 
Islets pancreatic 
Parathyroid gland 
Pitu:.tary land 
Thylaid kana 

CE- 

CE 
E ididymis 

Preputial gland 
Praa*:ate 
Seminal vesicle 

ReM- 
Lymphoma malignant mixed 
Femoral. hemangiosarcoma 

Lyrn hama malignant mued 
L u d a r ,  lym homa malignant mixed 
Mediastinal ?ym homa malignant mixed 
Pancreatic, iympgoma malignant mixed 
Renal, lymphoma malignant mixed 

Follicufk cell, adenoma 

None 

eyinphoma malignant mixed 

Teste8 

Born marrow 

Lymph node 

LvrnDh node. mandibular 
Ljinphoma mali ut  mued 
Mast cell tumor Eign 
Meliastinal. fibrosarcoma. metastatic, 

3kin 
L mph node. mesenteric 

Spleen 

Thymus 

Lymphoma malignant mued 

Heinang~osarcoma 
Lymphoma malignant mued 

Lymphoma malignant mixed 

b 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1  
5 7 7 7 8 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0  
7 0 2 5 8 0 6 7 8 8 8 9 9 4 4 4 4 4 4 4 4 4 4 5 5  

~ 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0  
1 1 8 7 5 6 6 3 8 9 0 9 8 9 6 3 3 4 4 5 6 7 0 2 2  
3 2 1 4 3 5 3 1 5 5 3 4 3 2 4 4 5 3 5 2 1 3 5 1 4  

+ + M + + + + + + + + + + + + + + + + + + + + + +  
A + A + + A + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
A + A M A A + + + + + + + + + + + + + + + + + + t  
+ + + A A + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + A A + A + + + + + + + + + + + + + + + + + + +  
A + A A A A + + + t + + + + + + + + + + + + + + +  
A + A A + A + + + + + + + + + + + + + + + + + + +  
+ + A A + A + + + + + + + + + + + + + + + + + + +  

X . . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

x x  X 

x x  
x x  x x  x x x  X 

X 

+ + A + + + + + + + + + + + + + + t + + + + + + +  
X 

+ + + + + + + + + M + + + + + + + + + + + + + + +  
+ + A + + A + + + + + + + + + + t + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X . . . . . . . . . . . . . . . . . . . . . . . . .  

t + A + + + + + + + + + + + + + + + + + + + + + +  
M M M + + + + + + M + M M + + + + + + + + + M + +  
+ + + + + + M + + M + + + + + + + + I  + I  + + + +  
+ M M + + + + + + + + + + + + + + + + + + + + + +  

X 

+ + + + + + + + + + + + + + + + + + + + M + + + +  

+ + +  . . . . . . . . . . . . . . . . . . . . . . . . .  + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+ + + + + + + + + M + + + + + + + + + + + + + + +  

+ + + + + + + + + M + + + + + + + + + + t + + + +  

X 

X 
+ M M M M M M + M + + M + M M M M + + M M M M M  

4 + + + + + + + + + + + + + + + + + + + + + + + +  

~ + + + + + M M M M M M M M M M + M I M M + + + +  

X X X 
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'FABLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Y 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 ~ F T y p ~ T .  

+ + + + + + + + t. t + + + + + + + + + t t + + + + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + + + + + t + + + + t + + t + + + + + + + +  
+ + + + + + M + M + + + + + + + M + t + M + + i u +  + + + + + + M + + + M I + + + + M M + t + + t + + . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X X 

Lymphoma mali ant mixed 
Mast cell tumor g n i g n  
Mediastinal, fibrosarcoma, metastatic, 

50 
x 2  

50 
1 
50 
49 
38 
41 
48 
3 

skin 
Lymph node, mesenteric 

Spleen 

Thymus 

Lymphoma malignant mixed 

Hemangiosarcoma 
Lymphoma malignant mixed 

Lymphoma malignant mixed 

~~ ~ ~~ ~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ M + t + + + + + + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X X X X X 

X 
X X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

X 
x 

. . . . . . . . . . . . . . . . . . . . . . . . .  

CARCASS o o o o o i o o o 1 o o o o 0 o u o 0 0 0 0 0 u 1 Ti&% 
ID 2 4 4 7 8 0 1 7  9 0 1 2  3 3 5 8 1 2  4 5 5 6 7 9 0 TUMORS 

5 1 2 5 2 2 5 2 1 4 1 2 2 3 4 4 4 3 4 1 5 2 1 3 1  

Intestine large 
[ntestine large, cecum 
Intestine large. colon 
Intestine large, ractum 
[ntestine small 
Intestine small, duodenum 
[ntestine small, ileum 
[ntestine small, 'ejunum 

Liver 

Peyer's patch, lymphoma malignant 

Hemangiosarcoma 
Hemangiosarcoma, multiple 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Lymphoma malignant mixed 

Hemangiosarcoma 
Lymphoma malignant mixed 

L y m z o m a  malignant mixed 

mixed 

Pancreas 

Saliva glands 

Stomach 
Stomach, forestomach 
Stomach, glandular 

Adenocarcinoma 
Serosa, fibrosarcoma, metastatic, skin 

Tooth 

Heart 
EM 

Fibrosarcoma. metastatic, multiple, skin 

Adrenal gland 
Capsule, adenoma 

Adrenal gland, cortex 
Fibrosarcoma metastatic, skin 

Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary land 
Thyroid &nd 

Follicukar cell, adenoma 

None 
L ~6lSnYmm 

Epididymis 

Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Bone marrow 

Lymph nohe 

Lymphoma malignant mixed 

Lymphoma malignant mixed 
Femoral hemansosarcoma 

Lym homa malignant mixed 
Lumgar lym homa malignant mixed 
Mediastinal yym homa mahg. mixed 
Pancreatic, [ympfoma malignant mixed 
Renal, lymphoma malignant mixed 

Lvmoh node. mandibular 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ t + + t + + + t + + + + t + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + t + + + t + + + t + + t + t + + t + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

49 
47 
50 
44 
48 
50 
A7 
45 
46 
47 

1 
50 
3 
3 
13 
4 
3 
1 
1 

49 
1 
1 

49 
1 

48 
48 
48 
1 
1 
50 
- 
50 
1 

I I- 
+ + + + + + + + f t + + + + + + + + + + + + t + +  

X + + 
+ + + + + + + + c + + + + + + t + + + + t + + t +  + 
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + t + + + + f + + + + t + + + + + + + + + t +  

X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 
X 

X X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

M M M + + M M + M M + M M M M + M M + + + + M M +  

+ + + + + + t + + + t + + + + + t + + + + + + + +  
X X 

+ t M + I  + + + t + + + + M + M M + + + t M M + I  

X 

X X 
X 

49 
1 
5 
50 

3 
50 

50 
1 
2 
49 
1 
1 
1 
1 
1 

49 
2 
1 

1 
17 
1 
49 
5 
2 
27 
1 
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TA4BLE C2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 

. 

STUDY 

CARCASS 
ID 

Manimary gland 
Skin 

Baiosquamous tumor benign 
Sulxutaneous tissue fibroma 
Sulmtaneous tissue: fibrosarcoma 

M~R~CULOSKELETMEM 
Bonci 
Skelutal muscle 

Intercostal. fibrosarcoma. metastatic. 
s h n  

I;IER- 
Bra1 1 

KFSmKiPrUKPSPSFFlh 
Lunp 

A h  Holarbronchiolar adenoma 
Al\ Holarhronchiolar carcinoma 
F brosarcoma, metastatic. multiple. skin 
H0 nansosarcoma metastatic liver 
Hepatocellular carlinoma, meiastatic, 

Lrinphoma malignant mixed 
I I  ier 

N050 
Tracwa  

rn- 
Eysi 
Hatdenan gland 

Adanoma 
Admoma, multiple 

Kidnay 

Urin,wy bladder 
Lsriphoma malignant mued  

(Continued) 
r n : : : ; : : : : o : : : o : : ; : :  1 1 

7 0 2 5 6 0 6 7 8 8 8 9 9 4 4 4 4 4 4 4 4 4 4 5 5  

D 0 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 1 0 0  
1 1 8 7 5 8 6 3 8 9 0 9 8 9 6 3 3 4 4 5 6 7 0 2 2  
3 2 1 4 3 5 3 1 5 5 3 4 3 2 4 4 5 3 5 2 1 3 5 1 4  

M M M M M M M M M M M M M M M M M M M M M M M M M  
. . . . . . . . . . . . . . . . . . . . . . . . .  

X 
X x x  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ + + 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

X 
X 

X 

X X x x  x x  X 
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + M + + + + + + + t + + + + + t + + + + + + + t  

M t + t + + + + + + M M + + + + + + M M + + + M +  

X 
X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
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T.4BLE c2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE 
(Continued) 

.._ 
STUDY 

CARCASS 
ID 

W 
Mnmmary gland 
Skin 

Ilawsquamous tumor benigr~ 
Embcutaneous tissue fibmma 
Elubcutaneous tissue: fibrosarcoma 

M- 
Rc ne 
Skeletal m u d s  

Intarcostal, fibrosarcoma, metastatic. 
&II 

Imlg 
Alveolarhronchiolar adenoma 
Alvaolarhmnchiolar camnoma 
I'ibrosareoma, metastatic, multiple. s k ~ n  
I-Iernangossrcoma metastatic liver 
~iepatoce~~ular caAinoma. msthstatic, 

.ymphoma malignant m u d  
livar 

N m  
'I'iachea 

- 7 
ffardenan gland 

Adenoma 
Adenoma, multiple 

71- 
Kidnay 

I liinary bladder 
Lymphoma malignant mued 

1 1 1 1 1  1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1  1 1  

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
o o o o o o o o o o o o o o o o o o o o o n o o n  

~ o o o o 1 o o o 1 o o o o o a o u o o o u o o l  
2 4 4 7 ~ 0 1 7 9 0 1 2 3 3 5 ~ 1 2 4 5 5 6 7 9 0  
5 1 2 5 2 2 5 2 1 4 1 2 2 3 4 4 4 3 4 1 5 2 1 3 1  

M M M M M M M M M M M ~ M M M M M M M M M M ~ ~ M  . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  x x  
X X 

X X 
X . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + 
x x  

+ + c + + + + + + + M + M + + + + + + M + t + M +  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  X X 

POTAL: 
ISSUES 
UMORS 

49 
1 
1 
4 

50 
3 

1 

50 

50 
4 
3 
1 
1 

9 
1 

50 
49 

3 
40 
4 
1 

49 
2 

50 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
p-CHLOROANILINE HYDROCHLORIDE 

I. 

Vehicle Control 3 mg/kg 10 mgflre 30 mg/kg 
_I” 

Harderian Gland: Adenoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 11.6% 
Terminal Rates (c) 5/43 (12%) 
Day of First Observation 728 
Life Table Tests (d) P=0.279 
Logistic Regression Tests (d) P=0.310 
Cochran-Armitage Trend Test (d) P = 0.350 
Fisher Exact Test (d) 

Uver: Hepatocellular Adenoma 
Overall Rates (a) 9/50 (18%) 
Adjusted Rates (b) 20.9% 
Terminal Rates (c) 9/43 (21%) 
Day of First Observation 728 
Life Table Tests (d) P = 0.044N 
Logistic Regression Tests (d) P=0.020N 
Cochran-Armitage Trend Test (d) P=0.019N 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 7.0% 
Terminal Rates (c) 3/43 (7%) 
Day of First Observation 728 
Life Table Tests (d) P < 0.001 
Logistic Regression Tests (d) P<O.OOl 
Cochran-Armitage Trend Test (d) P < 0.00 1 
Fisher Exact Test (d) 

Liver: HeDa toceh la r  Adenoma or Carcinoma 
OveraliRates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Lung: Alveolar/Bronchiolar Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

11/50 (22%) 
25.6% 
11/43 (26%) 
728 
P = 0.08 1 
P=0.117 
P=0.115 

5/50 (10%) 
11.6% 
5/43 (12%) 
728 

3/50 (6%) 
7.0% 
3/43 (7%) 
728 

2/49 (4%) 
5.6% 
2/36 (6%) 
728 
P = 0.293N 
P = 0.293N 

P=0.226N 

15/49 (31%) 
36.0% 
10/36 (28%) 
432 
P=0.060 
P = 0.097 

P = 0.109 

7/49 (14%) 
16.3% 
2/36 (6%) 
637 
P=0.127 
P=0.149 

P=0.151 

21/49 (43%) 
46.4% 
12/36 (33%) 
43 2 
P= 0.012 
P = 0.019 

P=0.022 

(e) 4/10 (40%) 

(e) 1/10 (10%) 

1/50 (2%) 
3.4% 
1/29 (3%) 
728 
P=0.214N 
P=0.214N 

P=0.102N 

10/50 (20%) 
29.1% 
7/29 (24%) 
443 
P = 0.205 
P = 0.478 

P = 0.500 

11/50 (22%) 
25.9% 
1/29 (3%) 
514 
P=O.Oll 
P = 0.034 

P = 0.020 

20/50 (40%) 
47.0% 
8/29 (28%) 
443 
P = 0.007 
P = 0.045 

P = 0.041 

(e) 5/14 (36%) 

(e) 3/14 (21%) 

5/50 (10%) 
13.8% 
4/35 (11%) 
690 
P = 0.502 
P=0.576 

P = 0.630 

4/50 (8%) 
11.4% 
4/35 (11%) 
728 
P = 0.209N 
P = 0.209N 

P=0.117N 

17/50 (34%) 
37.9% 
8/35 (23%) 
490 
P<O.OOl 
P<O.OOl 

P<O.OOl 

21/50 (42%) 
47.1% 
12/35 (34%) 
490 
P = 0.010 
P = 0.027 

P=0.026 

4/50 (8%) 
10.5% 
2/35 (6%) 
682 
P=0.611N 
P = 0.546N 
P = 0.500N 

3/50 (6%) 
8.3% 
2/35 (6%) 
725 
P = 0.566 
P=0.594 
P = 0.661N 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY O F  
pCHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control 3 mg/kg 10 mg/kg 30 mg/kg 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Overall Rates (a) 8/50 (16%) 
Adjusted Rates (b) 18.6% 
Terminal Rates (c) 8/43 (19%) 
Day of First Observation 728 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 7.0% 
Terminal Rates (c) 3/43 (7%) 
Day of First Observation 728 
Life Table Tests (d) P=0.228N 
Logistic Regression Tests (d) P=0.191N 
Cochran-Armitage Trend Test (d) P=0.174N 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 12.8% 
Terminal Rates (c) 3/43 (7%) 
Day of First Observation 502 
Life Table Tests (d) P = 0.496N 
Logistic Regression Tests (d) P=0.428N 
Cochran-Armitage Trend Test (d) P = 0.436N 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibroma or 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Testa (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Fibrosarcoma 
8/50 (16%) 
17.2% 
5/43 (12%) 
502 
P = 0.317N 
P = 0.226N 
P = 0.232N 

Subcutaneous Tissue: Sarcoma or Fibrosarcoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 12.8% 
Terminal Rates (c) 3/43 (7%) 
Day of First Observation 502 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

P = 0.491N 
P = 0.423N 
P = 0.431N 

Subcutaneous Tissue: Fibroma, Sarcoma, o r  Fibrosarcoma 
Overall Rates (a) 8/50 (16%) 
Adjusted Rates (b) 17.2% 
Terminal Rates (c) 5/43 (12%) 
Day of First Observation 502 
Life Table Tests (d) P= 0.316N 
Logistic Regression Tests (d) P=0.225N 
Cochran-Armitage Trend Test (d) P =  0.231N 
Fisher Exact Test (d) 

(e) 5/10 (50%) 

4/49 (8%) 
10.4% 
3/36 (8%) 
667 
P=0.416 
P = 0.465 

P = 0.489 

3/49 (6%) 
8.3% 
3/36 (8%) 
728 
P = 0.317N 
P=0.221N 

P =0.254N 

7/49 (14%) 
18.6% 
6/36 (17%) 
667 
P =0.601 
P=0,507N 

P=0.517N 

3/49 (6%) 
8.3% 
3/36 (8%) 
728 
P=0.317N 
P=0.221N 

P = 0.254N 

7/49 (14%) 
18.6% 
6/36 (17%) 
667 
P=0.601 
P=0.507N 

P = 0.517N 

(e) 7/14 (50%) 

5/50 (10%) 
16.2% 
4/29 (14%) 
674 
P = 0.180 
P = 0.255 

P=0.357 

9/50 (18%) 
21.8% 
2/29 (7%) 
389 
P=O.180 
P = 0.496 

P = 0.288 

13/50 (26%) 
32.5% 
5/29 (17%) 
389 
P = 0.068 
P=0.273 

P = 0.163 

10/50 (20%) 
23.8% 
2/29 (7%) 
389 
P = 0.125 
P = 0.388 

P = 0.207 

14/50 (28%) 
34.1% 
5/29 (17%) 
389 
P=0.046 
P=0.204 

P=0.114 

6/50 (12%) 
15.9% 
4/35 (11%) 
682 
P=0.538N 
P=0.456N 
P=0.387N 

1/50 (2%) 
2.9% 
1/35 (3%) 
728 
P=0.381N 
P=0.381N 

P = 0.309N 

4/50 (8%) 
10.2% 
1/35 (3%) 
682 
P= 0.450N 
P=0.321N 

P = 0.370N 

5/50 (10%) 
12.9% 
2/35 (6%) 
682 
P=0.379N 
P=0.249N 

P=0.277N 

4/50 (8%) 
10.2% 
1/35 (3%) 
682 
P = 0.450N 
P=0.321N 

P=0.370N 

5/50 (10%) 
12.9% 
2/35 (6%) 
682 
P = 0.379N 
P = 0.249N 

P = 0.277N 
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TABLE C3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control 3 mg/kg 10 mg/kg 30 mg/kg 

Thyroid Gland: Follicular Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Circulatory System: Hemangiosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

4/50 (8%) 
9.3% 
4/43 (9%) 
728 

4/50 (8%) 
9.3% 
4/43 (9%) 
728 
P=O.Oll 
P=0.014 
P = 0.014 

Hematopoietic System: Lymphoma, 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Malignant 
10150 (20%) 
21.6% 
7/43 (16%) 
496 
P =0.149N 
P =0.095N 
P = 0.098N 

(e) 0 6  (0%) 

4/49 (8%) 
9.7% 
2/36 (6%) 
479 
P = 0.560 
P=0.639N 

P = 0.63 1 

3/49 (6%) 
7.7% 
1/36 (3%) 
674 
P=0.072N 
P=0.037N 

P =0.039N 

(e) 0/7 (0%) 

1/50 (2%) 
3.4% 
1/29 (3%) 
728 
P=0.315N 
P = 0.3 15N 

P=0.181N 

9/50 (18%) 
23.9% 
4/29 (14%) 
423 
P = 0.443 
P=0.397N 

P=0.500N 

3/48 (6%) 
8.6% 
3/35 (9%) 
728 
P=0.612N 
P = 0.612N 
P=0.523N 

10/50 (20%) 
23.9% 
5/35 (14%) 
399 
P = 0.047 
P=0.083 

P = 0.074 

3/50 (6%) 
8.0% 
2/35 (6%) 
682 
P = 0.074N 
P = 0.034N 

P = 0.036N 

(a) Number of tumor-bearing animals/number of animals examined a t  the site; doses calculated as  p-chloroaniline. 
(bl Kaplan-Meier estimated tumor incidences a t  the end ofthe study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(dl Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic regres- 
sion test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
raLes. A negative trend or lower incidence in a dosed group is indicated by (N). 
( e )  Incomplete sampling of tissues 

p-Chloroaniline Hydrochloride, NTP TR 351 192, 



TABLE C4a. HISTORICAL INCIDENCE OF HEPATOCELLULAR TUMORS IN MALE B6C3F1 MICE (a) 

Study 
Incidence in Controls 

Adenoma Carcinoma Adenoma o r  Carcinoma 

Historical Incidence for  AI1 Water Gavage Vehicle Controls 

Iodinated glycerol (b) 8/50 
Chlorpheniramine maleate (c) 10150 
‘retrakis(hydroxymethy1)phosphonium chloride (c) 8/49 
Malonaldehyde, sodium salt (c) 4/50 
Tetrakis(hydroxymethy1)phosphonium sulfate (c) 9/48 
Methyl carbamate (d) 9/50 
Chlorinated trisodium phosphate (b) 6/50 

TOTAL 
SD (e) 

Range (D 
High 
Low 

541347 (15.6%) 
4.21% 

10150 
4/50 

2/50 
6/50 

10149 
14/50 
10148 
5150 
9/50 

561347 (16.1%) 
8.03% 

14/50 
2150 

10150 
16/50 
17/49 
17/50 
18/48 
14/50 
14150 

1061347 (30.5%) 
5.83% 

18/48 
10150 

Overail Historical Incidence for Untreated Controls 

TOTAL 
SD (e) 

Range (D 
High 
Low 

25912,032 (12.7%) 37912,032 (18.7%) 60912,032 (30.0%) 
7.21% 6.50% 7.59% 

(g )  22/50 
0149 

15/50 
4/50 

(h) 29150 
8/50 

1 a )  Data as of April 29,1987, for studies of at least 104 weeks 
I b) Study performed a t  EG&G Mason Research Institute 
I C )  Study performed a t  Battelle Columbus Laboratories 
id) Study performed a t  Microbiological Associates 
I e) Standard deviation 
I D Range and SD are presented for groups of 35 or more animals. 
(g)  Second highest: 12/50 
I h) Second highest: 20150 
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TABLE C4b. HISTORICAL INCIDENCE OF CIRCULATORY SYSTEM TUMORS IN MALE B6C3F1 MICE (a) 

Study 

Incidence in  Controls 
Hemangioma Hemangiosarcoma Hemangioma or 

Hemangiosarcoma 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 0150 
Clilorpheniramine maleate (c) 1150 
Ti!trakis(hydroxymethyl)phosphonium chloride ic) 0150 
Malonaldehyde, sodium salt (c) 1/50 
Tc!trakis(hydroxymethyl)phosphonium sulfate (c) 0150 
Methyl carbamate (d) 1/50 
Chlorinated trisodium phosphate (b) 1/50 

TOTAL 
SD (e) 

Fhnge (D 
LOW 
High 

41350 (1.1%) 
1.07% 

1/50 
0150 

Overall Historical Incidence for  Untreated Controls 

TOTAL 
SD (e) 

Range (D 
High 
LOW 

26/2,040 (1.3%) 
2.68% 

7/50 
0150 

0150 
0150 
0150 
0150 
4150 
1/50 
2150 

71350 (2.0%) 
3.06% 

4/50 
0150 

7312,040 (3.6%) 
2.46% 

5/49 
0150 

0150 
1/50 
0150 
1/50 
4/50 
2/50 
3/50 

111350 (3.1%) 
3.02% 

4/50 
0150 

98/2,040 (4.8%) 
3.99% 

10150 
0150 

(ti) Data as ofApril 29,1987, for studies of at least 104 weeks 
(bl Study performed a t  EG&G Mason Research Institute 
((:I Study performed a t  Battelle Columbus Laboratories 
((11 Study performed a t  Microbiological Associates 
( e  1 Standard deviation 
(fl Range and SD are presented for groups of 35 or more animals. 
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TABLE C ~ C .  HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN MALE B6C3F1 
MICE (a) 

Incidence in Controls 
Study Lymphoma Lymphoma or Leukemia 

-. 
Historical Incidence for All Water Gavage Vehicle Controls 

lodinated glycerol (b) 10150 
Chlorpheniramine maleate (c) 9/50 
Tetrakis(hydmxymethy1)phosphonium chloride (c) 9/50 
Malonaldehyde, sodium salt (c) 4/50 
'Tetrakis(hydroxymethy1)phosphonium sulfate (c) 2/50 
Methyl carbamate (d) 4/50 
Chlorinated trisodium phosphate (b) 4/50 

10150 
9/50 
9/50 
4/50 
2/50 
4/50 
4/50 

TOTAL 
SD (e) 

Range (0 
High 
Low 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (e) 

Range (D 
High 
Low 

421350 (12.0%) 421350 (12.0%) 
6.43% 6.43% 

10150 
2/50 

10150 
2/50 

24812,040 (12.2%) 25212,040 (12.4%) 
6.83% 6.94% 

16/50 
1150 

16/50 
1/50 

.-_ 
11%) Data as of April 29,1987, for studies of a t  least 104 weeks 
(1,) Study performed at EG&G Mason Research Institute 
IC) Study performed a t  Battelle Columbus Laboratories 
id) Study performed a t  Microbiological Associates 
i&e) Standard deviation 
((13 Range and SD are presented for groups of 35 or more animals. 

195 p-Chloroaniline Hydrochloride, NTP TR 35 1 



TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE 

-. 
Vehicle Control Low Dose Mid Dose High Dose 

Animals initially in study 50 
Animals removed 50 
Animals examined histopathologically 50 

50 50 50 
50 50 50 
49 50 50 

4LJMENTARY SYSTEM 
Gallbladder (45) 

Necrosis, acute, multifocal 
Lumen, crystals, diffuse 
Submucosa, fibrosis, diffuse 

Intestine large, colon (48) 
Inflammation, necrotizing, acute, multifocal 
Parasite metazoan 

Intestine large, rectum (46) 
Parasite metazoan 

Liver (50) 
Amyloid deposition, multifocal 

Angiectasis, multifocal 
Angiectasis, focal 1 (2%) 

Clear cell focus, focal 1 (2%) 
cyst 
Hematopoietic cell proliferation, diffuse 1 (2%) 
Hematopoietic cell proliferation, focal 
Hematopoietic cell proliferation, multifocal 6 (12%) 
Inflammation 
Inflammation, acute, multifocal 
Inflammation, chronic, multifocal 
Inflammation, chronic active, multifocal 
Necrosis, acute, multifocal 
Necrosis, chronic active, focal 1 (2%) 
Necrosis, chronic active, multifocal 
Necrosis, coagulative, focal 
Thrombus, chronic 
Vacuolization cytoplasmic, focal 
Bile duct, hyperplasia, multifocal 
Centrilobular, necrosis, acute, multifocal 1 (2%) 
Centrilobular, vacuolization cytoplasmic, 

Hepatocyte, cytomegaly, diffuse 
Hepatocyte, hyperplasia, focal 
Kupffer cell, pigmentation, hemosiderin 

Inflammation, chronic, multifocal 
Acinus, atrophy, focal 
Acinus, atrophy, multifocal 6 (12%) 

Incisor, dysplasia, multifocal 
Molar, dysplasia 1 (2%) 
Peridontal tissue, foreign body, focal 2 (4%) 

diffuse 4 (8%) 

Pancreas (49) 

Tooth (50) 

Peridontal tissue, foreign body, multifocal 1 (2%) 
Peridontal tissue, inflammation, chronic 

active, focal 3 (6%) 
Peridontal tissue, inflammation, chronic 

active, multifocal 6 (12%) 

(6) 
1 (17%) 
1 (17%) 

(1) 

(49) 

1 (2%) 

4 (8%) 
1 (2%) 

1 (2%) 

1 (2%) 

(4) 
1 (25%) 

1 (25%) 
(7) 

(5) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 
6 (12%) 

2 (4%) 

1 (2%) 
1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 

(7) 

(7) 

(47) 

1 (2%) 

(48) 

3 (6%) 

2 (4%) 

2 (4%) 
3 (6%) 

(50) 

(50) 

2 (4%) 

3 (6%) 

1 (2%) 

1 (2%) 
1 (2%) 

6 (12%) 

2 (4%) 

4 (8%) 

50 (100%) 

1 (2%) 
1 (2%) 
4 (8%) 

1 (2%) 
1 (2%) 

(49) 

(50) 

4 (8%) 

3 (6%) 

C.9RDIOVASCULAR SYSTEM 
Heart (50) 

Coronary artery, inflammation, chronic 
active, focal 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF pCHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

ENDOCRINE SYSTEM 
Adrenal gland 

Capsule, ectopic tissue 
Capsule, hyperplasia, focal 
Capsule, hyperplasia, multifocal 

cyst  
Adrenal gland, cortex 

Hyperplasia, focal 
Hyperplasia, multifocal 
Hypertrophy, focal 
Hypertrophy, multifocal 
Necrosis, acute, focal 
Vacuolization cytoplasmic, focal 

Adrenal gland, medulla 
Hyperplasia, focal 

Parathyroid gland 

Pituitary gland 
cys t  

Pars distalis, cyst 
Pars distalis, cyst, multiple 
Pars distalis, hyperplasia, focal 

Inflammation, chronic active, multifocal 
Follicle, cyst, multiple 
Follicular cell, hyperplasia, focal 

Thyroid gland 

(49) 
2 (4%) 
2 (4%) 

44 (90%) 
(49) 

11 (22%) 

9 (18%) 
5 (10%) 

(49) 

(36) 

(40) 

1 (2%) 

1 (3%) 

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

(7) (50) 

1 (2%) 
4 (57%) 44 (88%) 

(7) (50) 
2 (4%) 
5 (10%) 
1 (2%) 

10 (20%) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Epididymis (49) 

Infiltration cellular, lymphocytic, multifocal 
Inflammation, chronic, multifocal 
Inflammation, chronic active, multifocal 

Concretion, chronic active, multifocal 
Inflammation, chronic active, multifocal 

Penis 

Preputial gland (2) 
Atrophy, diffuse 2 (100%) 
Atrophy, multifocal 
Inflammation, chronic active, diffuse 1 (50%) 
Inflammation, chronic active, multifocal 
Inflammation, suppurative, multifocal 
Duct, dilatation, focal 
Duct, dilatation, multifocal 1 (50%) 

Inflammation, acute, diffuse 
Inflammation, chronic active, multifocal 
Epithelium, hyperplasia, focal 

Testes (49) 
Germinal epithelium, degeneration, chronic, 

Prostate (48) 

multifocal 

(5) 

2 (67%) 

1 (33%) 

(4) 

1 (25%) 

(5 )  

(7) 

(5) 

1 (20%) 

1 (20%) 
2 (40%) 
1 (20%) 
2 (40%) 

(7) 

(7) 

(49) 
2 (4%) 
1 (2%) 
4 (8%) 

(5) 

1 (20%) 

1 (20%) 

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

(50) 

1 (2%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROAMLINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

HEMATOPOIETIC SYSTEM 
Blood (2) 

Bone marrow (50) 
Neutrophilia 2 (100%) 

Hyperplasia, neutrophil, diffuse 3 (6%) 
Hyperplasia, neutrophil, multifocal 1 (2%) 
Thrombus, chronic active 1 (2%) 
Femoral, angiectasis, focal 

Mediastinal, hematopoietic cell 

Mediastinal, hematopoietic cell 

Pancreatic, hematopoietic cell 

Renal, hyperplasia, plasma cell, multifocal 1 (2%) 

Depletion lymphoid, diffuse 
Hematopoietic cell proliferation, multifocal 1 (2%) 
Hyperplasia, lymphoid, multifocal 2 (4%) 
Hyperplasia, plasma cell, multifocal 2 (4%) 
Lymphocyte, necrosis, multifocal 

Angiectasis, multifocal 
Hematocyst, chronic active 
Hematopoietic cell proliferation, multifocal 10 (45%) 
Hemorrhage, multifocal 4 (18%) 
Hyperplasia, lymphoid, diffuse 1 (5%) 
Hyperplasia, lymphoid, multifocal 
Inflammation, chronic, multifocal 
Inflammation, granulomatous, focal 
Inflammation, suppurative, multifocal 

Amyloid deposition, multifocal 
Angiectasis, focal 
Angiectasis, multifocal 
Lymphoid follicle, depletion lymphoid, 

Lymphoid follicle, necrosis, acute, multifocal 
Red pulp, angiectasis, focal 

Red pulp, fibrosis, multifocal 
Rad pulp, hematopoietic cell proliferation. 

Red pulp, pigmentation, hemosiderin, 

Lymph node (49) 

proliferation, dif€use 1 (2%) 

proliferation, multifocal 2 (4%) 

proliferation, multifocal 1 (2%) 

Lymph node, mandibular (48) 

Lymph node, mesenteric (22) 

Spleen (50) 

multifocal 

Red pulp, fibrosis 1 (2%) 

diffuse 50 (100%) 

multifocal 37 (74%) 
Thymus (36) 

Cyst, multiple 
Depletion lymphoid, multifocal 
Necrosis, acute, multifocal 1 (3%) 

(8) 
1 (13%) 

3 (38%) 

(19) 

18 (95%) 

1 (5%) 
(47) 

1 (2%) 
1 (2%) 

1 (2%) 

47 (100%) 

47 (100%) 

( 2 )  

(7) 
1 (50%) 

1 (14%) 

(9) 

1 (11%) 
1 (11%) 

(20) 
1 (5%) 

18 (90%) 

1 (5%) 

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

(49) 

49 (100%) 

45 (92%) 
(3) 

(50) 
5 (10%) 

2 (4%) 
(49) 

1 (2%) 

(49) 

3 (6%) 
1 (2%) 

(17) 

1 (6%) 
14 (82%) 

1 (6%) 
1 (6%) 

(49) 

2 (4%) 

1 (2%) 

1 (2%) 

48 (98%) 

48 (98%) 

1 (4%) 
1 (4%) 
2 (7%) 

(27) 

IN'l'EGUMENTARY SYSTEM 
Skin (49) 

Acanthosis, diffuse 1 ( 2 % )  
Acanthosis, focal 
Acanthosis, multifocal 9 (18%) 
Alopecia 

Inflammation, chronic active, multifocal 
Parasite external 7 (14%) 

Hyperkeratosis, multifocal 1 ( 2 % )  

(27) (28) (49) 
3 (11%) 5 (18%) 4 (8%) 
2 (7%) 1 (2%) 
4 (15%) 2 (7%) 7 (14%) 

1 (2%) 
1 (2%) 

12 (24%) 
1 (4%) 
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TABLE CS. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

.- ~~ 

Vehicle Control Low Dose Mid Dose High Dose 
~~~ ~ ~~ 

INTEGUMENTARY SYSTEM 
Skin (Continued) (49) 

Ulcer 6 
Ulcer, multiple 
Sebaceous gland, hyperplasia, focal 
Subcutaneous tissue, fibrosis, diffuse 1 
Subcutaneous tissue, fibrosis, focal 1 
Subcutaneous tissue, fibrosis, multifocal 5 
Subcutaneous tissue, inflammation, acute, 

Subcutaneous tissue, inflammation, chronic 

Subcutaneous tissue, inflammation, chronic 

Subcutaneous tissue, inflammation, chronic 

Subcutaneous tissue, inflammation, multifocal 
Subcutaneous tissue, mineralization, multifocal 

multifocal 

active, dfluse 

active, focal 

active, multifocal 2 

(27) 
(12%) 9 (33%) 

1 (4%) 
(2%) 1 (4%) 
(2%) 2 (7%) 
(10%) 4 (15%) 

1 (4%) 

1 (4%) 

2 (7%) 

(4%) 5 (19%) 

(28) 
8 (29%) 

4 (14%) 
1 (4%) 
1 (4%) 

2 (7%) 

1 (4%) 
1 (4%) 
1 (4%) 

(49) 
5 (10%) 
4 (8%) 

3 (6%) 
1 (2%) 
2 (4%) 

1 (2%) 

7 (14%) 

MUSCULOSKELETAL SYSTEM 
Bone (49) (28) (26) (50) 

Bilateral, joint, radius, hyperostosis 1 (2%) 
Bilateral, joint, tarsal, hyperostosis 10 (20%) 21 (75%) 16 (62%) 11 (22%) 
Bilateral. joint, tarsal, metaplasia, osseous, 

multifocal 10 (20%) 21 (75%) 16 (62%) 11 (22%) 
Joint, tarsal, hyperostosis 11 (22%) 2 (7%) 4 (15%) 9 (18%) 
Joint, tarsal, metaplasia, osseous, multifocal 11 (22%) 2 (7%) 4 (15%) 9 (18%) 

NERVOUS SYSTEM 
None 

RESPIRATORY SYSTEM 
Lung (50) 

Alveolar epithelium, hyperplasia, focal 1 (2%) 
Interstitium, inflammation, acute, diffuse 
Interstitium, inflammation, acute, multifocal 
Interstitium, inflammation, chronic active, 

Interstitium, inflammation, chronic active, 
focal 1 (2%) 

multifoca 1 1 (2%) 
Nose (50) 

Respiratory epithelium, inflammation, acute, 
multifocal 

(10) (14) (50) 
1 (7%) 4 (8%) 

1 (2%) 
1 (2%) 

1 (10%) 
(5) (7) (50) 

1 (14%) 1 (2%) 

SPECIAL SENSES SYSTEM 
Eye (2 ) 

Cataract 1 (50%) 
Inflammation, chronic, multifocal 
Lens, cataract, multifocal 
Retina, atrophy, multifocal 

Inflammation, chronic active, multifocal 
Acinus, dilatation, dif€use 1 (2%) 
Acinus, hyperplasia, multifocal 

Harderian gland (50)  (5) 

(1) (3 )  
1 (33%) 
1 (33%) 

1 (100%) 
1 (100%) 

1 (14%) 
(7) (40) 

1 (3%) 
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TABLE C5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 
- 
URINARY SYSTEM 

Kidney (50) ( 6 )  (10) (49) 
Amyloid deposition, multifocal 1 (10%) 
CY& 1 (2%) 
Infarct, chronic, focal 1 (17%) 1 (10%) 
Inflammation, suppurative, acute, multifocal 3 (50%) 
Mineralization, focal 1 (17%) 
Nephropathy, chronic, focal 3 (6%) 1 (2%) 
Nephropathy, chronic, multifocal 2 (4%) 3 (30%) 7 (14%) 
Bilateral, hydronephrosis, acute, multifocal 1 (2%) 
Cortex, inflammation, chronic, multifocal 1 (2%) 
Perivascular, infiltration cellular, 

lymphocytic, multifocal 1 (2%) 
Renal tubule, atypical cells, multifocal 1 (2%) 
Renal tubule, degeneration, multifocal 1 (2%) 
Renal tubule, pigmentation, hemosiderin, 

multifocal 4 (8%) 
Renal tubule, regeneration, focal 1 (2%) 

30 (61%) Renal tubule, regeneration, multifocal 33 (66%) 

Dilatation 1 (2%) 4 (36%) 
Dilatation, diffuse 7 (88%) 
Submucosa, congestion, multifocal 1 (2%) 
Submucosa, necrosis, acute, multifocal 1 (2%) 

Urinary bladder (49) (8) (11) (50) 
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TABLE D l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE 

Vehicle Control Low Dose Mid Dose High Dose 

Animals initially in study 50 
Animals removed 50 
Animals examined histopathologically 50 

50 50 50 
50 50 50 
50 50 50 

ALIMENTARY SYSTEM 
Gallbladder (47) 

Lymphoma malignant lymphocytic 1 
Intestine small, jejunum (46) 

Lymphoma malignant histiocytic 
Peyer's patch, lymphoma malignant 

lymphocytic 1 
Peyer's patch, lymphoma malignant mixed 
Peyer's patch, lymphoma malignant 

undifferentiated cell type 1 
Liver (50) 

Carcinoma, metastatic, islets, pancreatic 
Hemangiosarcoma 1 
Hepatocellular carcinoma 1 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 5 
Hepatocellular adenoma, multiple 
Lymphoma malignant histiocytic 3 
Lymphoma malignant lymphocytic 6 
Lymphoma malignant mixed 3 
Lymphoma malignant undifferentiated 

cell type 1 
Mesentery *(50) 

Lymphoma malignant mixed 2 
Pancreas (48) 

Lymphoma malignant histiocytic 2 
Lymphoma malignant lymphocytic 3 
Lymphoma malignant mixed 1 

Salivary glands (47) 
Lymphoma malignant histiocytic 1 
Lymphoma malignant lymphocytic 6 
Lymphoma malignant mixed 2 

Stomach, forestomach (48) 

Papilloma squamous 1 

1 

Lymphoma malignant histiocytic 

Lymphoma malignant lymphocytic 

(46) 
(2%) 

(48) 
1 (2%) 

(2%) 
(2%) 

(2%) 

1 (2%) 

(50) (50) 
1 (2%) 

(50) 

(2%) 
(2%) 

(10%) 

(6%) 
(12%) 
(6%) 

(2%) 

1 (2%) 
3 (6%) 
2 (4%) 
8 (16%) 

1 (2%) 

2 (4%) 

2 (4%) 

6 (12%) 
1 (2%) 
2 (4%) 
4 (8%) 
1 (2%) 

6 (12%) 
2 (4%) 
1 (2%) 
3 (6%) 

1 (2%) 

1 (2%) 
*(50) 

*(50) 

1 (2%) 

(4%) 
(49) 

1 (2%) 
1 (2%) 

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

(48) 

(46) 

(4%) 
(6%) 
(2%) 

"(50) *(50) 

1 (2%) 

*(50) 
1 (2%) 

(2%) 
(13%) 
(4%) 

*(50) 

1 (2%) (2%) 

CARDIOVASCULAR SYSTEM 
Heart (50) *(50) *(50) (50) 

Lymphoma malignant lymphocytic 1 (2%) 1 (2%) 

cell type 1 (2%) 
Lymphoma malignant undifferentiated 

ENDOCRINE SYSTEM 
Adrenal gland 

Capsule, adenoma 
Adrenal gland, cortex 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 

Lymphoma malignant lymphocytic 
Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets, pancreatic 
Carcinoma 

Adrenal gland, medulla 

(50) "(50) "(50) (49) 

(50) *(50) *(50) (49) 

( 5 0 )  *(50) *(50) (49) 

2 (4%) 

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

1 (2%) 
1 (2%) 

2 (4%) 
(48) *(50) *(50) (49) 

1 (2%) 
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TABLE D1. SUMMARY OF THE INCIDENCE O F  NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF PCHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

ENDOCRINE SYSTEM (Continued) 
Pituitary gland (46) *(50) *(50) (42) 

Lymphoma malignant lymphocytic 1 (2%) 
Pars distalis, adenoma 3 (7%) 1 (2%) 2 (4%) 3 (7%) 

Lymphoma malignant lymphocytic 1 (2%) 
Follicular cell, adenoma 3 (6%) 2 (4%) 

Thyroid gland (49) *(SO) *(50) (49) 

GENERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary (50) 

Cystadenoma 1 (2%) 

Granulosa cell tumor benign 1 (2%) 
Lymphoma malignant histiocytic 2 (4%) 
Lymphoma malignant lymphocytic 3 (6%) 
Lymphoma malignant mixed 1 (2%) 
Follicle, adenoma 1 (2%) 
Periovarian tissue, lymphoma malignant 

lymphocytic 2 (4%) 
Periovarian tissue, lymphoma malignant mixed 

Uterus (50) 
Hemangioma 1 (2%) 
Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 1 (2%) 
Lymphoma malignant mixed 1 (2%) 
Polyp 
Polyp stromal 1 (2%) 

Fibrosarcoma, metastatic, skin 

Cervix, lymphoma malignant histiocytic 

*(50) *(50) (47) 
1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

* (50)  *(50) 

2 (4%) 
1 (2%) 

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

1 (2%) 
(48) 

(50) 
HEMATOPOIETIC SYSTEM 

Blood 
Lymphoma malignant lymphocytic 1 (2%) 

Lymphoma malignant histiocytic 1 (2%) 
Lymphoma malignant lymphocytic 
Femoral, lymphoma malignant lymphocytic 1 (2%) 

Lymph node (48) 
Bronchial, lymphoma malignant lymphocytic 
Bronchial, lymphoma malignant mixed 
Lumbar, lymphoma malignant histiocytic 2 (4%) 
Lumbar, lymphoma malignant lymphocytic 2 (4%)  
Lumbar, lymphoma malignant mixed 
Mediastinal, fibrosarcoma, metastatic, skin 
Mediastinal, lymphoma malignant histiocytic 2 (4%) 
Mediastinal, lymphoma malignant 

Mediastinal, lymphoma malignant mixed 3 (6%) 
Mediastinal, lymphoma malignant 

Pancreatic, lymphoma malignant lymphocytic 

Lymphoma malignant undifferentiated cell type 
Bone marrow (48) 

lymphocytic 5 (10%) 

undifferentiated cell type 

Renal, fibrosarcoma, metastatic, skin 1 (2%) 
Renal, lymphoma malignant histiocytic 1 (2%) 

Renal, lymphoma malignant mixed 1 (2%) 
Renal, lymphoma malignant lymphocytic 1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

(49) 

(47) 
1 (2%) 
1 (2%) 

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

1 (2%) 
1 (2%) 

1 (2%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

HEMATOPOIETIC SYSTEM (Continued) 
Lymph node, mandibular 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 
Lymph node, mesenteric 

cell type 
Spleen 

Hemangiosarcoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 
Thymus 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 

(46) 
2 (4%) 
9 (20%) 
5 (11%) 

1 (2%) 

2 (25%) 
2 (25%) 
3 (38%) 

1 (13%) 

1 (2%) 
3 (6%) 
9 (18%) 
6 (12%) 

1 (2%) 

1 (2%) 
4 (10%) 
4 (10%) 

(8) 

(50) 

(41) 

* G O )  

*(50) 

(50) 
1 (2%) 
1 (2%) 
8 (16%) 
1 (2%) 

*(50) 

* G O )  
1 (2%) 
2 (4%) 

1 (2%) 
*(50) 

2 (4%) 

(50) 
1 (2%) 

3 (6%) 

1 (2%) 
* G O )  

1 (2%) 

(47) 
1 (2%) 
4 (9%) 
2 (4%) 

(3)  

2 (67%) 

(49) 

1 (2%) 
5 (10%) 
3 (6%) 

(35) 

2 (6%) 

INTEGUMENTARY SYSTEM 
Mammary gland (38) *(50) *(50) (44) 

Skin (50) *(50) *(50) (49) 

Adenocarcinoma 1 (2%) 
Adenoma 1 (2%) 

Subcutaneous tissue, fibrosarcoma 1 (2%) 3 (6%) 3 (6%) 
Subcutaneous tissue, lymphoma malignant 

Subcutaneous tissue, lymphoma malignant 
histiocytic 1 (2%)  

lymphocytic 1 (2%) 

MUSCULOSKELETAL SYSTEM 
Bone (49) "(50) *(50) (50) 

Cranium, osteoma 1 (2%) 
Sacrum, osteosarcoma 1 (2%) 

Abdominal, lymphoma malignant 
Skeletal muscle *(50) *(50) *(50) *(50) 

lymphocytic 1 (2%) 

NERVOUS SYSTEM 
Brain (48) *(50) *(50) (49) 

Choroid plexus, lymphoma malignant 
lymphocytic 1 (2%) 

RESPIRATORY SYSTEM 
Lung (50) *(50) *(50) (50) 

Alveolar/bronchiolar adenoma 5 (10%) 2 (4%) 1 (2%) 2 (4%) 
Alveolar/bronchiolar carcinoma 1 (2%) 1 (2%) 2 (4%) 
Carcinoma, metastatic, islets, pancreatic 1 (2%) 
Fibrosarcoma, metastatic, skin 1 (2%) 
Hepatocellular carcinoma, metastatic, liver 1 (2%) 2 (4%) 
Lymphoma malignant histiocytic 1 (2%) 1 (2%) 1 (2%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

~~ ~~~ 

Vehicle Control Low Dose Mid Dose High Dose 

RESPIRATORY SYSTEM 
Lung (Continued) (50) 

Lymphoma malignant lymphocytic 5 (10%) 
Lymphoma malignant mixed 3 (6%) 
Lymphoma malignant undifferentiated 

cell type 1 (2%) 
Pheochromocytoma malignant, metastatic, 

Mediastinum, fibrosarcoma, metastatic, skin 
Nose (50) 

Lymphoma malignant lymphocytic 

adrenal gland 

SPECIAL SENSES SYSTEM 
Harderian gland (50) *(50) *(50) *(50) 

Adenoma 3 (6%) 1 (2%) 1 (2%) 4 (8%) 
Lymphoma malignant lymphocytic 1 (2%) 

IJ RINARY SYSTEM 
Kidney 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

Renal tubule, adenoma 

Fibrosarcoma, metastatic, skin 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 

Urinary bladder 

cell type 

(50) 
1 (2%) 
7 (14%) 
3 (6%) 

1 (2%) 

(48) 
1 (2%) 
1 (2%) 
4 (8%) 
1 (2%) 

1 (2%) 

*(50) *(50) (49) 

2 (4%) 1 (2%) 3 (6%) 
1 (2%) 

1 (2%) 
1 (2%) 

*(50) *(50) (44) 

1 (2%) 

SYSTEMIC LESIONS 
Multiple organs *(50) *(SO) '(50) *(50) 

Lymphoma malignant histiocytic 3 (6%) 3 (6%) 1 (2%) 2 (4%) 
Lymphoma malignant mixed 6 (12%) 1 (2%) 3 (6%) 
Lymphoma malignant lymphocytic 10 (20%) 8 (16%) 3 (6%) 5 (10%) 
Hemangioma 1 (2%) 
Hemangiosarcoma 2 (4%) 1 (2%) 1 (2%) 1 (2%) 
Lymphoma malignant undifferentiated 
cell type 1 (2%) 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 50 
Terminal sacrifice 39 
Moribund 5 
Dead 5 
Dosing accident 1 

50 50 50 
42 44 41 
4 3 4 
1 3 5 
3 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

TUMOR SUMMARY 
Total animals with primary neoplasms ** 36 

20 
Total benign neoplasms 29 

24 
Total malignant neoplasms 25 

1 

Total primary neoplasms 54 
Total animals with benign neoplasms 

Total animals with malignant neoplasms 

Total animals with secondary neoplasms *** 
Total secondary neoplasms 3 

26 
32 
15 
15 
16 
17 
1 
1 

21 31 
24 44 
12 17 
13 22 
10 21 
11 22 
2 4 
3 5 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
*** Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 

207 p-Chloroaniline Hydrochloride, NTP TR 351 



TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE: VEHICLE CONTROL 

~ v 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

1 1 9 6 6 8 0 0 2 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

+ t t t + + + t + + + t + + t t + t t + + + t t +  

+ + + t + t + + + + + + + + + + + t + + + + t + +  

+ + + + + t t t + ~ + t + t + + + t + + + + + + +  
X 

i  

CARCASS 
ID 

Eso ha s 
GaiPblaEer 

Intestine large 
Intestine large, cecum 
Intestine laree. colon 

Lymphoma malignant lymphocytic 

Intestine small, ileum 
Intestine small 'ejunum 

Ppyer's patch: lymphoma malignant 

Pnyer's patch, lymphoma malignant 

Peyer's patch, lymphoma malignant 

iymphocytic 

mixed 

,:indifferentiated cell type 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

Lymphoma malignant mixed 

Ly mphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

L:i.m&ma malignant histiocytic 
L:,nphoma malignant lymphocytic 
L:inphoma malignant mixed 

Stomach 
Stnmach. forestomach 

P:ipilloma squamous 
Stomach. glandular 
Tootli 

c a p  
Heti rt 

EKDOCRINE SYSTEM 
Adrenal gland 

Capsule, adenoma 
Adrena. gland, cortex 

L p p h o m a  malignant lymphocytic 
Adrenal gland, medulla 

Pwochromocytoma benign 
Islets, pancreatic 
Par 8thyroid gland 
Pit .iitary gland 

Thvmid gland 

 cell type 
Mesentery 

Panrreas 

Sal hva glands 

I anphoma  malignant lymphocytic 

L mphoma  malignant lymphocytic 
P.im distalis. adenoma 

Lymphoma mali nant lymphocytic 
Fo!licular cell, acfenoma 

m:N- 
None 

r n T E l ; f f T W  
ov.i-.y 

Lfstadenoma 
Gmnulosa cell tumor benign 
Lsmphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Fol:icle, adenoma 
I'i!riovanan tissue. lymphoma 

Heinanpoma 
1.grnphoma malignant histiocytic 
L,fmphoma malignant lymphocytic 
Lymphoma malignant mixed 
Pcsiyp stromal 

malignant lymphocytic 
ut PI-lS 

+ : Tissue examined microscopically 

-.' Present but not examined microscopically 
I I  Insufficient tissue 

: Not examined 

- 7 1 7 7 7 1 7 7 7 7 7 7  
6 9 5 1 5 7 8 8 6 5 1 1 1 2 3 3 3 4 4 5 8 8 9 9 0  
5 5 2 4 1 4 2 3 2 3 1 2 3 4 1 2 4 2 3 5 1 4 2 4 3  

+ + M + t t + + + + + + + + + + + + + + + + + + +  
t + A + A + + + A + + + + + + t + + + + + + + + +  

+ A A + A t + + + t + + + + + + + + + + + + + + +  

+ A A t A t + + + + + t + + + + + + + + + + + + +  
+ A A + A + + + + + t + + + + + + + + + + + + t t  
t A A A A + + + + + + + + + + + + t + + + t + + +  
t A A A A + + + + t + + + + + + + + + + + t + + t  
t A A A A + + + + + + + + + + + + + + + + + + t +  
+ A A A A + + + + + + t + + t + + + t + + + + + +  

X 

+ A A A A + + + + + + + + + + + + + + + + + + + +  

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

x x l  X 

+ + 
X X 

t + A A t t t + + + + t + + + + + + t + + t + + +  
X X  

X X 
X 

+ + t M + + M + + + + + + + + + + + + + t t + + +  
X 

X X X 
X X 

t + A t A t t + + + + + + t t + + + + + + + + + +  
t + A t A + + + t + t t + + t + c t t + + + + + +  

X 
+ + A t A + t + + t + t + + t + + t t + + + t + +  

~ i . + + t + t t + t + + + + + + + + + + + + t + + +  

/ + + t + + + + + t t t + + + + + + + + + + + + + + ~  

I X 

t + A A + t + + + + + t + + + + + + + + + + + t +  
t M M M M + M + + M + + + + M t t t M t M t + + +  
+ + + + t + M M t + + M + + + t + t + t + + + + +  

+ + M + + + + + + + + + + + + t t + t + + + t t +  

X 

X 
X 

X X  
X X X 

X 

X 
t + + + + + + + t + + + + + + + + + + t + t t + +  

X 

I X 
X 

X 

I I 

M: Missing 
A Autolysis precludes examination 
X: Incidence of listed morphology 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL 
(Continued) 

I 

. .... 
ON 

STUDY 

X X X 

X X 

CARCASS 
ID 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X 

Lymphoma malignant lymphocytic 
Intestine large 
Intestine large, cecum 

50 
1 

50 
2 

Intestine la+, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, ‘ejunum 

Peyer’s patch, lymphoma malignant 

Peyer’s patch, lymphoma mahgnant 

Peyer’s patch, lymphoma malignant 

Hemansosarcoma 
Hepatocellular carcinoma 
Hepatoeellular adenoma 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lym homa malignant unditrerentiated 

Lymphoma malignant mixed 

L,ymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mued  

Lymzoma  malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

!Stomach 
!Stomach forestomach 

Papiiloma squamous 
:Stomach. glandular 

lymphocytic 

mixed 

undflemntiated cell type 
Liver 

ceiftype 
Mesentery 

1’ancreas 

:Saliva glands 

‘rooth 

7 
Lymphoma malignant lymphocytic 

Adrenal gland 
Capsule. adenoma 

Adrenal gland, cortex 
Lymphoma malignant lymphocytic 

Adrenal gland, medulla 
Pheochromocytoma benign 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Thyroid gland 

Lymphoma malignant lymphocytic 
Pars distalis, adenoma 

Lymphoma mali nant lymphocytic 
Follicular cell, atenoma 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

8 7 7 7 7 7 6 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 7 7 8  
2 4 4 7 0 2 2 4 6 7 7 8 9 0 2 3 7 9 3 5 6 6 0  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + t + + + t t + + t +  
+ + + + + + + + + + + + + + + t + + + t + + t + +  
+ + + t + + + + + + + + i i i + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
X 

+ + + + + + + + + + + M + + + + + + t t + + + + +  
X X X 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

TOTAL: 
TISSUES 
TUMORS 

49 
47 
1 

47 
46 
47 
47 
46 
46 
46 
46 

1 

1 

1 
50 
1 
1 
5 
3 
6 
3 

1 
2 
2 

48 
2 
3 
1 

47 
1 
6 
2 

48 
48 
1 

46 
50 

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  
X X . . . . . . . . . . . . . . . . . . . . . . . . .  

+ M + + + + + + + + + + M + + + + M + + M + + + +  
+ + + + + + i i + + i + + + + + + + + t + M + + +  

X X X 
. . . . . . . . . . . . . . . . . . . . . . . . .  

X X 

50 
1 

50 
2 

48 
37 
46 
1 
3 

48 
1 
3 

I 

None 

Ovary 
Cystadenoma 
Granulosa cell tumor benign 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Follicle. adenoma 
i’enovanan tissue lymphoma 

Hemansoma 
]Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
ILymphoma malignant mixed 
Polyp stromal 

malignant lympiocytic 
U : e m  

. . . . . . . . . . . . . . . . . . . . . . . . .  

X 

X 

X . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

50 
1 
1 
2 
3 
1 
1 

2 
50 
1 
1 
1 
1 
1 
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
Blood

Lymphoma malignant lymphocytic
Bone marrow

Lymphoma malignant histiocytic
Femoral, lymphoma malignant

Ivmphocytic
Lymph node

Lumbar, lymphoma malignant histiocytic
Lumbar, lymphoma malignant lymphocytic
Mediastinal, lymphoma malignant

histiocytic
Mediastmal, lymphoma malignant

lymphocytic
Mediastmal, lymphoma malignant mixed
Renal, fibrosarcoma, metastatic, skin
Renal, lymphoma malignant histiocytic
Renal, lymphoma malignant lymphocytic
Renal, lymphoma malignant mixed

Lymph node, mandibular
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
L> mphoma malignant undifferentiated

cell type
Lymph node, mesentenc

L> mphoma malignant histiocytic
L> mphoma malignant lymphocytic
Lvmphoma malignant mixed
L> mphoma malignant undifferentiated

cell type
Spleen

Hemangiosarcoma
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifferentiated

cell type
Thy m us

Lymphoma malignant histiocytic
Lyraphoma malignant lymphocytic
Lymphoma malignant mixed

INTEGUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibrosarcoma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

Abdominal, lymphoma malignant
lymphocytic

NERVOUS SYSTEM
Brain

Choroid plexus, lymphoma malignant
lymphocytic

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveola iVbronchioIar carcinoma
Fibrosarcoma, metastatic, skin
Ly mphoma malignant histiocytic
Lymphoma malignant lymphocytic
L> mphoma malignant mixed
I v mphoma malignant undifferentiated

cell type
Nose
Trarhea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

Adenoma

URINARY SYSTEM
Kidney

Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
L> mphoma malignant undifferentiated

re 11 type
Urinary bladder

Fibrosarcoma, metastatic, skin
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifferentiated

re 11 type

O O O O O U l l l l l l l i l l l l l l l l l l l
0 2 6 7 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Y 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 8
6 9 5 1 5 7 8 8 6 5 1 1 1 2 3 3 3 4 4 5 8 8 9 9 0
5 5 2 4 1 4 2 3 2 3 1 2 3 4 1 2 4 2 3 5 1 4 2 4 3

+
X

X

X

X X
X X

X X

x x
X X

X
X

X
X

X X
X X X X X

x x x x

M M M M + + + + M + + M M M + M M M M M M M M M M
X X

X X
x x x

X
x x x

X X X X X
X X X X

X
X X

X X X X

+ M + + M + + + + + M M + M+ + + + + M M M + + +

X

+ + + 4. + + + + + + + + + + + + + + + + + + + + +
-f

X

X

X X X

\
X

x x x
X X X

+ + + + + + + + + + + + + + + + + + + + + + + + +

+

X X

X
X X X X X

X X X

X
X

X X
X
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: VEHICLE CONTROL
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
B.ood

Lymphoma malignant lymphocytic
Bone marrow

Lymphoma malignant histiocytic
Femoral, lymphoma malignant

lymphocytic
Lymph node

Lumbar, lymphoma mahg. histiocytic
Lumbar, lymphoma mahg. lymphocytic
Mediastinal, lymphoma malignant

histiocytic
Mediastinal, lymphoma malignant

lymphocytic
Mediastinal, lymphoma mahg mixed
Renal, fibrosarcoma, metastatic, skin
Renal, lymphoma malignant histiocytic
Renal, lymphoma mahg lymphocytic
Renal, lymphoma malignant mixed

Lymph node, mandibular
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifferentiated

cell type
Lymph node, mesentenc

Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifferentiated

relltype
Spleen

He mangiosarcoma
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifferentiated

cell type
Thymus

Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

INTEGUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibrosarcoma

MUSCULOSKELETAL SYSTEM
Bone
Skeletal muscle

Abdominal, lymphoma malignant
lymphocytic

NERVOUS SYSTEM
Brain

Choroid plexus, lymphoma malignant
lymphocytic

RFSP1KATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
F ibrosarcoma, metastatic, skin
Lymphoma malignant histiocytic
f ,ymphoma malignant lymphocytic
Lymphoma malignant mixed
I.ymphoma malignant undifferentiated

cell type
Nose
Trachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

Adenoma

URINARY SYSTEM
Kidney

Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifferentiated

cell type
U nnary bladder

Fibrosarcoma, metastatir, skin
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Lymphoma malignant undifferentiated

cell type

i 1 i i 1 i i 1 i i i i i i 1 i 1 i 1 1 i 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

8 7 7 7 7 7 8 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 7 7 8
0 1 2 4 4 7 0 2 2 4 6 7 7 8 9 0 2 3 7 9 3 5 6 6 0
5 5 3 1 5 2 1 2 5 4 1 3 5 5 1 4 1 5 1 3 3 4 3 4 2

X X X
X

X X X X
X

X
M M M M M + M M M M M M M M M M M M M M M M M M M

X

X X X X
X X

X

X X

+ + + + + M + + + + +M+ + + + + + + + + M + + M

+ + + + + + + + 4 . f + + + + + + + + + + + + + + +

+ + + -,. + + + + + + - , - 4 . + + + + + + + + + + + + +
X X

X

X X

X

+ + + + + + + + + + + + + + + + + + + + + + + + +

+ + + + M + + + + + + + + + + + + + M + + + + + +
X

X X

X
+ + + + + + + + + + + + + + + + + + + + + + + + +

X X

X

TOTAL
•ISSUES
'UMORS

1
1

48
1

1
48
2
2

2

5
3
1
1
1
1

46
2
9
5

1
8
2
2
3

1
50
1
3
9
6

1
41
1
4
4

38
50
1

49
1

1

48

1

50
5
1
1
1
5
3

1
50
50

1
48
3

50
1
7
3

1
48
1
1
4
1

I
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE: LOW DOSE

WEEKS ON
STUDY

CARCASS
ID

ATlMUNTAKY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
I-itestine small, ileum
Intestine small, jejunum
Liver

Hepatocellular carcinoma
Hepatocellular adenoma
Hepatocellular adenoma, multiple
1 ymphoma malignant histiocytic
I y-nphoma malignant lymphocytic
! ynphoma malignant mixed

Mesentery
Pancreas

I ynphoma malignant histiocytic
S<3 ivary glands
Stomach
Stomach, forestomach

Papilloma squamous
Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Heart

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla
Islets, pancreatic
Parathyroid gland
Pituitary gland

Pa-s distahs, adenoma
Thvroid gland

GFNERAL BODY SYSTEM
None

GFKlTAL SYSTEM
CKary

! > nphoma malignant histiocytic
UTerus

} iiphoma malignant histiocytic
o yp stromal

I ervix, lymphoma malignant histiocytic

TTEMXTOPOIETIC SYSTEM
Bone marrow
Lvmph node
L % m p n node mandibular
Lvmphnode mesentenc
& U an

t [^mangiosarcoma
> mphoma malignant histiocytic
> mphoma malignant lymphocytic
> nphoma malignant mixed

1 hymns

INTEGUMENT \BY SYSTEM
Mdnimary gland

\aenocarcinoma
Adenoma

Sjun
Subcutaneous tissue lymphoma

malignant histiocytic

MUSCULOSKELETAL SYSTEM
Be ne

f ' r mium, osteoma

NERVOUS SYSTEM
Brain

EP5PIRATORY SYSTEM
Lurg

A'^ eolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
rlppatocellular carcinoma, metastatic

liver
N .«
T'a hea

STFCTAL SENSES SYSTEM
Eve
Hardenan gland

Adenoma

DRf^ARY SYSTEM
Kidney

t > -nphoma malignant lymphocytic
Unnary bladder

o o d o o o i i i i i i i i i i i t i i i i i i i
0 0 0 6 7 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 6 6 6 6 6 6 6 6 6
1 2 3 9 1 3 4 1 2 5 5 6 7 7 0 0 1 3 4 5 6 8 8 9 9
4 1 2 ' b 3 4 4 2 3 2 4 1 2 3 3 4 1 5 5 5 5 3 5 1 3

+ A A +
• + + +

+ M +
+ +
M +•
A +
A +
A +
A +

X X

X
X X

+ +
X

+ + + - ( - - * -
X

4- + + +
+ + + +
+ + + +
+ + -t- +
M M M +
+ + M + + +

X
+ M + + +

+ + + + + + + + + +
X

X X

•f + + + +
+ + + + +
+ + + 4- +
M M M M M

X

X X X

+ + + + M

M + M + + 4-
X

+ + 4 -K + 4-

X

X

4- + + + 4- 4-
X

+ + + + +

+

4 M M 4- 4- +
X

+ 4- + + + +
X
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Hepatocellular carcinoma
Hepatocellular adenoma
Hepatocellular adenoma, multiple
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Mesentery
Pancreas

Lymphoma malignant histiocytic
Salivary glands
Stomach
Stomach, fore stomach

Papilloma squamous
Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Keart

FNDOCRINE SYSTEM
Adrenal gland
A.drenal gland, cortex
Adrenal gland, medulla
^lets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

UENERAL BODY SYSTEM *
None

GENITAL SYSTEM
Ovary

Lymphoma malignant histiocytic
Uterus

Lymphoma malignant histiocytic
Polyp stromal
Cervix, lymphoma malignant histiocytic

rIEMATOPOIETIC SYSTEM
Hone marrow
1 ,ymph node
Lymph node, mandibular
Lymph node, mesentenc
Spleen

He mangiosarcoma
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Thymus

INTEGUMENTARY SYSTEM
Mammary gland

Adenocarcinoma
Adenoma

->kin
Subcutaneous tissue, lymphoma

malignant histiocytic

MUSCULOSKELETAL SYSTEM
Flone

Cranium, osteoma

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
uung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Hepatocellular carcinoma, metastatic.

liver
"•Jose
''rachea

SPECIAL SENSES SYSTEM
•3 ye
rlardenan gland

Adenoma

'JRINARY SYSTEM
iCidney

Lymphoma malignant lymphocytic
Jnnary bladder

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 7 6 6 6 6 6 6 6 6 6 7 6 6 6 6 6 6 6 6 6 7
9 4 5 6 0 1 2 2 3 3 4 6 7 7 0 2 4 5 6 7 8 8 8 9 0
4 1 1 2 5 5 2 4 1 3 2 4 4 5 1 5 3 3 3 1 1 2 4 2 2

X X
X X X X

X
X

X X
X

+

M

+ + + +

X
X

X
X X X X X

X

+

X
-t-

-t- +
X
X

X

+
X

TOTAL.
TISSUES
TUMORS

5
3
5
4
5
4
4
4
4
4

50
2
6
1
2
4
1
2
7
1
5
5
5
1
5
5

5

5
5
5
5
2
5
1
4

14
1

38
2
1
1

5
5
5

50
1
1
8
1
4

5
1
1
7

1

6
1

5

8
2
1

1
5
5

1
4
1

7
2
5
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE: MID DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Carcinoma, metastatic, islets,
pancreatic

Hepatocellular adenoma
Hepatocellular adenoma, multiple
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type
Mesentery

Lymphoma malignant histiocytic
Pancreas

Lymphoma malignant lymphocytic
Salivary glands

Lymphoma malignant lymphocytic
Stomach
Stomach, forestomach

Lymphoma malignant lymphocytic
Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Heart

Lymphoma malignant lymphocytic
Lyraphoma malignant undifferentiated

cell type

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Lymphoma malignant lymphocytic
Adrenal gland, medulla

Lymphoma malignant lymphocytic
Pheochromocytoma malignant

Islets, pancreatic
Carcinoma

Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

GENERAL BODY SYSTEM
None

(JrilNiTAL SYSTEM
Ovary

Lymphoma malignant lymphocytic
Uterus

Lymphoma malignant lymphocytic
Polyp

0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 7 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
7 6 2 9 5 8 1 2 3 7 8 9 1 1 2 2 4 5 6 7 7 8 1 2 3
4 3 3 4 1 3 1 4 2 1 2 1 3 5 2 5 3 5 1 2 5 4 2 1 1

M + A
+ + +
+ + A
+ + +
+ + A
+ + +
+ + -t-
M + +
A + +

X X
X

X
X

X
+ + +
X

+ + -f- +
X

+ + -f
X

+ + +
+ + +

X

+ + +

+ + +
X

X

+ + -f
+ + +

X

X

+ + +

+ + +
+ + + -f + +

X X
+ + +

X

X
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: MID DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

AUMENTASY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small
Intestine small, duodenum
Intestine small, ileum
Intestine small, jejunum
Liver

Carcinoma, metastatic, islets,
pancreatic

Hepatocelhilar adenoma
Hepatocellular adenoma, multiple
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type
Mesentery

Lymphoma malignant histiocytic
Pancreas

Lymphoma malignant lymphocytic
Salivary glands

Lympboma malignant lymphocytic
Stomach
Stomach, forestomach

Lymphoma malignant lymphocytic
Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Heart

Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Lymphoma malignant lymphocytic
Adrenal gland, medulla

Lymphoma malignant lymphocytic
Pneochromocytoma malignant

Islets, pancreatic
Carcinoma

Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

GENERAL BODY SYSTEM
None

UKJN1TAL SYSTEM
Ovary

Lymphoma malignant lymphocytic
Uterus

Lymphoma malignant lymphocytic
Polyp

1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 6 5
3 3 3 4 4 5 6 8 0 4
3 4 5 2 4 3 5 5 1 5

X

X X

+

i i i i i i i i i i 1 i i i i
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 6 5 5 5 5 5 5 6 6 6
5 5 6 8 9 0 1 4 6 7 9 9 0 0 0
2 4 2 1 5 2 4 1 4 3 2 3 3 4 5

+

X
X X X

X

+

+
+

+

X
-t-
X

+

X

+ + +

TOTAL
TISSUES
TUMORS

3
2
3
2
3
2
3
3
2
2

50

1
6
2
1
3

1
3
1
5
1
3
1
4
3
1
3
3

3
1

1

4
4
1
4
1
1
4
1
3
6
2
3

17
1

42
1
1
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: MID DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
Blood

Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

celftype
Bone marrow

Lymphoma malignant lymphocytic
Lymph node

Lumbar, lymphoma malignant lymphocytic
Mediashnal, lymphoma malignant

histiocytic
Madiaatanal, lymphoma malignant

lymphocytic
Mediastinal, lymphoma malignant

undifferentiated cell type
Pancreatic, lymphoma malignant

lymphocytic
Renal, iymphoma malignant lymphocytic

Lymph node, mandibular
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

celftype
Lymph node, mesentenc

Lymphoma malignant lymphocytic
Spleen

He mangiosarcoma
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

celftype
Thymus

Lymphoma malignant undifferentiated
celftype

INTEGUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, lymphoma

malignant lymphocytic

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Carcinoma, metastatic, islets,

pancreatic
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lyraphoma malignant undifferentiated

celftype
Pheochromocytoma malignant,

metastatic, adrenal gland
Nose

Lymphoma malignant lymphocytic
Trachea

SPECIAL SENSES SYSTEM
Hardenan gland

Adenoma
Lymphoma malignant lymphocytic

URINARY SYSTEM
Kidney

Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

celftype
Urinary bladder

7 7 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 6 2 9 5 8 1 2 3 7 8 9 1 1 2 2 4 5 6 7 7 8
4 3 3 4 1 3 1 4 2 1 2 1 3 5 2 5 3 5 1 2 5 4

+ +
X

X
+ + +

X
+ + + +

X

X

X

X

+ + + M
X

X

X
M + M +

X

X

X
+ M M

X

+ + +
+ + + 4- +

X

X

1 1 1
0 0 0
5 5 5

5 5 5
1 2 3
2 1 1

+

+

+

+ + +

+ + +
+ + + +

X
X

X

+ + 4-
X

+ + +

M + + +
X

X

+ + -t-
X

X+ + +
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: MID DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

HEMATOPOIETIC SYSTEM
Blood

Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type
Bone marrow

Lymphoma malignant lymphocytic
Lymph node

Lumbar, lymphoma malig. lymphocytic
Mediastmal, lymphoma malignant

histiocytic
Mediastmal, lymphoma malignant

lymphocytic
Mediastmal, lymphoma malignant

undifferentiated cell type
Pancreatic, lymphoma malignant

lymphocytic
Renal, lymphoma mahg lymphocytic

Lymph node, mandibular
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type
Lymph node, mesentenc

Lymphoma malignant lymphocytic
Spleen

Hemangiosarcoma
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type
Thymus

Lymphoma malignant undifferentiated
cell type

rNTEGUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, lymphoma

malignant lymphocytic

MUSCULOSKELETAL SYSTEM
Bone

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Carcinoma, metastatic, islets.

pancreatic
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type
Pheochromocytoma malignant,

metastatic, adrenal gland
Nose

Lymphoma malignant lymphocytic
Trachea

SPECIAL SENSES SYSTEM
Hardenan gland

Adenoma
Lymphoma malignant lymphocytic

URINARY SYSTEM
Kidney

Lymphoma malignant lymphocytic
Lymphoma malignant undifferentiated

cell type
Jnnary bladder

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 6 5 5 5 5 5 5 6 6 6
3 3 3 4 4 5 6 8 0 4 5 5 6 8 9 0 1 4 6 7 9 9 0 0 0
3 4 5 2 4 3 5 5 1 5 2 4 2 1 5 2 4 1 4 3 2 3 3 4 5

+ + M
X

X

X

+ M
X

X
X X

+ -f
X X

+ + +
X

X

X

+

TOTAL.
TISSUES
TUMORS

2
1

1
3
1
7
1

1

1

1

1
1
5
1
2

1
4
2

50
1
3

1
1

1

3
7
3

1

3

3

7
1

1
1
1

1

1
3
1
3

3
1
1

4
1

1
3
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE TWO-YEAR
GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE: HIGH DOSE

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
ntestme large
ntestme large, cecum
ntestme large, colon
ntestme large, rectum
ntestme small
ntestme small, dnodenum
ntestme small, ileum
ntestme small, jejunum
Lymphoma malignant histiocytic
Payer's patch, lymphoma malignant

mixed
Liver

Hemangiosarcoma
Hepatocellular carcinoma
Hepatocellular carcinoma, multiple
Hepatocellular adenoma
Lymphoma malignant histiocytic
Lymphoma malignant mixed

Mesentery
Pancreas

Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Salivary glands
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Stomach
Stomach, forestomach
Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Heart

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Lymphoma malignant histiocytic
Adrenal gland, medulla
Islets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

Folhcular cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Ovary

Cystadenoma
Fibrosarcoma, metastatic, skin
Penovanan tissue, lymphoma

malignant mixed
Uterus

Polyp stromal

HEMATOPOIETIC SYSTEM
Blood
Bone marrow
Lymph node

Bronchial, lymphoma malignant
lymphocytic

Bionchial, lymphoma malignant mixed
Lumbar, lymphoma malignant mixed
Mediastinal, fibrosarcoma, metastatic,

sk.n
Mediastinal, lymphoma malignant

histiocytic
Mediastinal, lymphoma malignant

lymphocytic
Mediastinal, lymphoma malignant mixed
Pancreatic, lymphoma malignant

lymphocytic
Lymph node, mandibular

Lymphoma malignant histiocytic
Lvmphoma malignant lymphocytic
Lvmphoma malignant mixed

Lymph node, mesentenc
Lymphoma malignant mixed

Spleen
L\ mphoma malignant histiocytic
L\ mphoma malignant lymphocytic
Lvmphoma malignant mixed

Thy m us
Lvmphoma malignant mixed

0 ft ft
6 7 8
6 9 7

6 4 4
3 3 5

4 4 4
A 4 A
4 4 A
4 4 A

A
A
A

- A
A
A

4 4 4

X

4 4

4 4 4
X

4 4 A
4 4 4

4 4 4

X
4 4 4
4 4 4
4 4 4

4 4 4
4 4 4

X

X

M M M

4 4 4
X

M 4 M

ft
8
8

6
4

4

4
4
4
4
4
4
4
4

4

X

4

4
4

-

4

4

4

M

4

M

A
9
1

8
5

A
A
A
A
A
A
A
A
A
A

4

A

A

M
M
M
+

-

A

A
A
M

A

A

A

A
A

A

A

A

M

0 i 1 1 i i i i 1 i 1 l l 1 i i i i i i
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 7 3 6 1 1 3 4 5 5 9 1 3 3 5 6 8 0 2 7
5 1 2 2 3 4 4 1 3 4 3 2 1 3 1 5 3 5 4 3

X

X

X
X

X X X

X

4 4 4 A 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 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 4 4 4 4 4

X
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

X

X
X

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 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 M M

X

X
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 M M

X

M M M M M M M 4 M M M M M M M M M M M M
X

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

X X
X

M 4 M 4 M M 4 M 4 M 4 4 4 4 4 4 4 4 4 4
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

ALIMENTARY SYSTEM
Esophagus
Gallbladder
Intestine large
Intestine large, cecum
ntestme large, colon
ntestme large, rectum
ntestme small
ntestme small, duodenum
ntestme small, ileum

Intestine small, jejunum
Lymphoma malignant histiocytic
Peyer's patch, lymphoma malignant

mixed
Liver

Hemangiosarcoma
Hepatocellular carcinoma
Hepatocellular carcinoma, multiple
Hepatocellular adenoma
Lymphoma malignant histiocytic
Lymphoma malignant mixed

Mesentery
Pancreas

Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Salivary glands
Lympnoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Stomach
Stomach, forestomach
Stomach, glandular
Tooth

CARDIOVASCULAR SYSTEM
Heart

ENDOCRINE SYSTEM
Adrenal gland
Adrenal gland, cortex

Lymphoma malignant histiocytic
Adrenal gland, medulla
Islets, pancreatic
Parathyroid gland
Pituitary gland

Pars distahs, adenoma
Thyroid gland

Folhcular cell, adenoma

GENERAL BODY SYSTEM
None

GENITAL SYSTEM
Ovary

Cystadenoma
Fibrosarcoma, metastatic, skin
Penovanan tissue, lymphoma

malignant mixed
Uterus

Polyp stromal

HEMATOPOIETIC SYSTEM
Blood
Bone marrow
Lymph node

Bronchial, lymphoma malignant
lymphocytic

Bronchial, lymphoma malignant mixed
Lumbar, lymphoma malignant mixed
Mediastinal, fibrosarcoma, metastatic,

skin
Mediastinal, lymphoma malignant

histiocytic
Mediastinal, lymphoma malignant

lymphocytic
Mediastinal, lymphoma mahg mixed
Pancreatic, lymphoma malignant

lymphocytic
Lymph node, mandibular

Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Lymph node, mesentenc
Lymphoma malignant mixed

Spleen
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed

Thymus
Lymphoma malignant mixed

1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5

7 8 9 0 1 1 4 5 6 7 7 8
4 2 2 1 1 5 2 5 1 2 5 1

+ + + + + + + + + + + +
+ + + + + + + + + + +
+ + + + + + + + + + +

•f + 4- + + + + + + + +
+ + + + + + + + + + +

X
X
X X

X
+

X

X

H. + + + H- + + + + + + +

+ + + + + + + + + + + +

+ + + + + + + + + + + +

+ + + + + + +I + + M +
X X

+ + + + + + + + + + + +

X

X
X

X X
X

M M M M M M M M M M M +
X

X X
X

+ M + - t - + + - t - M + M + +
X

1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5

9 9 0 2 2 2 3 4 5 8 9 0 0
4 5 3 1 2 3 5 4 2 4 1 2 4

+ + + + + + + + + + + + +

+ + + + + + + + + + + +

+ + + + + + + + + + + +

+ + + + + + + + + + + + +

X
X X X

X

X

X

+ + + + + + + + + + + + +

+ + + + + + + + + + + + +

+ + + + + + + + + + + + -,-

+ + + + + + I +M + + + +

X

+ + + + + + + + + + M + +
X

X

X

X

X
X

M M M + M M M M M M M M M

X
X

+ + M + + M + + + + + + +
X

TOTAL
'ISSUES
•UMORS

49
46
48
47
48
48
48
48
47
48
1

1
50
1
3
2
8
1
2
3

49
1
1

48
1
2
1

48
46
47
50

50

49
49
1

49
49
46
42
3

49
2

47
1
1

1
48
1

3
49
47

1
1
1

1

1

1
1

1
47
1
4

3
2

49
1
5
3

35
2
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

1HTEUUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibrosarcoma

MUSCULOSKELETAL SYSTEM
Bone

Sacrum, osteosarcoma
Skeletal muscle

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Hepatocellular carcinoma, metastabc,

liver
Lymphoma malignant histiocytic
Lymphoma malignant lymphocyte
Lymphoma malignant mixed
Mediastinum, fibrosarcoma, metastatic.

skin
Nose
Trachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

Adenoma

URINARY SYSTEM
Kidney

Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Renal tubule, adenoma

Urinary bladder
Lymphoma malignant mixed

d o o o o o i t i i i l i i l i i i i i i i i i i
6 7 8 8 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6 4 4 6 8 2 7 3 6 1 1 3 4 5 5 9 1 3 3 5 6 8 0 2 7
3 3 5 4 5 5 1 2 2 3 4 4 1 3 4 3 2 1 3 1 5 3 5 4 3

X X

X

X

X
X

+ + + +fL + + + + + + + + + + + + + + + + + + + +

+ I
X

X
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TABLE D2. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE
(Continued)

WEEKS ON
STUDY

CARCASS
ID

UNTEUUMENTARY SYSTEM
Mammary gland
Skin

Subcutaneous tissue, fibrosarcoma

MU5CULOSKELETAL SYSTEM
Bone

Sacrum, osteosarcoma
Skeletal muscle

NERVOUS SYSTEM
Brain

RESPIRATORY SYSTEM
Lung

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma
Mepatoce Iralar carcinoma, metastatic,

liver
Lymphoma malignant histiocytic
Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Mediastinum, fibrosarcoma, metastatic,

skin
Nose
7 rachea

SPECIAL SENSES SYSTEM
Eye
Hardenan gland

Adenoma

TJRINARY SYSTEM
Kidney

Lymphoma malignant lymphocytic
Lymphoma malignant mixed
Renal tubule, adenoma

1 rnnary bladder
Lymphoraa malignant mixed

1 i i i i i i i i i i i i i i i
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

7 8 9 0 1 1 4 5 6 7 7 8 9 9 0 2
4 2 2 1 1 5 2 5 1 2 5 1 4 5 3 1

M + + + + +M+ + + + + + + + +

1 f i 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0
5 5 5 5 5 5 5 5 5

2 2 3 4 5 8 9 0 0
2 3 5 4 2 4 1 2 4

+ + + + + M+ + +

X

+ + + + + + + + +

+ + + + + + + + + + + + + + + +

X
X

X X

X X
X

+ ^ + + + + + + + + + + + + + +

X X

+ + + + + + + + + + + + + + + +
x x

X
X

X

+ + + + + + + + +
X

X

+ + + + + + + + +

X

-,- + + + + + + + +

+ + + I + + M + +

TOTAL
TISSUES
TUMORS

44
49

3

50
1
1

49

50
2
2

2
1
3
1

1
50
49

1
47
4

49
3
1
1

44
1
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TABLE D3. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF p-CHLOROANILINE HYDROCHLORIDE 

Vehicle Control 3 mg/kg 10 mg/kg 30 mg/kg 

Harder ian  Gland: Adenoma 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 7.7% 
Terminal Rates (c) 3/39 (8%) 
Day of First Observation 728 
Life Table Tests (d) P = 0.225 
Logistic Regression Tests (d) P=0.225 

P = 0.222 
Fisher Exact Test (d) 
Cochran-Armitage Trend Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates(b) 12.3% 
Terminal Rates (c) 4/39 (10%) 
Day of First Observation 672 
Life Table Testa (d) P=0.310 
Logistic Regression Tests (d) P=0.305 
Cochran-Armitage Trend Test (d) P=0.301 
Fisher Exact Test (d) 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 1/50 (2%) 

Terminal Rates (c) 0139 (0%) 
Day of First Observation 480 
Life Table Tests (d) P-0.034 
Logistic Regression Tests (d) P = 0.028 
Cochran-Armitage Trend Test (d) P = 0.032N 
Fisher Exact Test (d) 

Adjusted Rates (b) 2.1% 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 14.1% 
Terminal Rates (c) 4/39 (10%) 
Day of First Observation 480 
Life Table Testa (d) P10.171 
Logistic Regression Tests (d) P = 0.180 
Cochran-Armitage Trend Test (d) P=0.161 
Fisher Exact Test (d) 

Lung: AlveolarlBronc hiolar Adenoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 12.2% 
Terminal Rates (c) 4/39 (10%) 
Day of First Observation 666 
Life Table Test(d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Lung: AIveolarlBronchiolar Adenoma or Carcinoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 14.7% 
Terminal Rates (c) 5/39 (13%) 
Day of First Observation 666 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

1/50 (2%) 
2.4% 
1/42 (2%) 
728 
P = 0.279N 
P=0.279N 

P = 0.309N 

7/50 (14%) 
16.7% 
7/42 (17%) 
728 
P=0.428 
P = 0.374 

P = 0.380 

2/50 (4%) 
4.8% 
2/42 (5%) 
728 
P = 0.512 
P = 0.509 

P=0.500 

9/50(18%) 
21.4% 
9/42 (21%) 
728 
P=0.335 
P=0.278 

P=0.288 

(e) 2/8 (25%) 

(e) 218 (25%) 

1/50 (2%) 
2.3% 
1/44 (2%) 
728 
P=0.263N 
P=0.263N 

P = 0.309N 

8/50 (16%) 
18.2% 
8/44(18%) 
728 
P=0.354 
P=0.302 

P=0.277 

0/50 (0%) 
0.0% 
0/44 (0%) 

P=0.492N 
P=0.500N 

P=0.500N 

8/50 (16%) 
18.2% 
8/44 (18%) 
728 
P=0.472 
P=0.395 

P=0.387 

(e) 1/7 (14%) 

(e) 1/7 (14%) 

4/50 (8%) 
9.8% 
4/41 (10%) 
728 
P = 0.527 
P=0.527 

P=0.500 

8/50 (16%) 
19.0% 
7/41 (17%) 
722 
P=0.308 
P=0.287 

P=0.277 

5/50 (10%) 
11.7% 
4/41 (10%) 
616 
P=0.117 
P=0.082 

P=O.102 

11/50 (22%) 
25.4% 
9/41 (22%) 
616 
P=0.174 
P = 0.146 

P = 0.143 

2/50 (4%) 
4.9% 
2/41 (5%) 
728 
P=0.203N 
P = 0.206N 
P = 0.218N 

4/50 (8%) 
9.8% 
4/41 (10%) 
728 
P=0.344N 
P=0.356N 
P = 0.370N 
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TABLE; D3. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
O F  p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control 3 mg/kg 10 mg/kg 30 mg/kg 

Pituitary G l a n d P a r s  Distalis: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

Subcutaneous Tissue: Fibrosarcoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logistic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: Follicular Cell Adenoma 
Oveirall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Test (d) 
Logistic Regression Test (d) 
Fisher Exact Test (d) 

3146 (7%) 
8.1% 
3137 (8%) 
728 

1/50 (2%) 
2.1% 
0139 (0%) 
527 
P=0.131 
P=0.117 
P=0.126 

3/49 (6%) 
7.7% 
3/39 (8%) 
728 

Hematopoietic System: Lymphoma, 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Day of First Observation 
Life Table Tests (d) 
Logi.stic Regression Tests (d) 
Cochran-Armitage Trend Test (d) 
Fish,er Exact Test (d) 

All Malignant 
19/50 (38%) 
41.3% 
12/39(31%) 
666 
P=O.O82N 
P =  0.071N 
P=0.078N 

(e) 115 (20%) 

0150 (0%) 
0.0% 
0142 (0%) 

P = 0.504N 
P = 0.473N 

P=0.500N 

( e )  0/4 (0%) 

12/50 (24%) 
27.8% 
11/42 (26%) 
528 
P =0.083N 
P = 0.104N 

P=0.097N 

(e) 216 (33%) 

3/50 (6%) 
0.0% 
2/44 (5%) 
667 
P-0.337 
P=0.260 

P-0.309 

(e) 013 (0%) 

5/50 (10%) 
10.3% 
2/44 (5%) 
521 
P=  0.00 1N 
P = 0.00 1 N 

P<0.001N 

3/42 (7%) 
8.8% 
3/34 (9%) 
728 
P=0.624 
P=0.624 
P=0.617 

3/50 (6%) 
7.0% 
2/41 (5%) 
667 
P = 0.321 
P = 0.268 

P=0.309 

2/49 (4%) 
4.9% 
2/41 (5%) 
728 
P =0.477N 
P=0.477N 
P=0.500N 

10/50 (20%) 
23.0% 
8/41 (20%) 
609 
P=0.041N 
P=0.032N 

P=0.038N 

1 a )  Nuniber of tumor-bearing animals/number of animals examined a t  the site; doses calculated asp-chloroaniline. 
(b)  Kaplan-Meier estimated tumor incidences a t  the end ofthe study after adjusting for intercurrent mortality 
(c) Obstwed tumor incidence a t  terminal kiil 
t d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the Pviilues corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regardri tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The logistic regres- 
,$ion test regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
I e) Incomplete sampling of tissues 
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TABLE 114. HISTORICAL INCIDENCE OF HEMATOPOIETIC SYSTEM TUMORS IN FEMALE B6C3F1 
MICE (a) 

Study 
Incidence in Controls 

Lymphoma Lymphoma or Leukemia 

Historical Incidence for All Water Gavage Vehicle Controls 

Iodinated glycerol (b) 26/50 
Chlorpheniramine maleate (c) 17/50 
Tetrakis(hydroxymethy1)phosphonium chloride (c) 21/50 
Mdonaldehyde, sodium salt (c) 13/50 
Tetrakis(hydroxymethy1)phosphonium sulfate (c) 16/50 
Methyl carbamate (d) 14/50 
Chlorinated trisodium phosphate (b) 12/50 

26/50 
18/50 
2 1/50 
13/50 
18/50 
14/50 
12/50 

TOTAL, 
SD (e) 

Range (D 
High 
Low 

119/350 (34.0%) 122/350 (34.9%) 
9.93% 9.92% 

26/50 
12/50 

26/50 
12/50 

Overall Historical Incidence for Untreated Controls 

TOTAL 
SD (e) 

Range (D 
High 
Low 

617/2,040 (30.2%) 636/2,040 (31.2%) 
13.32% 12.83% 

(g) 37/50 
5/50 

(g) 38/50 
6/50 

(al Data as of April 29,1987, for studies of a t  least 104 weeks 
(b) Study performed a t  EG&G Mason Research Institute 
(c) Study performed at Battelle Columbus Laboratories 
(d) Study performed a t  Microbiological Associates 
(e) Standard deviation 
(D Range and SD are presented for groups of 35 or more animals. 
(g) Second highest: 31/50 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF pCHLOROANILINE HYDROCHLORIDE 

Vehicle Control Low Dose Mid Dose High Dose 

Animals initially in study 50 
Animals removed 50 
A nimals examined histopathologically 50 

50 50 50 
50 50 50 
50 50 50 

ALIMENTARY SYSTEM 
Gallbladder (47) 

Infiltration cellular, lymphocytic, multifocal 
Lumen, pigmentation, diffuse 
Mucosa, cyst 

Parasite metazoan 3 (6%) 

Inflammation, chronic, focal 1 (2%) 
Ulcer, chronic, focal 1 (2%) 

Necrosis, acute, diffuse 

Intestine large, colon (47) 

Intestine small, duodenum (46) 

Intestine small, jejunum (46) 

Liver (50) I 
Arigiectasis, focal 1 (2%) 
Basophilic focus 1 (2%) 
Clear cell focus 1 (2%) 
Cytomegaly, focal 
Htmatopoietic cell proliferation, multifocal 15 (30%) 
Ntnrosis, acute, multifocal 1 (2%) 
Thrombus, chronic 
Vacuolization cytoplasmic, focal 
Bile duct, cyst 
Centrilobular, necrosis, acute, multifocal 

Kupffer cell, pigmentation, hemosiderin 

Serosa, inflammation, suppurative, chronic, 

Sinusoid, infiltration cellular, 

Hepatocyte, karyomegaly, focal 1 (2%) 

Periportal, inflammation, multifocal 1 (2%) 

multifocal 

polymorphonuclear, diffuse 1 (2%) 
Mesentery (2) 

Inflammation, chronic active, multifocal 
Inflammation, suppurative, chronic, multifocal 

Pancreas (48) 
Inflammation, chronic active, multifocal 
Inflammation, suppurative, chronic, multifocal 
Acinus, atrophy, diffuse 1 (2%) 
Acinus, atrophy, focal 1 (2%) 
Acinus, atrophy, multifocal 1 (2%) 
Duct, cyst 
Duct, cyst, multiple 1 (2%) 
Duct, ectasia, focal 
Duct, ectasia, multifocal 
Duct, inflammation, chronic, multifocal 1 (2%) 

Infiltration cellular, lymphocytic, multifocal 
Acinus, atrophy, focal 

Stomach, forestomach (48) 
Acanthosis, focal 
Hyperkeratosis, focal 
Ulcer, acute, focal 

cyst 
Necrosis, acute, focal 1 (2%) 

Salivary glands (47) 

Stomach, glandular (48) 

(3) 

(5) 

(4) 

(4) 

:50) 

2 (4%) 

29 (58%) 
1 (2%) 

1 (2%) 

1 (2%) 

(2) 

(7) 

2 (100%) 

1 (14%) 

1 (14%) 
1 (14%) 

(5) 

(5) 

(5) 

(2) 

(3) 

(3) 

(2) 

(50) 

1 (2%) 
24 (48%) 

1 (2%) 

1 (2%) 

1 (2%) 

(3) 
2 (67%) 

(5) 
1 (20%) 

2 (40%) 

1 (20%) 

(3) 

(3) 

(3) 

(46) 
1 (2%) 
1 (2%) 
1 (2%) 

(48) 

(48) 

(48) 

(50) 
1 (2%) 

1 (2%) 

1 (2%) 
31 (62%) 
1 (2%) 
1 (2%) 
1 (2%) 

1 (2%) 

46 (92%) 

1 (2%) 

(3) 
1 (33%) 
2 (67%) 

(49) 

1 (2%) 

2 (4%) 
5 (10%) 
1 (2%) 

1 (2%) 

(48) 
3 (6%) 
1 (2%) 

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

1 (2%) 

(46) 

(47) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

CARDIOVASCULAR SYSTEM 
Heart (50) 

Atrium, inflammation, chronic, focal 
Coronary artery, inflammation, chronic 

Epicardium, inflammation, acute, multifocal 
active multifocal 

(5) (3) (50) 
1 (33%) 

1 (2%) 
1 (20%) 

ENDOCRINE SYSTEM 
Adrenal gland (50) (5) (4) (49) 

Accessory adrenal cortical nodule 1 (2%) 
Capsule, cyst 1 (2%) 

multifocal 1 (2%) 
Capsule. hyperplasia, focal 1 (2%) 

fatty, multifocal 1 (2%) 

Degeneration, fatty, focal 1 (2%) 
Hematopoietic cell proliferation, multifocal 1 (2%) 
Hyperplasia, focal 1 (2%) 1 (2%) 
Hyperplasia, multifocal 1 (2%) 
Hypertrophy, focal 2 (4%) 2 (4%) 
Hypertrophy, multifocal 1 (2%) 1 (2%) 

Hyperplasia, focal 1 (2%) 
Infiltration cellular, plasma cell, focal 1 (2%) 

Pars distalis, cyst 3 (7%) 1 (2%) 
Pars distalis, cyst, multiple 1 (2%) 

Pars distalis, hyperplasia, multifocal 2 (4%) 

Necrosis. acute, focal 1 (2%) 
Follicular cell, hyperplasia 1 (2%) 
Follicular cell, hyperplasia, focal 1 (2%) 1 (2%) 
Follicular cell, hyperplasia, multifocal 1 (2%) 
Interstitium, inflammation, chronic, focal 1 (2%) 

Capsule, hyperplasia, cystic, glandular, 

Capsule, hyperplasia, multifocal 48 (96%) 2 (40%) 3 (75%) 48 (98%) 
Corticomedullary junction, degeneration, 

Adrenal gland, cortex (50) (5) (4) (49) 

Adrenal gland, medulla (50) (4) (49) 

Pituitary gland (46) ( 6 )  (42) 

Pars distalis, hyperplasia, focal 5 (11%) 1 (17%) 6 (14%) 

Thyroid gland (49) (3) (49) 

(5) 

(5) 

(4) 

GElNERAL BODY SYSTEM 
None 

GENITAL SYSTEM 
Ovary (50) 

Angiectasis, focal 
Angiectasis, multifocal 1 (2%) 
Inflammation, suppurative, chronic, multifocal 
Thrombus, chronic active 1 (2%) 
Corpus luteum, angiectasis, multifocal 
Follicle, cyst 10 (20%) 
Follicle, cyst, multiple 3 (6%) 
Periovarian tissue, cyst 3 (6%) 
Periovarian tissue, infiltration cellular, 

Periovarian tissue, inflammation, chronic 

Rete ovarii, cyst 

lymphocytic, multifocal 

active, multifocal 

(14) (17) (47) 
1 (2%) 

2 (4%) 
1 (7%) 

1 (2%) 
7 (50%) 11 (65%) 14 (30%) 

1 (2%) 
1 (7%) 5 (29%) 1 (2%) 

1 (2%) 

1 (6%) 

1 (7%) 
1 (2%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

GENITAL SYSTEM (Continued) 
Uterus (50)  (38) (42) (48) 

Inflammation, suppurative, chronic, multifocal 1 (3%) 2 (4%) 
Endometrium, angiectasis, multifocal 1 (2%) 

Mucosa, metaplasia, squamous, multifocal 1 (2%) 
Myometrium, angiectasis, multifocal 1 (2%) 

Endometrium, hyperplasia, cystic, 
glandular, multifocal 45 (90%) 35 (92%) 41 (98%) 43 (90%) 

HEMATOPOIETIC SYSTEM 
Blood (1) 

Bone marrow (48) 
Neutrophilia 

Femoral, angiectasis, focal 1 (2%) 
Femoral, hyperplasia, neutrophil, diffuse 
Femoral, myelofibrosis, multifocal 3 (6%) 

Mediastinal, hyperplasia, lymphoid, diffuse 
Pancreatic, inflammation, chronic active, 

Renal, hyperplasia, lymphoid, diffuse 

Hyperplasia, lymphoid, diffuse 
Hyperplasia, plasma cell, multifocal 
Lymphatic, angiectasis, diffuse 

Lymph node (48) 

niultifocal 

Lymph node, mandibular (46) 

Lymph node, mesenteric (8) 
cyst 
Hematopoietic cell proliferation, multifocal 
Lymphatic, ectasia, focal 1 (13%) 

Ca psule, hyperplasia. multifocal 
Capsule, inflammation, chronic active, 

Lymphoid follicle, necrosis, acute, multifocal 1 (2%) 
Red pulp, hematopoietic cell proliferation, 

Red pulp, pigmentation, hemosiderin, 

Spleen (50)  

niultifocal 

diffuse 48 (96%) 

niultifocal 45 (90%) 
Thymus (41) 

Deipletion lymphoid, multifocal 
Necrosis, acute, multifocal 1 (2%) 
Medulla, thymocyte, hyperplasia, diffuse 1 (2%) 

(5 

(5 ) 

(5) 

(50 )  

2 (4%) 

50 (100%) 

47 (94%) 
(4) 

3 (75%) 

(2) 

(3) 

(7 ) 

1 (14%) 

(5) 

1 (20%) 

1 (25%) 
1 (25%) 

(4) 

(50)  

1 (2%) 

49 (98%) 

49 (98%) 
(1) 

(3) 

(49) 
3 (100%) 

2 (4%) 
4 (8%) 

2 (4%) 
(47) 

1 (2%) 

1 (2%) 
1 (2%) 

(47) 

(3 ) 

(49) 
1 (2%) 

48 (98%) 

49 (100%) 

1 (3%) 
(35) 

INTEGUMENTARY SYSTEM 
Mammary gland (38) (5) (3)  (44) 

Skin (50) (7) ( 7 )  (49) 
Hyperplasia, cystic, multifocal 2 (67%) 

Parasite external 3 (6%) 
Ulcer 2 (29%) 

1 (14%) Subcutaneous tissue, fibrosis, multifocal 
Subcutaneous tissue, inflammation, chronic 

active, multifocal 2 (29%) 
-- 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY O F  p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

- 
MUSCULOSKELETAL SYSTEM 

Bone (49) (6) (3) (50) 
Bilateral, joint, tarsal, hyperostosis 1 (2%) 

multifocal 1 (2%) 
Cranium, fibrous osteodystrophy 1 (2%) 
Cranium, hyperostosis, focal 1 (2%) 

Bilateral, joint, tarsal, metaplasia, osseous, 

I 

NERVOUS SYSTEM 
Brain (48) (5) (3 ) (49) 

Hemorrhage, multifocal 1 (2%) 
Necrosis, acute, multifocal 1 (33%) 
Hypothalamus, compression, focal 1 (2%) 

multifocal 1 (2%) 2 (4%) 

multifocal 1 (2%) 

Meninges, infiltration cellular, lymphocytic, 

Meninges, inflammation, chronic active, 

RESPIRATORY SYSTEM 
Lung (50) ( 8 )  (7) (50) 

Alveolar epithelium, hyperplasia, focal 1 (13%) 3 (6%) 
Alveolus, hemorrhage, multifocal 1 (14%) 1 (2%) 
Interstitium, inflammation, chronic, 

Interstitium, inflammation, chronic active, 

Interstitium, inflammation, chronic active, 

Mediastinum, foreign body, multifocal 1 (2%) 3 (38%) 
Perivascular, hyperplasia, lymphoid, 

Perivascular, inflammation, chronic, multifocal 1 (2%) 

multifocal 2 (4%) 

focal 1 (2%) 

multifocal 1 (2%) 

multifocal 1 (2%) 

Pleura, inflammation, acute, diffuse 1 (13%) 

SPECIAL SENSES SYSTEM 
Eye (1) ( 1 )  (1) 

Degeneration, diffuse 1 (100%) 
Cornea, inflammation, necrotizing, chronic 

Inflammation, chronic active, diffuse 1 (2%) 
Acinus, hyperplasia, multifocal 1 (2%) 

active, diffuse 1 (100%) 
Harderian gland (48) (4) (3) (47) 

- 
URINARY SYSTEM 

Kidney (50) (7) (4) I 
Inflammation, chronic active, multifocal 1 (25%) 
Mineralization, multifocal 
Nephropathy, chronic, diffuse 1 (2%) 
Nephropathy, chronic, focal 3 (6%) 
Nephropathy, chronic, multifocal 1 (2%) 
Capsule, fibrosis, chronic, focal 1 (25%) 
Glomerulus, amyloid deposition, multifocal 1 (2%) 
Glomerulus, inflammation, chronic, multifocal 
Perivascular, infiltration cellular, plasma 

cell, multifocal 

(49) 

1 (2%) 

1 (2%) 
1 (2%) 

3 (6%) 

1 (2%) 
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TABLE D5. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF p-CHLOROANILINE HYDROCHLORIDE (Continued) 

Vehicle Control Low Dose Mid Dose High Dose 

L' R1 NARY SYSTEM 
Kidney (Continued) (50) (7) (4 )  (49) 

Renal tubule, cytoplasmic alteration, diffuse 1 (14%) 

RE nal tubule, pigmentation, hemosiderin, 

Renal tubule, regeneration, focal 3 (6%) 
Re nal tubule, regeneration, multifocal 4 (8%) 3 (6%) 

Renal tubule, dilatation, diffuse 1 (2%) 

38 (78%) multifocal 
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APPENDIX E. SENTINEL ANIMAL PROGRAM 

Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are  produced in op- 
timally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Cnder this program, the disease state of the rodents is monitored 
vi,t viral serology on sera from extra (sentinel) animals in the study rooms. These animals are  un- 
treated, and these animals and the study animals are  both subject to identical environmental condi- 
tions. The sentinel animals come from the same production source and weanling groups as the ani- 
ma Is used for the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex were selected a t  the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
were killed at 6 and 18 months on study. Data from animals surviving 24 months were collected from 
5/50 randomly selected vehicle control animals of each sex and species. The blood from each animal 
was collected and clotted, and the serum was separated. The serum was cooled on ice and shipped to 
Microbiological Associates’ Comprehensive Animal Diagnostic Service for determination of the viral 
anl.ibody titers. The following tests were performed: 

Hemagglutination Complement 
Inhibit ion Fixation ELISA 

Mice PVM (pneumonia virus of mice) M.  Ad. (mouse adenovirus) MMV (mouse hepatitis 
Reo 3 (reovirus type 3 )  LCM (lymphocytic virus) 
GDVII (Theiler’s choriomeningitis virus) 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
Sendai (18, 24 mo) 

encephalomyelitis virus) Sendai (6 mo) 

Rat 5 PVM RCV (rat  coronavirus) RCV/SDA (sialo- 
KRV (Kilham rat  virus) (6 mo) dacryoadenitis virus) 
H-1 (Toolan’s H-1 virus) Sendai (6 mo) (18,24 mo) 
Sendai (18,24 mo) 

Results 

R e ~ u l  ts are presented in Table E 1 
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TABLE E l .  MURINE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE TWO-YEAR 
GAVAGE STUDIES OF p-CHLOROANILINE HYDROCHLORIDE (a) 

Number of Positive Serologic 
Interval (months) Animals Reaction for 

RATS 

6 _ _  None positive 

18 _ _  None positive 

24 _ _  None positive 

MICE 

6 _ _  None positive 

18 1/10 MHV 

24 1/10 PVM 
2/10 MHV 

-- 
(a) Blood samples were taken from sentinel animals at 6 and 18 months after the start of dosing and from the vehicle control 
animals just before they were killed; samples were sent to Microbiological Associates (Bethesda, MD) for determination of 
antibody titers. 
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APPENDIX F 

ANALYSIS OF ORGAN WEIGHTS FOR RATS AND MICE 

IN THE THIRTEEN-WEEK GAVAGE STUDIES OF 

p-CHLOROANILINE HYDROCHLORIDE 

PAGE 

TABLE r p i  ANALYSIS OF ORGAN WEIGHTS FOR RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF p-CHLOROANILINE HYDROCHLORIDE 236 

TABLE r p z  ANALYSIS OF ORGAN WEIGHTS FOR MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF p-CHLOROANILINE HYDROCHLORIDE 237 

235 p-Chloroaniline Hydrochloride, NTP TR 351 



TABLE F1. ANALYSIS OF ORGAN WEIGHTS FOR RATS IN THE THIRTEEN-WEEK GAVAGE STUDIES 
OF p-CHLOROANILINE HYDROCHLORIDE (a) 

MALE 

Nti weighed 10 

Body 
weight(b) 328 f 12.1 

Br sin 1,927 f 15 
Heart 935 f 20 
Kidney 1,202 f 3 0  
Liver (grams) 13.0 f 0.42 
Lung 1,638 f 50 
Right testis 1,396 f 33 
Spleen (e) 
Thymus 286 f 10 

FEMALE 

No. weighed 9 

Body 

Brain 
Heart 
Kidney 
Liver 
Lung 
Spleen 
Thymus 

weight (b) 200 f 2.4 
1,784 f 17 

628 f 16 
698 f 13 

7,079 f 201 
1,100 f 48 

447 k 13 
229 f 7 

10 10 

336 f 5.5 345 f 3.8 
1,919 f 10 1,957 f 16 

988 5 2 8  993 f 15 
1,174 f 29 1,219 f 17 

12.4 * 0.26 13.0 f 0.31 
1,652 f 61 1,697 f 72 
1,404 f 14 1,467 f 18 

804 k 16 1,057 f 19 
261 f 11 265 f8 

10 10 

198 f 2.5 199 f 2.6 
1,765 f 21 1,799 f 15 

639 f 17 686 f 17 
691 f 14 722 f 20 

6,392 f 162 7,073 f 134 
1,143 f 28 (d)1,272 f 35 

(c)607 f 9 (c)806 f 15 
230 f 9  222 f 15 

10 

350 f 12.0 
1,935 f 16 

980 f 16 
1,173 f 21 
13.0 f 0.37 

1,616 f 54 
1,487 f 27 

(01,638 f 25 
290 f 15 

10 

189 f 9.2 
1,778 f 14 

643 f 10 
724 f 19 

6,909 f 143 
1,230 f 58 

(c) 1,422 f 30 
244 f 11 

10 

332 f 8.6 
1,884 f 22 
1,003 f 26 
1,146 f 27 

1,681 f 70 
1,454 f 22 

(03,368 ? 54 
(d)329 f 16 

13.3 f 0.49 

10 

195 f 2.3 
1,779 f 12 

665 f 26 
739 f 12 

7,228 f 156 
1,098 f 43 

(c)2,413 f 71 
229 f 9 

10 

(c)285 f 8.5 
(c) 1,850 f 24 

1,007 f 4 3  
1,132 f 37 

(d) 1,444 f 49 
1,403 f 26 

(04,748 f 161 
(c)225 f 10 

12.3 f 0.45 

9 

194 f 2.6 
1,761 f 15 

(c)744 f 33 
(c)792 f 19 
7,481 f 223 
1,113 f 27 

(c)3,527 f 57 
202 f 6 

(a )  Mean in milligrams f standard error, except as  noted. P values are vs. the vehicle controls: Dunnett’s test was used when a 
nonsignificant result was obtained by the Jonckheere trend test; otherwise Williams’ test was used (Dunnett, 1980; Jonckheere, 
1954; Williams, 1971,1972); doses calculated as p-chloroaniline. 
(b‘r Absolute necropsy body weight (in grams) f standard error 
(c )  P<O.Ol vs. vehicle controls 
(di F’<0.05 vs. vehicle controls 
( e )  ;Spleen weights not recorded for vehicle controls; reported P values vs. the 5 mg/kg group. 
(D P<O.Ol vs. the 5 mg/kg group 
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TABLE F2. ANALYSIS OF ORGAN WEIGHTS FOR MICE IN THE THIRTEEN-WEEK GAVAGE STUDIES 
OF PCHLOROANILINE HYDROCHLORIDE (a) 

MALE 

No. weighed 10 

Body 

Brain 
Heart 
Kidney 
Liver 
Lung 
Spleen 
Right testis 
Thymus 

weight I b) 32.1 f 1.14 
447 f 5.8 
157 f 10.2 
270 k 8.2 

1,664 f 49 
228 f 12 
69 f 4  

113 _+ 3.9 
34 f 2.6 

FEMAL,E 

No. weighed 9 

Body 

Brain 486 f 7.4 
Heart 134 f 3.9 
Kidney 202 f 8.7 
Iiver 1,475 f 39 
L,ung 225 f 6  
Spleen 93 f 5  
Thymus 46 f 2.9 

weight (b) 27.2 f 0.66 

10 

32.3 f 0.97 
459 f 5.4 
163 f 6.2 
278 & 9.4 

1,543 C 67 
253 & 12 

119 & 2.9 
42 f 4.0 

(c) 107 C 5 

10 

25.8 k 0.47 
461 f 8.6 
144 k 4.8 
187 f 2.7 

1,300 f 32 
225 f 13 
97 f 5  
48 f 2.5 

10 

31.6 f 1.07 
449 f 7.5 
170 f 7.0 
281 f 10.6 

1,576 f 71 
268 k 18 

td)132 f 21 
(c)127 k 4.0 

43 f 3.3 

10 

25.1 k 0.77 
461 f 6.7 
134 k 6.1 
182 f 5.1 

1,245 f 61 
212 f 11 
125 f 6 
43 f 2.4 

10 

33.5 f 0.45 
449 f 6.1 

(c)192 f 10.0 
282 f 5.7 

1,800 f 46 
264 f 14 

(d)196 f 12 
118 f 4.1 
32 f 2.9 

9 

26.0 f 0.58 
460 f 9.2 
142 k 8.6 
189 f 9.3 

1,388 C 63 
262 f 15 

(d)206 k 14 
46 f 3.0 

10 

32.8 f 0.65 
455 f 5.4 

(c) 188 f 9.8 
273 f 7.6 

1,817 k 44 
(c)279 f 15 
(d)266 f 10 

114 f 3.3 
33 f 2.6 

7 

27.4 f 0.65 
472 k 8.1 
158 f 11.0 
187 f 10.5 

1,459 & 54 
242 f 10 

(dl293 k 17 
39 f 2.2 

8 

31.9 2 1.13 
440 f 8.7 

( C l  190 f 9.2 
273 k 13.4 

1,813 f 66 
(d)287 f 13 
(d)398 k 14 

111 k 3.2 
33 k 2.7 

8 

26.9 k 0.48 
471 k 5.6 
145 C 5.0 
200 f 5.9 

1,603 f 38 
244 f 17 

(d)532 -+ 24 
43 +- 3.9 

(a) Mean in milligrams f standard error, except as noted. P values are vs. the vehicle controls: Dunnett’s test was used when a 
nonsignificant result was obtained by the Jonckheere trend test; otherwise Williams’ test was used (Dunnett, 1980; Jonckheere, 
1954; Williams, 1971,1972); doses calculated asp-chloroaniline. 
(b) Absolute necropsy body weight (in grams) f standard error 
(c) P<0.05 
td) P<O.Ol 
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APPENDIX G 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN 

NIH 07 RAT AND MOUSE RATION 

Pelleted Diet: November 1981 to December 1983 

(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE Cl. INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent by Weight 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
Soy oil 
Dried brewer’s yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(a) NCI, 1976; NIH, 1978 
(b) Ingredients ground to pass through a U.S. Standard Screen No. 16 before being mixed 

TABLE G2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 
D3 
K3 
d-a-Tocopheryl acetate 
Choline 
Folic acid 
Niacin 
d-Pantothenic acid 
Riboflavin 
Thiamine 
B12 
Pyridoxine 
Biotin 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

5,500,000 IU 
4,600,000 IU 

2.8 g 
20,000 IU 

560.0 g 
2.2 g 

30.0 g 
18.0 g 
3.4 g 

10.0 g 
4,000 pg 

1.7 g 
140.0 mg 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4 g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 lb) of finished product 
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TABLE G3. NUTRIENT COMPOSITION O F  NIH 07 RAT AND MOUSE RATION 

Nutrients 
Mean ? Standard  

Deviation Range 
Number of 

Samples 

Protein (percent by weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

Amino Acids (percent of total diet) 

Arginine 
Cystine 
Glycine 
His tidine 
Isoleucine 
Leucine 
Lysine 
Met.hionine 
Phenylalanine 
Threonine 
Tryptophan 
Tyrosine 
Valine 

23.59 f 0.94 
4.96 f 0.52 
3.39 f 0.52 
6.51 f 0.49 

1.32 f 0.072 
0.319 f 0.088 
1.146 f 0.063 
0.571 f 0.026 
0.914 f 0.030 
1.946 f 0.056 
1.280 f 0.067 
0.436 f 0.165 
0.938 f 0.158 
0.855 f 0.035 
0.277 f 0.221 
0.618 f 0.086 
1.108 f 0.043 

Essential Fatty Acids (percent of total diet) 

Linoleic 
Linolenic 

Vitamins 

Vitrimin A (IUkg) 
Vitrimin D (IUkg) 
a-Tocopherol (ppm) 
Thitimine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B12 (ppb) 
Choline (ppm) 

Mierrrls 

Calcium (percent) 
Phoiiphorus (percent) 
Potassium (percent) 
Chlcride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfilr (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chrcimium (ppm) 
Cobalt (ppm) 

2.290 f 0.313 
0.258 f 0.040 

12,084 f 4,821 
4,450 f 1,382 
43.58 f 6.92 
16.9 f 2.42 
7.6 f 0.85 
97.8 f 31.68 
30.06 f 4.31 
7.68 & 1.31 
2.62 f 0.89 
0.254 f 0.053 
24.21 f 12.66 
3,122 f 416.8 

1.30 f 0.13 
0.97 f 0.05 
0.900 f 0.098 
0.513 f 0.114 
0.323 f 0.043 
0.167 f 0.012 
0.304 f 0.064 
410.3 f 94.04 
90.29 f 7.15 
52.78 f 4.94 
10.72 f 2.76 
2.95 f 1.05 
1.85 f 0.25 
0.681 f 0.14 

22.2-26.3 
3.3-5.7 
2.9-5.6 
5.7-7.3 

1.3 10- 1.390 
0.218-0.400 
1.060-1.210 
0.531-0.603 
0.881-0.944 
1.850- 1.990 
1.200-1.370 
0.306-0.699 
0.665-1.05 
0.824-0.898 
0.156-0.67 1 
0.564-0.769 
1.050-1.170 

1.83-2.52 
0.210-0.308 

3,600-24,000 
3,000-6,300 
31.1-48.0 
12.0-21.0 
7.58-8.2 
65.0-150.0 
23.0-34.0 
5.60-8.8 
1.80-3.7 
0.19-0.32 
10.6-38.0 
2,400-3,430 

1.11-1.63 
0.88-1.10 
0.772-0.971 
0.380-0.635 
0.258-0.371 
0.151-0.181 
0.268-0.420 
262.0-523.0 
81.7-99.4 
46.1-58.2 
8.09-15.39 
1.52-3.82 
1.44-2.09 

0.490-0.780 

26 
26 
26 
26 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

5 
5 

26 
4 
5 
26 
5 
5 
5 
5 
5 
5 
5 
5 

26 
26 
3 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
4 
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TABLE G4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminants 
Mean f Standard  

Deviation Range 
Number of 

Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (a) 
Selenium (ppm) 
Aflatoxins (ppb) (a) 
Nitrate nitrogen (ppm) (b) 
Nitrite nitrogen (ppm) (b) 
BHA (ppm) (c) 
BHT(ppm)(c) 
Aerobic plate count (CFU/g) (d) 
Coliform (MPN/g) (e) 
E. coli (MPN/g) (a) 
Total nitrosamines (ppb) (0 
N-nitrosodimethy lamine (ppb) (f) 
N-Nitrosopyrrolidine (ppb) (D 
Pesticides (ppm) 

a-BHC (a,g) 
PBHC (a) 
y-BHC-Lindane (a) 
BBHC (a) 
Heptachlor (a) 
Aldrin (a) 
Heptachlor epoxide (a) 
DDE (a) 
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor (a) 
Dieldrin (a) 
Endrin (a) 
Telodrin (a) 
Chlordane (a) 
Toxaphene (a) 
Estimated PCBs (a) 
Ronnel (a) 
Ethion (a) 
Trithion (a) 
Diazinon (a) 
Methyl parathion (a) 
Ethyl parathion (a) 
Malathion (h) 
Endosulfan I (a) 
Endosulfan II (a) 
Endosulfan sulfate (a) 

0.52 f 0.13 
<0.10 

0.76 f 0.62 
<0.05 

0.29 k 0.07 
<5.0 
8.66 f 4.47 
2.16 f 1.97 
4.63 f 4.74 
2.67 _+ 2.58 

41,212 f 34,610 
48.42 f 123 
<3.0 
5.25 f 5.80 
4.12 f 5.83 
1.13 f 0.46 

<0.01 
co.02 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.05 
<0.01 
<0.01 
<0.01 
<0.05 
< O . l  
<0.2 
<0.01 
<0.02 
10.05 
<0.1 
co.02 
<0.02 

0.10 k 0.09 
<0.01 
<0.01 
C0.03 

0.29-0.77 

0.33-3.37 

0.13-0.40 

0.10-22.0 
0.10-7.20 
2.0-17.0 
0.9-12.0 

4,900-130,000 
3.0-460 

1.7-30.9 
0.8-30.0 
0.81-2.9 

0.05-0.45 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
25 
26 

(a) All values were less than the detection limit, given in the table as  the mean. 
(b) Source of contamination: alfalfa, grains, and fish meal 
(c) Source of contamination: soy oil and fish meal 
(d)  CFU = colony-forming unit 
(e) MPN = most probable number 
(0 Allvalues were corrected for percent recovery. 
(g) BHC = hexachlorocyclohexane or benzene hexachloride 
(h) Thirteen batches contained more than 0.05 ppm. 
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APPENDIX H. DISTRIBUTION AND DISPOSITION 

A study of the distribution and disposition of p-chloroaniline and p-chloroaniline hydrochloride in 
F344 rats was conducted a t  the University of Arizona under the sponsorship of the National Toxicol- 
ogy Program (NIEHS contract no. N01-ES-8-2130). The laboratory report is on file at the National 
Toxicology Program, National Institute of Environmental Health Sciences, Research Triangle Park, 
North Carolina. 

OVERVIEW OF pCHLOROANILINE PHARMACOKINETICS IN F344 RATS 

In F344 rats, pchloroaniline was rapidly eliminated after a single oral dose. The primary route of ex- 
cretion was the urine, where approximately 75% of the administered carbon-14 appeared within 24 
hours, and approximately 10% was found in the feces. Elimination was found to be independent of 
dose within a hundredfold dose range (0.3-30 mg/kg). Seven days after administration, the only 
tissue containing significant amounts of radioactivity was the erythrocyte fraction of whole blood. 

The excretory profile after a single 0.3 mg/kg intravenous dose of [~*Clpchloroaniline was essentially 
identical to that following oral administration. Urinary excretion of carbon-14 was rapid, with ap- 
proximately 6Q?b of the dose appearing in urine within 4 hours. By 24 hours, only 4% of the urinary 
carbon-14 was present as  p-chloroaniline, and less than 1% of the dose appeared in the feces. No p -  
chloroacetanilide, a major circulating metabolite of p-chloroaniline, was detected in either urine or 
feces over a 3-day period. 

There were no apparent tissue depots ofp-chloroaniline or metabolites after a single intravenous dose 
of 3 mg/kg except for erythrocytes. Tissue levels of carbon-14 peaked 30 minutes to 1 hour after intra- 
venous administration, with the highest percentage of dose being found in liver, muscle, fat, and skin. 
Elimination from all tissues followed bi-exponential kinetics. 

The pharmacokinetics of p-chloroacetanilide followed mono-exponential decay kinetics with an ap- 
pearance phase. The appearance half-life (t,$ of p-chloroacetanilide was about 10 minutes, and the 
elimination (ts+) was on the order of 1.5-2 hours. 

These results demonstrate that after intravenous administration to F344 rats, p-chloroaniline is 
rapidly N-acetylated to p-chloroacetanilide as  the first step in metabolism and excretion of p-chloro- 
aniline. The absence of any p-chloroacetanilide in the urine indicates further metabolism of p-chloro- 
acetanilide prior to excretion via that route. 

MATERIALS AND METHODS 

Chemicals and Animals 

Uniformly ring-labeled [14C]p-chloroaniline (specific activity 5.0 mCi/mmol) was purchased from 
KOR Inc. (Cambridge, Massachusetts). Unlabeled p-chloroaniline was purchased from Aldrich 
Chemical Co. (Milwaukee, Wisconsin) and was recrystallized twice from ethano1:water (1:l) before 
use. Spectrophotometric-grade p-nitrophenol was obtained from Sigma Chemical Co. (Milwaukee, 
Wisconsin). pChloroacetanilide was prepared by refluxing p-chloroaniline with acetic anhydride. 
Recrystallization from 50% acetic acid produced colorless needles with a melting point of 176"-178" C 
(compared with 177"-178" C, Merck, 1983). Mass spectra of the synthesized p-chloroacetanilide con- 
firmed its structure. p-Chloroglycoanilide was prepared by the method of Shapiro et  al. (1959). The 
identity of this material was confirmed by proton magnetic resonance spectroscopy and mass spec- 
trometry. Heptane sulfonic acid sodium salt was obtained from Eastman Kodak Co. (Rochester, New 
York), and high-performance liquid chromatography-grade acetonitrile was purchased from Burdick 
and Jackson Laboratories (Muskegon, Michigan), Inactins (methylpropyl-N'-ethylthiobarbiturate) 
was obtained from Andrew Lockwood Association (Madison, Wisconsin). All other chemicals were of 
reagent or scintillation quality as  required. 
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APPENDIX H. DISTRIBUTION AND DISPOSITION 

Male F344 rats weighing 150-200 g, purchased from M.A. Bioproducts (Walkersville, Maryland), 
were housed individually in stainless steel metabolism cages designed to separate urine from feces 
and were provided with feed and water ad libitum. 

Distribution/Disposition Studies 

The efrect of dose on the disposition ofp-chloroaniline after oral administration of 0.3,3, or 30 mg/kg 
p-chloroaniline in 0.01 N hydrochloric acid was determined in rats (three animals per dose). Rats a t  
the two higher doses received 40 pCi/kg, and those a t  the lowest dose received 9 pCi/kg. Urine and 
feces were collected daily and analyzed for total carbon-14, and the percentage of excreted dose was 
calculated. Urine samples (0.5 ml) were added directly to Betaphase scintillation fluid (Westchem 
Products, San Diego, California) and analyzed directly by liquid scintillation counting (LS-1OOC 
Becknian Instruments, Fullerton, California). Feces were digested in 15 ml of 0.5 N sodium 
hydroxide, and 0.5 g aliquots were oxidized to carbon[l*Cl dioxide in a Packard Tri-Carb sample 
oxidizer (Packard Instruments, Downers Grove, Illinois), as previously described (Miller et  al. , 1982). 

'rissue distribution and pharmacokinetic studies were conducted in rats after a single intravenous in- 
jection via the tail vein with 3 mg/kg p-chloroaniline (30 pCi/kg) dissolved in a mixture of etha- 
no1:propylene glyco1:water (1:1:8). Three animals were killed a t  times ranging from 15 minutes to 3 
days. Tissues saved for analysis included brain, lung, liver, kidney, spleen, small intestine, testis, 
renal fat, muscle, and skin. Urinary bladder and intestinal contents were combined with that day's 
urine and feces, respectively. Blood was obtained by cardiac puncture, and a 1-ml aliquot was im- 
mediately mixed with two volumes of acetonitrile for later analysis for p-chloroaniline. The re- 
mainder of the sample was stored at 4" C in heparinized glass tubes. Tissue samples were kept frozen 
a t  - 18" C prior to analysis. 

'Pissue aliquots (0.1-0.5 g) were analyzed in duplicate for total carbon-14 as previously described. The 
percentage of the total dose found in tissues was based on the wet tissue weight, with estimates of 9%, 
50%, 7%, and 16% of the total body weight being used for blood, muscle, fat, and skin, respectively 
(Matthews and Anderson, 1975). 

Biliary Excretion 

Bile was collected from the common bile duct of anesthetized (100 mg/kg Inactin@) rats after can- 
nulation with PElO polyethylene tubing (Clay Adams, New York). After 30 minutes of bile collec- 
tion, 3 mg/kg p-chloroaniline (30 pCi/kg) was administered via the tail vein. Bile samples were col- 
lected at 30-minute intervals for 6.0 hours. Duplicate 25-p1 samples were assayed directly by liquid 
scintillation counting for quantification of total carbon-14. Pooled 6-hour samples were also analyzed 
lbr pchloroaniline as described below for urine. 

Separation of p-Chloroaniline from Metabolites 

p-Chloroaniline was separated from its metabolites in those tissues that contained greater than 1% of 
the administered dose and was assayed by high-performance liquid chromatography. Blood samples 
for high-performance liquid chromatography analysis were added to two volumes of acetonitrile a t  
the time of collection, and the protein precipitate was separated by centrifugation. The supernatant 
was then extracted with two additional volumes of acetonitrile. The extracts were pooled and washed 
with 1 ml of hexane to remove lipids. The hexane layer was discarded, since it contained less than 
100 disintegrations per minute (dpm) of carbon-14. The pooled acetonitrile extracts were evaporated 
to near dryness under a stream of dry nitrogen before the addition of 200 p1 of a mixture of acetoni- 
trile: water:acetic acid (25:24:1) which contained 40 pg/ml unlabeled p-chloroaniline and p-nitro- 
phenol. The protein pellets remaining after the acetonitrile extractions were oxidized to carbon[WI 
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APPENDIX H. DISTRIBUTION AND DISPOSITION 

dioxide to determine nonextractable radioactivity. Urine samples were diluted with a n  equal volume 
of acetonitrile containing 40 pg/ml p-chloroaniline and p-nitrophenol prior to high-performance liq- 
uid chromatographic analysis. All other tissues were solubilized in 0.5 N sodium hydroxide at 40" C 
for 24 hours and extracted twice with a diethyl ether:acetonitrile:hexane (8:l : l)  mixture. The pooled 
extracts were concentrated under a stream of dry nitrogen. The residue was dissolved in 1 ml of ace- 
tonitrile and extracted with 1 ml of hexane. The hexane washes contained notable quantities of me- 
tabolites which were taken into account in the calculations. The washed acetonitrile extracts from 
tissue homogenates were then treated as  those for blood. These extraction procedures recovered more 
than 90% of the [14C]pchloroaniline added to control blood, liver homogenates, and urine samples; 
stability studies showed that p-chloroaniline and p-chloroacetanilide levels were unaffected by these 
procedures. However, recovery of total carbon-14 from tissues was between 30% and 80% regardless 
of the time point, and that from blood ranged from 80% a t  15 minutes to less than 1% by 24 hours, 
suggesting that substantial binding may have occurred. This nonextractable radioactivity was as- 
sumed to be unidentified metabolites of p-chloroaniline. 

For high-performance liquid chromatographic analysis, a 250 X 4.6 mm Spherisorb 5 1;1 C-6 reverse 
phase column (Chromanetics Inc., Baltimore, Maryland) was used. The mobile phase was acetoni- 
tri1e:water:acetic acid (37:62:1), containing 5 mM heptane sulfonic acid as  an ion-pairing agent a t  a 
1.5 muminute flow rate. A Spectra Physics Model 3500 B high-performance liquid chromatography 
system was used with a Spectra Physics model 8200 ultraviolet detector set at 254 nm. With this sys- 
tem, p-chloroglycoanilide, p-nitrophenol, p-chloroacetanilide, and p-chloroaniline elute a t  4, 5 ,6 ,  and 
7 minutes, respectively. Quantification of tissue extracts was accomplished by collecting the column 
eMuent a t  l-minute intervals (p-chloroaniline and p-chloroacetanilide were collected as discrete 
peaks) and analyzing for carbon-14 by liquid scintillation counting. With this method, the limit of de- 
tection was determined to be 100 dpm above background. 

Pharmacokinetic Analysis 

Pharmacokinetic analyses were performed on the distribution data for total carbon-14, p-chloro- 
acetanilide, and p-chloroaniline in blood, tissues, and excreta by the nonlinear regression program 
NONLIN (Metzler, 1969). The equations used to derive the kinetic curves representing the best sta- 
tistical fit (P<0.05) to the data were described by Gibaldi and Perrier (1975). 

The concentration (C) of p-chloroaniline and of total carbon-14 was best described by the bi-exponen- 
tial equation I: 

For total carbon-14 in urine and feces, the data were best described by equation II: 

II. C = A(l  -eat) 

The presence of total carbon-14 showed a n  appearance phase in the intestinal contents which fit 
equation III: 

The previous equation (III) was also used to fit the p-chloroacetanilide data for all tissues except liver 
and blood. Data for liver and blood were described by equation IV: 

IV. C=Ae-a t  
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In the above equations, A and B are constants and QI and 0.3 are first and second phase rate constants,
respectively. Time (t) is in hours.

RESULTS

After oral administration of 0.3, 3, or 30 ing/kg p-chloroaniline, [14C]p-chloroaniline equivalents were
rapidly excreted. At 24 hours, 77% of the dose appeared in the urine and 10% in the feces. After 7
days, 83.7% ± 7.9% of the dose had been excreted in the urine and 10.8% ± 1.9% in the feces (Figure
HI). At this time, the only tissue containing greater than 1% of the administered dose was the cellu-
lar component of blood, which contained l%-2% of the dose. Since excretion was found to be
independent of dose, the mid dose of 3 mg/kg was used for subsequent intravenous studies.

Total Carbon-14 Kinetics

After an intravenous injection of [14C]p-chloroaniline, total radioactivity was rapidly distributed,
with maximal levels being reached in most tissues within 15 minutes. At this time, muscle (34%), fat
(14%), skin (12%), liver (8%), and blood (7%) contained the majority of radioactivity, and the small
intestine and kidney each contained approximately 3% of the dose. The elimination of total carbon-14
from all tissues was best described by first order biphasic elimination kinetics (Figures H2 and H3).
The initial elimination half-lives were similar for all tissues and ranged between 1.5 and 4 hours. By
8 hours, approximately 90% of the administered dose was eliminated from the blood and tissues into
the urine and feces. Because of this rapid elimination, accurate terminal decay rate constants were
difficult to determine but were calculated to be approximately 48 hours. The terminal elimination
phase of carbon-14 equivalents represented only 6% of the dose, and 4% of the dose was found in whole
blood (Figure H4).

p-Chloroaniline Kinetics

Accurate determination of the rate of p-chloroaniline elimination from tissues was difficult because of
its rapid disappearance. Tissues analyzed displayed bi-exponential decay kinetics with initial half-
lives of approximately 8 minutes and terminal half-lives of 3-4 hours, except for adipose tissue and
small intestine which had terminal half-lives of 29 and 23 hours, respectively (Table HI). With blood,
muscle, fat, and skin, the best fit for the kinetic curve was determined after deleting data at 1 hour.
These tissues had concentrations of p-chloroaniline at 1 hour which were considerably higher than at
the other time points. The results at 1 hour were confirmed in a repeated experiment; therefore, the
data were not considered to be in error.

p-Chloroacetanilide Pharmacokineti.es

The kinetics of p-chloroacetanilide in those tissues examined followed monophasic elimination kinet-
ics preceded by a short appearance phase in all tissues except liver and whole blood (Table H2). The
distribution of p-chloroacetanilide was similar to that of total carbon-14, with the highest levels being
found in muscle, skin, fat, liver, and blood. The half-life of appearance of p-chloroacetanilide was ap-
proximately 10 minutes, and the elimination half-life was 3 hours.
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TABLE H1. ELIMINATION OF p-CHLOROANILINE FROM TISSUES OF F344 RATS ADMINISTERED 
p-CHLOROANILINE BY INTRAVENOUS INJECTION (a) 

_"I 

tP (hours) 
Tissue A a ta  B P 

(percent) (hours) (percent) 

Kidney 1.31 7.9 0.087 0.36 0.17 3.87 
Small intestine 1.12 3.7 0.187 0.59 0.03 23 
Adipose tissue 3.59 3.8 0.182 0.28 0.02 29 
Muscle 22.6 5.6 0.124 1.3 0.12 5.4 
Skin 8.60 5.10 0.124 0.58 0.17 4.0 
Whole blood 0.82 7.90 0.087 0.01 0.15 4.56 
- 
(a) Dose = 3 mg/kg; data fitted to equation I described in the Materials and Methods section of Appendix H. 

TABLE H2. THE CONCENTRATION OF p-CHLOROACETANILIDE IN TISSUES OF F344 RATS 
ADMINISTERED p-CHLOROANILINE BY INTRAVENOUS INJECTION 

Tissue t P 
(hours) 

A Q ta B 
(percent) (hours) 

Liver 3.00 _ _  _ _  0.23 (a) 3.04 
Whole blood 7.43 _- _ _  0.25 (a) 2.74 
Kidney 1 .o 4.4 0.15 0.48 1.44 
Small intestine 1.71 10.5 0.07 0.30 2.30 
Muscle 39.4 4.4 0.16 0.48 1.44 

Skin 7.8 10.0 0.069 0.39 1.76 
Adipose tissue 7.9 4.8 0.15 0.36 1.90 

(a) Dose = 3 mg/kg. Liver and blood data were fitted to equation IV described in the Materials and Methods section of 
Appendix H; all other data were fitted to equation I. 

Biliary Excretion of [ 1 4 C l p - C h l o r o a n i l i n e  

The biliary excretion of total carbon-14 occurred rapidly after intravenous administration of [14Clp- 
chloroaniline (Figure H5). Cumulative recovery accounted for 25% k 2.7% of the dose after 6.0 hours 
of collection. High-performance liquid chromatographic analysis of pooled bile extracts revealed only 
small amounts of p-chloroaniline (10%) and p-chloroacetanilide (7%), with the remainder being 
unidentified polar metabolites. 
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APPENDIX I. AUDIT SUMMARY 

The pathology specimens, experimental data, study documents, and draft NTP Technical Report No. 
351 for the 2-year studies ofp-chloroaniline hydrochloride in rats and mice were audited for accuracy, 
consistency, completeness, and compliance with the Good Laboratory Practice (GLP) regulations of 
the Food and Drug Administration (fully implemented by the National Toxicology Program [NTP] be- 
ginning October l ,  1981). The studies were conducted by Battelle Columbus Laboratories (Columbus, 
Ohio). Dosing of animals by gavage began on January 25,1982, for rats and on February 8,1982, for 
mice. The retrospective audit was conducted for the National Institute of Environmental Health Sci- 
ences (NIEHS) a t  the NTP Archives during September, October, and November 1987 by Argus Re- 
search Laboratories, Inc. The complete audit report is on file a t  the NIEHS. The audit included a re- 
view of 

All records concerning animal receipt, quarantine, randomization, and disposition prior to 
study start .  
All inlife records including protocol, correspondence, animal husbandry, environmental condi- 
tions, dosing, external masses, mortality, animal identification, and serology. 
Body weight data and clinical observation data for a random 10% sample of animals in each 
study group. 
All chemistry records. 
All postmortem records for individual animals concerning disposition codes, condition codes, 
tissue accountability, correlation of masses or clinical signs recorded at the last inlife observa- 
tion with gross observations and microscopic diagnoses, and correlations between gross obser- 
vations and microscopic diagnoses. 
All wet tissue bags for inventory and wet tissues from a random 20% sample of rats in all study 
groups, plus other relevant cases to verify animal identity and to examine for untrimmed po- 
tential lesions. 
Blocks and slides of tissues from a random 20% sample of animals from each study group to ex- 
amine for proper match and inventory. 
All red-lined diagnoses on the intermediate pathology table to verify incorporation of changes 
in the final tables. 
Correlation between the data, results, and procedures for the 2-year studies presented in the 
preliminary Technical Report and the records available a t  the NTP Archives. 

The archival records documented adequately all inlife procedures and events except for the disposi- 
tion of surplus animals. The records documented the preparation, analysis, and administration of 
doses. A random sample of group mean body weights was recalculated and found to be accurate. Of 
the external masses observed inlife, 139/149 in rats and 2111212 in mice were correlated with nec- 
ropsy observations. The date of death recorded a t  necrospy for one mid dose male mouse did not agree 
with the date entered into the computer a t  the time of animal removal; survival for that group ap- 
peared to be 28 rather than 29 mice. Clinical signs were recorded in a generally consistent manner. 
Hematologic and clinical chemical data were not audited. 

Review of the pathology specimens showed that individual animal identifiers (clipped toes and ears) 
were present and correct in the tissue bags for 991100 rats and 87195 mice examined. Followup on ani- 
mals with less than complete and correct identifiers indicated that individual animal identity had 
been maintained. The audit found seven untrimmed potential lesions in rats (none in target organs) 
and none in mice. All gross observations made a t  necropsy were correlated with microscopic observa- 
tions, except for one in one rat. Tissue slides and blocks were inspected, and sections matched each 
other properly. All diagnoses on intermediate tables had been incorporated into the final pathology 
tables. 

Details of these and other audit findings are  presented in the audit reports. In  conclusion, the data 
and results presented in the Technical Report for the 2-year gavage studies of p-chloroaniline hydro- 
chloride a re  supported by the records at the NTP Archives. 
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