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NOTE T O  T H E  READER 

This is one in a series of experiments designed to determine whether selected chemicals produce 
cancer in animals. Chemicals selected for testing in the NTP carcinogenesis bioassay program are 
chosen primarily on the bases of human exposure, level of production, and chemical structure. 
Selection per se is not an  indicator of a chemical’s carcinogenic potential. Negative results, in which the 
test animals d o  not have a greater incidence of cancer than control animals, d o  not necessarily mean 
that a test chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set 
of conditions. Positive results demonstrate that a test chemical is carcinogenic for animals under the 
conditions of the test and indicate that exposure to the chemical is a potential hazard to humans. The 
determination of the risk to humans from chemicals found to be carcinogenic in animals requires a 
wider analysis which extends beyond the purview of this study. 

This study was initiated by the National Cancer Institute’s Carcinogenesis Testing Program, now 
part of the National Institute of Environmental Health Sciences, National Toxicology Program. 

Comments and questions about the National Toxicology Program Technical Reports on 
Carcinogenesis Bioassays should be directed to the National Toxicology Program, located at  Room 
A-306, Landow Building, Bethesda, M D  20205 (301-496-)152) or at  Research Triangle Park, N C  
27709 (9 19-541-399 1). 

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes 
may occur. Readers are requested to communicate any mistakes to the Deputy Director, NTP (P.O. 
Box 12233, Research Triangle Park, NC 27709), so that corrective action may be taken. Further, 
anyone who is aware of related ongoing or  published studies not mentioned in this report is encouraged 
to make this information known to the NTP. 

These NTP Technical Reports are available for sale from the National Technical Information 
Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487- 
4650). 

Single copies of this carcinogenesis bioassay technical report are available without charge(and while 
supplies last) from the NTP Public Information Office, National Toxicology Program, P.O. Box 
12233, Research Triangle Park,  NC 27709. 
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ABSTRACT 

NH2 HCI 

2-BIPHENY LAMlNE HYDROCHLORIDE 

CAS NO. 2185-92-4 
C12H12CI N Mol. Wt. 205.68 

Single-dose, 14-day, and 13-week studies were conducted using technical-grade 2-biphenylamine 
(2-aminobiphenyl) containing up to  2.5% of the carcinogenic contaminant, 4-biphenylamine. When 
the contamination was recognized, analytical development was begun to purify the material. The salt, 
2-biphenylamine hydrochloride, was prepared to  obtain a more pure test product, which contained 
0.006%-0.049% 4-biphenylamine. The prechronic tests were completed by the time purification was 
accomplished, so data from a second 14-day study with 2-biphenylamine hydrochloride were used to 
help set dose levels for the chronic study. 

The results of the comparative 14-day studies showed that technical-grade 2-biphenylamine was 
more toxic to  mice and rats than 2-biphenylamine hydrochloride as evidenced by greater incidence of 
splenomegaly and greater weight gain depression. 

The technical-grade 2-biphenylamine caused a dose-related decrease in hemoglobin concentration 
and a dose-related increase in leucocyte count in male and female mice in the 13-week study. 
Hemosiderosis, congestion, and extramedullary hematopoeisis were present in the spleens of nearly all 
rats receiving 3,000 ppm or more of the chemical, and in nearly all mice with 1,000 ppm or more 
2-biphenylamine in their diets. 

The chronic study was conducted with the purified 2-biphenylamine hydrochloride by feeding diets 
containing 1,000 or  3,000 ppm 2-biphenylamine hydrochloride to  groups of 49 or 50 F344/ N rats and 
50 B6C3F1 mice of each sex for 103 weeks. Groups of 50 rats and 50 mice of each sex served as controls. 
Survival of dosed male and female rats and dosed female mice was comparable with that of the 
corresponding controls. Survival of high-dose male mice was significantly (P < 0.010) less than that of 
low-dose and control male mice. 

There were little or no differences in body weight changes for rats or  mice between dosed and control 
groups, although there was a slight decrease in body weight gain at the end of the study for  high-dose 
male (-1 1%) and female (-8%) rats. 

Inflammatory cells and interstitial fibrosis were found in increased incidence in the kidneys of dosed 
male rats as compared with controls and were considered to  be compound related. In addition to  the 
increase in renal inflammation and fibrosis, dosed male rats had more focal cellular changes of the liver 
than did the controls. There were no increased or  decreased incidences of tumors in rats that could be 
associated with chemical administration. 

Myelomonocytic leukemia in male rats (control, 14/50; low-dose, 11 50; high-dose, 4/50) and 
fibroadenomas of the mammary gland in female rats (22/50, 10/49,9/50)  occurred with significantly 
(P  <0.03) decreasing trends and the incidences in the dosed groups were significantly (P <0.02) lower 
than that in the controls. 

Hemangiosarcomas from all sites occurred in female mice with a statistically significant ( P  I 0.002) 
positive trend. The observed incidence of hemangiosarcomas was 0/49, 1/50, and 7 i 5 0  in the control, 
low-dose, and high-dose groups, respectively. The incidence in the high-dose group was significantly 
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(P < 0.01) higher than that in controls. The conclusion that this was due to 2-biphenylamine rather 
than the contaminant, 4-biphenylamine, is supported by the absence of urinary bladder tumors, which 
are common to 4-biphenylamine. 

Hemangiosarcomas also occurred in male mice with a statistically significant positive trend (P=0.040 
by a life table test), with incidences of 0/50, 2/50, and 3/50. None of the pairwise comparisons were 
statistically different. The development of hemangiosarcomas may have been curtailed in the high- 
dose group of male mice, since only 21 / 50 survived until the termination of the study. The hemangio- 
sarcomas found in female mice are uncommon with only 6/816 (0.7%) previously seen in controls a t  
the same laboratory. The rate for control male mice is equally low: 7/803 (0.9%). 

Alveolar/ bronchiolar adenomas of the lung occurred at  a significantly (P <0.01) decreased rate in 
male mice with an incidence in dose groups lower (P <0.05) than that in controls. 

Under the conditions of this bioassay, 2-biphenylamine hydrochloride was not carcinogenic for 
F344/ N rats of either sex. 2-Biphenylamine hydrochloride was carcinogenic for B6C3F1 female mice, 
inducing hemangiosarcomas at  various sites. The evidence for an association between the administra- 
tion of 2-biphenylamine hydrochloride and the increased incidence of hemangiosarcomas in male mice 
was equivocal. 
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SUMMARY OF PEER REVIEW COMMENTS ON THE BIOASSAY OF 
2-BIPHENYLAMINE HYDROCHLORIDE 

On June 23, 198 I ,  this carcinogenesis bioassay report on 2-biphenylamine hydrochloride underwent 
peer review and was approved by the National Toxicology Program Board of Scientific Counselors’ 
Technical Reports Review Subcommittee and associated Panel of Experts at an open meeting held in 
Building 101. National Institute of Environmental Health Sciences, Research Triangle Park, NC. 

Dr. Breslow, as a principal reviewer for the report on the bioassay of 2-biphenylamine hydrochlo- 
ride, agreed with the conclusion that, under the conditions of the bioassay, “purified”2-biphenylamine 
hydrochloride was carcinogenic for female B6C3F1 mice, including hemangiosarcomas a t  various 
sites. Poor survival may have contributed to the incomplete statistical evidence for similar chemically- 
induced hemangiosarcoma development in male mice. 2-Biphenylamine hydrochloride was not carci- 
nogenic for F344/N rats of either sex. He proposed additions relating primarily to negative trends. 
Control female rats had a higher incidence of myelomonocytic leukemia in comparison with dosed rats 
of like sex. However, the rates in dosed animals were within the range observed in  past control series. A 
statistically significant negative trend in the incidence of lung adenomas was observed in male mice. 

Dr. Breslow said the results of the life table trend test (P < 0.001) should be added to the evidence 
used in the abstract to claim an  increase in incidence of hemangiosarcoma in female mice. He felt a 
major issue had to d o  with contamination of the test material with the 4-biphenylamine and with ruling 
out the possibility that the tumors were produced by the contaminants. Although hemangiosarcomas 
have not been reported for 4-biphenylamine, it would be useful to note specifically whether 4- 
biphenylamine has been tested in B6C3F1 mice. [A literature search was done on TOXLlNE in 
September 1982, and no references were found linking 4-biphenylamine with tests in B6C3F1 mice.] 
Highlights not in the abstract which should be added include the fact that hemangiosarcomas pro- 
duced in female animals are quite rare with only 6 out of 8 16 previously seen in control animals at  the 
same laboratory and n o  more than 3 in any group of 50. Also, in addition to the increase in renal 
inflammation and fibrosis, dosed male rats had more focal cellular changes of the liver than did 
controls. 

As a second principal reviewer, Dr. Williams concurred with Dr. Breslow’s comments and added 
that the discussion relating to the way 2-biphenylamine produces hemangiosarcomas should be 
expanded. In other words, 2-biphenylamine, like many other aromatic amines, produces extramedul- 
lary hematopoiesis and hemosiderosis, probably as a result of producing methemoglobinemia. Pro- 
duction of methemoglobinemia has been associated with splenic hemangiosarcomas. Aniline is a 
classic example, producing hemangiosarcomas probably as a result of this perturbation ofthe hemato- 
poietic system. He said the reference to the testing of 2-acetylaminobiphenyl by Millereral. should be 
noted (Cancer-Research 16.325-534; 1956). 2-Acetylaminobiphenyl was found to be noncarcinogenic. 

Dr. Swenberg said he thought metabolism studies had been done with reagent grade 2-biphenylamine, 
and, if so, these studies should be mentioned in the report. [Gorrod and Carey, Biochem. J. 119; 
52P-53P; 1970.1 He commented on Dr. Williams’ statement about aniline a n d  a n n o u n c e d  tha t  t he  
Chemical Industry Institute of Toxicology was just completing a study on aniline in which fibrosarco- 
mas were found to be the predominant tumor and hemangiosarcomas were minor tumors. Unlike 
results with 2-biphenylamine, these tumors were localized to the spleen. 

Dr. Breslow moved that the report on the bioassay of 2-biphenylamine be accepted. Dr. Williams 
seconded the motion and the report was approved unanimously by the peer review panel. 
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I. INTRODUCTION 

NH2 HCI 

2-BIPHENY LAM IN E HY DROCH LOR I D E 

Molecular Weight: 205.7; Formula: C12H12C1 N: (CAS No.  2185-924) 

2-Biphenylamine (2-aminobiphenyl; CAS No, 
90-41-5) is a chemical intermediate used in the 
manufacture of C.I. Acid Red 15 (Society of 
Dyers and Colourists, 1971). It is present as a 
contaminant in 4-biphenylamine (a  rubber anti- 
oxidant) and in diphenylamine (a dye interme- 
diate, stabilizer for nitrocellulose explosives, 
and a topical agent for prevention of screwworm 
infestation in animals), (IARC, 1972; Merck 
Index, 1968; Safe et al., 1977). Technical-grade 
2-biphenylamine contains 4-biphenylamine. 
This contaminant is a known urinary bladder 
carcinogen in humans (Melick et al., 1955; Alt- 
house et al., 1980) and in animals (IARC, 1972). 
Production figures for 2-biphenylamine are not 
available (USITC, 1979). 

Purified 2-biphenylamine has an oral ILD,, 
value of 2.34 g /kg  in Sprague-Dawley rats 
(Deichmann et al., 1947). 

Comparative short-term studies have demon- 
strated that 4-biphenylamine is more mutagenic 
than technical-grade 2-biphenylamine. 4-Bi- 
phenylamine was mutagenic after metabolic 
activation in  a recombinant assay with Sacchar- 
omyces cerevisiae D3 (Simmon, 1979a) and for 
Salmonella t.~~phimurium TA 98, TA 1537, TA 
1538, and TA 100 (Anderson and Styles, 1978; 
Donahue ef al.; 1978; Simmon, 1979b). 
Technical-grade 2-biphenylamine was muta- 
genic only for TA 100 at less than 4% of the 
reversion rate for 4-biphenylamine (Donahue et 
al., 1978; Simmon, 1979b). 4-Biphenylamine eli- 
cited unscheduled DNA synthesis and induced 
transformation of rat embryo cells infected with 
Rauscher leukemia virus; technical-grade 2-bi- 
phenylamine was inactive in both tests (Freeman 

et al., 1973; Williams, 1978). The diluted 24-hour 
urine of male Wistar rats administered 0.25 
mg/ kg 4-biphenylamine by intraperitoneal 
injection was mutagenic, with or without meta- 
bolic activation, for Salmonella tjsphimurium 
TA 1538; similar tests with technical-grade 2-bi- 
phenylamine were negative (Bos et al., 1980). 
This suggests that metabolites of technical-grade 
2-biphenylamine which may have appeared in 
the urine are not mutagenic, or were present in 
insufficient concentrations to  produce muta- 
tions in the bacterial assay. 

2-Biphenylamine was mutagenic in Salmo- 
nella t>,phimurium tester strains T A  98 and 100 
(with metabolic activation); strains TA 1535 and 
I537 were negative (NTP unpublished results). 
The 2-derivative has been selected for further 
testing in Drosophila melanogaster. 4-Biphenyl- 
amine was mutagenic in Salmonella t.vphimu- 
riuni T A  98. 100, 1535, and 1537 (with 
activation) (NTP, 1980); this 4-derivative was 
negative in Drosophila melanogaster (sex-linked 
recessive lethal test) (NTP unpublished results). 
Test conditions for the Salmonella protocol 
include male Sprague-Dawley rat and Syrian 
hamster liver activation (Aroclor-I 254) and 
preincubation suspension. 

T o  study the metabolism of 2-biphenylamine 
in adult male albino rats, Gorrod and Carey 
(1970) administered by intraperitoneal injection 
50 mg daily for 100 days (until the rats received a 
total of 5 g). From urine, “a small amount of 
unchanged 2-aminobiphenyl” was found; the 
isolated metabolites (and amount recovered) 
were: 2-amino-3-biphenylyl sulfate (300 mg), 2- 
amino-5-biphenylyl sulfate (1600 mg), and 2- 
amino-5-biphenylyl glucosiduronate (75 mg). 
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N o  2-hydroxy- or 2-nitroso-metabolites were 
detected; similarly, methemoglobinemia was not 
observed. This indicates that these rats were not 
able to N-hydroxylate 2-aminobiphenyl, where- 
as 4-aminobiphenyl is metabolized in the rat by 
hydroxylation. Further, no metabolites conju- 
gated at the amino group were found. The lack 
of a carcinogenic response in the F344 N rat 
(this study) may be due to its inability to form the 
%-hydroxy derivati\.e of 2-aminobiphenyl. 

A urinary metabolite of 4-biphenylamine in 
albino rats (N-hydroxy-4-acetylaminobiphenyl) 
produced tumors of the mammary gland in 
10 '10  female rats receiving 1.62 mMoles kg in 
feed for 10 months (Miller er al., 1961). A possi- 
ble urinary metabolite of technical-grade 2-bi- 
p he n y la mi ne (2 -ace t y la mi n o  b i p hen y I ) ,  was 
administered in the feed at 1.62 mMoles: kg, and 
did not produce mammary tumors in female rats 
(Miller et al.. 1956). 

Workers exposed to 4-biphenylamine showed 
an  increased incidence of bladder carcinomas. 
Animal studies revealed that oral administration 
of 4-biphenylamine produced bladder and liver 
cancer in mice and bladder papillomas and carci- 
nomas in rabbits and dogs. Daily subcutaneous 
administration to rats of 4-biphenylamine in 
arachis oil increased the incidence of mammary 
gland and intestinal tumors (Althouse et al., 
1980; IARC, 1972). 

The Bioassay Program tested 2-biphenyl- 
amine hydrochloride because of its structural 
relationship to and its possible use as a substitute 
for 4-biphenylamine, and because the 2- 
derivative had not been previously tested for 
carcinogenicity. Since the hydrochloride salt of 
2-biphenylamine (CAS No. 2185-92-4) could be 
purified more easily than the free amine, this salt 
was chosen for use in the chronic bioassay. 
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II. METHODS AND MATERIALS: CHEMICAL ANALYSIS 

CHEMICAL ANALYSIS 

Three lots of technical-grade 2-biphenyl- 
amine(Lot No. 081547, Lot No. C P  121 175, and 
Lot No. 375) were obtained from Aldrich Chem- 
ical Co. (Milwaukee, WI), Chemical Procure- 
ment Co. (College Point, NY),  and Mackenzie 
Chemical Co. (Central Islip, NY),  respectively. 
When quantitated against a 4-biphenylamine 
standard, all three lots were found to contain 
4-biphenylamine ranging in concentration from 
1.2% for Lot No.  CP 121 175 to 2.5% for Lot 375. 

The elemental analysis for Lot No. 081547 
agreed with theoretical values, and vapor-phase 
chromatographic analysis indicated a purity of 
98%. The infrared and nuclear magnetic reso- 
nance spectra were consistent with the structure 
and agreed with those reported in the literature 
(Appendix E).  Lot No. 081547 was not purified 
but was used in the single-dose toxicity studies 
and in the first 14-day study. 

For  Lot No.  C P  121 175, the elemental analy- 
sis agreed with theoretical values; nonaqueous 
titration of the amine group with perchloric acid 
indicated a purity of 97. I % .  Vapor-phase chro- 
matographic analysis of this lot indicated a pur- 
ity of greater than98%. The infrared and nuclear 
magnetic resonance spectra were consistent with 
the structure and agreed with those reported in 
the literature (Appendix F). 

A portion of Lot No. C P  121 175 was used by 
Midwest Research Institute to prepare 2-bi- 
phenylamine hydrochloride. The preparation, 
designated Lot No. MRI 9-9-75 and found to 
contain 0.198% k 0.07 1% 4-biphenylamine 

(Appendix G), was subsequently used in the 
second 14-day study. 

Lot No. 375, which contained 2.5% 4-bi- 
phenylamine, was recrystallized by HET Chemi- 
cal Co. (Central Islip, NY) from 95% methanol. 
This recrystallized product was converted to the 
2-biphenylamine hydrochloride at Midwest 
Research Institute by first dissolving i t  in abso- 
lute ether, followed by the addition of concen- 
trated hydrochloric acid to the solution. The 
2-biphenylamine hydrochloride was further pur- 
ified in four batches by reprecipitation from 
methanol (Appendix H). Each batch was then 
analyzed for 4-biphenylamine. (Methods and 
results are presented in Appendix H.)  These 
batches contained from 0.006% to 0.049% 4-bi- 
phenylamine. These four batches (designated 
WN- 1-6 I -RC I ,  WN- 1-6 1 -R2, WN-1-61 -R3, and 
WN-1-61-R4) were used consecutively in the 
chronic studies. The preparation of the hydro- 
chloride salt provided the best available method 
for reducing the level of4-biphenylamine impur- 
ity and minimizing its possible confounding 
effect in the carcinogenesis bioassay of 2-bi- 
phenylamine. 

Stability of technical-grade 2-biphenylamine 
at  100,000 ppm and of 2-biphenylamine hydro- 
chloride at 5,000 and 10,000 ppm in formulated 
feed at -20°, 5 O ,  2 5 O ,  and 45OC was determined at  
Midwest Research Institute by gas chromato- 
graphy. The results indicated that technical- 
grade amine was stable for 2 weeks when mixed 
in feed and stored at a temperature as high as 
45OC. However, 2-biphenylamine hydrochloride 
mixed in feed was found to be stable for only 1 
week when stored at  25OC (Appendixes 1 and J). 

PRECHRONIC STUDIES 

Single-Dose Study with Technical- 
Grade 2-Biphenylamine 

Male and female F344/N rats and B6C3F1 
mice were obtained from Frederick Cancer 
Research Center (Frederick, MD) and observed 
for 1 week prior to the start of testing. Animals 
were 6-7 weeks old when the test began. Groups 
of two males and two females of each species 
were given single doses (0.001, 0.01, 0.1, 1 .O, o r  
10.0 g / k g  body weight) of technical-grade 2-bi- 
phenylamine (Lot No. 08157) in corn oil by gav- 

age. Feed and water were available ad libitum 
after administration of the test material. 
Remaining details of animal maintenance are 
shown in Table 1 .  

Experimental animals were observed for 14 
days for mortality and signs of toxicity. Animal 
weights were obtained at days 1, 7 ,  and 14. Sur- 
viving animals were killed on day 14. Necropsies 
were performed on all animals. Any unusual 
observations were recorded. 
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Fourteen-Day Study with Technical- 
Grade 2-Biphenylamine 

Male and female F344/N rats and B6C3F1 
mice were obtained from Frederick Cancer 
Research Center (Frederick, MD). The animals 
were observed for 2 weeks before being placed 
on experimental diets. The animals were 6-7 
weeks old at the start of the study. 

Animals of the same sex and same species 
were housed in groups of five per cage. Animals 
were distributed among cages so that the average 
weight per cage was approximately equal for all 
animals of the same sex and species. Animals 
were fed ad libitum diets containing 0,  1,000, 
3,000, 10,000, or 30,000 ppm technical-grade 
2-biphenylamine for 14 days. Observations were 
made daily for mortality or signs of toxicity. 
Weights were obtained on days I ,  7, and 14, and 
surviving animals were killed on day 15. Gross 
necropsies were performed on all animals. Addi- 
tional details of the experimental design are 
presented in Table 1 .  

Fourteen-Day Study with 
2-Biphenylamine Hydrochloride 

An unacceptable level (2.5%) of the known 
carcinogen, 4-biphenylamine, was found in the 
technical-grade 2-biphenylamine used in the 
initial 14-day study. A second 14-day study was 
conducted with 2-biphenylamine hydrochloride, 
containing 0.198% f 0.017% of the impurity. 
The design of this study is similar to  that des- 
cribed for the 14-day study with technical-grade 
2 -b ipheny lamine .  T h e  2 -b ipheny lamine  
hydrochloride salt was fed in the diet at levels of 
0, 400. 1,200, 3,600, 12,100, or 36,300 ppm 
(Table 1 ) .  

Thirteen-Week Study with Technical- 
Grade 2-Biphenylamine 

The 13-week study also utilized technical- 
grade 2-biphenylamine in the feed and was com- 
pleted prior t o  the availability of the more pure 
hydrochloride salt. Even though the chemical lot 
contained 2.5% 4-biphenylamine as an impurity, 
the results were utilized to help set dose levels for 
a subsequent chronic study employing 2-bi- 
phenylamine hydrochloride. 

Four-week-old male and female F344/ N rats 
and B6C3F1 mice were obtained from Frederick 
Cancer Research Center (Frederick, MD) and 
were observed for 1 week prior t o  distribution 
and placement on experimental diets. 

Animals of the same sex and species were 
housed in groups of five per cage. Animals were 
distributed among cages so that the average 
weight per cage was approximately equal for all 
animals of the same sex and species. 

The technical-grade 2-biphenylamine was 
administered ad libitum in the feed at 0, 300, 
1,000, 3,000, 10,000, and 30,000 ppm for 13 
weeks. There were 10 males and 10 females of 
each species (Table 1). 

Animals were observed twice daily for mortal- 
ity and morbidity. Weekly clinical examinations 
were conducted on each animal. Body weight 
and feed consumption were recorded weekly. 

At the completion of 1 ,  4, and 13 weeks of 
chemical administration, all animals were bled 
from the orbital sinuses with non-heparinized 20 
p1 micropipettes. The contents were diluted with 
labeled sample vials containing 10 ml ISOTON 
and mixed thoroughly. A 0.2-ml sample of this 
dilution was added to  an additional 20 ml of 
ISOTON and mixed. The original IO-ml dilution 
was used for white cell count and hemoglobin 
determination after addition of 3 drops of lysing 
reagent. The 20-ml dilution was used for deter- 
mination of red blood cell count and hematocrit. 
All determinations were made using a Coulter 
Counter 8, Model Fn. 

At the time of orbital bleeding, tail blood 
samples were collected and used for preparation 
of blood smears. The  smears were air dried, 
stained according to  Wright’s staining method, 
and used for differential leucocyte counts. 

Surviving animals were killed with carbon 
dioxide at the end of the 13-week experimental 
period and necropsied. Animals that died earlier 
received a complete gross necrospy unless auto- 
lysis or cannibalism precluded all or  part of the 
examination. The following tissues were exam- 
ined: skin, mandibular lymph node, mammary 
gland, salivary gland, thigh muscle, sciatic nerve, 
sternebrae including marrow, costochondral 
junction (rib), thymus, larynx, trachea, lungs 
and bronchi, heart, thyroids, parathyroid, 
lymph nodes, esophagus, stomach, duodenum, 
jejunum, ileum, colon, cecum, rectum, mesen- 
teric lymph node, liver, pancreas, spleen, kid- 
neys, adrenal, urinary bladder, seminal vesicles, 
prostate, testes, ovaries, uterus, brain, pituitary, 
spinal cord, and eyes. 

All tissues were fixed for a minimum of 48 
hours in 10% neutral buffered formalin, 
embedded in parablast, sectioned, and stained 
with hematoxylin and eosin. Selected kidneys 
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were cut in 4 p sections and stained with Von- 
Kossa, Mallory trichrome, MacManus-PAS, or 
Prussian blue solutions. 

assess the significance of dose response trends. 
When a significant trend was detected, pairwise 
comparisons between dosed arid control animals 

Statistical Analyses of Hematology 
Data 

For the hematology data, Jonckeere’s test 
(Hollander and  Wolfe, 1973) was employed to 

were made by the Mann-Whitney U-test (Hol- 
lander and Wolfe, 1973). 

CHRONIC STUDY 

Study Design 
Diets containing 0, 1,000, or 3,000 ppm 

2-biphenylamine hydrochloride (containing 
0.006-0.049% 4-biphenylamine) were offered ad 
lihirum to groups of rats and mice for 103 weeks. 
lnitially there were 50 animals of each sex and 
species per group. A male was initially missexed 
and subsequently discarded from among the 
female rats, reducing the sample size to 49 
(Table 1 ) .  

Source and Specifications of 
Test Animals 

Four-week old male and female F344/N rats 
and B6C3F1 mice were obtained from Harlan 
Industries (Indianapolis, IN) and observed for 2 
weeks. At 6-7 weeks of age animals were 
assigned five to a cage by sex and species, and 
cages were assigned to diets according to  a table 
of random numbers. 

Animal Maintenance 
Rats and mice were housed in polycarbonate 

cages (Lab. Products Lnc., Garfield, N J )  and 
covered with nonwoven polyester filter sheets. 
Cages and bedding were replaced twice weekly. 
Tap  water was offered via the Edstrom Auto- 
matic Watering System (Edstrom Industries, 
Waterfield, WI). Animal room temperatures 
ranged from 17.2OC to 32.2OC. Room humidity 
was uncontrolled. Fluorescent light was pro- 
vided for 12 hours per day. No other chemicals 
were on test in the same room. 

Preparation of Test Diets 
Diets containing 0, 1,000, or 3,000 ppm 

2-biphenylamine hydrochloride were used in this 
study. Fresh diets were prepared every 7 days. 
Midwest Research Institute determined that 
2-biphenylamine hydrochloride in mixed diets 

was stable for 1 week if stored at  25OC. Formu- 
lated diets prepared at  various times were ana- 
lyzed for concentrations of 2-biphenylamine 
(Appendix K).  

Clinical Examinations and 
Pathology 

All animals were observed twice daily for mor- 
bidity or mortality. Clinical signs were recorded 
monthly. Body weights and feed consumption 
by cage were recorded every week for the first 13 
weeks and monthly thereafter. The mean body 
weight per animal was calculated by dividing the 
total weight of all surviving animals in the group 
by the number of surviving animals in that 
group. Similarly, the average feed consumption 
per animal was calculated by dividing the total 
feed consumption of all animals in a group by 
the number of surviving animals in that group. 
Moribund animals and animals that survived to 
the end of the bioassay were killed with carbon 
dioxide and necropsied. 

Examinations for grossly visible lesions were 
performed on major tissues or organs according 
to the procedures outlined in the 13-week study 
and in  Table I .  

The pathology report and selected slides were 
evaluated by the NTP Pathology Working 
Group as described by Ward et al., (1978). The 
diagnoses represent a consensus of contracting 
pathologists and the NTP Pathology Working 
Group. 

Data Recording and Statistical 
Methods 

Data on this experiment were recorded in the 
Carcinogenesis Bioassay Data  System (Linhart 
et al., 1974). The data elements include descrip- 
tive information on the chemicals, animals, 
experimental design, clinical observations, sur- 
vival, body weight, and individual pathologic 
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results, as recommended by the International 
Union Against Cancer (Berenblum, 1969). 

Probabilities of survival were estimated by the 
product-limit procedure of Kaplan and Meier 
(1958) and  are presented in this report in the 
form of graphs. Animals were statistically cen- 
sored as of the time that they died of other than 
natural causes or were found to be missing; 
animals dying from natural causes were not sta- 
tistically censored. Statistical analyses for a pos- 
sible dose-related effect on survival used the 
method of Cox (1972) for testing two groups for 
equality and Tarone’s (1975) extensions of Cox’s 
methods for testing for a dose-related trend. 

The incidence of neoplastic or nonneoplastic 
lesions has been given as the ratio of the number 
of animals bearing such lesions at  a specific ana- 
tomic site to the number of animals in which that 
site was examined. I n  most instances, the 
denominators included only those animals for 
which that site was examined histologically. 
However. when macroscopic examination was 
required to detect lesions (e.g., skin or  mammary 
tumors) prior to histologic sampling, or when 
lesions could have appeared at multiple sites 
(e.g., lymphomas), the denominators consisted 
of the numbers of animals necropsied. 

For the statistical analysis of tumor incidence 
data, two different methods of adjusting for 
intercurrent mortality were employed. Each 
used the classical methods for combining contin- 
gency tables developed by Mantel and Haenszel 
(1959). Tests of significance included pairwise 
comparisons of high- and low-dose groups with 
controls and tests for overall dose-response 
trends. 

T h e  first m e t h o d  of analysis  a s sumed  that all 
tumors of a given type observed in animals dying 
before the end of the study were fatal; i.e., they 
either directly or indirectly caused the death of 
the animal. According to this approach, the pro- 
portions of tumor-bearing animals in the dosed 
and control groups were compared at each point 
in time at  which an animal died with a tumor of 

21 

interest. The denominators of these proportions 
were the total number of animals at risk in each 
group. These results, including the data from 
animals killed at the end of the study, were then 
combined by the Mantel-Haenszel methods to 
obtain an  overall P-value. This method of 
adjusting for intercurrent mortality is the life 
table method of Cox (1972) and of Tarone 
(1975). 

The second method of analysis assumed that 
all tumors of a given type observed in animals 
dying before the end of the study were “inciden- 
tal”; i.e., they were merely observed at autopsy in 
animals dying of an  unrelated cause. According 
to this approach, the proportions of animals 
found to have tumors in dosed and control 
groups were compared in each of five time inter- 
vals: 0-52 weeks, 53-78 weeks, 79-92 weeks, week 
93 to the week before the terminal kill period, 
and the terminal kill period. The denominators 
of these proportions were the numbers of ani- 
mals actually autopsied during the time interval. 
The individual time interval comparisons were 
then combined by the previously described 
methods to obtain a single overall result (Petoet 
al., 1980). 

In addition to these tests, one other set of 
statistical analyses was carried out and reported 
in the tables analyzing primary tumors: Fisher’s 
exact test for pairwise comparisons (Gart et al., 
1979) and the Cochran-Armitage linear trend 
test for dose-response trends (Armitage, 197 I ) .  
These tests were based on the overall proportion 
of tumor-bearing animals. All reported P values 
are one-sided. 

For studies in which there is little effect of 
compound administration on survival, the 
results of the three alternative analyses will gen- 
erally be similar. W hen differing results are 
obtained by the three methods, the final inter- 
pretation of the data will depend on theextent to 
which the tumor under consideration is regarded 
as being the cause of death. 
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2 Single-Dose Study 14-Day Study 13-Week Study 2-Year Study 

Y Experimental Design e 
50 male and 49 female rats; F: 

: of each species each species (a) each species 50 male and 50 female mice 
B 

TABLE 1. EXPERIMENTAL DESIGN A N D  METHODS AND MATERIALS 
3 

0 

3: 

Siie of Test Groups 

Doses 2-biphenylamine: 0.00 I ,  2-biphenylamine; 2-biphenylamine: 0, 300. 2-biphenylamine hydro- 
0, 1,000, 3,000, 10,000, or 
30,000 ppm in feed 

0, 400, 1,200, 3,600, 12,100, 
or 36,300 ppm in feed 

2 males and 2 females 5 males and 5 females of I O  males and I O  females of r - 

0.01, 0.1, 1.0, or 10.0 
g kg body weight in corn 
oil by gavage 2-biphenylamine hydrochloride; 

1.O00, 3,000, lO,oOO, or 
30,000 ppm in feed 

chloride: 0, I,OOO, or 
IO00 ppm in feed 

Duration of Dosing Single dose 14 days; killed on day 15 13 weeks; killed on 

Type and Frequency of 

day 91-92 

Observed twice daily for 
mortality and signs of 
morbidity. Weekly clini- 
cal exam, including palpa- 
tion for tissue masses or 
swelling. Weekly collec- 
tion of data on body 
weight and feed consumption. 

Observed daily for mortality 
and signs of toxicity: 
weighed on day I ,  7,  and 1 4  
killed on day 14. 

Observed daily for mortality; 
weighed on days I ,  7.  and 14. Observation 

103 weeks: killed at week 

Observed twice daily for 
morbidity or mortality: 
clinical signs recorded 
monthly; body weights and 
feed consumption data (by 
cage) recorded weekly for 
13 weeks. then monthly. 

104- I05 

Necropsy and Histological Necropsies performed on Necropsies performed on Necropsies performed on Necropsies performed on all 
Examination all animals all animals all animals (b,c) animals (6) 

Animals and Animal 
Maintenance 

Species F344,'N rats; B6C3F1 mice F344/N rats: B6C3F1 mice F344, N rats; B6C3F1 mice F344/N rats; B6C3F1 mice 

Animal Source Frederick Cancer Research Frederick Cancer Research Frederick Cancer Research Harlan Industries 
Center (Frederick, M D )  Center (Frederick, MD) Center (Frederick, MD) (Indianapolis. IN) 

Time Held Before Start I week 2 weeks I week 2 weeks 

Age When Placed on Study 6-7 weeks 6-7 weeks 

of Test 

5 weeks 6-7 weeks 



TABLE 1. EXPERIMENTAL DESIGN AND METHODS A N D  MATERIALS (Continued) 

Single-Dose Study 14-Day Study 13-Week Study 2-Year Study 

Method of Animal Random 
Distribution 

Feed 

Bedding 

Water 

Cages 

Wayne Lab BIox@ meal, 
Allied Mills, Inc. 
(Chicago, IL). 
Available ad libitum 

Aspen Bed@, 
American Excelsior 
(Baltimore, MD): 
Beta Chips@ 
Agway Corp. 
(Syracuse, NY). 
Changed twice per week 

Available in water 
bottles ad libitum, 
replaced twice per week 

Polycarbonate, Lab 
Products, lnc. 
(Garfield, NJ). 
Replaced twice per week 

2 

Nonwoven polyester 
filter sheets, 
Snow Filtration 
(Cincinnati, OH) 

Assigned to test groups so that 
average cage weights approxi- 
mately equal for all animals 
of same sex and species 

Same as 14-day study Assigned to  individual cages 
according to  table of random 
numbers; then cages 
assigned to control or dosed 
groups according to another 
table of random numbers 

Same as single-dose study Same as single-dose study Same as single-dose study. 
Stainless steel feed containers 
changed weekly 

Same as  single-dose study 

Same as  single-dose study 

Same as single-dose study 

5 

Same as single-dose study 

Same as single-dose study Same as single-dose study 

Same as single-dose study T a p  water via Edstrom Auto- 
matic Watering System, 
Edstrom Industries 
(Waterford. WI) 

Same as single-dose study Same as single-dose study 

5 5 

Same as single-dose study Same as  single-dose study. 
Filters changed once every 
2 weeks 
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TABLE 1 .  EXPERIMENTAL DESIGN AND METHODS A N D  MATERIALS (Continued) 

Single-Dose Study 14-Day Study 13-Week Study 2-Year Study 
Y 
G. 2 Animal Room Environ- Temperature, Same as single-dose study Same as single-dose study Same as single-dose study 

:. Humidity uncontrolled. 
0 3- ment I 7.2' -32.2' C. 

Fluorescent lighting 
provided 12 hours per day. 

c 

Other Chemicals on Test None 
in same Room 

None 

Chemical/ Feed Mixture Single preparation Prepared weekly by 
mixing test chemical and 
feed in Patterson-Kelly@ 
Twin Shell Blender. Diets 
stored in dark at 4OC. 

None 

Same as single-dose study 

None 

Weighed amount of test 
chemical mixed with small 
amount of feed in aluminum 
vessel; premix and additional 
meal mixed for 20 min. in 
Patterson-Kelly@ Twin Shell 
V-Blender (without intensifier 
bar). Diets stored in dark a t  
4 O  c 

(a) Control groups for 2-biphenylamine contained 8 male and 9 female rats and 9 male and 8 female mice. 
(b) Tissues examined: gross lesions, tissue masses, abnormal lymph nodes, skin, mandibular lymph nodes, mammary gland, salivary gland, thigh muscle, sciatic nerve. bone 

marrow, costochondral junction (rib), thymus, larynx, trachea, lungs and bronchi, heart, thyroid, parathyroid, esophagus, stomach, duodenum, jejunum, ileum, colon, 
mesenteric lymph nodes, liver, gallbladder (mice), pancreas, spleen, kidneys, adrenals, urinary bladder, seminal vesicles/ prostate, testes or ovaries/ uterus, nasal 
cavity, brain, pituitary, and spinal cord. Tissues preserved in 10% neutral buffered formalin. embedded in paraffin, sectioned, and stained with hematoxylin and eosin, 

(c) Tissues examined only in control and high-dose groups. Blood samples were removed by orbital bleeding from all test animals at  I ,  4, and 13 weeks; and hemoglobin, 
hematocrit, red blood cell, leucocytes, and neutrophi1:lymphocyte ratio measured. 
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III. RESULTS: RATS-PRECHRONIC STUDIES 

PRECHRONIC STUDIES 

Single-Dose Study 

Male and female rats receiving a single gavage 
dose of 10 g/  kg technical-grade 2-biphenyl- 
amine died within a week following administra- 
tion (Appendix L, Table L1). 

Animals dosed with 0.1 and 1 .O g/ kg exhibited 
lethargy during the first 24 hours, while those 
receiving 10.0 g/ kg showed hyperexcitability 
followed by prostration and shallow breathing 
after administration (Appendix L, Table L2). 
All animals in the remaining dose groups(0.001, 
0.01, 0. I ,  and I .O g /kg)  had comparable weight 
gains during the 14-day observation period. 
Necropsy revealed lymph node enlargement in 
animals at all doses. Thickening of duodenal 
mucosa was observed in groups receiving 0.01 
and 1.0 g /kg  body weight of technical grade 
2-biphenylamine. 

Based on the results of this study, the dose 
levels of technical-grade 2-biphenylamine select- 
ed for use in the 14-day study were 0, 1,000, 
3,000, 10,000, and 30,000 ppm in feed. 

Fourteen-Day Study with Technical- 
Grade 2-Biphenylarnine 

Feeding diets containing 0, 1,000, 3,000, 
10,000, or  30,000 ppm technical-grade 2-bi- 
phenylamine to male and female rats for 14 days 
did not result in any mortality. Although all 
experimental animal groups gained weight, 
there appeared to  be a clear dose-related depres- 
sion in mean body weight gain in both sexes of 
rats. Male and female rats receiving 30,000 ppm 
technical-grade 2-biphenylamine in feed showed 
mean body weight gain depression of 99.4% and 
92.8% respectively, when compared with con- 
trols (Table 2). 

Spleens with granular surface texture were 
observed in all rats dosed with technical-grade 
2-biphenylamine. In addition, all male and 
female rats receiving 10,000 or 30,000 ppm ofthe 
chemical showed enlargement of the spleen 
(Table 3). Enlarged mesentric lymph nodes and 
hemorrhage of renal medulla were noted in all 
rats receiving 3,000 ppm or more of technical- 
grade 2-biphenylamine in feed. 

TABLE 2.  SURVIVAL A N D  MEAN BODY WEIGHTS OF RATS FED DIETS CONTAINING 
TECHNICAL-GRADE 2-BIPHENYLAMINE FOR 14 DAYS 

Weight Change 
Relative to 

Dose Survival Controls (e) 
(ppm) (a) Initial Final Change (6) (Percent) 

Mean Body Weight (grams) 

Males 
0 

I.000 
3,000 

I0,OOO 
30,000 

Females 
0 

I.000 
3,000 

I0,OOO 
30,000 

89.6 ~ 5 . 4 0  
92.0 6 . 2 8  
93.8 24.18 
98.6 L5.23 
97.4 L3.43 

78.4 a . 3 4  
80.6 k4.49 
79.2 ~3 .10  
80.8 L4.50 
79.6 ~ 3 . 4 0  

152.1 ~ 3 . 7 3  
145.2 k7.12 
143.4 k4.60 
128.6 L5.25 
97.8 6 . 3 5  

I  17.1 d . 0 5  
120.6 k4.17 
112.6 Q.64 
93.8 26.26 
82.4 k4.45 

+62.5 G.40 
+53.2 k l . 9 8  
+49.6 + I  .96 
+30.0 + I  .76 
+ 0.4 G . 6 6  

+38.7 + I  .05 
+40.0 21 .38 
+33.4 +I .03 
+13.0 ~ 2 . 4 3  
+ 2.8 ~ 1 . 9 1  

-14.9 
-20.6 
-52.0 
-99.4 

+ 3.4 
-13.7 
-66.4 
-92.8 

(a) Number surviving/ number in the group 
(3) Mean weight change of the group k standard error of the mean. 
(c) Weight change of the dosed group relative to that of the controls = 

Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
x 100 
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III. RESULTS: RATS-PRECHRONIC STUDIES 

Fourteen-Day Study with 
2-Biphenylamine Hydrochloride 

The survival and body weight changes for rats 
of both sexes receiving diets containing 0, 400, 
1,200, 3,600, 12,100, or 36,300 ppm 2-biphenyl- 
amine hydrochloride are shown in Table 4. All 
animals survived to  the end of the study. Both 
male and female rats receiving 12,100 or 36,300 
ppm of the chemical showed decreased body 
weight gains when compared with controls. The 
highest depression in weight gain was observed 

in the groups receiving 36,300 ppm 2-biphenyl- 
amine hydrochloride. At this dose level, weight 
change relative to  controls was -70.6% and 
-55.4% for males and females, respectively. 

The incidences of splenomegaly in both male 
and female rats receiving 2-biphenylamine 
hydrochloride are shown in Table 3. In males, 
three animals had splenomegaly, one in the 
group receiving 1,200 ppm of the chemical and 
two in the group receiving 36,300 ppm. In 
females, three animals had splenomegaly, one in 

TABLE 3. INCIDENCE OF SPLENIC ENLARGEMENT IN RATS FED DIETS CONTAINING 

FOR 14 DAYS 
TECHNICAL-GRADE 2-BIPHENYLAMINE OR 2-BIPHENYLAMINE HYDROCHLORIDE 

Compound Dose (ppm) Males Females 

Technical-Grade 
2-Biphenylamine 

2-Bipheny lamine 
Hydrochloride 

0 
1,000 
3,000 

10,000 
30.000 

0 
400 

1.200 
3,600 

12,100 
36,300 

01 5 
O j  5 
01 5 
5 j  5 
515 
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III .  RESULTS: RATS-PRECHRONIC STUDIES 

each of the groups receiving 1,200, 12,100, or 
36,300 ppm 2-biphenylamine hydrochloride. 
The incidence of splenomegaly is higher in ani- 
mals given technical-grade 2-biphenylamine 
than in animals given 2-biphenylamine hydro- 
chloride. 

2-Biphenylamine hydrochloride appeared to  
be less toxic than technical-grade 2-biphenyl- 
amine as evidenced by the lower incidence of 
splenomegaly (Table 3) and lower decrements in 
body weight gain relative to controls (Tables 2 
and 4). 

Thirteen- Week Study with Technical 
Grade 2-Biphenylamine 

Survival and body weight changes of male and 
female rats fed diets containing 0, 300, 1,000, 
3,000, 10,000, or 30,000 ppm of technical-grade 
2-biphenylamine are shown inTable5. One male 
rat from the group receiving 300 ppm and five 
female rats receiving 30,000 ppm died on day26. 
All five females were from the same cage and 

were found dead on the same day, suggesting 
that the deaths were not chemical-related. The 
data indicate compound-related depression in 
the mean body weight gains. The maximum 
depression in body weight gain relative to con- 
trols was observed at 30,000 ppm, amounting to  
47.6% for males and 38.9% for females. 

The hematological data are presented in Table 
6. Significant (P  < 0.001) dose-related decreases 
in hemoglobin concentration and red blood cells 
were observed in both male and female rats 
examined at weeks 1,4, and 13. Leucocyte count 
was markedly ( P  < 0.001) increased in both 
male and female rats at weeks 1 and 4, but this 
trend had diminished somewhat by week 13. 
This diminishing trend in leucocyte count with 
time may be due to  activation of a hemeostatic 
mechanism in these animals. Hematocrit levels 
showed no consistent effect, although there was 
some evidence of a dose-related decrease in 
female rats at week 1 ( P  < 0.05) and week 13 
(P  < 0.001). 

TABLE 4. SURVIVAL A N D  MEAN BODY WEIGHTS OF RATS FED DIETS CONTAINING 
2-BIPHENYLAMINE HYDROCHLORIDE FOR 14 DAYS 

Weight Change 
Relative to 

Dose Survival Controls (c) 
(ppm) (a) Initial Final Change (b) (Percent) 

Mean Body Weight (grams) 

Male 
0 

400 
1,200 
3.600 

12,100 
36,300 

Female 
0 

400 
1.200 
3,600 

12.100 
36,300 

51 5 
5 !  5 
51 5 
5/ 5 
51 5 
5 1 5  

129.6k2.42 
130.4 1-4.19 
129.4 i 3 . 5 0  
129.6 k2 .9  I 
129.6 k2 .84  
129.6k2.86 

103.0k2.28 
103.2 k2.56 
103.2 *2.7 I 
103.2 k2.58 
103.0 k2 .6  I 
103.0k2.5 1 

186.0 k3.42 
185.6 k4.13 
187.2+5.61 
186.8 k3.35 
175.8k5.91 
146.2k3.75 

132.6k3.06 
l32 .6k3.  I7 
135.6i3.71 
132.4 14 .23  
131.41.3.83 
116.2k I .43 

+56.4k 1.54 
+55.2+1.80 
+57.8k2.56 
+57.2k2.35 
t 4 6 . 2 i 3 . 3 8  
t 16.6 k2.80 

t29 .6  k 1.2 I 
t29 .4k1.44  
t32 .4k2.14  
+29.211.66  
t28 .4  k 1.94 
+ 13.21- 1.36 

~ 2.1 
+ 2.5 
+ 1.4 
-18.1 
-70.6 

- 0.7 
+ 9.5 
- I .4 
- 4.1 
-55.4 

(a) Number surviving! number in the group. 
(b) Mean weight change of the group k standard error of the mean. 
(c) Weight change of the dosed group relative to that of the controls = 

Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
x 100 
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TABLE 5. SURVIVAL A N D  MEAN BODY WEIGHTS OF RATS FED DIETS CONTAINING 
TECHNICAL-GRADE 2-BIPHENYLAMINE FOR 13 WEEKS 

Survival Weight Change 
(4 Mean Body Weight (grams) Relative to 

Dose (Day of Controls (c) 
(ppm) Death) Initial Final Change (b) (Percent) 

Male 
0 

300 
I .000 
3,000 

IO.000 
30.000 

Female 
0 

300 
1,000 
3 .000 

I0.000 
30.000 

I O  I O  83 .2k3 .65  
9 I O  (26) 8 5 . 3 k 3 . 1 1  

10 I O  8 3 . 2 k 3 . 7 2  
10 IO 83.1 +3 .82  
I O  I O  83.1 k 3 . 7 4  
I O  I O  83.1 k3 .49  

I O  I O  69 .9k2 .07  
IO 10 70.0+2.31 
I O  I O  7 0 . 0 k 2 . 2 9  
IO I O  70.012.25  
I O  10 70.0 *2 .06  

5 I O  (26) (Cl) 72 .613 .72  

305.1 1 9 . 0 7  
302.2*6 .60  
305 .0k5 .8  1 
297 .2k4 .23  
281.3k4.07  
199.3k3.78  

190.01.3.58 
185.6 + 1.94 
182.8 k 3.20 
176.4 k 3 . 1 4  
178.9k5.38  
146.0 + 3 3 6  

t 2 2 1 . 9 k 7 . 2 0  
+216.9+5.77  
t 2 2 1 . 8 1 5 . 5 7  
t 2 1 4 . 1  k 6 . 5 4  
t 1 9 8 . 2 k 4 . 4 8  
t 116.2k4.09  

t 120.1 1 4 . 5  1 
t 115.6k2.90  
t 112.8*3.13 
t 106 .4k3 .06  
t 108.9k4.96  
t 73.4+2.23  

- 2.3 
0.0 

- 3.5 
-10.7 
-47.6 

- 3.7 
- 6.1 
- I  1.4 
- 9.3 
-38.9 

(a) \umber surbibing number in the group 
(h) Mean weight change of the group k standard error of the mean 
(0 Weight change of the dosed group relative to that of the controls 

Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
x 100 

( C l )  All f n e  animals were from the same cage and were found dead on the same da) 
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TABLE 6. SUMMARY OF HEMATOLOGY DATA ON RATS FED DIETS CONTAINING TECHNICAL GRADE 2-BIPHENYLAMINE FOR 13 WEEKS (4) 

Weeks on Study 

1 4 13 

Females fc) Males fb) Determination Dose (ppm) Males (b) Females (c) Males (b) Females le) 

Hemoglobin 0 14.2 f 0.2 15.0 f 0.3 15.9 f 0.3 16.9 f 0.2 I8.X 2 0.3 16.3 i 0.3 
(g 100 ml) 300 14.4 i 0.6 14.2 i 0.4 16.6 f 0.3 17.2 i 0.2 17.8 i 0.4 16.8 i 0 4 

I .000 13.6 i 0.3 14.3 f 0.2 16.2 i O . 3  16.9 i 0.2 18.9 i 0.5 15.8 i 0.2 
13 .5 iO.2(d)  14 .8 i0 .3( r l )  17 .4?0 .3(d i  15.0+0.2l(i) 

10.000 12 .9f0 .3  (d) l2,Xi0.4((1) 1 4 . 3 i 0 . 3 ( d )  IhOi0.6(d) 1 7 . 3 i 0 3 ( d i  15.1 io3 (e) 
30.000 l 3 . 0 f 0 . 2 ( d )  13 .2 i0 .3  (d) 1 3 . 2 i 0 . 4 ( d )  1 4 . 8 + 0 2 ( d )  l 5 . 5 i 0 5 ( ( / )  13.8io.1 (d) 

3.000 13.7 f 0.5 14.2 i 0.2 

Dose-Response P<O.OoI P<O.OoI P<O.001 P<0.001 P<0001 P<0.001 

Hematocrit (%) 0 36.6 f 0.7 40.5 i 0.6 38.9 f 0.7 45.2 i 1.3 4 5 7 i  I I 4 1 . 7 i 0 . 6  
300 39.7 * 1.7 41.5 i 2.7 38.9 i 1.0 43.5 i 0.8 45.9 i 0.9 46.3 i I .9 

I .ooo 38. I i 0.9 40.4 i 1.8 4 1 . 5 i 2 . 4  45.6 i 0.9 4 6 2  f 1.7 41.6 i 1.4 
3.ooo 37.5 i I 7 37.9 2 0.9 3 5 . 2  i 0.6 37 5 i 0.9 43.7 1 0  9 4 1 0 i 2 . 1  

10.0oo 36.5 i I .O 36.0 i I .3 (e) 39 I i 0.6 43 3 f 1.5 46.3 i I 0 39.0 i 0.X (P)  

30.000 36.0 i 0.5 38.5 i 1.0 38.3 i 1.3 44.7 i 3. I 43.2 t I 9 37 I i I 2 ((I) 

Dose-Response KS P<0.05 NS NS NS P<O 001 

Red Blood Cell (0 0 5.96 f .I I 6.30 f .OR 6.84 i .07 7.30 i .09 6.38 i 14 6.02 i .07 
(100'mm') 300 6.23 f 2 3  6.44 f .38 6.93 i . I 5  7 47 i . I  I 6 . l h i . 1 7  6.49 f .22 

I .000 5.89 f . I3  6.15 f .I I 6.81 i 2 5  6.27 i .30 6 .0Xi.16 7.46 i . I O  
5.70 f .20 5 ,73+.10(dJ  6.14+.13(d) 6.01 i . 1 4  3.ooo 5.99 i .23 6.21 f .20 

10.000 5 . 3 5 i . 2 2 ( d )  4 . 9 5 i . I 6 ( d )  6,00+.13(d) 6 4 7 i . I 7 ( d )  6 . 3 8 i . 1 5  5 43 i I5 ((1) 
30.000 4.27 i . I O  (d) 3.79 i .09 (d) 3.94 i . I2  (d) 4.37 i . I  I (d) 4.70 i . l 4 ( d i  4 71 i . I O  ((/J 

Dose-Response P<0.001 P<0.001 P<O.OoI P<0.001 P<O.oOl P<O.oOl 

Leucocytea 
( I O '  mm') 

0 6.71 i .39 7.28 i 0.45 9.51 i 1.32 9.65 i 0.33 10.95 i 0.93 7.43 i 0.84 
I I .94 i 2.52 

I ,000 9.96 i 1.38 (e) 8.81 i 1.35 9.33 i 1.41 11.51 i 1.20 11.39 L 0.63 9. I2 i 0.90 
3.000 10.59 i 1.45 (d) 7.59 i 0.47 12.21 i 1.10 13.18i 1.01 ( C l )  1 2 . 9 6 i  1.17 10.25 iO.70  (e) 

10.000 16.59 i I .27 (d) 17.07 i 2.45 (d) 9.92 i 0.60 11.83 i 0 . 9 5  (e) 13.03 i 1.30 10.49 i 0.87 (e) 
30.000 75.67 i 5.63 (d) 84.80 i 5.31 ( d )  47.27 i 5.58 (d) 70.31 i 5.21 (d) 19.48 i 2.10 (4) 11.1  I i 208 le)  

14.04 i I 52  300 8 . 1 6 i  1.40 7.2 I i 0.48 15.91 i 3.70 I I 18 i 0.70 

Dose-Response P<0.00I P<0.001 P<0.001 P<O.oOl P<O.001 P<O.oOl 

Neutrophil 0 21 71 22 77 15 84 21 79 15 85  9 91 
Lymphocyte (%) 300 30 69 21 77 24 75 29 69 17 X2 17 86 

I.000 23 76 26 74 20 80 29 69 17 x2 13 86 
1000 22 77 20 79 I8 82 I 5  84 12 88 12 88 

I 0.000 18 82 23 76 I I  88 14 86 15 X5 II 88 
10 000 22 76 15 84 16 82 16 84 I1 x5 12 R7 

(a) Values presented include the mean i standard error 
(h) Mean values for each sample period are based on orbital bleedings of IO animals in the control I 000-ppm 1000-ppm I O  000-ppm and 10 000-ppm group, For the 

300-ppm group. I O  animals were bled at week I .  and 9 animals were bled at weeks 4 and 13 
(0 Mean balues for each sample period are based on orbital bleedings of I O  animals in the control. 300-ppm. I 000-ppm 3 000-ppm d n d  IO 000-ppm groups For the 

30 000-ppm group I O  animals were bled at weeks I and 4. and 5 animal5 were bled at week 13 
(d) P < O O l  vs controls 
(e) P < 0 05 vs controls 
(0 For red blood cell determinations. two samples per animal were analyzed 
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III. RESULTS: RATS-PRECHRONIC STUDIES 

Splenomegaly has  observed in all rats fed 
30,000 ppm and in 8 10 males and 21 10 females 
fed 10,000 ppm. Spleens of rats fed 3,000 ppm 
were not enlarged. Hemosiderosis, congestion, 
and extramedullary hematopoiesis were found 
in the spleens of 91 10 or 10: 10 of each group of 
rats receiving 3,000 ppm or more and in females 
receiving 1,000 ppm or more of2-biphenylamine 
(Table 7) .  

Erythroid hyperplasia of the bone marrow 
was observed in 2 ,  10 males and 6, 10 females 
receiving 10,000 ppm and in all males and 415 
females receiving 30,000 ppm. 

nephritis (all males and 4 /  10 females). Transi- 
tional-cell hyperplasia of the urinary bladder 
was observed in 3: 10 males and 3 ' 10 females 
receiving 30,000 ppm (Table 7 ) .  

The 14-day study indicated that the 2-bi- 
phenylamine hydrochloride was less toxic than 
technical-grade 2-biphenylamine, as evidenced 
by the decreased incidence of splenomegaly and 
lesser depression of weight gain relative to con- 
trols (Tables 2 ,3 ,  and 4). From these results, the 
Bioassay Program concluded that the histopa- 
thologic and hematologic effects of 2-biphenyl- 
amine hydrochloride would be less severe than 

Renal effects in rats receiving 30,000 ppm those observed with technical grade 2-biphenyl- 
technical-grade 2-biphenylamine included cystic amine in the 13-week study. This conclusion led 
tubular degeneration and papillary necrosis to the selection of 1,000 and 3,000 ppm as dose 
(9 I O  or 10 10 rats of each sex), interstitial fibro- levels of 2-biphenylamine hydrochloride for use 
sis (all males and 4: 10 females), and chronic in the chronic study. 

TABLE 7.  INCIDENCE OF HISTOPATHOLOGIC EFFECTS IN RATS FED DIETS CONTAINING TECHNICAL-GRADE 2-BIPHENYLAMINE FOR 13 WEEKS 

Dose (ppm) 

0 300 1,000 3,000 10,000 30,000 

Site and Effect: Males Females Males Females Males Females Males Females Males Females Males Females 

Spleen: 
Conge\tion 
Thickened Capsule 
Ertrarnedullar! Hematopoie\i\ 
I lmphoid Atroph) 
Hemosiderosis 

Kidne!: 
C)\tic Tubular Degeneration 
Interstitial Fibro\i\ 
Pigment 
Papillar) Necro5is 
Mineralimtinn 
Chronic Sephritis 
Tramitional-Cell H)perplasia 

(PeIki5) 

1.i\ei 
Pigment 
Hemopirietic Foci 

€oca1 Tubular Degeneration 
lestis 

Stomach. 
H! perkeratosi, 
Acdnlho\i\ 

Bone Marroh. 
Erlthroid H)pcrpla\ia 

Peripheral Blood 
Poi!chroma\ia 
Aniwic)tosi\ 
Poikiloc)tosi\ 
Howell-Joll) B o d l o  
Targct Cell, 

Lrinar) Bladder. 
Tr;in\itional-Cell Hlperpiasia 
Mucoal  Thickening 

0 I O  
0 10 
0 I O  
0 I O  
0 I O  

0 I O  
0 I O  
0 10 
0 10 
0 I O  

10 

0 I O  

0 I O  
0 IO 

0 IO 

0 I O  
0 IO 

0 I O  

0 I O  
0 I O  
0 I O  
0 I O  
0 I O  

0 10 
0 I O  

0 I O  
0 I O  
0 I O  
0 10 
0 I O  

0 I O  
0 I O  
0 I O  
0 10 
0 I O  
0 IO 

0 10 

0 I O  
0 I O  

n IO 
n IO 

0 I O  

0 I O  
0 I O  
0 I O  
0 10 
0 I O  

0 I O  
0 I O  

0 10 
0 I O  
0 10 
0 I O  
0 I O  

0 I O  
0 I O  
0 I O  
0 I O  
0 I O  
0 10 

0 I O  

0 I O  
0 I O  

0 IO 

0 I O  
0 10 

0 10 

0 10 
0 I O  
0 10 
0 I O  
0 I O  

0 I O  
0 I O  

0 I O  
0 I O  
0 10 
0 I O  
0 I O  

0 I O  
0 I O  
0 I O  
0 10 
0 I O  
0 I O  

0 I O  

0 I O  
0 I O  

0 I O  
0 10 

0 I O  

0 I O  
0 I O  
0 10 
0 10 
0 I O  

n IO 
0 I O  

7 I O  
2 I O  

10 I O  
0 I O  
I I O  

0 I O  
0 I O  
0 10 
0 I O  
0 I O  
0 I O  

0 I O  

0 I O  
0 I O  

0 I O  

0 I O  
0 I O  

0 I O  

0 10 
0 I O  
0 10 
0 10 
0 I O  

0 10 
0 I O  

I O  I O  
0 I O  

I O  I O  
0 I O  

I O  I O  

0 10 
0 I O  
0 I O  
0 I O  
0 I O  
0 10 

0 I O  

0 I O  
0 I O  

0 I O  
0 I O  

0 10 

0 I O  
0 I O  
0 I O  
0 I O  
0 I O  

0 I O  
0 I O  

I O  I O  
5 I O  

I O  I O  
0 I O  

10 I O  

0 I O  
0 I O  
2 I O  
0 10 
0 I O  
0 I O  

0 I O  

0 10 
0 I O  

2 I O  

0 I O  
0 I O  

0 I O  

I O  10 
9 I O  
0 10 
I I O  
4 I O  

0 I O  
I I O  

10 10 
4 I O  

I O  I O  
0 I O  

I O  I O  

0 I O  
0 I O  
0 I O  
0 10 
4 I O  
0 I O  

0 I O  

0 I O  
0 I O  

0 I O  
0 I O  

0 I O  

10 I O  
I O  I O  
0 I O  
0 I O  
4 I O  

0 I O  
I I O  

I O  I O  
I O  10 
10 10 
0 I O  

I O  I O  

0 I O  
0 10 
5 I O  
0 I O  
0 I O  
0 I O  

0 I O  

0 I O  
0 10 

4 I O  

0 10 
0 10 

2 I O  

I O  I O  
I O  I O  
9 10 
6 I O  
9 I O  

0 I O  
4 I O  

9 I O  
I O  I O  
I O  10 

2 I O  
I O  I O  

0 I O  
0 I O  
I I O  
0 I O  
2 I O  
0 I O  

0 I O  

0 I O  
0 I O  

I I O  
2 I O  

6 10 

I O  I O  
I O  I O  
6 I O  
9 I O  

10 10 

0 I O  
3 I O  

I O  10 
9 I O  

I O  I O  
9 I O  
9 I O  

I O  I O  
10 10 
I O  I O  
9 10 
9 10 

10 I O  

0 I O  

8 IO 
7 I O  

9 I O  

5 I O  
0 I O  

9 9  

I O  I O  
I O  I O  
10 I O  
8 I O  

I O  I O  

1 I O  
3 I O  

I O  I O  
I O  I O  
I O  10 
6 I O  

I O  I O  

I O  I O  
4 10 

10 I O  
I O  I O  
I O  I O  
4 I O  

5 I O  

9 I O  
2 I O  

n IO 
0 IO 

4 5  

10 I O  
I O  I O  
I O  I O  
8 I O  

10 I O  

3 I O  
2 I O  
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III.  RESULTS: RATS-CHRONIC STUDY 
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CHRONIC STUDY OF 
2-BIPHENYLAMINE HYDROCHLORIDE 

8 

Body Weights and Food Consumption 
After week 22, mean body weights of high- 

dose rats of either sex and of low-dose male rats 
were slightly lower than those of the controls 
(Figure 1 and Table 8). The average daily feed 
consumption per rat in low- and high-dose 

groups was 95%(21.1/22.3) and92%(20.5/22.3) 
that of controls for males and 95% (17.6/ 18.5) 
and 80% (14.8/18.5) for females (Appendix M, 
Tables M 1 and M2). No  compound-related clin- 
ical signs were observed. 

MALE RATS 

0 CONTROL 

0 LOWOOSE 

A HIGHDOSE 

0 4  
0 10 20 30 40 50 W 70 80 90 1W 

TIME ON STUDY IWEEKSI 

FEMALE RATS 

0 CONTROL 

0 LOWDOSE 

A HIGHDOSE 

0 4  
0 IO 20 30 40 50 Bo 70 80 90 100 

TIME ON STUDY IWEEKSI 

Figure 1. Growth Curves for Rats Fed Diets Containing 2.Biphenylamine Hydrochloride 
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TABLE 8. CUMULATIVE MEAN BODY WEIGHT CHANGE (RELATIVE TO CONTROLS) OF RATS 
FED DIETS CONTAINING 2-BIPHENYLAMINE HYDROCHLORIDE FOR 2 YEARS 

Cumulative Mean Body Weight Change Weight Change Relative to 

Week No. Control Low Dose High Dose Low Dose High Dose 

(grams) Controls (a) (Percent) 

Males 0 137 (b) 133 (b) 135 fb) 
3 50 50 50 0 0 

24 235 224 22 I - 5  - 6  
44 296 287 283 - 3  - 4  
64 313 304 296 - 3  - 5  
84 282 264 266 - 6  - 6  

I04 27 1 246 240 - 9  - 1  I 

Final Body 
Weights 408 3 79 375 - 7 fc) - 8 fc)  

Females 0 109 (b) I IO fb) I I4 (b) 
3 35 29 27 -17 -23 

24 I04 I03 91 - I  -13 
44 I37 I30 120 - 5  -12 
64 I83 I79 I62 - 2  - I  I 
84 I95 197 183 + I  - 6  

I04 217 224 200 + 3  - 8  

Final Body 
Weights 3 26 334 3 I4 4. 2 (c)  - 4 fc) 

(a) Weight change relative to controls = 
Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
x 100 

fb) Initial weight 

fc) Final body weight relative to controls (percent) 
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III.  RESULTS: RATS-CHRONIC STUDY 

Survival 
Probability estimates of survival of male and 

female rats fed diets containingo, 1,000, or 3,000 
ppm 2-biphenylamine hydrochloride are shown 
in Figure 2. No significant differences in survival 
were observed between any group of either sex of 
rats. In male rats, two control, three low-dose, 
and one high-dose animal died of natural causes 
during weeks 104-105. In the statistical analysis, 
no distinction was made between these animals 
and those killed during this terminal kill period. 

One of the50 low-dose animals initially placed in 
the study as a female was discovered to be a male 
and was eliminated from the study. 

In male rats, 36/50 (72%) of the controls, 
42 ,50  (84%) of the low-dose, and40,50(80%) of 
the high-dose group lived to  the end of the study 
(104-105 weeks). In female rats, 38 50 (76%) of 
the controls, 42 /49  (86%) of the low-dose, and 
43150 (86%) of the high-dose group lived to  the 
end of the study (105-106 weeks). 

1 00 
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0 80 

0 10 

O M  
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0 4  

D 3 0  

0 20 

0 10 

0 15 30 45 M 75 105 120 
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OW 

0 90 

080 

0 70 

O M  

0 50 

040 

OM 

0 20 

0 10 

0 15 15 120 

TIME ON STUDY IWEEKSI 

30 45 BO 90 105 
ow 

Figure 2. Survival Curves for Rats Fed Diets Containing 2-Biphenylamine Hydrochloride 

2-Biphenylamine Hydrochloride 34 



III. RESULTS: RATS-CHRONIC STUDY 

Pathology and Statistical Analyses 
of Results 

Histopathologic findings on neoplasms in rats 
are summarized in Appendix A, Tables Al  and 
A2. The survival and tumor status for each indi- 
vidual animal are given in Tables A3 and A4. 
Findings on nonneoplastic lesions are summar- 
ized in Appendix C, Tables Cl  and C2. Statisti- 
cal analyses of primary tumor incidence in the 
various dose groups are shown in Tables 10 and 
1 1 .  

Kidney: Renal changes occurred in most of 
the dosed and control male rats. The incidence of 
interstitial fibrosis and inflammatory cells was 
highest in dosed male rats (Table 9). 

Hematopoietic Sj3srem: The incidence of 
leukemia in male and female control rats was 

greater than that observed in the groups receiv- 
ing 2-biphenylamine hydrochloride. In male 
control rats, the incidence was 15/50 (30%), 
compared with 1/50 (2%) and 4/50 (8%) in the 
low- and high-dose groups, respectively. In con- 
trol females, the incidence was 5/50 ( IO%),  com- 
pared with 1/49 (2%) and 2/50 (4%) in the low- 
and high-dose groups, respectively. The differ- 
ences in leukemia incidence were not statistically 
significant. 

Mammary Gland: Fibroadenomas or  adeno- 
mas in the mammary gland of female rats 
occurred at  a higher incidence(P I 0 . 0 1 0 ) i n  the 
control group than in either dosed group: 22/ 50, 
4496, in the controls, 10/49, 20%, in the low- 
dose, and  lOj50, 20%, in the highdose group. 

TABLE 9. INCIDENCE OF RATS WITH NONNEOPLASTIC LESIONS OF THE KIDNEY IN THE 
2-YEAR STUDY 

Males Females 

Low High Low High 
Control Dose Dose Control Dose Dose 

Number of Kidneys 49 50 50 50 49 50 
Eva I ua ted 

Nephropathy 46 50 49 26 37 43 

Inflammation 21 43 41 4 5 6 

Interstitial Fibrosis 15 41 40 0 2 6 
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TABLE 10. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) 

Control 
Low 
Dose 

High 
Dose 

Subcutaneous Tissue: Fibroma 
Tumor Rates 

Overall (b) 6 / 5 0  (12%) 
Adjusted (e) 14.0% 
Terminal (d) 3 ' 3 8  (8%) 

Life Table P=0.395N 
Incidental Tumor Test P=0.57 I N 
Cochran-Armitage Trend. 

Fisher Exact Tests P=O ,405 N 

Lung: Alveolar/Bronchiolar Adenoma 
Tumor Rates 

Statistical Tests (e) 

Overall (7I) 21 50 (4%) 
Adjusted (e) 5.0% 
Terminal (d) 1 1  38 ( 3 % )  

Life Table P=0.5 18N 
Incidental Tumor Test P=0.586N 
Cochran-Armitage Trend. 

Fisher Exact Tests P=0.536N 

Statistical Tests (e) 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Tumor Rates 

Overall (71) 2 50 (4%) 
Adjusted (c) 5.057 
Terminal (d) 1 38 ( 3 % )  

Statistical Tests (e) 
Life Table P=0.521 
incidental Tumor Test P=0.457 
Cochran-Armitage Trend, 

Fisher Exact Tests P.0.502 

Hematopoietic System: Myelomonocytic Leukemia 
Tumor Rates 

Overall (b) I4 ' 50 (28%') 
Adjusted (e) 32.8% 
Terminal (d) 10'38 (26%) 

Life Table P=O.O 13N 
Incidental Tumor Test P=0.028N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.013N 

Statistical Tests (e) 

Hematopoietic System: All Leukemia 
Tumor Rates 

Overall (b) 15, 50 (30%) 

Terminal (d) 10/38 (26%) 

Life Table P=O.O08h' 
Incidental Tumor Test P=O.O 18N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.007N 

Adjusted (e) 34.5% 

Statistical Tests (e) 

21 50 (4%) 
4.4% 
2 45 (4%) 

P=O. I O  1 N 
P=O. I87N 

P=O. I 34N 

4 49 (8%) 
8.9% 
4 45 (9%) 

P=0.417 
P=O. 360 

P=O 329 

4 49 (8%) 
8 9% 
4 45 (9%) 

P=0.4 17 
P=O. 360 

P=0.329 

I 50 (2%) 
2.0% 
0145 (0%) 

P<O.OO I N 
P<O.OO I N 

P<O.OOIN 

1 50 (2%) 
2.0% 
0 45 (OR) 

P a  OOlN 
P<O.OO I N 

P<O.OOIN 

4/50 (8%) 
9.2% 
2/41 ( 5 % )  

P=0.349N 
P=0.588N 

P=0.370N 

21 50 (4%) 
4.8% 
I 41 (2%;) 

P=0.666N 
P=0.610 

P=0.69 1 

3 ,  50 (6%) 
7.1% 
2/41 (5%) 

P=0.533 
P=0.420 

P=O, 500 

41 50 (8%) 
9.5% 
3\41  (7%) 

P=0.009N 
P=O.O 18N 

P=O.O09N 

4 / 5 0  (8%) 
9.5% 
3 / 4 1  (7%) 

P.0.005N 
P=O.O 12N 

P=O.O05N 
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TABLE 10. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued) 

Low High 
Control Dose Dose 

Pituitary: Adenoma 
Tumor Rates 

Overall (h) 16/45 (36%) 
Adjusted (c) 41 .O% 
Terminal (d) 15,38 (39%) 

Life Table P=0.230N 
Incidental Tumor Test P=0.224N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=O. 194N 

Statistical Tests (e) 

Adrenal: Pheochromocytoma 
Tumor Rates 

Overall (h) 12/48 (25%) 
Adjusted (c) 29.0% 
Terminal (d) 9 / 3 8  (24%) 

Statistical Tests (e) 
Life Table P=O. 155N 
Incidental Tumor Test P=0.202N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=O. 172N 

Adrenal: Pheochromocytoma or Pheochromocytoma Malignant 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend. 

Fisher Exact Tests 

Thyroid: C-cell Adenoma 
Tumor Rates 

Overall (h) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Thyroid: C-cell Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

12 48 (25%) 
29 0% 
9 38 ( 2 4 9 )  

P=O 144N 
P=O 189N 

P=O 162N 

2 47 (4%) 
5 3% 
2 / 3 8  ( 5 % )  

E O  268N 
P=O 268N 

P=O 282N 

3 47 (6%) 
8 0% 
3 /38  (8%) 

P=O 3 13W 
P=O 3 I 3Y 

P=O 330N 

37 

17 45 (38%) 
39 4% 
14 40 (35%) 

P=O 569 
P=O 512 

P=O 500 

12 50(24%) 
26 7% 
12 45 (27%) 

P=O 415N 
P=O 504N 

P=O 54731’ 

13 50 (26%) 
28 9% 
13 45 (29%) 

P=O 499N 
P=0.589N 

P=0.547 

7 49 (14%) 
15 9% 
7 44 (16%)  

P=O 120 
P=O 120 

P=O 090 

7 49 (14%) 
15 9% 
7 44 (16%) 

P=O 223 
P=O 223 

P=O 176 

13 48 (27%) 
30 1% 
101 40 (25%) 

P=O 276N 
P=O 273N 

P=O 255N 

8 49 (16%) 
19 5% 
8 41 (20%) 

P=O 184K 
P=O 267N 

P=O 21 IN 

8 49(16o?r) 
19 5% 
8 41 (20%) 

P=O 184N 
P=O 267N 

P=O 21 IN 

I 46 (2(ii) 
2 6% 
I 39 ( 3 q )  

P=O 49 I N 
P=O 49 I N 

P=O 508N 

2 46 (4%) 
5 1 %  
2 39 ( 5 % )  

P=O 488N 
P=O 488% 

P=O 5 ION 
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TABLE 10. ANALYSIS OF PRIMARY TUMORS IN MALE RATS (a) (Continued) 

Control 
Low 
Dose 

High 
Dose 

Pancreatic Islets: Islet-Cell Adenoma 
Tumor Rates 

Overall(b) 4/48 (8%) 
Adjusted (c) 10.5% 
Terminal (d) 4/38 ( 1  1%) 

Life Table P=0.578N 
Incidental Tumor Test P=0.527 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.578 

Statistical Tests (e) 

Mammary Gland: Fibroadenoma 
Tumor Rates 

Overall (b) 4/50 (8%) 
Adjusted (c) 10.5% 
Terminal (d) 4/38 ( I  1%) 

Life Table P=O. 152N 
Incidental Tumor Test P=O. I52N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=O. I65N 

Statistical Tests (e) 

Mammary Gland: Fibroadenoma or Adenoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Preputial Gland: Adenoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Preputial Gland: Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

2-Biphenylamine Hydrochloride 

4/50 (8%) 
10.5% 
4/38 ( 1  1%) 

P=0.35 I N 
P=0.351N 

P=0.369N 

8/50 (16%) 
20.2% 
7/38 (18%) 

P=O. I64N 
P=0.224N 

P=O. 179N 

8/50 (16%) 
20.2% 
7/38 (18%) 

P=0.269N 
P=0.346N 

P=0.29 I N 

38 

4/50 (8%) 
8.9% 
4/45 (9%) 

P=0.548N 
P=0.548N 

P=0.6 19N 

0/50 (0%) 
0.0% 
Oi45 (0%) 

P=O.O44N 
P=O.O44N 

P=0.059N 

0/50  (0%) 
0.0% 
0145 (0%) 

P=O.O44N 
P=O.O44N 

P=0.059N 

4/50 (8%) 
8.6% 
3/45 (7%) 

P=O. I 16N 
P=O. I72N 

P=O. I78N 

4/50 (8%) 
8.6% 
3/45 (7%) 

P=O. I 16N 
P=O. 172N 

P=O. 178N 

4/47 (9%) 
9.1% 
2/41 (5%) 

P=0.6 I ON 
P=0.548 

P=0.63 I 

I / S O  (2%) 
2.4% 
1/41 (2%) 

P=O. 157N 
P=O. I57N 

P=O. I8 IN 

2/50 (4%) 
4.9% 
2/41 (5%)  

P=0.302N 
P=0.302N 

P=0.339N 

4/50 (8%) 
9.4% 
3141 (7%) 

P=O. I5 I N 
P=0.21 IN 

P=O. 178N 

5/50 (10%) 
17.0% 
4/41 (10%) 

P=0.237N 
P=0.3 12N 

P=0.277N 



TABLE 10. ANALYSIS OF PRIMARY TUMORS IN MALE R-ATS (a) (Continued) 

Control 
Low High 
Dose Dose 

Testis: Interstitial-Cell Tumor 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

47149 (96%) 50j50 (100%) 451 49 (92%) 
100.0% 100.0% 100.0% 
38/38 (100%) 45/45 (100%) 40/ 40 ( 100%) 

P=O .2 18N P=O. I53N P=0.208N 
P=0.247N P=0.7 18 P=0.335N 

P=O. I56N P=0.242 P=0.339N 

(a) Dosed groups received doses of 1.000 or 3,000 ppm of 2-biphenylamine hydrochloride in the diet. 
(b) Number of tumor bearing animalsi number of animals examined a t  the site. 
(c) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(d) Observed tumor incidence at  the end of the study. 
(e) Beneath the 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 
controls. The life table analysis regards tumors in animals dying before the end of the study as being (directly 
or indirectly) the cause of death. The incidental tumor test regards these lesions a s  non-fatal. The Cochran- 
Armitage and Fisher’s exact tests compare directly the overall incidence rates. A negative trend is indicated 
by (N).  
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TABLE 11.  ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (a) 

Control 
Low 
Dose 

High 
Dose 

Hematopoietic System: Myelomonocytic Leukemia 
Tumor Rates 

Overall (b) 4/50 (8%) 
Adjusted (c,) 9.4% 
Terminal (d) 2/38 (5%) 

Life Table P=O .305N 
Incidental Tumor Test P=0.375N 
Cochran-Armitage Trend. 

Fisher Exact Tests P=0.338N 

Statistical Tests (e) 

Hematopoietic System: All Leukemia 
Tumor Rates 

Overall (b) 5/50 (10%') 
Adjusted (c) I I .3% 
Terminal (d) 2/38 (5%) 

Life Table P=O. 196N 
Incidental Tumor Test P=0.243N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.2 18N 

Statistical Tests (e) 

Hematopoietic System: Lymphoma or Leukemia 
Tumor Rates 

Overall (b) 
Adjusted (c) 11.3% 
Terminal (d) 2/38 ( 5 % )  

Life Table P=0.353N 
Incidental Tumor Test P=0.447N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.390N 

5 /  50 ( 10%') 

Statistical Tests (e) 

Liver: Neoplastic Nodule 
Tumor Rates 

Overall (b) I150 (2%) 
Adjusted (c) 2.5% 
Terminal (d) 0/38 (0%) 

Statistical Tests (e) 
Life Table P=0.4 I I N 
Incidental Tumor Test P=0.490N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.457N 
Pituitary: Adenoma 
Tumor Rates 

Overall (b) 33/47 (70%) 
Adjusted (c) 76.7% 
Terminal (d) 27/37 (7394) 

Statistical Tests (e) 
Life Table P0.501 N 
Incidental Tumor Test P=0.440 
Cochran-Armitage Trend. 

Fisher Exact Tests P=0.370 

1/49 (2%) 
2.4% 
1/42 (2%) 

P=O. 162N 
P=O. 197N 

P=O. 187N 

1 149 (2%) 
2.4% 
1/42 (2%)) 

P=0.095N 
P=O. l44N 

P=O. 107N 

1 i 49 (2%) 
2.4% 
1/42 (2%) 

P=0.095N 
P=O. 144N 

P=O. 107N 

5/49 (10%) 
11.6% 
4/42 (10%) 

P=0.131 
P=0.077 

P=0.098 

38/48 (79%) 
86.3% 
35/41 (85%) 

P=0.456 
P=0.270 

P=0.221 

21 50 (4%) 
4.7% 
2/43 (5%)  

P=0.296N 
P=0.394N 

P=0.339N 

21 50 (4%) 
4.7% 
2/43 (5%) 

P=O. l90N 
P=0.262N 

P=0.2 18N 

3/50 (6%) 
6.8% 
2/43 (5%;) 

P=0.313N 
P=0.446N 

P=0.357N 

I 150 (2%) 
2.3% 
I / 43 (2%) 

P=0.734N 
P=0.7 I6 

P=0.753 

38/50 (76%) 
80.8% 
34/43 (79%) 

P=0.567N 
P=0.394 

P=0.339 
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TABLE 11. ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (a) (Continued) 

Low 
Control Dose 

High 
Dose 

Adrenal: Pheochromocytoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
lncidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Thyroid: C-cell Adenoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Thyroid: C-cell Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Thyroid: C-cell Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Pancreatic Islets: Islet-Cell Adenoma 
Tumor Rates 

Overall @) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

2/50 (4%) 
5.3% 
2/38 (5%) 

P=0.350 
P=0.309 

P=0.3 I5 

2/49 (4%) 
5.4% 
2/37 (5%) 

P=0.285N 
P=0.285N 

P=O. 33 7N 

3/49 (6%) 
8.1% 
3/37 (8%) 

P=0.443N 
P=0.443N 

P=O .496N 

5/49 (10%) 
13.5% 
5/37 (14%) 

P=0.223N 
P=0.223N 

P=0.290N 

0147 (0%) 
0.0% 
0/38 (0%) 

P=0.587 
P=0.538 

P=0.566 

41 

0149 (0%) 
0.0% 
0/42 (0%) 

P=0.2 17N 
P=0.2 17N 

P=0.253N 

4/47 (9%) 
9.8% 
4/41 (10%) 

P=0.385 
P=0.385 

P=0.3 I9 

I 147 (2%) 
2.4% 
1/41 (2%) 

P=O. 269 N 
P=O. 269N 

P=0.324N 

5/47 ( 1  1%) 
12.293 
5/41 (12%) 

P=0.565N 
P=0.565N 

P=0.603 

3/49 (6%) 
6.9% 
2/42 (5%)  

P=O.140 
P=O. I O  I 

P=O. I29 

3/ 50 (6%) 
6.7% 
2/43 (5%)  

P=0.553 
P=0.495 

P=O. 500 

1/49 (2%) 
2.3% 
1/43 (2%) 

P=0.448N 
P=0.448N 

P=0.500N 

2/49 (4%) 
4.7% 
2/43 (5%)  

P=0.43 I N 
P=0.432N 

P=0.500N 

3/49 (6%) 

3,143 (7%) 

P=0.276N 
P=0.276N 

P=0.357N 

7 .W 

1 I49 (2%) 
2.3% 
1/43 (2%) 

P=0.524 
P=O. 524 

P=0.5 I O  

2-Biphenylamine Hydrochloride 



TABLE 11 .  ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (a) (Continued) 

Low 
Dose 

High 
Dose Control 

Mammary Gland: Adenoma or Fibroadenoma 
Tumor Rates 

Overall (b) 221 50 (44%) 
Adjusted (c) 53.7% 
Terminal (d) 19/38 (50%) 

Life Table P=0.007N 
Incidental Tumor Test P=O.O I I N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.014N 

Statistical Tests (e) 

Clitoral Gland: Adenoma 
Tumor Rates 

Overall (b) 3/50 (6%) 
Adjusted (c) 7.9% 
Terminal (d) 3 138 (8%) 

Life Table P=0.4 ION 
Incidental Tumor Test P=0.410N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.457N 

Statistical Tests (e) 

Clitoral Gland: Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 3/50 (6%) 
Adjusted (c) 7.9% 
Terminal (d) 3/38 (8%) 

Life Table P=0.60 1 N 
Incidental Tumor Test P=0.60 1 N 
Cochran-Armitage Trend, 

Uterus: Endometrial Stromal Polyp 
Tumor Rates 

Statistical Tests (e) 

Fisher Exact Tests P=0.578 

Overall (b) 9/49 (18%) 
Adjusted (c) 22.6% 
Terminal (d) 7137 (19%) 

Life Table P=O. 147N 
Incidental Tumor Test P=O. l64N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.204N 

Statistical Tests (e) 

Uterus: Endometrial Stromal Polyp or Sarcoma 
Tumor Rates 

Overall (b) 91 49 ( 18%) 
Adjusted (c) 27.6% 
Terminal (d) 7/ 37 (19%) 

Life Table P=0.218N 
Incidental Tumor Test P=0.239N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.296N 

Statistical Tests (e) 

10/49 (20%) 
22.6% 
8/42 (19%) 

10150 (20%) 
22.7% 
9/43 (21%) 

P=O .004N 
P=0.008N 

P=O.OION P=0.009N 

2t 50 (4%) 
4.7% 
2/43 (5%)  

P=0.444N 
P=O .444N 

P=0.510N P=O.SOON 

2/49 (4%) 
4.8% 
2/42 (5%) 

31 50 (6%) 
7.0% 
3/43 (7%) 

P=O ,605 N 
P=O ,605 N 

P=OS ION P=0.661 

5/47 ( 1  1%) 
12.2% 
5/41 (12%) 

5/48 (10%) 
I I .9% 
5/42 (12%) 

P=O. 149N 
P=O. l93N 

P=O. I39N 
P=O. 167N 

P=0.2 18N P=0.205N 

6/47 (13%) 
14.6% 
6/41 (15%) 

P=0.214N 
P=O. 249N 

P=0.319N P=O, 303 N 
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TABLE 1 1 .  ANALYSIS OF PRIMARY TUMORS IN FEMALE RATS (4) (Continued) 

(a) Dosed groups received doses of 1,OOO or 3,000 ppm of 2-biphenylamine hydrochloride in the diet. 
(b) Number of tumor bearing animals/number of animals examined at the site. 
(c) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(d) Observed tumor incidence at the end of the study. 
(e) Beneath the 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 
controls. The life table analysis regards tumors in animals dying before the end of the study as being (directly 
or indirectly) the cause of death. The incidental tumor test regards these lesions as non-fatal. The Cochran- 
Armitage and Fisher's exact tests compare directly the overall incidence rates. A negative trend is indicated 
by (N). 
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III.  RESULTS: MICE-PRECHRONIC STUDIES 

PRECHRONIC STUDIES 

Single-Dose Study 
Male and female mice given a single dose of 10 

g /kg  technical-grade 2-biphenylamine died 
within 24 hours following administration. Prior 
to death, these animals showed hyperactivity, 
prostration, and shallow breathing. Necropsy 
showed dark intestinal contents, enlarged lymph 
nodes, and reddened nasal conchae. Macro- 
scopic examination of animals in the remaining 
dose groups revealed the presence of enlarged 
Peyer's patches. In addition, mice receiving 0.01 
or  0.1 g /kg  doses had slight opacity in the lens 
region of the eye. Mice receiving the 1 g/  kg dose 
had mesenteric lymph node enlargement. One 
mouse in this group died because of a gavage 
accident. There was a slight change in body 
weight of animals at the end of the 14-day obser- 
vation period (Appendix L). 

On the basis of this study, dose levels of 0, 
1,000, 3,000, 10,000, and 30,000 ppm technical- 
grade 2-biphenylamine in feed were selected for 
use in the 14-day study. 

2-Biphenylamine Hydrochloride 

Fourteen-Day Study with Technical- 
Grade 2-Biphenylamine 

Survival and body weight changes in mice 
receiving feed containing various levels (0, 1,000, 
3,000, 10,000, or 30,000 ppm) of technical-grade 
2-biphenylamine are depicted in Table 12. All 
male and female mice survived the 14-day exper- 
imental period. Male mice given feed containing 
1,000 or  3,000 ppm showed an increase in mean 
body weight, while those receiving 10,000 or 
30,000 ppm exhibited a loss in weight. In female 
mice, loss in mean body weight was observed in 
the group of mice receiving 30,000 ppm. A dose- 
related depression in mean body weight was 
observed in female mice. 

All dosed mice had enlarged lymph nodes and 
hemorrhage in the renal medulla. Thymic 
atrophy was observed in all mice receiving 
30,000 ppm of technical-grade 2-biphenylamine. 
Splenomegaly was observed in all male and 
female mice receiving diets containing 3,000, 
10,000, or  30,000 ppm. Mice dosed with 1,000 
ppm did not exhibit splenomegaly (Table 13). 

Dose levels of technical-grade 2-biphenyl- 
amine recommended for use in the 13-week 
study were 0, 300, 1,000 3,000, 10,000, and 
30,000 ppm, based on survival and body weight 
changes of test animals in this study. 
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TABLE 12. SURVIVAL AND MEAN BODY WEIGHTS OF MICE FED DIETS CONTAINING 
TECHNICAL-GRADE 2-BIPHENYLAMINE FOR 14 DAYS 

Weight Change 
Relative to 

Dose Survival Controls (c) 
(ppm) (a) Initial Final Change (6) (Percent) 

Mean Body Weight (grams) 

Males 
0 

I.000 
3 .OOO 

10,000 
30.000 

Females 
0 

1,000 
3,000 

10.000 
30,000 

9 ' 9  
5 5  
51 5 
5 ' 5  
515 

8 8  
5 ' 5  
51 5 
51 5 
51 5 

20.7 k0.47 
20.6 k0.8 1 
19.8 k0.37 
20.2 20.66 
20.2 L0.37 

18.0 k0.33 
17.2 a . 3 7  
17.0 k0.45 
16.8 k0.80 
16.8 k0.58 

24.0 50.47 
22.2 L036 
23.2 ~ 0 . 7 3  
18.6 ~ 1 . 2 1  
18.0 ~ 0 . 5 5  

19.4 k0.68 
18.2 k0.20 
17.6 20.60 
17.0 ~ 0 . 8 9  
14.8 k0.37 

+3.3 k0.44 
+ I  .6 k0.24 
+3.4 ~ 0 . 5  I 

-2.2 ~ 0 . 3 7  
-1.6 L0.87 

t 1.4 k0.53 
+ 1 .0 k0.45 
t0.6 k0.24 
t 0 . 2  k0.49 
-2.0 k0.63 

- 5 1 . 5  
+ 3.0 

-166.7 
-148.5 

-28.6 
-57. I 
-85.7 

-242.9 

(a) Number surviving/ number in the group. 
(b) Mean weight change of the group k standard error of the mean. 
(c) Weight change of the dosed group relative to that of the controls 

Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
x 100 

TABLE 13. INCIDENCE OF SPLENIC ENLARGEMENT IN MICE FED DIETS CONTAINING 
TECHNICAL-GRADE 2-BIPHENYLAMINE OR THE MOLAR EQUIVALENT OF 
2-BIPHENYLAMINE HYDROCHLORIDE FOR 14 DAYS 

Compound Dose (ppm) Males Females 

lechnical-Grade 
2-Biphenylamine 

2-Biphenylarnine 
Hydrochloride 

0 
1,000 
3.000 

I0,OOO 
30.000 

0 
400 

1.200 
3,600 

12.100 
36,300 

0 5  
015 
5 ' 5  
51 5 
5 5  

015 
0 5  
015 
0 5  
o s  
31 5 

O i 5  
O i  5 
5 : 5  
515 
5 1 5  
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III.  RESULTS: MICE-PRECHRONIC S rUDIES 

Fourteen-Day Study with 
2-Biphenylamine Hydrochloride 

Survival and body weight changes in mice 
dosed with 2-biphenylamine hydrochloride are 
depicted in Table 14. All experimental animals 
survived to  the end of the 14-day study. Groups 
of male and female mice dosed with 12,100 or 
36,300-ppm exhibited depression in mean body 
weight change relative to  controls. The highest 
depression was observed at the 36,300-ppm dose 
level. It is evident from the data shown in Table 
14 that there was no clear correlation between 
dose levels and the extent of body weight gain 
depression for doses of 12,100 ppm and lower. 

The incidences of splenomegaly in mice fed 
diets containing various levels of 2-biphenyl- 
amine hydrochloride are shown in Table 13. The 
incidence was 3 / 5  in males dosed with 36,300 
and 1 / 5  and 3 / 5  in females dosed with 12,000 
and 36,300 ppm. The remaining groups of mice 
did not exhibit splenomegaly. The results shown 
in Table 13 indicate that the incidence of sple- 
nomegaly due to  technical-grade 2-biphenyl- 
amine is greater than that due to  2-biphenyl- 
amine hydrochloride. 

Thirteen-Week Study with Technical- 
Grade 2-Biphenylamine 

Survival and mean body weight changes in 
mice consuming diets containing 0, 300, 1,000, 
3,000, 10,000, or  30,000 ppm of technical-grade 
2-biphenylamine are summarized in Table 15. 
One female control mouse died on day 58. There 
were decreases in mean body weight gain relative 
to controls, with maximal changes of -42.4% 
and -50.5% in male and female mice fed 30,000 
ppm technical-grade 2-biphenylamine. The 

hematologic data presented in Table 16 show a 
significant ( P  < 0.001) dose-related decrease in 
hemoglobin concentration and dose-related 
increases in leucocyte count in both male and 
female mice examined on week 1,  4, and 13. 
Hematocrit values showed significant(P < 0.05) 
dose-related decreases at week 1,  but increases 
(P < 0.001) at week 13. Similarly, the red blood 
cell count showed marked (P  < 0.00 1) decreases 
at weeks 1 and 4, but increases (P <0.01) at 
week 13. 

Necropsy of all animals revealed splenic en- 
largement in 10/10 males and 9/10 females 
dosed with 30,000 ppm. Histopathological 
examinations showed that nearly all mice dosed 
with 1,000 ppm or more exhibited hemosidero- 
sis, congestion, and extramedullary hemato- 
poiesis in their spleens. Erythroid hyperplasia in 
bone marrow was seen in 10110 females and 
9 /  10 males receiving 30,000 ppm and in 9 /  10 
females and 7 /  10 males receiving 10,000 ppm. 
Transitional-cell hyperplasia was observed in 
bladders of 4 /  10 males and 41 10 females receiv- 
ing 10,000 ppm and in 6 /  10 males and lo/  10 
females receiving 30,000 ppm (Table 17). 

The results of the 14-day studies indicated that 
purified 2-biphenylamine hydrochloride was less 
toxic than technical-grade 2-biphenylamine; the 
weight gain depression and the incidence of 
splenic enlargement were less in animals admin- 
istered the former compound (Tables 12,13, and 
14). These results also suggest that the histo- 
pathologic effects of 2-biphenylamine hydro- 
chloride would be less severe than those seen in 
the 13-week study. For this reason, the Bioassay 
Program selected dose levels of 1,000 and 3,000 
ppm of 2-biphenylamine hydrochloride for use 
in the chronic study. 
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TABLE 14. SURVIVAL AND MEAN BODY WEIGHTS OF MICE FED DIETS CONTAINING 
2-BIPHENYLAMINE HYDROCHLORIDE FOR 14 DAYS 

Weight Change 
Relative to 

Dose Survival Controls (c) 
(Ppm) (4 Initial Final Change (b) (Percent) 

Mean Body Weight (grams) 

Males 
0 

400 
1,200 
3,600 

12,100 
36,300 

Females 
0 

400 
1,200 
3.600 

12.100 
36,300 

515 
515 
51 5 
5 5  
5 '5  
5 5  

5,'5 
51 5 
5 '5  
5 ' 5  
51 5 
5,'5 

20.2 k 0.80 
20.2 f 0.58 
20.0 i 0.71 
20.0 i 0.71 
20.2 i 0.80 
20.2 i 0.80 

16.2 i 0.37 
16.2 i 0.37 
16.2 f 0.37 
16.2 k 0.37 
16.2 f 0.37 
16.2 f 0.37 

23.0 f 0.71 
21.6 i 0.51 
23.8 k 0.49 
21.8 i 0.37 
22.6 i 0.5 1 
19.8 f 0.49 

18.2 i 0.37 
17.8 i 0.20 
18.4f 0.51 
18.6 f 0.24 
18.0 f 0.45 
16.6 i 0.40 

t2.8 i 1.1 I 
+ I  .4 i 0.68 
t3.8 f 0.73 
t I .8 f 0.37 
t2.4 & 0.43 
-0.4 i 0.81 

t2.0 f 0.00 
t1.6fO.24 
t2.2 f 0.20 
t2.4 f 0.24 
t1.8 f0 .49  
+0.4 i 0.24 

-50.0 
t35.7 
-35.7 
-14.3 

- 114.3 

-20.0 
+10.0 
t20.0 
-10.0 
-80.0 

(a) Number surviving/number in the group. 
(b) Mean weight change of the group k standard error of the mean 
(c) Weight change of the dosed group relative to that of the controls 

Weight Change (Dosed Group) - Weight Change (Control Group) 
Weight Change (Control Group) x 100 

TABLE 15. SURVIVAL AND MEAN BODY WEIGHTS OF MICE FED DIETS CONTAINING 
TECHNICAL-GRADE 2-BIPHENYLAMINE FOR 13 WEEKS 

Survival Weight Change 
(4 Mean Body Weight (grams) Relative to 

Dose (Day of Controls (c) 
Final Change (b) (Percent) (ppm) Death) Initial 

Males 
0 

300 
I.000 
3,000 

10,Ooo 
30.000 

Females 
0 

300 
I.000 
3.000 

10,000 
30,000 

I O /  I O  
I O /  I O  
I O /  10 
10,'lO 
I O /  I O  
1Oi  I O  

9 I O  (58) 
10,'lO 
101 10 
I O /  I O  
IO1 I O  
101 I O  

19.6 It 0.34 
19.6 i 0.34 
19.6 f 0.34 
19.6 f 0.34 
19.7 i 0.37 
19.6 i 0.34 

17.1 i 0 . 2 6  
17.0 f 0.30 
17.0 i 0.30 
17.0 i 0.26 
17.0 i 0.26 
17.0f 0.26 

33.5 i 0.70 
33.6 f 1.18 
35.1 + 0.71 
3 2 . 0 i  1.13 
32.1 f 0.67 
27.6 i 0.62 

26.6 i 0.75 
25.3 0.78 
24.9 i 0.50 
24.9 f 0.75 
24.8 i 0.33 
21.7 f 0.30 

+13.9 f 0.53 
t14.0 i 1.26 
t15.5fO.81 
t I 2 . 4 f  1.08 
t 12.4 k 0.64 
t 8.0 f 0.56 

t 9.5 iO.58 
t 8.3 f 0.60 
+ 7.9 f 0.46 
t 7.9 i 0.59 
+ 7.8 i 0.36 
t 4.7 f 0.33 

t 0.7 
t11.5 
-10.8 
-10.8 
-42.4 

-12.6 
- 16.8 
-16.8 
-17.9 
-50.5 

(a) Number surviving/ number in the group. All calculations are based on those animals surviving to the end of 

(b) Mean weight change of the group f standard error of the mean. 
(c) Weight change of the dosed group relative to that of the controls 

the study. 

Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
x 100 
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TABLE 16. SUMMARY OF HEMATOLOGY DATA ON MICE FED DIETS CONTAINING TECHNICAL GRADE 2-BIPHENYLAMINE FOR 13 WEEKS /a) 

Weeks on Study 

1 4 13 

Females /c)  Males (b) Determination Dose (ppm) Males /b )  Females (e) Males /b)  Females (e) 

Hemoglobin 0 15.6 i 0.3 16.4 i 0.2 15.6 i 0.3 16.3 i 0.4 14.9 i 0.7 16.7 i 0.3 
(e 100 ml) 300 15.7 f 0.3 16. I i 0.2 16.3 f 0 . 4  15.9 i 0.3 15.5 i 0 . 2  1 5 . 8 i O . l  ((1) 

I .ooo 1 5 . O f O . 3  1 5 . 6 i 0 . 2 ( d )  1 5 . 4 f 0 . 2  16.0 i 0.5 15.4 i 0 . 2  15.5 i 0.2 fd) 
3.m 1 4 . 4 i 0 . 4  (11) 15.1 i 0 , 2 ( e )  15.5 t 0 . 2  16.6 i 0.5 14.3 i 0 . 9  15.1 tO.Z(e) 

1o.ooo 13.1 i0.3 (e) I 4 , 2 i 0 , 4 ( e )  14.4+0.3(d) 1 5 . 4 f 0 . 4  14.7 io 3 14.7 t 0.4 (e) 
3O.OOO 12 .6 i0 .3(e)  13.6f0.4(e) 12.9+0.3(e) 15 .2+0.5(d)  1 4 . 2 i 0 . 3  ((1) 14.8+0.3/e) 

Dose Response P<O.oOl P<o.oni p<n.Ooi p a 0 5  P<O.OoI P<O.oOI 

Hematocrit(%) 0 36.8 i 0.8 38.6 i 1.8 38.4 i 1 . 5  40.8 f. 2.3 45 29.5 I i t 3.6 1.7 (e) 45.4 40.0 i i 1.3 I. I (d) 
300 36.7 i I .4 39.2 i 0.9 42.7 i 2. I 41.4 i 1.6 

60.9 i 3.3 (e) I .ooo 35.2 f I .O 37.0 f. 0.6 37.6 f 1.0 39.2 i 2.0 31.5 f 3  7 
59.9 i 2.5 (e) 3.m 33.7 f I I 40.1 i 1.4 40.5 f 1.5 38.3 i 1.0 41.8 29.0 i f 3 I 5 I (e) 49.5 i 2.0 (e) 

56.8 i 2.4 (e) 
41.2 f 0 . 6  
44.1 i 1 . 1  ((1) 

33.2 f 1.4 (di 30.4 f 1.6 (e) 38 4 i 1.2 1o.ooo 
3O.OOO 34.3 f 1.0 33.9 i 1.0 (d) 36.8 f 0.9 48.3 f 1 . 1  (e )  

 dose^ Response P<0.05 P<O.Ol NS P<0.05 P<0.001 P<O.oOl 

5.34 i . I 8  
6.25 i . I 6  (e) 7.63 i .21 

I .ooo 6 . 7 9 f . 1 8  7 . 1 5 i . 0 8  7 . 1 3 i . l h  7 . 3 0 i . 1 7  4.05 i .55 7.64 i .34 (e) 
3.m 6.50 i . I9 7.23 i .20 7.53 i . I9  3.71 t .20 7.73 i .20 (e) 7.00 i . I2  

10.000 5 . 7 7 i . l h f r )  5 . 3 3 i . 2 2 l e )  6 . 7 0 i . 2 2 f r l )  6 .86+.08(e)  5 . 4 5 i  40(e) 6 . 5 1 i . l 4 ( e )  
30.000 5 . 3 3 t . 1 3 f e )  5 .39i . IO(e)  5 . 4 3 i . I 6 ( e )  6 . 4 8 i . l 2 ( e )  6 . 0 8 t . 1 9  (e) 6 . 9 3 i . I I  / e )  

Red Blood Cell (0 0 6.98 i .I I 7 . 0 0 i . 1 6  7 . 3 4 f . 1 9  7.68 i .2x 3.60 i .24 
5.99 i .55 (e) 7.38 i .(l9fcl) 7.74 .20 ( I O h  mm') 300 6.99 i .24 

Dose- Response P<O.M)I P<O.OOI P<O.oOI P<O.oOI P<0.001 P<O.Ol 

0 7.82 i 0.49 9.45 i 0.44 9.04 i 0.60 8.85 i 0.76 7 06 t 0.48 6.87 i 0.32 
5 82 i 0.35 

I .ooo 6.84 i 0.54 8.26 i 0.59 9.34 i 1.03 8.48 i 0.24 (e) 6.19 i I .  I I f d )  6.27 i 0.39 
3.OOO 7.35 f 0.54 7.19 i 0.45 fe)  10 86 i 0.88 9.74 i 0.84 le) 9.30 i 0.77 6.43 i 0.29 

10.ooo 1 4 . 2 3 i 0 . 9 2 f e )  1550f  1.41 (e) 12.81 i 2 . 7 1  12 I O  f 3.03 (di 9.89 k 0.77 8 l 6 i 0 6 1  
30.ooO 36.5Xf4 .31  (e) 39 .56f7 .32(e)  25.74+7.84(e) 26 1 4 i 7 . 9 2 l e )  1 3 . R O i  1.31 (e) l0.14iO.62 (e) 

5.73 f. 0.50 (e) 300 7.76 i 0.56 7 71 f 0.49 (e) 9.84 i 0.76 7.5 I i 0.35 

Dose-Response P<O.OOI P<O.OOI p<n.ooi P<0.001 P<0.001 P<0.001 

Neutrophil 0 15 85 I I  89 24 74 32 66 12 68 I I  87 
I )mphocyte (90  300 13 85 8 92 47 51 7 3  66 25 71 55 43 

I .ooo 7 92 I I  88 73 66 42 56 29 66 48 50 
3.000 13 85 14 84 42 58 44 55 32 67 46 54 

10.000 8 92 I O  89 46 51 41 58 12 87 12 88 
10.000 I2 87 7 91 78 60 44 55 I I  88 9 90 

(a) Values presented include the mean t standard error. 
fh) Value\ are bared on orbital bleedings of I O  animals in each group at each time period. 
( 1 )  Value\ for each \ample period are based on orbital bleeding\ of I O  animals in each group Ten  control animals were available for sampling at week I ,  and 9 animals 

fd)  P < 0.05 vs. controls. 
(e) P < 0.01 v5. controls. 
(I) For  red blood cell determinations. two samples per animal were analyzed. 

were available for sampling at weeks 4 and 13. 
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TABLE 17. INCIDENCE OF HISTOPATHOLOGIC EFFECTS IN MICE FED DIETS CONTAINING TECHNICAL-GRADE 2-BIPHENYLAMINE FOR 13 WEEKS 

Site and Effect: 

~~ ~ ~ 

0 300 1,000 3,000 10,000 30,000 

Males Females Males Females Males Females Males Females Males Females Males Females 

Spleen. 
Congestion o/ I O  0’10 Oil0 O / l O  8/10 9\10 l O / l O  8/10 9/10 l O / l O  9/10 10/10 
Thickened Capsule 0/10 0’10 0’10 Oil0 O i l 0  Oil0 1/10 1/10 4/10 Oil0 6/10 3\10 
Extramedullary Hematopoiesis 0 I O  01 10 0 I O  0 I O  8, I O  I O  I O  10’10 I O j 1 0  10/10 10/10 10/10 10/10 
Lymphoid Atrophq 0 I O  o /  I O  0, I O  01 I O  01 I O  0, I O  O j l O  O / l O  5/10 4/10 8/10 3110 
Hemosiderosis O / l O  0/10 Oil0 0110 l O i l 0  9/10  9 IO l O / l O  10’10 10/10 9/10 I O  I O  

P Liver: \o 
Pigment 0’10 Oil0 0)  I O  0,’lO 0’10 Oil0 0,’lO Oil0 01 I O  o/ I O  l O j l 0  10110 

Bone Marrow 
Erythroid Hyperplasia 0 I O  O j l O  O / l O  0 I O  Oil0 Oil0 0/10 O j l O  7,  I O  9/10 9/10 I O  I O  

Peripheral Blood 
Polychromasia 0’ I O  0’10 0110 0 I O  I ,  I O  1 I O  10/10 I O  I O  I O  I O  lOjl0 I O /  IO  I O  IO 
Anisocytosis O / l O  0 I O  0, I O  0 IO 0/10 0 ,  I O  9/10 5/10 I O  I O  10/10 l O / l O  10/10 

Howell-Jolly Bodies 01 I O  0 I O  0 ,  I O  0 I O  I I O  0 I O  21 I O  0, I O  I O  I O  8/10 I O j l O  10/10 
Poikilocytosis 0/10 O j I O  0110 0 I O  0’10 O / l O  I I O  O / l O  I O  I O  9 / 1 0  l O j l 0  9 I O  

Target Cells o/  I O  0110 0 10 0 IO 0 I O  0 I O  I O /  10 21 I O  I O  IO 10/10 I O  10 l O / I O  

Urinary Bladder. 
Y Transitional-Cell Hyperplasia 0 IO O /  IO O/  IO  O i  I O  0 IO  0, 10 1/10 0’10 4 1 0  4/10 6/10 10’10 ‘J: 

a 
Y, 

3 5 Mucosal Thickening O / l O  0 ,  I O  1 I O  I I O  0 ,  I O  21 I O  3 I O  2/10 4 I O  31 I O  41 I O  0 IO 

3 

2 
8 
5 
2 
n 

0 

Y 
3 



III. RESULTS: MICE-CHRONIC STUDY 

10 - 

CHRONIC STUDY OF 2-BIPHENYLAMINE HYDROCHLORIDE 

FEMALE MICE 

Body Weights and Food Consumption 
At the end of 104 weeks, there was little differ- 

ence in mean body weight changes of mice fed 
diets containing 2-biphenylamine and those of 
the controls (Figure 3 and Table 18). 

Daily food consumption per mouse in low- 
and high-dose groups was 96% ( 7 . 4 , 7 . 7 )  and 
101% ( 7 . 8 / 7 . 7 )  for males and 91% (7.8, 8.6) and 
95% (8.2/8.6) for females (Appendix M,  Tables 
M3 and M4). 

o !  

I MALE MICE 

0 CONTROL 

0 LOWDOSE 

A HIGHDOSE 

0 
0 10 M 30 40 50 Bo 70 80 90 1w ' 

TIME ON STUDY [WEEKS] 

0 CONTROL 

0 LOWOOSE 

A HIGHDOSE 

Figure 3. Growth Cuwes for Mice Fed Diets Containing 2-Biphenylamine Hydrochloride 
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TABLE 18. CUMULATIVE MEAN BODY WEIGHT CHANGE (RELATIVE TO CONTROLS) OF MICE 
FED DIETS CONTAINING 2-BIPHENYLAMINE HYDROCHLORIDE FOR 2 YEARS 

Cumulative Mean Body Weight Change Weight Change Relative to 

Week No. Control Low Dose High Dose Low Dose High Dose 

(grams) Controls (a) (Percent) 

Males 0 23 (b) 23 (b) 23 (b) 
4 4 5 5 +25 +25 

24 15 15 13 0 -13 
44 21 19 20 -10 - 5  
63 20 20 19 0 - 5  
84 20 18 16 -10 -20 

I04 28 29 27 + 4  - 4  

Final Body 
Weights 51 52 50 + 2 (c) - 2 (c) 

Females 0 19 (b) 18 (b) 19 (b) 
4 3 3 3 0 0 

24 12 12 12 0 0 
44 23 23 21 0 - 9  
63 25 26 25 + 4  0 
84 27 27 26 0 - 4  

104 30 30 29 0 - 3  

Final Body 
Weights 49 48 48 - 2 (c) - 2 f c )  

(a) Weight change relative to  controls = 
Weight Change (Dosed Group) - Weight Change (Control Group) 

Weight Change (Control Group) 
x 100 

(b) Initial weight 

((9 Final body weight relative to controls (percent) 
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III ,  RESULTS: MICE-CHRONIC STUDY 

Clinical Signs and Survival 
No untoward clinical signs related to adminis- 

tration were seen in experimental animals 
throughout the experimental period. 

Probability estimates for survival depicted in 
Figure 4 show a significant reduction in survival 
rates of the high-dose male mice compared with 
the control and low-dose groups (P < 0.001 and 
P=0.004), respectively. There were no significant 
differences between the survival rates of the low- 
dose male mice and controls or between those of 
all female groups. 

At the end of the 104-105-week period, the 
survival rates of male mice were SO%, 70%, and 
42% for controls, low-dose, and high-dose mice, 
respectively. In the female mice, the survival rate 
for control females was compromised due to the 
accidental death of five animals at  week 85 and 
the disappearance of one female mouse at  week 
84. The survival rates of female mice were 5S%, 
76%. and 56% for the controls, low-dose, and 
high-dose groups, respectively. 

, W  

090  

O B 0  

i 0 7 0  
4: 

5 
2 

0 6 0  

M A L E  MICE 

- 0  CONTROL 

0 LOWOOSE 

A HIGH DOSE - 0 10 

105 120 a201t' T I M E  ON STUDY IWEEKSI 

OW 

FEMALE M I C E  

0 CONTROL --_t_ 
0 LOWDOSE 

105 120 
OM 

T I M E  O N  STUDY IWEEKSI 

Figure 4. Survival Curves for Mice Fed 

2-Biphenylamine Hydrochloride 

Diets Containing 2-Biphsnylamine Hydrochloride 
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III. RESULTS: MICE-CHRONIC STUDY 

Pathology and Statistical Analyses 
of Results 

Histopathologic diagnoses of neoplasms 
occurring in mice are summarized in Appendix 
B, Tables B1 and B2. Tables B3 and B4 give the 
survival and tumor status for each individual 
animal in the male and female mouse studies, 
respectively. Findings on nonneoplastic lesions 
are summarized in Appendix D,  Tables D1 and 
D2. Tables 20 and 21 contain the statistical anal- 
yses of those primary tumors that occurred with 
an incidence of at least 5% in one of the three 
groups. 

Circulatory System: Vascular neoplasms 
occurred at an increased incidence in dosed mice 
(Table 19). Hemangiosarcomas in the circula- 
tory system were observed in a statistically sig- 
nificant positive relation to  the administration of 
the compound in both male and female mice. 
These lesions were found in the circulatory sys- 
tem of the adipose tissue, liver, lymph nodes, 
spleen, and subcutaneous tissue. In males, the 
incidences were O /  50 for controls, 2/50 (4%) for 
the low-dose, and 3/50 (6%) for the high-dose 
group, with a significance level of P=0.040 as 
determined by a life table analysis trend test. In 
females, the incidences were 0 /49  in the controls, 
1/50 (2%) in the low-dose, and 7/50 (14%) in 
the high-dose group, and all trend statistics 
were significant ( P  I 0.002). The incidence in 
the high-dose group was significantly higher 
( P  < 0.010) than that in the controls. [In this 
report, the terms hemangiosarcoma and angio- 
sarcoma are used interchangeably; the former is 
preferred.] 

The hemangiomas were small lesions with dis- 
tended capillaries and anastomosing vascular 
cysts which were lined by fusiform endothelial 
cells, Cytoplasm of the cells was eosinophilic and 
nuclei were hyperchromatic. The hemangiosar- 
comas were characterized by cellular masses 
containing numerous blood filled spaces; these 
varied in size and in some tumors became caver- 
nous with an occasional thrombus. Most of the 
neoplastic cells were elongated with variable- 
shaped nuclei containing evenly distributed 
chromatin. The eosinophilic cytoplasm varied in 
amount and a t  the periphery of the mass became 
quite elongated and filamentous, whereas cells 
near larger vascular spaces were more rounded. 
Mitotic figures were numerous. There were 
islands of necrosis in the large tumors. 

Hematopoietic System: Lymph node lesions 
diagnosed as angiectasis were found in 2/49 con- 
trol males, 7/47 low-dose males, I /42 high-dose 
males, 2/47 low-dose females, and 1/47 high- 
dose females. 

Lung: There was a significant (P 50.003) 
dose-related decrease in alveolar/ bronchial ade- 
noma or carcinoma in male mice: controls, 
16/50 (32%); low-dose, 6 /50  (12%); high-dose 
1/50 (2%). Both the low-dose and the high-dose 
male groups had significantly (P < 0.05) fewer 
tumors than the controls. The frequencies of 
lung tumors in female control and high-dose 
groups were similar (6j49, 1 /SO, 5/50), although 
the incidence in the low-dose group was slightly 
lower than those in the other two groups. 
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TABLE 19. NUMBER OF MICE WITH TUMORS OF THE CIRCULATORY SYSTEM IN THE 2-YEAR 
STUDY 

Males Females 

Control Low-Dose High-Dose Control Low-Dose High-Dose 

Number of Mice 

Site and Morphology 

Subcutaneous Tissue 
Hemangioma 
Hemangiosarcoma 

Hemangioma 
Hemangiosarcoma 
Angiosarcoma 

Lymph Node 
Hemangioma 

Adipose Tissue 
Angiosarcoma 

Liver 
Hemangioma 
Angiosarcoma 

Spleen 

Number of Mice 

(all sites) 
with Hemangioma 

Number of Mice 

(all sites) 
with Hemangiosarcomas 

Number of Mice 
with Hemangiomas o r  
Hemangiosarcomas 

(all sites) 

50 

0 
0 

0 
0 
0 

0 

0 

0 
0 

0 

0 

0 

50 

I 
0 

0 
I 
0 

I 

0 

1 
2 

3 

2 

4 

50 

0 
0 

0 
0 
0 

0 

0 

0 
3 

0 

3 

3 

49 

0 
0 

0 
0 
0 

0 

0 

0 
0 

0 

0 

0 

50 

0 
0 

0 
0 
0 

0 

I 

0 
0 

0 

I 

1 

50 

0 
3 

I 
1 
I 

0 

2 

0 
I 

I 

7 

8 
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TABLE 20. ANALYSIS OF PRIMARY TUMORS IN MALE MICE (a)) 

Low High 
Control Dose Dose 

Subcutaneous Tissue: All Sarcomas 
Tumor Rates 

Overall (b) 4/50 (8%) 

Terminal (d) 1/40 (3%) 

Life Table P=0.324 
Incidental Tumor Test P=O. 183N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.470N 

Adjusted (c) 9.2% 

Statistical Tests (e) 

Lung: Alveolar/Bronchiolar Adenoma 
Tumor Rates 

Overall (b) 14/ 50 (28%) 
Adjusted (c) 35.0% 
Terminal (d) 14/40 (35%) 

Life Table P=0.006N 
Incidental Tumor Test P=0.006N 
Cochran-Armitage Trend, 

Statistical Tests (e) 

Fisher Exact Tests P<O.OOl N 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Hematopoietic System: Lymphoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Circulatory System: Hemangiosarcoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

16/ 50 (32%) 
40.0% 
16/40 (40%) 

P=0.003N 
P=0.003N 

P<O.OOIN 

6/50 (12%) 
13.8% 
4/40 (10%) 

P=O. I35 
P=0.5 17 

P=0.500 

0150 (0%) 
0.0% 
0/40 (0%) 

P=O.o40 
P=0.119 

P=0.113 

55 

6/50 (12%) 
15.0% 
2/35 (6%) 

P=0.323 
P=0.657 

P=0.370 

5/50 (10%) 
14.3% 
5/35 (14%) 

P=0.037N 
P=0.037N 

P=0.020N 

6/ 50 ( 12%) 
17.1% 
6/35 (17%) 

P=0.028N 
P=0.028N 

P=0.014N 

8/50 (16%) 
21.2% 
6/35 (17%) 

P=0.313 
P=0.402 

P=0.387 

2/50 (4%) 
5.1% 
1 /35 (3%) 

P=0.223 
P=O. I83 

P=0.247 

4/50 (8%) 
14.1% 
1/21 (5%) 

P=0.370 
P=0.299N 

P=0.643 

1 150 (2%) 
4.8% 
1/21 (5%)  

P=O.Ol IN 
P=O.OI IN 

P<O.OO I N 

1 150 (2%) 
4.8% 
1/21 (5%)  

P=O.OOSN 
P=0.005N 

P< 0.00 1 N 

7/50 (14%) 
26.2% 
3/21 (14%) 

P=O. I72 
P=0.600 

P=0.500 

3/50 (6%) 
11.7% 
2/21 (10%) 

P=0.053 
P=0.087 

P=O. 12 I 
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TABLE 20. ANALYSIS OF PRIMARY TUMORS IN MALE MICE (a) (Continued) 

Control 
Low 
Dose 

High 
Dose 

Circulatory System: Hemangioma or Hemangiosarcoma 
Tumor Rates 

Overall (b) 
Adjusted (r) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Liver: Adenoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Liver: Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Liver: Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (r) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Adrenal: Pheochromocytoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

2-Biphenylamine Hydrochloride 

0150 (0%) 
0.0% 
0140 (0%) 

P=0.07 I 
P=0.227 

P=0.205 

5/50 (10%) 
12.5% 
5/40 (13%) 

P=0.272N 
P=O. I66N 

P=0.07 I N 

9/50 (18%) 
21.3% 
7/40 (18%) 

P=O. I I O  
P=0.437N 

P=0.52 I 

14/50 (28%) 

12/40 (30%) 

P=0.273 
P=O. 187N 

P=0.208N 

33.2Yp 

I 149 (2%) 
2.3% 
0140 (0%) 

P=0.550 
P=0.392N 

P=0.557N 

56 

4/50 (8%) 
10.3% 
2/35 (6%) 

P=0.055 
P=0.065 

P=0.059 

7/50 (14%) 
19.3% 
6/35 (17%) 

P=0.292 
P=0.339 

P=0.380 

I2/ 50 (24%) 
29.1% 
7/35 (20%) 

P=0.236 
P=0.296 

P=0.312 

19/50 (38%) 
45.8% 
13/35 (37%) 

P-0. I20 
P=O. I68 

P=O. 198 

3149 (6%) 
8.2% 
2/35 (6%) 

P=0.274 
P=0.429 

P=0.309 

3/50 (6%) 
11.7% 
2/21 (10%) 

P=0.053 
P=0.087 

P=0.121 

1 150 (2%) 
3.7% 
0/21 (0%) 

P=0.296N 
P=O. I92N 

P=0.102N 

lOi50 (20%) 
31.2% 
3/21 (14%) 

P=O. 126 
P=0.60 I N 

P=0.500 

I 1 / 50 (22%) 
33.7% 
3/21 (14%) 

P=0.294 
P=0.304N 

P=0.322N 

1/48 (2%) 
3.2% 
0/21 (0%) 

P=0.663 
P=0.482N 

P=0.747 



TABLE 20. ANALYSIS OF PRIMARY TUMORS IN MALE MICE (a) (Continued) 

Control 
Low 
Dose 

High 
Dose 

Adrenal: Adenoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend. 

Fisher Exact Tests 

3/49 (6%) 2/49 (4%) 2/48 (4%) 
7.5% 5.7% 8.4% 
3/40 (7%) 2/35 (6%) 1/21 (5%) 

P=0.47 1 
P=0.621 

P=0.469N P=0.500N P=0.5 ION 

(a) Dosed groups received doses of 1,OOO or 3,000 ppm of 2-biphenylamine hydrochloride in the diet. 
(6) Number of tumor bearing animals/number of animals examined at  the site (percent). 
(c) Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
(d) Observed tumor incidence at the end of the study (percent). 
(e) Beneath the 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 
controls. The life table analysis regards tumors in animals dying before the end of the study as being (directly 
or indirectly) the cause of death. The incidental tumor test regards these lesions as non-fatal. The Cochran- 
Armitage and Fisher's exact tests compare directly the overall incidence rates. A negative trend is indicated 
by (N). 
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TABLE 21. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (a) 

Low High 
Control Dose Dose 

Subcutaneous Tissue: Sarcoma 
Tumor Rates 

Overall (b) 5/49 (10%) 
Adjusted (c) 15.1% 
Terminal (d) 2/29 (7%) 

Life Table P=0.26 I N 
Incidental Tumor Test P=0.3 12N 
Cochran-Armitage Trend, 

Fisher Exact Tests P=0.2 13N 

Statistical Tests (e) 

Lung: Alveolar/Bronchiolar Adenoma 
Tumor Rates 

Overall (b) 6/49 (12%) 
Adjusted (c) 17.1% 
Terminal (d) 3/29 (10%) 

Life Table P=0.496N 
Incidental Tumor Test P=0.451N 
Cochran-Armitage Trend. 

Fisher Exact Tests P=0.424N 

Statistical Tests (e) 

Lung: Alveolar/Bronchiolar Adenoma or Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Hematopoietic System: Lymphoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Circulatory System: Hemangiosarcoma 
Tumor Rates 

Overall (6) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 
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6/49 (12%) 
17.1% 
3/29 (10%) 

P=0.53 I 
P=0.577 

P=0.584N 

10149 (20%) 
29.1% 
6/29 (21%) 

P=0.444N 
P=0.380N 

P=0.305N 

0/49 (0%) 
0.0% 
0/29 (0%) 

P<0.001 
P<O.OOl 

P=0.002 
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I 150 (2%) 
2.6% 
1 / 38 (3%) 

P=0.067N 
P=O. 142N 

P=0.098N 

1 I50 (2%) 
2.6% 
I / 38 (3%) 

P=0.037N 
P=0.074N 

P=0.053N 

I 150 (2%) 
2.6% 
I / 38 (3%) 

P=0.037N 
P=0.074N 

P=0.053N 

17/50 (34%) 
36.4% 
9/38 (24%) 

P=0.232 
P=0.040 

P=0.098 

I I50 (2%) 
2.6% 
1/38 (3%) 

P=0.554 
P=0.554 

P=0.505 

2/50 (4%) 
6.5% 
1/28 (4%) 

P=0.260N 
P=0.334N 

P=0.2 I ON 

4/50 (8%) 
12.3% 
2/28 (7%) 

P=0.4 19N 
P=0.404N 

P=0.357N 

5/50 (10%) 
14.7% 
2/28 (7%) 

P=0.549N 
P=0.541N 

P=0.486N 

9/50 (18%) 
26.3% 
5/28 (18%) 

P=0.562N 
P=0.573N 

P=0.480N 

7/50 (14%) 
23.4% 
6/28 (21%) 

P=0.008 
P=0.008 

P=0.007 



TABLE 21. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (a) (Continued) 

Control 
Low 
Dose 

High 
Dose 

Circulatory System: Hemangioma or Hemangiosarcoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Liver: Adenoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Liver: Carcinoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Liver: Adenoma or Carcinoma 
Tumor Rates 

Fisher Exact Tests 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

Pituitary: Adenoma 
Tumor Rates 

Overall (b) 
Adjusted (c) 
Terminal (d) 

Statistical Tests (e) 
Life Table 
Incidental Tumor Test 
Cochran-Armitage Trend, 

Fisher Exact Tests 

0149 (0%) 
0.0% 
0129 (0%) 

P<O.OOI 
P<O.OOl 

P=O.OOl 

3/49 (6%) 
10.3% 
3/29 (IO%) 

P=0.439 
P=0.439 

P=0.510 

4/49 (8%) 
11.7% 
2/29 (7%) 

P=0.234 
P=0.230 

P=0.3 I O  

7/49 (14%) 
21.5% 
5/29 (17%) 

P=O. 195 
P=O. I93 

P=0.296 

9/43 (21%) 
33.3% 
9/27 (33%) 

P=0.374N 
P=O. 374N 

P=0.282N 
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1 i 50 (2%) 
2.6% 
I I38 (3%) 

P=0.554 
P=0.554 

P=0.505 

5/50 (10%) 
13.2% 
5/38 (13%) 

P=OS I I 
P=0.5 I I 

P=0.369 

4/50 (8%) 
10.0% 
3/38 (8%) 

P=0.543N 
P=0.613 

P=0.63 IN 

'31 50 ( I  8%) 
22.8% 
8/38 (21%) 

P=0.583 
P=0.483 

P=0.410 

8/42 (19%) 
22.2% 
8/36 (22%) 

P=0.245N 
P=0.245N 

P=0.522N 

8/50 (16%) 
26.9% 
7/28 (25%) 

P=0.004 
P=0.004 

P=0.003 

4/50 (8%) 
14.3% 
4/28 (14%) 

P=0.48 I 
P=0.48 1 

P=OS I 1 

6/50 (12%) 
19.5% 
4/28 (14%) 

P=0.329 
P=0.288 

P=0.383 

lOj50 (20%) 
32.9% 
8/28 (29%) 

P=0.255 
P=0.225 

P=0.314 

6/41 (15%) 
25.0% 
6/24 (25%) 

P=0.367N 
P=0.367N 

P=0.321N 
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TABLE 21. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE (a) (Continued) 

Dosed groups received doses of 1,000 or 3,000 ppm of 2-biphenylamine hydrochloride in the diet. 
Number of tumor bearing animals/number of animals examined at  the site. 
Kaplan-Meier estimated lifetime tumor incidence after adjusting for intercurrent mortality. 
Observed tumor incidence at  the end of the study. 
Beneath the 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 
controls. The life table analysis regards tumors in animals dying before the end of the study as being (directly 
or indirectly) the cause of death. The incidental tumor test regards these lesions as non-fatal. The Cochran- 
Armitage and Fisher’s exact tests compare directly the overall incidence rates. A negative trend is indicated 
by (N). 
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CONCLUSIONS 

61 2-Biphenylamine Hydrochloride 



IV. DISCUSSION A N D  CONCLUSIONS 

A set of preliminary studies (a single-dose 
study, a 14-day study, and a 13-week study) was 
conducted with technical-grade 2-biphenyl- 
amine. Because the technical-grade 2-biphenyl- 
amine was found to  contain 2.5% 4-biphenyl- 
amine, a known carcinogen, a decision was made 
to  reduce the level of the contaminant from the 
material to be used in the chronic test. The best 
available method was based on conversion of 
recrystallized 2-biphenylamine to 2-biphenyl- 
amine hydrochloride. A new 14-day study was 
performed with 2-biphenylamine hydrochloride. 
The batch of 2-biphenylamine hydrochloride 
used for the 14-day study containedo. 198%4-bi- 
phenylamine hydrochloride. The four batches of 
2-biphenylamine hydrochloride used in the 
chronic study contained 0.006% to 0.049% 4-bi- 
p henylamine. 

Results of the 14-day studies in rats indicated 
that technical-grade 2-biphenylamine was more 
toxic than purified 2-biphenylamine hydrochlo- 
ride, as evidenced by greater weight gain depres- 
sion (Tables 2 and 4) and a greater incidence of 
splenic enlargement (Table 3). Inferring that the 
histopathologic and hematologic effects of 2-bi- 
phenylamine hydrochloride would be less severe 
than those seen in the 13-week study of the free 
amine, the Bioassay Program set doses of 1,000 
and 3,000 ppm of the hydrochloride salt for the 
chronic study. 

In the 14-day and 13-week studies, splenome- 
galy was observed in male and female rats 
(10,000 ppm and 30,000 ppm for the amine; 
36,300 ppm for the salt) and mice (3,000-30,000 
ppm for the amine; 36,300 ppm for the salt) fed 
diets containing technical-grade 2-biphenyla- 
mine or  its hydrochloride salt (Table 3 for rats 
and Table 13 for mice). Increased extramedul- 
lary hematopoiesis in this organ may have been 
responsible for the splenomegaly. Destruction of 
erythrocytes and the resulting anemia are factors 
known to stimulate erythropoiesis. Evidence for 
these conditions is indicated by the compound- 
related and dose-dependent decreases in hema- 
tocrit values of hemoglobin concentration and in 
red blood cell counts in rats and mice fed the 
various dose levels of 2-biphenylamine (Table 6 
for rats and Table 16 for mice). Moreover, aro- 
matic amines structurally related to 2-biphenyla- 
mine induce methemoglobinemia leading to 
Heinz body formation and eventual destruction 
of erythrocytes (Kiese, 1967; Smith, 1980). 

Polycystic kidney was observed in all. male 
and female rats receiving 30,000 ppm technical- 
grade 2-biphenylamine for 13 weeks (Table 7).  

2-Biphenylamine Hydrochloride 

This pathologic condition is similar to  that 
observed in kidneys of rats receiving the struc- 
turally related chemical, diphenylamine (Tho- 
mas et al., 1967). 

Survival of rats in the chronic study was not 
affected by administration of 2-biphenylamine 
hydrochloride. After week 22, mean body weight 
changes of high-dose rats were slightly lower 
than those of controls, ranging from 4% to 13% 
below the mean body weight changes of the con- 
trols. Inflammatory cells and interstitial fibrosis 
were found at increased incidences in the kidneys 
of dosed male rats as compared with controls 
and were considered to  be an effect related to  
administration. Although polycystic kidney and 
splenomegaly were observed in the prechronic 
studies, these changes were not encountered in 
the N C I / N T P  chronic studies. 

Leukemia in male rats and mammary 
fibroadenomas in female rats occurred a t  signifi- 
cantly lower incidences in dosed rats when com- 
pared with concurrent controls. Incidences of 
male rats with leukemia were 15/50 (30%), 1/50 
(2%), and 4 /50  (8%) for controls, low-, and high- 
dose groups, respectively. The historical inci- 
dence of control F344/N male rats with 
leukemia a t  thislaboratoryis 195/ 1,016(19.2%), 
with group incidences rangingfromO/ 50 (0%) to 
23/50 (46%). Incidences of female rats with 
fibroadenomas of the mammary gland were 
22/50 (44%), 10/49 (20%), and 9 /50  (20%) for 
controls, low-, and high-dose groups, respec- 
tively. The historical incidence of female 
F344/ N rats with these tumors at this laboratory 
is 2941 1,071 (27.5%), with a range of 10%-46%. 
In both of these instances the concurrent control 
rates were well above the historical control inci- 
dences for F344/N rats a t  this laboratory, 
although the decrease in the incidence of leuke- 
mia remains significant (P < 0.05) when com- 
pared with historical controls. 

The absence of an observed carcinogenic 
response by F344/ N rats exposed to 2-biphenyl- 
amine may be due to  their lack of ability to form 
the N-hydroxy derivative (Gorrod and Carey, 
1970). 4-Biphenylamine is N-hydroxylated and 
has been demonstrated to  cause cancer in multi- 
ple species (Althouse ef al., 1980). 

Survival of high-dose female mice in the 
chronic study was not significantly less than that 
of the controls. Survival of high-dose male mice 
was significantly (P  < 0.01) less than that of 
low-dose male and control mice. After week 22, 
mean body weights of high-dose male mice were 
slightly lower than those of the controls. 
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W. DISCUSSION AND CONCLUSIONS 

Administration of 2-biphenylamine hydro- 
chloride significantly (P I 0.002) increased the 
incidence of hemangiosarcoma in female mice; 
the incidence in the high-dose group was signifi- 
cantly higher (P < 0.010) than that in the con- 
trols. The incidence of this tumor in high-dose 
female mice (7/ 50,14%) was greater than the 
historical incidence in control female B6C3F1 
mice at this laboratory: 6 / 8  16 (0.7%), with group 
incidences ranging from Oj50 (0%) to 3/50(6%). 
The increased incidence of hemangiosarcomas 
in high-dose female mice is considered to have 
been caused by administration of 2-biphenyl- 
amine hydrochloride. The conclusion that this 
was due to  2-biphenylamine rather than the con- 
taminant, 4-biphenylamine, is supported by the 
absence of urinary bladder tumors, which are 
peculiar to 4-biphenylamine. 

Hemangiosarcomas occurred in male mice 
with a significant positive trend (P=0.040 by a 
life table test). The increased incidence of 
hemangiosarcomas in the high-dose group 

(3/50, 6%) was not significant (P=0.053) in indi- 
vidual comparisons with the incidence in the 
control group, but development of hemangio- 
sarcomas in high-dose male mice may have been 
curtailed by the significantly shortened survival 
in this group. The historical incidence of this 
tumor in control male B6C3F1 mice at this 
laboratory is 7/803 (0.9%), with group inci- 
dences ranging from 0/50 (0%) to 2/50 (4%). 
Although the evidence is strongly suggestive for 
associating hemangiosarcomas in male mice 
with administration of 2-biphenylamine hydro- 
chloride, this chemical is not regarded as being 
unequivocally carcinogenic in male mice 
because of the relatively low incidence in the 
high-dose group. 

Hemangiosarcomas have been observed at 
statistically significant increased incidences in 
B6C3F1 mice administered other nitrogen- 
containing aromatic compounds in NCl /  NTP 
carcinogenesis bioassays (NCI, 1978a, 1978b, 
1979, and Table 22). Hemangiosarcomas were 

TABLE 22. INCIDENCE OF HEMANGIOSARCOMAS (OR ANGIOSARCOMAS) IN MICE FED DIETS CONTAINING VARIOUS AROMATIC AMINES 
A N D  NITRO COMPOUNDS 

Incidence 

Males Females 

Compound Strain of Mouse Dose, Duration Control High Dose Control High Dose Reference 

2-Biphen ylamine B6C3F1 3.000 ppm for 103 weeks 0 50 3 50 0 49 7 50 Present Study 
hqdrochloride 

Nitrofen 4 48 I 18 5 44 NCI. 1978b B6C3F1 4.696 ppm for 78 week\ 0 20 
0 74 (a) 2 I 80 (a) 

20 50 2 19 2 50 NCI. 1979 Michier’s Ketone B6C3F1 I 250 ppm for 78 weeks 0 19 

4 4 -Meth)lene-bis 

2-MethqI-l- 

CD-I 2.000 ppm for 18 months. 0 I 8  3 20 0 20 2 14 Russfield er al 
(2-chloroaniline) then 6 months observation 1975 

nitroanthraquinone Munhq ei a/ 
B6C3F1 300 ppm for 37-39 weeks I 49 42 43 0 48 35 38 NCI. 1978a 

1977 

(a) Pooled control 
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IV.  DISCUSSION AND CONCLUSIONS 

observed in 20/50 male mice fed diets containing 
1,250 ppm Michler’s ketone-4,4’-bis (dimethyl- 
amino)benzophenone-for 78 weeks, compared 
with Oj19 in the controls and 2 /50  in females 
receiving the same dose (NCl, 1979). The tumor 
was also found in42/43 males and 35/38 females 
fed diets containing 300 ppm 2-methyl-l- 
nitroanthraquinone for 37-39 weeks (NCl, 
1978a) and in 4/48 males receiving diets contain- 
ing 4,696 ppm nitrofen (2,4-dichlorophenyl-p- 
nitrophenyl ether) for 78 weeks (NCl, 1978b). 
Hemangiosarcomas were observed in 3 /20  CD-I 
mice fed diets containing 2,000 ppm of 4,4’- 
methylene-bis(2-chloroaniline), compared with 
0118 in the controls (Russfield et al., 1975). 
Further studies would be needed to  determine if 
a common mechanism is involved in the induc- 
tion of hemangiosarcomas by these compounds. 

Lung tumors (the combined incidence of ade- 
nomas and carcinomas) occurred in male mice 
with a significant (P  5 0.003) negative trend. 
Control incidences were 161 50 (32%) compared 
with 6 /  50 (12%) for low-dose and 1 / 50 (2%) for 
the high-dose group. The historical incidence of 
control male B6C3F1 mice with these tumors at 
this laboratory is 1731798 (21.6%). 

Oral administration of the structurally related 
4-biphenylamine (1.5 mg/ week) for 52 weeks 
was associated with an increased incidence of 
hepatomas in male C57 x 1F mice(C1aysonet al., 
1967). Bladder tumors were found in 21 12 mice 
that received 4-biphenylamine (1 mg/ week) for 
38 weeks, followed by 62 weeks of observation 

(Clayson e f  al., 1965). However, in the current 
study mice of both sexes fed either low-dose or  
high-dose diets containing purified 2-biphenyl- 
amine hydrochloride with 0.006%-0.049% 4-bi- 
phenylamine for 103 weeks did not develop 
bladder cancer. This suggests that 4-biphenyl- 
amine a t  the level found contaminating this sam- 
ple may not be sufficient to  produce this tumor 
in mice. In this study, the weekly consumption of 
4-biphenylamine a t  its highest level of contami- 
nation (0.049%) was 23.8 and 75.6 pg/ animal in 
the low-dose and high-dose male mice, respec- 
tively, and 25.2 and 79 pg in the corresponding 
dosed groups of female mice. These consump- 
tion values were approximately 41 -fold lower for 
the low-dose mice and 13-fold lower for the high- 
dose mice than the weekly amount used by Clay- 
son e f  al., (1965) in their 38-week study in mice. 

Literature searches did not generate any infor- 
mation regarding an association between the 
exposure to  4-biphenylamine and an increased 
incidence of hemangiosarcoma in any animal 
species. 
Conclusions: Under the conditions of this bioas- 
say, 2-biphenylamine hydrochloride was not 
carcinogenic,for F344/ N rats of either sex. 2-Bi- 
phenylamine hydrochloride was carcinogenic 
for  B6C3 FI female mice, inducing hemangiosar- 
comas at various sites. The evidence for  an asso- 
ciation between the administration of 2-bi- 
phenylamine hydrochloride and the increased 
incidence of hemangiosarcomas in male mice 
was equivocal. 
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SUMMARY OF THE INCIDENCE OF NEOPLASMS 
IN RATS FED DIETS CONTAINING 

2-BIPHENYLAMINE HYDROCHLORIDE 
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TABLE A l .  

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS FED DIETS 
CONTAINING 2-BIPHENY LAMlNE HYDROCHLORIDE 

CONTROL LOW DOSE HIGH DOSE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A N I M A L S  I N I T I A L L Y  I N  STUDY 50 50 50  
A N I M A L S  NECROPSIED 5 0  5 0  5 0  
A N I M A L S  E X A M I N E D  H I S T O P A T H O L O G I C A L L Y  50 5 0  50  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INTEGUMENTARY SYSTEM 

* S K I N  ( 5 0 )  ( 5 0 )  ( 5 0 )  
SQUAMOUS C E L L  P A P I L L O M A  1 ( 2 % )  2 (4%) 1 ( 2 % )  
B A S A L - C E L L  CARCINOMA 1 ( 2 % )  
SEBACEOUS ADENOCARCINOMA 1 ( 2 % )  

*SUBCUT T I S S U E  ( 5 0 )  ( 5 0 )  ( 5 0 )  
CARCINOMA,NOS 1 ( 2 % )  
SQUAMOUS C E L L  CARCINOMA 1 ( 2 % )  
FIBROMA 6 ( 1 2 % )  2 (4%) 4 ( 8 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

R E S P I R A T O R Y  SYSTEM 

#LUNG ( 5 0 )  ( 4 9 )  ( 5 0 )  
CARCINOMA, NOS, M E T A S T A T I C  1 ( 2 % )  
CARCINOMA, NOS, UNC P R I M  OR META 1 ( 2 % )  
ALVEOLAR/BRONCHIOLAR ADENOMA 2 (4%) 4 ( 8 % )  2 (4%) 
ALVEOLAR/BRONCHIOLAR CARCINOMA 1 ( 2 % )  
PHEOCHROMOCYTOMA, M E T A S T A T I C  1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H E M A T O P O I E T I C  SYSTEM 

* M U L T I P L E  ORGANS 
L EUK EM1 A t NOS 
MYELOMONOCYTIC L E U K E M I A  

#SPLEEN 
SARCOMA, NOS 

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

14 ( 2 8 % )  1 ( 2 % )  4 (8%)  

( 4 8 )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  

#LYMPH NODE ( 4 8 )  ( 4 9 )  ( 4 8 )  
MESOTHELIOMA, M E T A S T A T I C  1 ( 2 % )  

# NUMBER 
M NUMBER 

OF 
OF 

A N I M A L S  W I T H  T I S S U E  
A N I M A L S  NECROPSIED 

E X A M I N E D  M I C R O S C O P I C A L L Y  
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CONTROL LOW DOSE HIGH DOSE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CIRCULATORY SYSTEM 

XEPIDIDYMIS ( 5 0 )  ( 5 0 )  ( 5 0 )  
HEMANGIOMA 1 (2%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DIGESTIVE SYSTEM 

#LIVER 
CARCINOMA, NOSt METASTATIC 

#PANCREATIC DUCT 
ADENOMA, NOS 

#STOMACH 
SQUAMOUS CELL CARCINOMA 

(49) ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

( 4 8  1 (50) 
1 ( 2 % )  

(47) 
1 ( 2 % )  

( 5 0 )  

(47) 

(49) 

#JEJUNUM ( 4 7 )  ( 4 9 )  ( 4 6 )  
ADENOCARCLNOMA, NOS I (2%) 

#PI TU1 TARY 
ADENOMA, NOS 
CRANIOPHARYNGIOMA 

( 4 5 )  ( 4 5 )  (48) 
16 (36%) 17 (38%) 13 (27%) 

1 ( 2 % )  

#ADRENAL ( 4 8 )  ( 5 0 )  ( 4 9 )  
CORTICAL ADENOMA 1 (2%) 
PHEOCHROMOCYTOMA 12 ( 2 5 % )  12 ( 2 4 % )  8 ( 1 6 % )  
PHEOCHROMOCYTOMA, MALIGNANT 1 (2%) 

t NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE A l .  MALE RATS: NEOPLASMS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CONTROL LOW DOSE HIGH DOSE 

ATHYRO I D 
F O L L I C U L A R - C E L L  ADENOMA 
C-CELL ADENOMA 
C-CELL CARCINOMA 

#PARATHYROID 
ADENOMA, NOS 

(47) ( 4 9 )  ( 4 6  1 
1 (2%) 

2 (4%) 7 ( 1 4 % )  1 (2%) 
1 (2%) 1 (2%) 

( 2 5 )  

# P A N C R E A T I C  I S L E T S  (48) ( 5 0 )  (47 1 
I S L E T - C E L L  ADENOMA 4 (8%) 4 ( 8 % )  4 ( 9 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REPRODUCTIVE SYSTEM 

*MAMMARY GLAND 
ADENOMA, NOS 
FIBROADENOMA 

* P E N I S  
SQUAMOUS C E L L  P A P I L L O M A  

* P R E P U T I A L  GLAND 
CARCINOMAtNOS 
SQUAMOUS C E L L  P A P I L L O M A  
ADENOMA, NOS 

# T  ES T I S  
I N T E R S T I T I A L - C E L L  TUMOR 
MESOTHELIOMAt  NOS 

( 5 0 )  

4 ( 8 % )  

( 5 0 )  

( 5 0 )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

8 ( 1 6 % )  4 (8%)  4 ( 8 % )  

( 4 9 )  ( 5 0 )  ( 4 9 )  
47 ( 9 6 % )  5 0  ( 1 0 0 % )  45 ( 9 2 % )  

1 (2%) 

, S P E C I A L  SENSE ORGANS 

*ZYMBAL'S GLAND ( 5 0 )  ( 5 0 )  ( 5 0 )  
CARCINOMApNOS 1 ( 2 % )  
SQIIAMOUS C E L L  CARCINOMA 1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MUSCULOSKELETAL SYSTEM 

BODY C A V I T I E S  

*ABDOMINAL C A V I T Y  
SARCOMA, NOS 

* T U N I C A  V A G I N A L I S  
M E S O T H E L I O M A t  M A L I G N A N T  

( 5 0 )  

( 5 0 )  

( 5 0 )  ( 5 0  1 
1 (2%) 

1 ( 2 % )  
( 5 0 )  ( 5 0 )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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A N I M A L S  I N I T I A L L Y  I N  STUDY 5 0  
NATURAL DEATH3 1 1  
MORIBUND S A C R I F I C E  3 
SCHEDULED S A C R I F I C E  
A C C I D E N T A L L Y  K I L L E D  
TERMINAL S A C R I F I C E  36 
ANIMAL M I S S I N G  

5 0  
7 
1 

5 0  
7 
3 

42 4 0  

TUMOR SUMMARY 

TOTAL A N I M A L S  W I T H  PRIMARY T U M O R S ~  4 9  
TOTAL PRIMARY TUMORS 1 2 7  

TOTAL A N I M A L S  W I T H  B E N I G N  TUMORS 
TOTAL B E N I G N  TUMORS 

4 9  
106 

TOTAL A N I M A L S  W I T H  MALIGNANT TUMORS 18 
TOTAL MALIGNANT TUMORS 19 

TOTAL A N I M A L S  W I T H  SECONDARY TUMORS# 
TOTAL SECONDARY TUMORS 

TOTAL A N I M A L S  W I T H  TUMORS UNCERTAIN-  
B E N I G N  OR MALIGNANT 

TOTAL UNCERTAIN TUMORS 

TOTAL A N I M A L S  W I T H  TUMORS UNCERTAIN-  
PRIMARY OR M E T A S T A T I C  2 

TOTAL UNCERTAIN .TUMORS 2 

50 
1 1 3  

5 0  
1 0 4  

9 
9 

5 
5 

4 7  
102 

4 7  
9 0  

8 
9 

2 
3 

a INCLUDES AUTOLYZED ANIMALS * PRIMARY TUMORS: A L L  TUMORS EXCEPT SECONDARY TUMORS 
# SECONDARY TUMORS: M E T A S T A T I C  TUMORS OR TUNORS I N V A S I V E  I N T O  AN ADJACENT ORGAN 

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 

73 2-Biphenylatnine Hydrochloride 



TABLE A2. 

SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  FEMALE RATS FED DIETS 
CONTAINING 2-BIPHENY LAMINE HYDROCHLORIDE 

CONTROL LOW DOSE HIGH DOSE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A N I M A L S  I N I T I A L L Y  I N  STUDY 5 0  5 0  50 
A N I M A L S  NECROPSIED 5 0  4 9  5 0  
ANIMALS EXAMINED H I S T O P A T H O L O G I C A L L Y  5 0  4 9  5 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INTEGUMENTARY SYSTEM 

* S K I N  
SQUAMOUS C E L L  CARCINOMA 
SARCOMAt NOS 

XSUBCUT T I S S U E  
SARCOMAt NOS 
FIBROMA 

( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  
2 (4%) 

RESPIRATORY SYSTEM 

#LUNG 
NEOPLASM, NOS 
SQUAMOUS C E L L  CARCINOMA 
ALVEOLAR/BRONCHIOLAR ADENOMA 

H E M A T O P O I E T I C  SYSTEM 

* M U L T I P L E  ORGANS ( 5 0 )  ( 4 9 )  ( 5 0 )  
MALIG.LYMPHOMA,  H I S T I O C Y T I C  TYPE 1 ( 2 % )  
LEUKEMIA,  NOS 1 ( 2 % )  
MYELOMONOCYTIC L E U K E M I A  4 ( 8 % )  1 ( 2 % )  2 (4%) 

NEOPLASM, NOS 1 ( 2 % )  
# H E M A T O P O I E T I C  SYSTEM ( 5 0 )  ( 4 9 )  ( 5 0  1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CIRCULATORY SYSTEM 

NONE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D I G E S T I V E  SYSTEM 

# L I V E R  ( 5 0 )  ( 4 9 )  ( 5 0 )  
N E O P L A S T I C  NODULE 1 ( 2 % )  5 ( 1 0 % )  1 ( 7 % )  

t NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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U R I N A R Y  SY S T EM 

#URINARY BLADDER ( 4 9 )  ( 4 8 1  ( 5 0 )  
T R A N S I T I O N A L - C E L L  P A P I L L O M A  1 ( 2 % )  . ............................................................................... 

ENDOCRINE SYSTEM 

# P I T U I T A R Y  
ADENOMA, NOS 

#ADRENAL 
C O R T I C A L  ADENOMA 
PHEOCHROMOCYTOMA 

(47) (48 )  ( 5 0 )  
3 3  ( 7 0 % )  38 ( 7 9 % )  38 ( 7 6 % )  

( 5 0 )  

2 (4%) 

( 4 9 )  ( 5 0  1 
2 ( 4 % )  
3 ( 6 % )  

# T H Y R O I D  ( 4 9 )  (47) ( 4 9 )  
F O L L I C U L A R - C E L L  ADENOMA 1 ( 2 % )  
C-CELL  ADENOMA 2 ( 4 % )  4 ( 9 % )  t ( 2 % )  
C-CELL CARCINOMA 3 ( 6 % )  1 ( 2 % )  2 ( 4 % )  

I S L E T - C E L L  ADENOMA 3 ( 6 % )  1 ( 2 % )  
# P A N C R E A T I C  I S L E T S  (47) ( 4 9 )  ( 4 9 )  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
REPRODUCTIVE SYSTEM 

*MAMMARY GLAND 
ADENOMA, NOS 
ADENOCARCINOMA, NOS 
FIBROADENOMA 

* C L I T O R A L  GLAND 
CARCINOMAPNOS 
ADENOMA, NOS 

( 5 0 )  ( 4 9 )  ( 5 0 )  
1 ( 2 % )  

1 ( 2 % )  
2 2  (44%) 10 ( 2 0 % )  9 (18%) 

( 5 0 )  ( 4 9 )  ( 5 0 )  
1 ( 2 % )  

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

#UTERUS ( 4 9 )  ( 4 7 )  ( 4 8 )  
ADENOCARCINOMA, NOS 1 (2%) 
CYSTADENOMA, NOS 1 ( 2 % )  
SARCOMA, NOS 1 ( 2 % )  1 ( 2 % )  
{ 9 18%) 1 1 %  1 %  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A t L Y  
W NUMBER OF A N I M A L S  NECROPSIED 
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#OVARY 
THECOMA 
GRANULOSA-CELL TUMOR 

( 4 9 )  

1 ( 2 % )  

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

( 4 9 )  

*THORAX ( 5 0 )  
ADENOCA/SQUAMOUS M E T A P L A S I A ,  MET 

( 4 9 )  ( 5 0 )  
1 ( 2 % )  

* P E L V I C  ORGANS ( 5 0 )  ( 4 9 )  ( 5 0 )  
SARCOMA, NOS 1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A L L  OTHER SYSTEMS 

S I T E  U N K N O W N  _ _  
CARCINOMA, NOS 1 
ADENOCA/SQUAMOUS M E T A P L A S I A  1 

R NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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CONTROL LOW DOSE HIGH DOSE 

A N I M A L  D I S P O S I T I O N  SUMMARY 

A N I M A L S  I N I T I A L L Y  I N  STUDY 
NATURAL DEATH@ 
MORIBUND S A C R I F I C E  
SCHEDULED S A C R I F I C E  
A C C I D E N T A L L Y  K I L L E D  
T E R M I N A L  S A C R I F I C E  
A N I M A L  M I S S I N G  

5 0  
1 0  
2 

38 

5 0  5 0  
4 4 
3 3 

4 2  4 3  

TUMOR SUMMARY 

TOTAL A N I M A L S  W I T H  P R I M A R Y  TUMORSg 
TOTAL P R I M A R Y  TUMORS 

TOTAL A N I M A L S  W I T H  B E N I G N  TUMORS 
TOTAL B E N I G N  TUMORS 

TOTAL A N I M A L S  W I T H  M A L I G N A N T  TUMORS 
TOTAL M A L I G N A N T  TUMORS 

TOTAL A N I M A L S  W I T H  SECONDARY TUMORS# 
TOTAL SECONDARY TUMORS 

TOTAL A N I M A L S  W I T H  TUMORS UNCERTAIN-  
B E N I G N  OR M A L I G N A N T  

TOTAL U N C E R T A I N  TUMORS 

TOTAL A N I M A L S  W I T H  TUMORS U N C E R T A I N -  
PRIMARY OR M E T A S T A T I C  

TOTAL U N C E R T A I N  TUMORS 

4 6  

4 3  

1 0  

9 2  

77 

12 

3 
3 

4 5  

4 3  

77 

6 5  

6 
6 

6 
6 

4 6  

4 3  

12 

7 9  

63 

14 

1 
1 

2 
2 
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TABLE A3. 

S K I N  
SQUAMOUS C E L L  P A P I L L O M A  

F IBROMA 
SUBCUTANEOUS T I S S U E  

R E S P I R A T O R Y  SYSTEM 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 2-YEAR 
STUDY OF 2-BIPHENYLAMINE HYDROCHLORIDE 

CONTROL 

t t t t t N t t t t t t + t t t t + t t t + + t t  
X 

t t t t t N t t t t t t t t t t t t t t t t t t t  
x x x x  X 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

S P L E E N  

LYMPH NODES 

THYMUS 

f I R C U L A T O R Y  SYSTEM 

HEART 

LUNGS AND B R O N C H I  + t t t t t t t t t t t t t t t t t t t t t t t  
X CARCINOMA, NOS, UNC P R I M  OR META 1 

ALVEOLAR/BRONCHIOLAR ADENOMA 1 
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 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  

i t t t - t t t t t + t + + - - t t + t - t + + t  
e 

t t t t t t t t t t t t t + t t t t t t t t t t t  

D I G E S T I V E  SYSIEM 

S A L I V A R Y  GLAND 

L I V E R  

B I L E  DUCT 

GALLBLADDER 6 COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

ADEHUMA, NOS 

SQUAMOUS C E L L  CARCINOMA 

ADENOCARCINOMA, NOS 

U R I N A R Y  SYSTEM 

K I D N E Y  

U R I N A R Y  BLADDER 

CARCINOMA, NOS. UNC P R I M  OR META . 

T R A N S I T I O H A L - C E L L  P A P I L L O M A  

ENDOCRINE SYSTEM 

. 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 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 +  

N N N N N N N N N N N N N N N N N N N N N N N N N 

t t t t - t t t t t t t t t t - t t t t t t t t t  
X 

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  
X 

+ 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 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  
X 

P I T U I T A R Y  

ADRENAL 

ADENOMA, H05 

PHEOCHROMOCYTOMA 

P A N C R E A T I C  I S L E T S  

R E P R O D U C T I V E  SYSTEM 

ISLET-CELL ADEHOMA 

MAMMARY GLAND 

T H Y R O I D  
C-CELL  ADENOMA 
C-CELL  CARCINOMA 

t + t t - t t t t t t t t t t - t t t t + t t t t  
x x  

N N t N N t t N N N N N t N N N t N N N N + + N N  

P A R A T H Y R O I D  

M U L T I P L E  ORGANS NOS 
LEUKEMIA.NOS 

N O C Y T I C  L E U K E M I A  

>I 
+ t t t - t t t t t t t t t t -  + t t  t 

X 

t t - t - t t t t t - - - - t - - t - - t - - t -  

N N N N N N N N N N N N N N N N N N N N N N N N N  

X x x x x  X X 

PROSTATE 

P E N I S  
SQUAMOUS C E L L  P A P I L L O M A  

P R E P U T ~ A L I C L I T O R A L  GLAND 
ADENOMA, NOS 

t t t - t t t t t t t t - t t - t t t t t t t t t  

N N N N N N N N N N N N N N N N N N N N N N N N N  

N N N N N N N N N N N N N N H N N N N N N N N N N  
X X X 

I E P I D I D Y M I S  HEMANGIOMA ~ N N N N N N N N N N N N N N N N N N N N N N N N N  

, 
~ N N N N N N N N N N N N N N N N N N N N N N N N N  X I Z Y M B A L ' S  GLAND 

SQUAMOUS C E L L  CARCINOMA 

t: T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C D P I C A L L Y  C :  NECROPSY, ND H I S T O L O G Y  DUE TO PROTOCOL 
X :  TUnUR I N C I D E N C E  A :  A U T O L Y S I S  
N :  NECROPSY, NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  

B :  NO NECROPSY PERFORMED 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) CONTROL 

S K I N  

SUBCUTANEOUS T I S S U E  

SQUAMOUS C E L L  P A P I L L O M A  

F I B R O M A  

LUNGS AND BRONCHI  
CARCINOMA,  NOS, UNC P R I M  OR META 
ALVEOLAR/BRONCHIOLAR ADENOMA . 

T R ACHE A 

H E M A T O P O I E T I C  S Y 5 T E M  

t r t t + + + + + t t t t t t N t t t t t t t t t  50r 
1 

t t t t t t t + + t t t t t t N t t t t + t t + t  5 0 1  
X 6 -. 

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  so 
1 

X X 2 .  

+ + + + + + t t + + t t t t t t * * t t t t t t t  5 0  

BONE MARROW 

S P L E E N  t t t t t t t t t t t t t t t t t t t t t t + t t  q6 

LYMPH NODES 

THYMUS 

C I R C U L A T O R Y  SYSTEM 

HEART 

D I G E S T I V E  SYSTEM 

S A L I V A R Y  GLAND 

L I V E R  

t t t t t t t t t t - t t t t t + t t t t + t + t  4a  

t t t t - - t - - - - t t t * - - t + t t t t t -  37  

t + t t t t t t t t t t t t t t t t t t t t t t t  5 0  

+ + t t t + t + t t t t t t + * ~ t t t t t t t t  4 9  

P I T U I T A R Y  
ADENOMA, NOS 

ADRENAL 
PHEOCHROMOCYTOMA 

T H Y R O I D  
C - C E L L  ADENOMA 
C-CELL CARCINOMA 

B I L E  DUCT 

GALLBLADDER L COMMON B I L E  DUCT 

PANCREAS 
ADENOMA, NOS 

ESOPHAGUS 

STOMACH 
SQUAMOUS C E L L  CARCINOMA 

SMALL I N T E S T I N E  

L l l R G E  I N T E S T I N E  

ADENOCARCINOMA, NOS 

+ t t + t t + + + t t t t t * t t t t t t t t t t  4 9  

N N N N N N N N N N N N N N N N N N N N N N N H N 5 0 1  

t t t t + + t t t t t t + t t t t t t t t t t t t  4a  
I 

t t t + + + t + t t t t t + t t - + t t t t - t t  4 6 .  

t t t t t t t + t t t + t t t t t t t + t t t + t  47 
1 

t t * * t t t t t - t t t t t t t t t * t t t t t  47 

t t t t t t t + t - - t t - t - - t t t t t t t t  42 

X I 

-. 

MAMMARY GLAND 
FIBROADENOMA 

I t  t t t  t t t t  t -  
1 x  x x x x Y x x x i i ; i i i i i ; i i ; i L k p Y L J  T E S T I S  

I N T E R S T I T I A L - C E L L  TUMOR 

P 
K I D N E Y  

U R I N A R Y  BLADDER 

CARCINOMA,  NOS, UNC P R I M  OR META . 

T R A N S I T I O N A L - C E L L  P A P I L L f l M A  

E N D O C R I N E  SYSTEM 

+ t + t t t t t t t t t t t t t t t t t t + t t t  4 9  

+ t t + t + + + + + + t * t t t t t t t t t t t +  48 
X I 

1 

j t t t + + + + + t t t * * - t - * + t t t t t t t  
X X x x x x  

+ + 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 

+ t t t t t t - t t t t t t t t t t t t t t t t +  
X 

P A R A T H Y R O I D  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  

P A N C R E A T I C  I S L E T S  

REPRODUCTIVE SYSTEM 

I S L E T - C E L L  ADENOMA 

t :  T I S S U E  E X L M I N E D  M I C R O S C O P I C A L L Y  I NO T I S S U E  I N F O R W A T I O N  S U B M l l T E D  
- 2  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  I I I C R O S C O P I C I L L Y  
X i  TUMOR I N C I D E N C E  
H .  NECROPSY,  NO LUTOLYSISI NO R I C R O S C D P I C  E X ) I N I N A T I O N  M: A N I M A L  M I S S I N G  

C: NECROPSY,  H 0  H I S T O L O G Y  D U E  TO PROTOCOL 
A :  A U T O L Y S I S  

B :  NO NECROPSY PERFORMED 

4 5  

$8 

5 7  

12 . 

2 
1 

2 5  

4 8  * I  
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N N ~ N N N + N N ~ N N N N H N N N N N N ~ N ~ ~  
X 

s o x  
4 

PROSTATE 

P E N I S  
SQUAMOUS C E L L  P A P I L L O M A  

P R E P U T I A L / C L I T O R d L  GLAND 
4OENOMA, NOS 

E P I D I D Y M I S  
HEMANOIOMA 

S P E C I A L  SENSE ORGANS 

Z Y M B A L ' S  GLAND 

A L L  OTHER 5YSTEMS 

SQUAMOUS C E L L  CARCINOMA 

MYELOMO 
LEUKEMIA,NOS 

H O C Y T I C  L E U K E M I A  

N U L T I P L E  ORGANS NOS 

+ + + + + t t + t t t t t t t - + t t - + + + + +  4 5  

N N N N N N N N N N N N N N N N N N N N N N N N N  5 0 *  

N N N N N N N N N N N N N N N N N N N N N N N N N  S O X  
X X X X X 8 

H N N N N N N N N N N N N N N N N N N N N N N N N  5 0 X  
1 X 

N N N H N N N N N N N N H N N N N N N N N N N N N  5 0 1  
I 

N N N N N N N N N N N N N N N N N H N N N N N N N  5 0 X  
X 

x x x  X x x  X 14  - 



TABLE A3. 

LARGE I N T E S T I N E  
ADENOCARCINOMA, NOS 

U R I N A R Y  S Y S I E M  

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS I N  THE 2-YEAR 
STUDY OF 24IPHENYLAMINE HYDROCHLORIDE 

t t t t + t t t t t t t t t t t t t t t t t t t t  

LOW DOSE 

S K I N  t t t t + + t t t t t t + + t t t t t t t t t t t  
SQUAMOUS C E L L  P A P I L L O M A  X 
SEBACEOUS ADENOCARCINOMA X 

SUBCUTANEOUS T I S S U E  
CARCINOMA,NOS 
F IBROMA X *I t t * t + t t t t + t t t t + t t t t t t t t t  I 

LUNGS AND BRONCHI  t t t t t t t t t t t t t t t t t t t t + t + t t  
CARCINOMA, NOS, M E T A S T A T I C  
ALVEOLAR/BRONCHIOLAR AOENOMA X 
PHEOCHROMOCYTOMA, M E T A S T A T I C  X 

S P L E E N  
SARCOMA, NOS 

MESOTHELIOMA,  M E T A S T A T I C  
LYMPH NODES 

THYMUS 

INOMA.  NOS, M E T A S T A T I C  

B I L E  DUCT 

GALLBLADDER COMMON B I L E  D U C l  

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

+ 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 t t t t t t  

K I D N E Y  
TUBULAR-CELL  ADENOMA 

U R I N A R Y  BLADDER 

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 

t t t t t t t t t t t t * * t t + t t * t t t t t  

t N U U C K I N t  > l > I t p I  

P I T U I T A R Y  
ADENOMA, NOS 

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 x  

ADRENAL t t t t t t t t t t t t t t t t t t t t t t + t t  
PHEOCHROMOCYTOMA x x x  x x  x x x  X 
PHEOCHROMOCYTOMAo M A L I G N A N T  

T H Y R O I D  
C-CELL  ADENOMA 

ADENOMA, NOS 
P A R A T H Y R O I D  

PERITONEUM 
SARCOMA, NOS 

ti T I S S U E  E X L M I N E D  P I ICROSCOPICALLY : NO T I S S U E  I N F O R M A T I O N  SUBMITTED 
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  N I C R O S C O P I C A L L Y  C:  NECROPSY, NO H I S T O L O G Y  D U E  T O  PROTOCOL 
X :  TUMOR I N C I D E N C E  L: A U T O L Y S I S  
N :  NECROPSY, NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  

B :  NO NECROPSY PERFORMED 
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

S K I N  
SQUAMOUS C E L L  P A P I L L O M A  
SEBACEOUS ADENOCARCINOMA 

SUBCUTANEOUS T I S S U E  
C A R C I N O M A ~ N O S  
F IBROMA 

t t t t + t + t t + t N t t t t t t t t t t N t t  5 0 X  
X 2 

I 

t t t t t + t t t t t N t t t t t t t t t t N t t  50K 
X 1 

X 2 

LUNGS AND BRONCHI  
CARCINOMA, NOS, M E T A S T A T I C  
ALVEOLAR/BRONCHIOLAR ADENOMA 
PHEOCHROMOCYTOMA, M E T A S T A T I C  . 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

SPLEEN 

LYMPH NODES 

THYMUS 

SARCOMA, NOS 

MESOTHELIOMA,  M E T A S T A T I C  

C I R C U L A T O R Y  SYSTEM 

HEART 

D I G E S T I V E  SYSTEM 

S A L I V A R Y  GLAND 

L I V E R  
CARCINOMA, NOS, M E T A S T A T I C  

B I L E  DUCT t t t t t t t t t 

GALLBLADDER k COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  
ADENOCARCINOMA, NOS 

t - t t t + t t t t t t t t t t + t t t t t t t t  4 9  

x x  X 4 

+ - t t t t + t t t t t t t t t t + t t t t t t +  4 9  

X 1 

I 

+ + t + t + + t t + + t t t + + t t - t + t - t -  4 6 .  

t t t + + t t * + + t t t t t t + t t t t t t t t  5 0  

+ t t t + + + t t t t t t t * + t t t t t t t - t  4 9  

t - t t t t t + t t t t t t t t - t t t t t - - -  4 3  

1 

X I 

t - t t t t t t t t t t t t t t t t t t t t t t t  4 9  

t t t t t t + t t t t t t t t t t t t t t t t t t  5 0 .  

t t t t t t t t + + t t t t t t t t t t t t t t t  50 
X 1 

K I D N E Y  

U R I N A R Y  BLADDER 

TUBULAR-CELL  ADENOMA 

ENDOCRINE SYSTEM 

t + t t t + t + t + + t t t t t t t + + t t t + t  50 

t t t + t t t t t t t t t t t t t t t t t t t t t  50 

1 

P I T U I T A R Y  
ADENOMA, NOS 

PHEOCHROMOCYTOMA 
PHEOCHROMOCYTOMA. M A L I G N A N T  

C-CELL  ADENOMA 

ADENOMA, NOS 

ADRENAL 

T H Y R O I D  

P A R A T H Y R O I D  

T E S T I S  
I N T E R S T I T I A L - C E L L  TUMOR 

PROSTATE 

P R E P U T I A L / C L I T O R A L  GLAND 
ADENOMA, NOS 

+ t t t t t - t t t + t t t t t t t t * .  t t + - t 

Z Y M B A L ' S  GLAND l N N N N N N N N N N N N N N N N N N N N N N N N N  
CARCINOMA,NOS 

4 5  

PERITONEUM 

T U N I C A  V A G I N A L I S  

SARCOMA, NOS 

MESOTHELIOMA,  M A L I G N A N T  

A L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS 
SARCOMA, NOS, M E T A S T A T I C  
MYELOMONOCYTIC L E U K E M I A  

N N N N N N N N N N N N N N N N N N N N N N N N N  son 

t t t t t t t t + t t t t t t + t + t * t * C C C  5 0 X  
X 1 

N N N N N N N N N N N N N N N N N N N N N N N N N  SOU 
I 

X t 



TABLE A X  

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOMA 
F IBROMA 

R E S P I R A T O R Y  SYSTEM 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS I N  THE 2-YEAR 
STUDY OF 2-BIPHENYLAMINE HYDROCHLORIDE 

t t t t N t t t t t t t t t t t t t t t t t t t t  
X 

X X 

HIGH DOSE 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

SPLEEN 

LYNPH NODES 

THYMUS 

CIRCULATORY SYSTEM 

HEART 

D I G E S T I V E  SYSTEM 

S A L I V A R Y  GLAND 

INTEGUMENTARY SYSTEM I 

* 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  

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 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 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  

S K I N  t t t t N t t t t t t t t t t t t t t t t t t t t  
SQUAMOUS C E L L  P A P I L L O M A  X 
BASAL-CELL  CARCINOMA X 

I + 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. 
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 

P A R A T H Y R O I D  

P A N C R E A T I C  I S L E T S  

REPRODUCTIVE SYSTEM 

ADENOMA, NOS 

I S L E T - C E L L  ADENOMA 

LUNGS AND BRONCHI  t t t + + + + + t t t t t t t t t t t t t t t t t  
A L V E O L A R I B R O N C H I O L A R  ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA X 

_ _ _ - -  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  
X X X X 

X 

MUSCULOSKELETAL SYSTEM 

BONE 
OSTEOMA 

A L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS 
MYELOMONOCYTIC L E U K E M I A  

L I V E R  

B I L E  D U C l  

L 

N N N N N N N N N N N N N N H N N I N N N N N N N  
X 

N N N N N N N N N N N N N N N N N N N N N N N N N  

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  

SCROTUM NOS 
5 

GALLBLADDER 8 COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

AR-CELL  ADENOMA 

U R I N A R Y  BLADDER 

PHARYNGIOMA 

1 

ADRENAL 
C O R T I C A L  ADENOMA 
PHEOCHRONOCYTONA 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
C-CELL  ADENOMA 
C-CELL  CARCINOMA 

MAMMARY GLAND 
ADENONA, NOS 
FIBROADENOMA 

T E S T I S  
I N T E R S T I T I A L - C E L L  TUMOR 
MESOTHELIOMA,  NOS 

PROSTATE 

X I N N t N N N N N N N t t N N t N N N N t N t t N N  

t t t t + t t + + t t t t + t t t - t t t  l x x x x x x x x x x x x x x x x x  x ; ; ; ; I  
t t * t + t - + t t - t t t t t t - t t t t t t t  

P R E P U T I A L I C L I T O R A L  GLAND N N N N N N N N N N N N N N N N N N N N N N N N N  
CARCINOMA,NOS 
SQUAMOUS C E L L  P A P I L L O M A  X 
ADENOMA, NOS X X I X  

: NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
C: NECROPSY. NO H I S T O L O G Y  DUE TO PROTOCOL 
A:  A U T O L Y S I S  

B :  NO NECROPSY PERFORMED 

t :  T I S S U E  E X A M I N E D  N I C R O S C O P I C A L L Y  
- :  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  
X:  TUNOR I N C I D E N C E  
N: NECROPSY, NO A U T O L Y S I S ,  NO M I C R O S C O P I C  EXPIMINATION M: A N I M A L  M I S S I N O  
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TABLE A3. MALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

S K I M  t t t t t t t t + t N t t + t t t H t t + t t + t  
SQUAMOUS C E L L  P A P I L L O M A  
B A S A L - C E L L  CARCINOMA 

50*  
1 
1 

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOMA 
FIBROMA 

R E S P I R A T O R Y  SYSTEM 

LUNGS AHD B R O N C H I  
ALVEOLAR/BRONCHIOLAR ADENOPIA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 

L I V E R  

B I L E  DUCT 

GALLBLADDER COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

K I D N E Y  
T U B U L A R - C E L L  ADENOPIA 

t t t t t t + t + + N + + t + t t N + t t t t t t  50II 
1 

X  X  4 

P I T U I T A R Y  
ADENOMA, NOS 
CRANIOPHARYNGIOPIA 

C O R T I C A L  ADENOPIA 
PHEOCHROMOCYTOMA 

ADRENAL t + t t t + t t t + t t - + * t t t t t t t t t t  
X  

~ 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 :I I 
4 9  

1 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
C - C E L L  ADENOMA 
C - C E L L  CARCINOPIA 

t t t t t t t t - t r t t t t - t - t t t t t + t  46 

X  1 .  
X  1 

P A R A T H Y R O I D  
ADEHOMA, NOS 

T E S T I S  
I N T E R S T I T I A L - C E L L  TUMOR 
PIESOTHELIOPIAs NOS 

PROSTATE 

Y T I C  L E U K E M I A  

N A N I M A L S  HECROPSIED 

* I  T I S S U E  E X A M I N E D  r ( I C R 0 S C O P I C A L L Y  I NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
- I  R E Q U I R E D  T I S S U E  HOT E X A P I I H E D  M I C R O S C O P I C A L L Y  C :  NECROPSY,  NO H I S T O L O G Y  DUE T O  PROTOCOL 
X :  TUMOR I N C I D E N C E  A :  A U T O L Y S I S  
N:  NECROPSY.  NO A U T O L Y S I S .  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  P I I S S I N G  

I :  NO NECROPSY PERFORMED 

83 2-Biphenylamine Hydrochloride 



TABLE A4. 

LUNGS A N 0  BRONCHI  

TRACHEA 

ALVEOLAR/BRONCHIOLAR ADENOMA . 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

S P L E E N  

LYMPH NODES 

THYMUS 

CIRCULATORY SYSTEM 

HEART 

D I G E S T I V E  SYSTEM 

S A L I V A R Y  GLAND 

L I V E R  

B I L E  DUCT 

GALLBLADDER 8 COMMON B I L E  DUCT 

N E O P L A S T I C  NODULE 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR 
STU DY OF 2.BI PH EN Y LAMI N E H Y D R 0 CH LO R I DE 

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 

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  

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 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 - 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 t t t t t t t t ~  

N N N N N N N N N N N N N N N N N N N N N N N N N 

CONTROL 

t t t + - t t t t t + t t - t t * t t t t t t t t  
X 

+ - -  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 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 -  

S K I N  + t t t t t t t + t t t t t t t t t t t t t t t t  
SQUAMOUS C E L L  CARCINOMA 

U R I N A R Y  BLADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

ENDOCRINE SYSTEM 

SUBCUTANEOUS F IBROMA T I S S U E  ~ t t t + t t t t t t t t t t t t t t t t t + + t  X 

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 t t t  
x x  x x x x x x x x  x x x x x x x x  

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  

PANCREAS 
A C I N A R - C E L L  ADENOMA 

_. 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

U R I N A R Y  SYSTEM 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
C-CELL  ADENOMA 
C-CELL  CARCINOMA 

t t t - t t t t t t t + t t t t t t + t t t + t t  

X X r 

K I D N E Y  + t t t t t t t + t t t t t t t t * t t t t t t t  

P A R A T H Y R O I D  - t - - t t + - t t - - t - - + t - - - - -  t - t  

REPRODUCTIVE SYSTEM 

MAPIPIARY GLAND + + + + + H H + + + + + + H N + N N + N + + + t +  
ADENOCARCINOMA, NOS 
FIBROADENOMA x x x  x x  x X X x 

P R E P U T I A L l C L I T O R A L  GLAND N N N N N N N N N N N N N N N N N N N N N N N N N  

.. 

P I T U I T A R Y  
AOENOMA, NOS 

ADRENAL 
PHEOCHROMOCYTOMA 

ADENOMA, NOS x x  T 

M U L T I P L E  ORGANS NOS 
LEUKEMIA,NOS 
MYELOMONOCYTIC L E U K E M I A  

CARCINOMArNOS 

NEOPLASM, NOS 

S I T E  UNKNOWN 

H E M A T O P O I E T I C  SYSTEM 

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

X X X X 

X 

UTERUS 
SARCOMA, NOS 
ENOOMETRIAL  STROMAL POLYP 

X 
x x  X X 4 + + t t t t t + t + + t t t t t t t t t t t t +  

OVARY ~ t t t t t t + t t t t + t t t t * * t + t t - t +  
GRANULOSA-CELL TUMOR 

A L L  OTHER SYSTEMS 

t :  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
- 2  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  C: NECROPSY, NO H I S T O L O G Y  DUE TO PROTOCOL 
X :  TUMOR I N C I D E N C E  A:  A U T O L Y S I S  
N :  NECROPSY, NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  

B :  NO NECROPSY PERFORMED 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) CONTROL 

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 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 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 + 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 t t t t t t t t t + t t t + t t t + t t t +  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A N I M A L  
NUMBER 

WEEKS ON 
STUDY 

INTEGUMENTARY SYSTEM 

50r 
1 

50 

5 0  

2 _ _  

4 8 .  

4 8  

$ 8 . .  

J 8  

50  

4 7 .  

50 

S K I N  
SQUAMOUS C E L L  CARCINOMA 

SUBCUTANEOUS T I S S U E  
F IBROMA 

R E S P I R A T O R Y  SYSTEM 

t t t t t t t t t t t t + t t t + t t t t t t t t  

N N N N N N N N N N N N N N N N N N N N N N N N N  

t t t + t + t t + t t t t t t + t t t + + t t + -  

LUNGS AND BRONCHI  

TRACHEA 

ALVEOLAR/BRONCHIOLAR ADENOMA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

SPLEEN 

LYMPH NODES 

THYMUS 

C I R C U L A T O R Y  SYSTEM 

HEART 

D I G E S T I V E  SYSTEM 

S A L I V A R Y  GLAND 

50 

S O *  

$ 7  a 

L I V E R  
N E O P L A S T I C  NODULE 

B I L E  DUCT 

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 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 + t t t + t t t t  

t + + t + - t t + + + t t t t + + + + + t t t t t  
X  

GALLBLADDER i COMMON B I L E  DUCT 

4 4  

47 

47  

45 

50  

4 9  
1 

PANCREAS 
A C I N A R - C E L L  ADENOMA 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

U R I N A R Y  SYSTEM 

K I D N E Y  

U R I N A R Y  BLADDER 
T R A N S I T I O N A L - C E L L  P A P I L L O M A  

k N D O C R I N E  SYSTEM 

P I T U I T A R Y  
ADENOMA, NOS 

PHEOCHROMOCYTOMA 
ADRENAL 

~~~ ~~ 

+ N + + N + N + + + N N N N N N + + + + + N + t N  
X  x x x  x x x x  x x x x  x x  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X  

t t + + + t t t t + t t - + t t t + t t t t t t t  

X  x x  x 
t t t t t t t + t t t t + t t t t + t t t + + t t  

X  

N N N N N N N N N N N N N N N N N N N N N N N N N  

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 
C - C E L L  ADENOMA 
C - C E L L  CARCINOMA 

SOU 
1 

22 . 

3 .  
5 0 1  

4 9  
1 
9 

1 
4 9  

SO* 

P A R A T H Y R O I D  

R E P R O D U C T I V E  SYSTEM 

4 .  

1 

MAMMARY GLAND 
ADENOCARCINOMA. NOS 
FIBROADENOMA 

P R E P U T I A L / C L I T O R A L  GLAND 
ADENOMA, NOS 

UTERUS 
SARCOMA, NOS 
ENDOMETRIAL  STROMAL POLYP 

OVARY 
GRANULOSA-CELL TUMOR 

A L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS 
LEUKEMIA,NOS 
MYELOMONOCYTIC L E U K E M I A  

S I T E  UNKNOWN 

H E M A T O P O I E T I C  SYSTEM 

CARCINOMA,NOS 

N U L e L b v ,  NOS 

n ANIMALS NECROPSIED 

t + + + + t t + + t + + t + t t t t t t t t t tI 5 0 1 1  

: NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
C :  NECROPSY.  NO H I S T O L O G Y  DUE TO PROTOCOL 
A :  A U I O L Y S I S  

B :  NO NECROPSY PERFORMED 

tI T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  
X :  TUMOR I N C I D E N C E  
N: NECROPSY,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M:  A N I M A L  M I S S I N G  
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TABLE A4. 

P A R A T H Y R O I D  

P A N C R E A T I C  I S L E T S  

R E P R O D U C T I V E  SYSTEM 

I S L E T - C E L L  ADENOMA 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR 
STUDY OF 2-BIPHENYLAMINE HYDROCHLORIDE 

+ 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  

LOW DOSE 

P R E P U T I A L / C L I T O R A L  GLAND 

UTERUS 

ADENOMA, NOS 

ADENOCARCINOMA, NOS 
CYSTADENOMA, NOS 
SARCOMA. H 0 5  
ENDOMETRIAL STROMAL P O L Y P  
E N D O M E T R I A L  STROMAL SARCOMA 

OVARY 
THECOMA 

BODY C A V l T I E S  

P E R I T O N E U M  

, GRANULOSA-CELL TUMOR 

SARCOMA, NOS 

A L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS 
MYELOMONOCYTIC L E U K E M I l  

A R I B R O N C H I O L A R  ADENOMA 

SPI EEN 

LYMPH NODES 

L I V E R  

B I L E  DUCT 

GALLBLADDER k COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  t + t t t t t t t t t t t t t t t t t t t t t t t  

N E O P L A S T I C  NODULE 

N N N N N N N N N N N N N H N N N N N N N N N N N  

+ t t t t t t + t t t t t t t + + t + + - - t t t  

X X 

t t t t t + t t t t t t t + t t t t + t t - t + t  

X 

N N N N N N N N N N N N N N N N N N N N N N N N N  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

T H Y R O I D  t t t t + + t - t t t + t t t + t t t t t - t t t  
C-CELL ADENOMA X 
C - C E L L  CARCINOMA 

MAMMARY GLAND 
FIBROADENOMA 

t N N N N N t N t N N t N t N N t N t N t N N N  
X X X X X 

: NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
c: NECROPSY, NO H I S T O L O G Y  D U E  TO PROTOCOL 
A: A U T O L Y S I S  

B :  NO NECROPSY PERFORMED 

t: T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  
X :  TUMOR I N C I D E N C E  
N:  NECROPSY, NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

t t N + + N N t N t + N N N t N N t N + N N N N  
x x  x x  

N N N N N N N N N N N N N N N N N N N N N N N N  
X  

WEEKS ON 
STUDY 

4 9 N  
IO 

4 9 1  

R E S P I R A T O R Y  SYSTEM 

~~ ~ 

t + t t + * t t * t + t + t t + t t + t * * * *  
X 

N N N N N N N N N N N N N N N N N N N N N N N N  

LUNGS AND BRONCHI  
A L V E O L A R l B R O N C H I O L A R  ADENOflA 

+a 
1 

6 9 1  
I 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

SPLEEN 

LYMPH NODES 

THYMUS 

t I R C U L A T O R Y  SYSTEM 

HEART 

D I G E S T I V E  S Y S T E N  

S A L I V A R Y  GLAND 

L I V E R  
N E O P L A S T I C  NODULE 

B I L E  DUCT 

GALLBLADDER i COMNON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

D i i  
K I D N E Y  

U R I N A R Y  BLADDER 

E N D O C R I N E  SYSTEM 

P I T U I T A R Y  

ADRENAL 

ADENOMA. NOS 

T H Y R O I D  
C - C E L L  ADEWOMA 
C - C E L L  CARCINOMA 

PARATHYROXD 

P A N C R E A T I C  I S L E T S  
I S L E T - C E L L  ADENOMA 

EEPRODUCT~VE SYSTEM 

MANMARY GLAND 
FIBROADENOMA 

P R E P U T I A L l C L I T O R A L  GLAND 
ADENOMA, NOS 

UTERUS 
ADENOCARCINOPIA~ NOS 
CYSTADENOMA. NOS 
SARCOMA, NOS 
ENDOPIETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOPIA 

OVARY 
THECOMA 
GRANULOSA-CELL TUNOR 

BODY C A V I T I E S  

P E R I T O N E U M  
SARCOMA, NOS 

A L L  OTHER SYSTEMS 

N U L T I P L E  ORGANS NOS 

N A N I M A L S  N E C R O P S I E D  

t t t t t + + t t + t t t * + + t + + t + t t t  I 4 9 1  

t t + t t t t + * t t t t t t + + t + t + t t +  
X 

x x  X  1 *'i I X 

~~ 

N  N  N N  N N W  W  N N  N N  N  N  N  N  N N  N  N  N  N  N N  1 
~ 

$ 9 1 1  

: NO T I S S U E  I N F O R M A T I O N  S U B N I T T E D  
C I  NECROPSY,  NO H I S T O L O G Y  DUE T O  P R O I O C O L  
A :  A U T O L Y S I S  

0 :  MO NECROPSY PERFORf lED 

t t  T I S S U E  E X A M I N E D  P I I C R O S C O P I C A L L Y  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  N I C R O S C O P I C A L L Y  
X I  TUMOR I N C I D E N C E  
H1 NECROPSY,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N O  
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TABLE A4. 

SUBCUTANEOUS T I S S U E  
SARCOMA, NOS 

R E S P I R A T O R Y  SYSTEM 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 2-YEAR 
STUDY OF 2-BIPHENY LAMlNE HYDROCHLORIDE 

HIGH DOSE 

t t t t t t N t , t t t t t t t t t t t t t t t t t  
X 

S K I N  + t t t t t N t t t t t t t t t t t t t t t t t t  
SQUAMOUS C E L L  CARCINOMA X 
SARCOMA, NOS X 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

S P L E E N  

LYMPH NODES 

THYMUS 

CIRCULATORY SYSTEM 

HEART 

D I G E S T I V E  SYSTEM 

+ + 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 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 + 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 t *  

LUNGS NEOPLASM, AND BRONCHI  NOS ] t t + + t t t t t t t t t t + t t t t t t t + t t  X 

SQUAMOUS C E L L  CARCINOMA 
ALVEOLAR/BRONCHIOLAR ADENOMA 4 

GALLBLADDER 6 COMMON B I L E  DUCT . 
PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

U R I N A R Y  SYSTEM 

K I D N E Y  

U R I N A R Y  BLADDER 

ENDOCRINE SYSTEM 

N N N N N N M N N N N  N N N N N N N N N N N  N N N .  

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 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 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 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 +  

S A L I V A R Y  GLAND 

L I V E R  
N E O P L A S T I C  NODULE 

B I L E  DUCT 

P A N C R E A T I C  I S L E T S  

R E P R O D U C T I V E  SYSTEM 

I S L E T - C E L L  ADENOMA 

MAMMARY GLAND 
ADENOMA, NOS 
FIBROAOENOMA 

+ + 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 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 x x x x x  x x x x  

t + + + + + + + t * * t t + + t t t * t t t t t t  

X X X 

t + + t t t - + t t i i t t + t t t t * t t t t t  

X 

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  
X 

t t t t N t N t N t N t N t t N N N N N t N N t N  

7-. X X X 

P R E P U T I A L I C L I T O R A L  GLAND 
CARCINOMA,NOS 
ADEMOMA, NOS 

UTERUS 
ENDOMETRIAL  STROMAL POLYP 
EMDOVETRIAL  STROnAL SARCOMA 

OVARY 

NERVOUS SYSTEM 

B R A I N  
ASTROCYTOMA 

BODY C A V I T I E S  

P I T U I T A R Y  
ADENOMA, NOS 

N N N N N N N N N N N N N N N N N N N N N N N N N  

X 

+ + + t + t - + + t * i t t + t t t - t t t t t t  
X 

X 

+ + + 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  

ADRENAL 
C O R T I C A L  ADENOMA 
PHEOCHROMOCYTOMA 

T H Y R O I D  
C-CELL  ADENOMA 
C-CELL  CARCINOf lA  

PLEURA 
ADENOCA1SQUAMOUS M E T A P L A S I A ,  META 

A L L  OTHER SYSTEMS 

P I U L T I P L E  ORGANS NOS 
MALIG.LYMPHOMA,  H I S T I O C Y T I C  TYPE 
MYELOMONOCYTIC L E U K E M I A  

P A R A T H Y R O I D  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

N N N N N N N N N N N N N N N N N N N N N N N N N  

X 

: NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
C :  NECROPSY. NO H I S T O L O G Y  DUE TO PROTOCOL 

ti T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
- :  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  I I I C R O S C O P I C A L L Y  
X :  TUMOR I N C I D E N C E  A: A U T O L Y S I S  
N :  NECROPSY, NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M 1 5 S I N G  

B :  NO NECROPSY PERFORflED 
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TABLE A4. FEMALE RATS: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 
A N I M A 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  
NUMBER 

6 1  7 8 91 0 11 21 J l  4 1  5 1  6 1  7 8 9 0 I I  2 J 4 1  5 1  6 7 8 1  P I  0 
WEEKS ON 1 I I 1  l l !  1 I 1  1 1  0 1 1  1 I I 1  1 0  I 1  1 

5 5 1 5  5 5 5 1 2 1 5 1 5 1 5 1 5 1 5  7 5 5 1 5 1 5  5 5 1 5  5 5 5 5 5 

2 1  21 2 2 1  3 J l  3 1  3 I  3 1  3 1  J 1  J J J 4 1  4 1  4 4 4 1  41 4 4 1  4 1  4 1  5 

STUDY o o I  o o o i  o I  o I  o I  o I  o I  o I  o 8 o o I  o I  o o o I  o 6 o o i  o i  o 
INTEGUMENTARY SYSTEM 

TOTAL 
I ' T I 5 S U E S  

TUMORS 

S K I N  / t  t t t t + i i t i t N I + t t + + N + N t + t t 
SQUAMOUS C E L L  CARCINOMA 
SARCOMA. NOS 

5 0 X  
I 
1 

SUBCUTANEOUS T I S S U E  I t  t + t t t t + t + + N + + t t t t N t N + t t t 
SARCOMA, NOS X 

R E S P I R A T O R Y  SYSTEM I 

5 0 X  
2 

S P L E E N  

LYMPH NODES 

THYMUS 

LUNGS NEOPLASM, AND BRONCHI  NOS ( + + + + t + + t * t t + + + t t t t t t t t t t i  

SQUAHOUS C E L L  CARCINOMA X 
A L V E O L A R l B R O N C H I O L A R  ADENOMA 4 X 

5 0  I I  I 
1 

TRACHEA 

H E H A T O P O I E T I C  SYSTEM 

BONE MARROW 

S A L I V A R Y  GLAND 

L I V E R  
N E O P L A S T I C  NODULE 

B I L E  DUCT 

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  5 0  

t t + + + t t t t - + t t t t t t t t t t t t t t  4 9  

. t t t t t + t t t t t + t t + t t + t t t t t t t  5 0  

t t + + + + t * t t - + + t t t * t t t t t t t +  4 9  

t - + + + + t - - - -  t r - t t t t t t - -  t t -  3 5  

C I K C U L A I O R Y  SYSTEPI 

HEART 

K I D N E Y  

U R I N A R Y  BLADDER 

t + t + + + t t t t + + + + + t t t + t * t t t t t t +  5 0  

( + 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  
X 

t t + t t t t t t t t t + + + t t t t t t t t t t  

ENDOCRINE ~Y~TEII 

P I T U I T A R Y  
ADENOMA, NOS 

ADRENAL 
C O R T I C A L  ADENOMA 
PHEOCHROMOCYTOMA 

T H Y R O I D  
C-CELL ADENOMA 
C-CELL CARCINOMA 

4 9 .  I 
50  

1 .  

5 0  

~ x x x x x x x x x x x x x x x  ~ t t t t t t i t t t t t t t t t t t + t t t t t t /  x x  x x  x x x  5 0  1 

GALLBLADDER L COMMON B I L E  DUCT . N N N N N N N N N N N N N N N N N N N N N N N N N 

PANCREAS t t t t t t t t t t t t t t t t t t t t - t t t t  

ESOPHAGUS t - -  t t t t t t t + t t t t t t t t t t t t t t  

STOMACH t t + t t + t t + t t t + + t t t t t t t t t t t  

SMALL I N T E S T I N E  t t + + t + - t + + + + t t + t t t t t - t t t t  

LARGE I N T E S T I N E  t t t t + + t t - t t t t t t t t t t t t t t t t  

U R I N A R Y  SYSTEM 

~ t t t t t t t t t t t ~ + t t t t t t ~ t t t t  X t /  I 

5 0 X  . 
4 9 .  

48 

4 9  

47 

47 

I t + + t t t t t t t t t t + t t t t t t t t t t t l  % S I  

t t t t t t t t t t t t t t t i t t t t t t t  5 0  

P A R A T H Y R O I D  

P A N C R E A T I C  I S L E T S  

REPRODUCTIVE SYSTEM 

I S L E T - C E L L  ADENOMA 

MAMMARY GLAND 
ADENOMA, NOS 

B R A I N  
ASTROCYTOMA 

_ _ _  + - - t t t t t t - - t t t + - t - + * * -  3 1 .  

t t t t t t t t t + t t t t t t t t t t - t t t t  49  
1 

N N N N t N N t t N t N N N t N N t N t N t t N t  5 0 %  
X 1 

P R E P U T I A L l C L I T O R A L  GLAND 
CARCINOMA,NOS 
ADENOMA, NOS 

ENOOMETRIAL STROMAL POLYP 
ENDOMETRIAL STROMAL SARCOMA 

UTERUS 

OVARY 

NERVOUS SYSTEM 

t :  T I S S U E  E X A M I N E D  b I C R O S C O P l C A L L Y  1 NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
- 9  R E Q U I R E D  l I S S U E  NOT E X A M I N E D  N I C R O S C O P I C A L L Y  C :  NECROPSY,  N O  H I S T O L O G Y  DUE TO PROTOCOL 
X :  l U M O R  I N C I D E N C E  A :  A U T O L Y S I S  
N: NECROPSY,  NO A U T O L Y S I S .  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  

B: NO NECROPSY PERFORMED 

N N N N N N N N N N N N N N N N N N N N N N N N N  5 o x  

X 1 ;  
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  4.3 

X X X X 5 
1 

t t t t t  + i t * +  + + t t + t * +  + t t t + t t  4 9  
- - 
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A L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS 
MALIG.LYMPHOMA,  H I S T I O C Y T I C  T Y P E  
MYELOMONOCYTIC L E U K E M I A  

S I T E  UNKNOWN 
ADEHOCAISQUAMOUS M E T A P L A S I A  

N ~ N N N N N N N N N N N N ~ N N N N N N N N N N  5 o r  
X I 

X 2 .  

1 .  
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APPENDIX B 

S U W A R Y  OF THE INCIDENCE OF NEOPLASMS 
IN MICE FED DIETS CONTAINING 

2-BIPHENYLAMINE HYDROCHLORIDE 
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TABLE B1. 

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE FED DIETS 
CONTAINING 2-BIPHENYLAMINE HYDROCHLORIDE 

* S K I N  
SEBACEOUS ADENOMA 

SSUBCUT T I S S U E  
SQUAMOUS C E L L  CARCINOMA 

F IBROMA 
FIBROSARCOMA 
LEIOMYOSARCOMA 

SARCOMA, NOS 

SSUBCUT T I S S U E  
SQUAMOUS C E L L  CARCINOMA 
SARCOMA, NOS 

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 (2%) 
4 ( 8 % )  3 ( 6 % )  4 ( 8 % )  

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

RESPIRATORY SYSTEM 

#LUNG 
ADENOCARCINOMA, NOS, M E T A S T A T I C  
B I L E  DUCT CARCINOMA, M E T A S T A T I C  
HEPATOCELLULAR CARCINOMA, METAST 
ALVEOLAR/BRONCHIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA 
SARCOMA, NOS, M E T A S T A T I C  

( 5 0 )  
1 ( 2 % )  

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

( 5 0 )  

1 ( 2 % )  
5 ( 1 0 % )  
1 ( 2 % )  

( 5 0 )  

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

H E M A T O P O I E T I C  SYSTEM 

* M U L T I P L E  ORGANS ( 5 0 )  ( 5 0 )  ( 5 0 )  
MALIGNANT LYMPHOMA, NOS 4 (8%)  4 (8%) 4 ( 8 % )  
MALIG.LYMPHOMAt  H I S T I O C Y T I C  T Y P E  1 ( 2 % )  

HEPATOCELLULAR CARCINOMA, METAST 1 ( 2 % )  
MALIGNANT LYMPHOMA, NOS 3 ( 6 % )  1 ( 2 % )  
MALIG.LYMPHOMA,  H I S T I O C Y T I C  T Y P E  1 (2%)  

#LYMPH NODE ( 4 9 )  (47) ( 4 2 )  

# L I V E R  ( 5 0 )  ( 5 0 )  ( 5 0 )  
$ 1 ( 2 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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( 4 7 )  

CIRCULATORY SYSTEM 

*SUBCUT T I S S U E  
HEMANGIOMA 

#SPLEEN 
HEMANGIOSARCOMA 

#LYMPH NODE 
HEMANGIOMA 

# L I V E R  
HEMANGIOMA 
ANGIOSARCOMA 

( 5 0 )  

( 5 0 )  

( 4 9 )  

(50) ( 5 0 )  
1 ( 2 % )  
2 (4%) 

(50) 

3 ( 6 % )  

D I G E S T I V E  SYSTEM 

# S A L I V A R Y  GLAND ( 4 9 )  
HEPATOCELLULAR CARCINOMA, METAST 

( 4 9 )  ( 4 9 )  
1 ( 2 % )  

# L I V E R  ( 5 0 1  ( 5 n i  ( K n j  
B I L E  DUCT CARCINOMA 
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
HEPATOBLASTOMA 

.<", .a", 

1 ( 2 % )  
5 ( 1 0 % )  7 ( 1 4 % )  1 ( 2 % )  
9 (18%)  12 (24%) 1 0  (20%) 

1 ( 2 % )  

#STOMACH 
BASAL-CELL  CARCINOMA 

#DUODENUM 
ADENOCARCINOMA, NOS 
ADENOMATOUS POLYP,  NOS 

(47) 

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

(47) 

( 4 5 )  

#JEJUNUM ( 4 7 )  (48) ( 4 5 )  
ADENOCA I N  ADENOMATOUS POLYP 1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U R I N A R Y  SYSTEM 

# K 1  DNEY ( 5 0 )  ( 5 0 )  (49) 
ADENOCARCINOMA, NOS 1 ( 2 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
X NUMBER OF A N I M A L S  NECROPSIED 

93 2-Biphenylamine Hydrochloride 



TABLE B1. MALE MICE: NEOPLASMS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CONTROL LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 

# P I T U I T A R Y  
ADENOMA, NOS 

#ADRENAL 

( 4 2 )  
2 ( 5 % )  

( 4 5 )  
1 ( 2 % )  

(39) 
1 ( 3 % )  

2 ( 4 % )  

3 ( 6 % )  

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

S P E C I A L  SENSE ORGANS 

%HARDERIAN GLAND ( 5 0 )  ( 5 0 )  ( 5 0 )  
ADENOMA, NOS 2 (4%) 1 ( 2 % )  2 ( 4 % )  ................................................................................ 

BODY C A V I T I E S  

%PERITONEUM ( 5 0 )  ( 5 0 )  ( 5 0 )  
B I L E  DUCT CARCINOMA, M E T A S T A T I C  1 (2%) ................................................................................ 

A L L  OTHER SYSTEMS 

% M U L T I P L E  ORGANS ( 5 0 )  ( 5 0 )  ( 5 0 )  
HEPATOCELLULAR CARCINOMA. METAST 1 ( 2 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
W NUMBER OF A N I M A L S  NECROPSIED 
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S I T E  UNKNOWN 
ADENOCARCINOMA, NOS 1 
SARCOMAt NOS 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ANIMAL D I S P O S I T I O N  SUMMARY 

A N I M A L S  I N I T I A L L Y  I N  STUDY 
NATURAL DEATH@ 
MORIBUND S A C R I F I C E  

5 0  
7 
2 

SCHEDULED S A C R I F I C E  1 
A C C I D E N T A L L Y  K I L L E D  
TERMINAL S A C R I F I C E  
A N I M A L  M I S S I N G  

4 0  

50 
13 
2 

3 5  

50  
27  

2 

2 1  

TOTAL A N I M A L S  W I T H  PRIMARY TUMORS* 37 
TOTAL P R I M A R Y  TUMORS 54 

TOTAL A N I M A L S  W I T H  B E N I G N  TUMORS 
TOTAL B E N I G N  TUMORS 

24 
2 9  

TOTAL A N I M A L S  W I T H  M A L I G N A N T  TUMORS 2 2  
TOTAL M A L I G N A N T  TUMORS 2 5  

TOTAL A N I M A L S  W I T H  SECONDARY 
TOTAL SECONDARY TUMORS 

TUMORS# 4 
5 

3 8  27  
6 0  3 3  

2 0  
26  

2 8  
3 4  

1 
1 

8 
8 

22  
2 5  

5 
8 

TOTAL A N I M A L S  W I T H  TUMORS UNCERTAIN-  
B E N I G N  OR M A L I G N A N T  

TOTAL U N C E R T A I N  TUMORS 

TOTAL A N I M A L S  W I T H  TUMORS UNCERTAIN-  
PRIMARY OR M E T A S T A T I C  

TOTAL U N C E R T A I N  TUMORS 
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TABLE 82. 

SUMMARY OF THE INCIDENCE OF NEOPLASMS I N  FEMALE MICE FED DIETS 
CONTAINING 2-BIPHENY LAMINE HYDROCHLORIDE 

CONTROL LOW DOSE H I G H  DOSE 

INTEGUMENTARY SYSTEM 

RESPIRATORY SYSTEM 

(49) (50) ( 5 0 )  
1 (2%) 

#LUNG 
HEPATOCELLULAR CARCINOMA, METAST 
ALVEOLAR/BRONCHIOLAR ADENOMA 6 ( 1 2 % )  1 ( 2 % )  4 (8%)  

1 ( 2 % )  ALVEOLAR/BRONCHIOLAR CARCINOMA 
SARCOMA, NOS, M E T A S T A T I C  1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H E M A T O P O I E T I C  SYSTEM 

( 4 9 )  ( 5 0 )  ( 5 0 )  
9 ( 1 8 % )  

% M U L T I P L E  ORGANS 
MALIGNANT LYMPHOMA, NOS 6 ( 1 2 % )  13 ( 2 6 % )  
MALIG.LYMPHOMA, H I S T I O C Y T I C  T Y P E  2 (4%) 

#SPLEEN 
MALIGNANT LYMPHOMA, NOS 

#LYMPH NODE ( 4 0 )  ( 4 7 )  
SARCOMA, NOS, I N V A S I V E  1 ( 3 % )  
MAL I G N A N T  LYMPHOMA, NOS 1 ( 3 % )  
MALIG.LYMPHOMA,  H I S T I O C Y T I C  TYPE 1 ( 3 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CIRCULATORY SYSTEM 

( 4 9 )  (50) ( 5 0 )  
3 ( 6 % )  

*SUBCUT T I S S U E  
ANGIOSARCOMA 

R NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED MICROSCOPICALLY * NUMBER OF A N I M A L S  NECROPSIED 
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ASPL EEN 
HEMANGIOMA 
ANGIOSARCOMA 

* A D I P O S E  T I S S U E  
ANGIOSARCOMA 

( 4 8 )  

( 4 9 )  

( 4 9 )  ( 4 9 )  
1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  ( 5 0 )  
5 ( 1 0 % )  4 ( 8 % )  
4 (8%)  6 ( 1 2 % )  

D I G E S T I V E  SYSTEM 

# L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

ENDOCRINE SYSTEM 

# P I T U I T A R Y  
ADENOMA, NOS 

#ADRENAL 
ADENOMA, NOS 
PHEOCHROMOCYTOMA 

#THYROID 
F O L L I C U L A R - C E L L  ADENOMA 

( 4 3 )  ( 4 2 )  ( 4 1 )  

( 4 9 )  ( 4 7 )  ( 4 8 )  

9 ( 2 1 % )  8 ( 1 9 % )  6 ( 1 5 % )  

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

( 4 8 )  
1 ( 2 % )  

( 4 5 )  

*MAMMARY GLAND 
ADENOMA, NOS 
ADENOCARCINOMA, NOS 

(49) 
1 (2%) 

( 5 0 )  

1 ( 2 % )  

( 5 0 )  

#UTERUS ( 4 9 )  ( 4 8 )  ( 4 9 )  
ENDOMETRIAL STROMAL POLYP 1 ( 2 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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CONTROL LOW DOSE H I G H  DOSE 

#OVARY (44) ( 4 3 )  (44) 
. CYSTADENOMA, NOS 1 (2%)  

TERATOMA, NOS 1 ( 2 % )  ................................................................................ 
NERVOUS SYSTEM 

S P E C I A L  SENSE ORGANS 

MUSCULOSKELETAL SYSTEM 

BODY C A V I T I E S  

A L L  OTHER SYSTEMS 

A N I M A L  D I S P O S I T I O N  SUMMARY 

A N I M A L S  I N I T I A L L Y  I N  STUDY 
NATURAL DEATH3 
MORIBUND S A C R I F I C E  
SCHEDULED S A C R I F I C E  
A C C I D E N T A L L Y  K I L L E D  
TERMINAL S A C R I F I C E  
A N I M A L  M I S S I N G  

5 0  
13 

2 

5 
2 9  

1 

5 0  
12 

38 

5 0  
18 
4 

28 

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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CONTROL LOW DOSE HIGH DOSE 

TUMOR SUMMARY 

TOTAL A N I M A L S  W I T H  P R I M A R Y  TUMORS* 
TOTAL PRIMARY TUMORS 

TOTAL A N I M A L S  W I T H  B E N I G N  TUMORS 
TOTAL B E N I G N  TUMORS 

3 1  
3 9  

19 
20  

TOTAL A N I M A L S  W I T H  M A L I G N A N T  TUMORS 19 
TOTAL MALIGNANT TUMORS 19 

TOTAL A N I M A L S  W I T H  SECONDARY 
TOTAL SECONDARY TUMORS 

TUMORS# 

TOTAL A N I M A L S  W I T H  TUMORS UNCERTAIN-  
B E N I G N  OR M A L I G N A N T  

TOTAL U N C E R T A I N  TUMORS 

2 
2 

30 
44 

19 

2 4  

1 

15 

20 

1 

1 
1 

3 1  

15 

2 3  

44 

18 

26 

TOTAL A N I M A L S  W I T H  TUMORS UNCERTAIN-  
PRIMARY OR M E T A S T A T I C  

.TOTAL U N C E R T A I N  TUMORS 

* PRIMARY TUMORS: A L L  TUMORS EXCEPT SECONDARY TUMORS 
t SECONDARY TUMORS: M E T A S T A T I C  TUMORS OR TUMORS I N V A S I V E  I N T O  AN ADJACENT ORGAN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE B3. 

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOMA 
SARCOMA? NOS 

R E S P I R A T O R Y  SYSTEM 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALEMICE I N  THE 2-YEAR 
STUDY OF 2-BIPHENY LAMlNE HYDROCHLORIDE 

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 

CONTROL 

TRACHEA 

P 
BONE MARROW 

S P L E E N  

LYMPH NODES 

THYMUS 

MALIG.LY I IPHOMA,  H I S T I O C Y T I C  TYPE . 

CIRCULATORY SYSTEM 

HEART 

D I G E S T I V E  SYSTEM 

S A L I V A R Y  GLAND 

L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

B I L E  DUCT 

GALLBLADDER & COMMON B I L E  DUCT . 
PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

B A S A L - C E L L  CARCINOMA 

IDENOMATOUS POLYP,  NOS 

U R I N A R Y  SYSTEM 

K I D N E Y  
AOENOCARCINOMA~ NOS 
SARCOMA, NOS, I N V A S I V E  

U R I N A R Y  BLADDER 

ENDOCRINE SYSTEM 

P I T U I T A R Y  
ADEHORA. NOS 

S K I N  t t + + + t t + t t t + t t t t t t t + t + t t t  
SEBACEOUS ADENOMA 

+ t t t t t + t t t t t t t t t t + t t t t t t ~  

+ + L - + + 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 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 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 + + t t t t + + t + t t t t t t t t t t  

B N .  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 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 - 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  
X 

X 

+ 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  

i X 

T H Y R O I D  

P A R A T H Y R O I D  

R E P R O D U C T I V E  SYSTEM 

LUNGS AND BRONCHI  
AOEHOCARCIHOMA NOS M E T A S T A T I C  
H E P A T O C E L L U L A R ’ C A R C i N O M A ,  M E T A S T A I  

ALVEOLAR/BRONCHIOLAR CARCINOMA I X 
SARCOMA, NOS, M E T A S T A T I C  X 

X 
ALVEOLAR/BRONCHIOLAR ADENOMA X x x  X 

+ - t + + t t t t t t + t t t * t t + + t t + + -  

- - t - - t + + ~ - t - - - + t + + + - - + - - -  

N N N N N N N N N N N N N N N  N N N .  . , N  N N N N N N 

+ + 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 + + + - + +  

ADRENAL 
ADENOMA, NOS 
PHEOCHROMOCYTOMA 

S P E C I A L  SENSE ORGANS 

H A R D E R I A N  GLAND N N N N ~ ~ H N N N N N N N N N N N N N N N N N N  
ADENOMA, NOS X 

A L L  OTHER SYSTEMS 

+ + + + + + + t + + t + t + t + + t + - + + t + +  
X X 

X 

r 

M U L T I P L E  ORGANS NOS 
HEPATOCELLULAR CARCINOMA,  METASTA 
M A L I G N A N T  LYMPHOMA. NOS 
MAL1G.LYMPHOI IA .  H I S T I O C Y T I C  TYPE 

MAMMARY GLAND 

T E S T I S  

PROSTATE 

N N N N N N N N N N N N N N N W N N N N N N N N N  

X 

S I T E  UNYNOWN 

: M O  T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
C :  NECROPSY, NO H I S T O L O G Y  DUE TO PROTOCOL 
A: A U T O L Y S I S  

B :  NO NECROPSY PERFORMED 

ti T I S S U E  E X A M I H E D  M I C R O S C O P I C A L L Y  
- :  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  
X :  TUMOR I N C I D E N C E  
N :  NECROPSY. NO A U T O L Y S I S .  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  
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TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) CONTROL 

AR/ERONCHIOLAR CARCINOMA 
A, N J S ,  M E T A S T A T I C  

SPLEEN 

LYMPH NODES 
MALIG.LYMPHOMAB H I S T I O C Y T I C  TYPE 

L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

B I L E  DUCT 

GALLBLADDER & COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 
B A S A L - C E L L  CARCINOMA 

CARCINOMA, nos 

ADENOMA, NOS 

ADRENAL 
ADENOMA, nos 
PHEOCHROMOCYTOMA 

T H Y R O I D  

W A N I M A L S  N E C R O P S I E D  

1 NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
C r  NECROPSY. N O  H I S T O L O G Y  DUE 10 PROTOCOl  
A :  A U T O L Y S I S  

B: no NECROPSY PERFORMED 

+i T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  
X :  TUMOR I N C I D E N C E  
W :  NECROPSY,  NO A U T O L Y S I S .  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  
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TABLE B3. 

TRACHEA / t t t t t t t t t t t + t t t t t t t t t t t t t  

H E M A T O P O I E T I C  SYSTEM I 
BONE MARROW ~ t t t t + t t t t + t t t t t t t t t - t t t + t ,  

S P L E E N  * t + + + + + + + + + + t + + + * t t - t + t t t  
HEMANGIOSARCOMA 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2.YEAR 
STUDY OF 2-BIPHENYLAMINE HYDROCHLORIDE 

LUNGS AND BRONCHI  ~ + t + * + + + + + t t t t t * * t t t + t t t t t  
HEPATOCELLULAR CARCINOMA,  PIETASTAI  
A L \I EO L A R, BRONC H I 0 L A R b D E N OPl A I X X X 
ALVEOLAR/BRONCHIOLAR CARCINOMA 4 r 

LYMPH NODES I - t t t t t t t + t * - t t t t t t t t t t t t t  
HEMANGIOMA X 
M A L I G N A N T  LYMPHOPIA, NOS X X 

4 
THYMUS l - - + + - - t - t - t - t - t t - -  t - + - -  t -  

I 
C I R C U L A T O R Y  SYSTEM 

HEART I + t t * + + + + + + + + * t + t t t t + + t + t t  

D I G E S T I V E  SYSTEM I 
S A L I V A R Y  GLAND 

L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOPlA 
HEPATOBLASTOMA 
HEMANGIOMA 

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 I x x  

I 
ANGIOSARCOMA 

B I L E  DUCT 

G A L L B L A D D E R  I c o m m o H  BILE D U C T  

PANCREAS + t - t t t t  

ESOPHAGUS 

STOMACH t t + * t t + * t t t * t t t t t t t t t + + t t  

SMALL I N T E S T I N E  i + + + + + + + + t t t t + t t t t t t - t + t t t  

I ADENOCARCINOf lA ,  NOS 
ADENOMATOUS P O L Y P ,  NOS X 
ADENOCA I N  ADENOMATOUS POLYP 
M A L I G N A N T  LYMPHOPIA, NOS 

K I D N E Y  
TUBULAR-CELL ADENOMA 

P I T U I T A R Y  
ADENOMA, NOS 

ADRENAL 
ADENOMA,  NOS 
PHEOCHRONOCYTOMA 

T H Y R O I D  

M A W A R Y  OLANO 

T E S T I S  

+:  T I S S U E  EXAMIMEO M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
-: R E Q U I R E 0  T I S S U E  NOT E X A M I N E 0  N I C R O S C O P I C A L L Y  C: NECROPSY, NO H I S T O L O G Y  D U E  TO PROTOCOL 
X :  TUMOR I N C I D E N C E  
N: MECROPSY. M O  A U T O L Y S I S ,  MO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N G  

A: A U T O L Y S I S  

B:  NO NECROPSY PERFORMED 
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TABLE 83. MALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 
0 D 0 0 0 D D 0 0 0 D D 0 0 0 0 0 D 0 0 0 0 0 1 0  0 
2 2 2 2 J 1 3  3 3 3 J J J 
6 7 ~ 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6  

9 D D o o a 7 D o o o D o D o o D 9 o o o 8 o o o 
9 5 5 5 5 7 3 1 5 5 5 5 5 5 5 5 1 7 5 0 5 7 5 5 5  

A N I M A L  
NUMBER 3 4 4 4 4 4 4 4 4 7 a l  4 1 4  9 5 0.. 

WEEKS ON D I 1 1  1 0  0 1 I 1 1 1 1 1  1 1  1 0  1 t 1 0  I I 1  
STUDY 

INTEGUMENTARY SYSTEM 

- 
T O T A L  

1 T I S S U E S  
TUMORS 

I I 
RESPIRATORY SYSTEM t 

LUNGS AN0 BRONCHI  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  
HEPATOCELLULAR CARCINOMA,  METASTA X 
ALVEOLAR/BRONCHlOLAR ADENOMA X X 
ALVEOLAR/BRONCHIOLAR CARCINOMA X 

50 

5 
1 

TRACHEA 

BONE MARROW 

SPLEEN 
HEMANGIOSARCOMA 

t t t t + t + t t t t t t + t t t + + + t t t + t  5 0  

+ t + + * * + t + + + t t t * t t + * + + t t t t  4 9  

LYMPH NODES t t + + + + + + + t * * * t t t + * * t + + - + t  
HEMANGIOMA 

47 
1 

THYMUS ~ - - - - - - - - - t - t + * + t - - + - - - + + -  

CIRCULATORY SYSTEM 

HEART t t t t + t t t t t t t t + t t + t t t + t t t t  

D I G E S I I V E  SYSTEM 

S A L I V A R Y  GLLND 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 t  
X X 

HEPATOCELLULAR CARCINOMA x x  x X x x x  x 
L I V E R  

HEPATOCELLULAR ADEHOMA 

HEPATOBLASTOMA 
HEMANGIOMA X 
ANGIOSARCOMA x x  

B I L f  DUCT t t t t + + t t t + + + t t + + + + t t + t + t +  

GALLBLADDER & COMMON B I L E  DUCT . N  t t t t N  N  N  t + t t t + t t t N t + + N  + + + 

PANCREAS t * * t * t + * + + + t + + t + t t t + + t + t +  

ESOPHAGUS t t t t t + ' t  + + + + + + + + + + t t + t t + 
STOMACH t t t t t t t * + + + t + + t t + t t t + t t + +  

: NO T I S S U E  I H F O R M A T I O N  S U B M I T I E O  
C :  NECROPSY, N O  H I S T O L O G Y  DUE TO PROTOCOL 

+: T I S S U E  E X A M I N E D  N I C R 0 S C D P I C A L L Y  

-: REQUIRED T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  A :  A U l O l Y S 1 5  X:  TUMOR I N C I D E N C E  
M: MECROPSY. NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A P I I N A T I O H  M:  L N I M A L  M I S S I N G  

B :  NO NECROPSY PERFORMED 

20 

50 

4 9  

5 0  
7 

12 
1 
1 
2 .  

50 

50"  

4 9  

50 

5 0  

I03 

SMALL I N T E S T I N E  
AOENOCARCINOMA~ NOS 
ADENOMATOUS POLYP,  NOS 
ADENOCA I N  ADENOMATOUS POLYP 

2-Biphenylarnine Hydrochloride 

t t t t t t - t + t t + + t t t + t + t t + t t t  +a 
X 1 1 

X I  

M U L T I P L E  ORGANS NOS 

S I T E  UHKNOWH 

M A L I G N A N T  LYMPHOMA, NOS 

ADENOCARCINOMA. NOS 

N N N N N N N N N N N H N N N N N N H N N N N N N  5 0 r  
x x  

X 1 



TABLE B3. 

HEPATOCELLULAR CARCINONA,  METASTA 
ALVEOLAR/BRONCHIOLAR ADENOMA . 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 2-YEAR 
STUDY OF 2-BIPHENYLAMINE HYDROCttLORIOE 

X 

t t t t t * t t t t t t t t t t t t t t + t t t t  

HIGH DOSE 

L Y N P H  NODES 
HEPATOCELLULAR CARCINOMA, METASTA 
M A L I G N A N T  LYMPHONA, NOS 

THYMUS 

CIRCUL&TORY SYSTEM 

HEART 

D I G E S T I V E  SYSTEM 

S A L I V A R Y  GLAND 
HEPATOCELLULAR CARCINOMA,  M E T A S T A .  

SUBCUTANEOUS SARCOMA, NOS T I S S U E  ( t t + t t t t t t t t t t N t t t t t t t t + t t  x x x  
I 

R E S P I R A T O R Y  SYSTEM 

t t - t t t - t t t t + t t - + t t - t t t t t +  
X 

X 

- - - + - - - - - - - . - - - - - - - - - - + - -  

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 - t t t  
X 

L I V E R  t t t t t * t t t + + t t t + t t t t t t t t t t  
B I L E  DUCT CARCINOMA 
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
ANGIOSARCOMA 
MALIG.LYNPHOMA,  H I S T I O C Y T I C  TYPE 

x x  x X 
X 

+ + t t + + + + + + + + + + + + + + + + t t t t t  

t t t t * N N N N t N + + t N t t + N N t  

B I L E  DUCT 

GALLBLADDER 6 COMMON B I L E  DUCT . N t N N 

t t t t +  PANCREAS t + t - + - + t t + t + + + - t t + - -  

ESOPHAGUS t + + t t t t t + + + t t + + + t * + t t ~ t t t  

STOMACH t t t - t t t t t t t t t t t t t * + * t t t t t  

SMALL I N T E S T I N E  t t + - t - t t t t t t t * t t t t + t + t - t +  

LARGE I N T E S T I N E  t t t t t - t t t t t - t t - t t t - t t - -  + t  

I :  
M A L I G N A N T  LYMPHOMA, NOS X 

U R I N A R Y  SYSTEM 

K I D N E Y  t t t t t + t t t , t t t t t t t t t - t t t t t t .  

U R I N A R Y  BLADDER t t + t t t t t t t - t t t t t t t t t t t t t t  

ENDOCRINE SYSTEM 

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 H Y R O I D  

P A R A T H Y R O I D  

REPRODUCTIVE SYSTEN 

MANMARY GLAND 

T E S T I S  

PROSTATE 

S P E C I A L  SENSE ORGANS 

H A R D E R I A N  GLAND 
ADENONAl NOS 

BODY C A V I T I E S  

PERITONEUM 
B I L E  DUCT CARCINONA,  M E T A S T A T I C  

A L L  OTHER SYSTEMS 

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 -  

. ~ k .  N N N N  N N N  

+ 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  

N N N N N N N N N N N N N N N N N N N N N N N N N  
x x  

N N N N N N N N N N N N N N N N N N N N N N N N N  
X 

P I T U I T A R Y  
ADENONA, NOS 

ADRENAL 
ADENOMA, NOS 
C O R T I C A L  ADENOMA 
PHEOCHRONOCYTOMA 

I t t t + - t t t t t t t t - - - t - t - t t t t t I  

+I t t t t :  t t t t t t t t t t t + t t t t t t 

N U L T I P L E  M A L I G N A N T  ORGANS LYMPHOMA, NOS NOS 
~ N N N N N N N N N N N N N N N N N N N N N N N N N [  

: N O  T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
c: nECROPSY, NO H I S T O L O G Y  DUE T O  PROTOCOL 

B :  NO NECROPSY PERFORMED 

t: T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  P l I C R O S C O P I C L L L Y  
X :  TUMOR I N C I D E N C E  A:  A U T O L Y S I S  
N :  NECROPSY, NO A U T O L Y S I S .  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  N I S S I N O  
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TABLE B3. MALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

LUNGS AND B R O N C H I  
B I L E  DUCT CARCINOMA,  M E T A S T A T I C  
HEPATOCELLULAR CARCINOMA,  METASTA 
ALVEOLAR/BRONCHIOLAR ADENOMA 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

SUBCUTANEOUS T I S S U E  I I N t + t + + + + N + + + + + t N + t t + + t + +  

SARCOMAl NOS 

t + + t t t t t + + + + + t + + + t t + + + t + +  50 
1 

X X X 4 ._ X ! ,  
+ + t + + + + t t + + t + t t + t t + + + + t t +  5 0  

+ t * + t + - t - + + t + + t + t t + + t + t t t  4 7  

L Y n P n  NODES 
HEPATOCELLULAR CARCINOMA,  METASTA 
M b L I G N A N T  LYMPHOMA, NOS 

THYMUS 

P 
HEART 

b l G E s T I V E  SYSTEM 

S A L I V A R Y  GLAND 
HEPATOCELLULAR CARCINOMA,  PIETASTA+ 

L I V E R  

X 
X  X  X  

B I L E  DUCT CARCINOMA 
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 
ANGIOSARCOMA 
M A L I G . L Y M P H O M A ,  H I S T I O C Y T I C  TYPE X 

- + + * + + - + - + t t + + + + t + t t - t + + t  42  
1 
I 

- - . - + - - - - t - + - + - - - - - - - ' * - '  8 
-. 

+ t t + + t t t + t t t + t t + + + + * + * + + +  50 

+ + + + + + t t + + t t t + t + t t ' t + + + t +  4 9  
I 

B I L E  DUCT 

OALLBLADDER & COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  
M A L I G N A N T  LYMPHOMA, NOS 

P I T U I T A R Y  
ADENOMA, NOS 

+ + t + t + t t t + t + - t + + t t + + t + t + t  
X 

ADRENAL 
ADENOMA, NOS 
C O R T I C A L  ADENOMA 
PHEOCHROMOCYTOMA 

4 8  
I 
I 
1 

T E S T I S  

PROSTATE 

PERITONEUM 
B I L E  DUCT CARCINOMA,  M E T A S T A T I C  

P 
M U L T I P L E  ORGANS NOS N N N N N N N N N N N N N N N N N N N H N N N N N  5 0 1  

YMPHOMA. N05 X X  L 

I ANIPIALS NECROPSIED 

: NO T I S S U E  I N F O R P l A T I O N  S U B M I T T E D  
C:  NECROPSY,  NO H I S T O L O G Y  DUE T O  PROTOCOL 
A :  A U T O L Y S I S  

B :  NO NECROPSY PERFORMED 

t !  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
-: R E Q U I R E D  TISSUE NOT E X A M I N E D  M I C R O S C D P I C A L L Y  
X I  TUMOR I N C I D E N C E  
N :  NECROPSY,  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M:  A N I M A L  M I S S I N G  

105 2-Biphenylamine Hydrochloride 



TABLE 84. 

SUBCUTANEOUS T I S S U E  
SARCOMA, NOS 

K E S P I R A T O R Y  SYSTEM 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE I N  THE 2-YEAR 
STUDY OF 2-BIPHENYLAMINE HYDROCHLORIDE 

t t t t t + t t + t t N t + + t t + + t t t N + t  
X 

CONTROL 

TRACHEA I t t t t t + + t t + t + t t t t t t t t + + M t t  

m O P O I E T I C  SYSTEM 

BONE MARROW t t t t t t t + - t + - t - t t - t t - + - M t t ,  

SPLEEH t + + t + t t t t t t t t t t t t t t + t t M + t  
M A L I G N A N T  LYMPHOMA, NOS X X 

SARCOMA, NOS, I N V A S I V E  
M A L I G N A N T  LYNPHOMA, NOS 
M A L I O . L Y M P H O M I ,  H I S T I O C Y T I C  T Y P E  . X 

LYMPH NODES t t t - t t t t t t t + t t t t t - t + + t M t -  

THYNUS - - - - t - t t t t - - t - t t - t t + - t n t - ,  

t I R C U L A T O R Y  SYSTEN 

HEART t t t + t t t t t t t * t t t t t t t + t t M t t  

D I G E S T I V E  SYSTEM 

S A L I V A R Y  GLAND + + t t t t t + t t t - t - t + - t t t + t M + t  

B I L E  DUCT 

GALLBLADDER 8 COMMON B I L E  DUCT . 
PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

U R I N L R Y  SYSTEM 

K I D N E Y  

U R I N A R Y  BLADDER 

~NDOCRINE S Y S T E M  

LUNGS AND BRONCHI  I t t t * t t t t t t t t t + t t t t t t t t N t t  
ALVEOLAR/BRONCHIOLAR ADENOMA x x  
SARCOMA, NOS, N E T A S T A T I C  X 

t t t t t t t + t t t t t t t t t t t t t + N t t  

N N t N t t * N t N t N t H + t t + t + t t M + N  

* r + t t t t + t t + t t t - t t t + t + + M + 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 + + t t + t + + t + t t t t + M 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 t - t t t t + - * t t t M 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 - + t t * t t t + + t t M t t  

PILI I I IARY GLAND 
ADENOMA, NOS 

UTERUS 

OVARY 

A L L  OTHER SYSTEMS 

N U L T I P L E  ORGANS NOS 
N k L I G H A N T  LYMPHOML. NOS 

L I V E R  t t + t t t t t t + t t t t t t t t t t t + M t t  
HEPATOCELLULAR ADENOMA x x  X 
HEPATOCELLULAR CARCINOMA X X X 

N H N N N N H N N N N N N N H N H N N N + N M N N  

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

t + + - t t t 4 t + t t t - t t t t t - t t M t t  

N N N N N N N N N N N N N N N N N N H N N N N N N  

P I T U I T A R Y  
ADENOMA, NOS 

ADRENAL 
ADENONA, NOS 

T H Y R O I D  

P A R A T H Y R O I D  

REPRODUCTIVE SYSTEM 

+ t t t - - - -  + t - - -  
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TABLE 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) CONTROL 

SUBCUTANEOUS T I S S U E  
SARCONA, nos 

R E S P I R A T O R Y  SYSTEM 

A L V E O L A R / B R O N C H I O L A R  ADENONA 
LUNGS AND B R O N C H I  

SARCONA, NOS, M E T A S T A T I C  

TRACHEA 

~ENATOPDIETIC SYSTEN 

BONE NARROW 

S P L E E N  
MALIGNANT LYPIPHONA. nos 1 

t t t t t t t t t t + t + + + t t + t t t t t t +  69V 
x x  x X 5 

t + t t + + t t t t + t + t t t + t t t + t + t t  4 9  
X  x x  X  6 

t + t t t t t + t t t t + t t t t t t t t t t t t  59 

I 

t t t t + t t t t t t t * t - t - t t t t t t t t  41  

+ t t t t t t t t - t , + t t t t t t t t t t t t  4a 
2 ._ 

LYMPH NODES 
SARCOMA, NOS. I N V A S I V E  
N A L I G N A N T  LYNPHOIIA,  NOS 
I I A L I G . L Y M P H O M A ,  H I S T I O C Y T I C  T Y P E  

L I V E R  
HEPATOCELLULAR ADENONA 
HEPATOCELLULAR CARCINOHA 

B I L E  DUCT 

OALLDLADDER 4 CONHON B I L E  DUCT 

PANCREAS 

ESOPHAPUS 

STOMACH 

SNAIL I N T E S T I N E  

ADRENAL 
ADENONA, NOS 

P L R A T H Y R O I D  

UTERUS 

N ANIf lALS N E C R O P S I E D  

+ + - - t t t + t t t t t t t t - t t t - t - t -  40 
X  1 

X  1 
. 1 .  

: NO T I S S U E  I N F O R N A T I O N  S U B H I T T E D  
C: NECROPSY,  NO H I S T O L O G Y  DUE TO PROTOCOL & A U T O L Y S I S  

+: T I S S U E  E X A R I N E D  I I I C R O S C D P I C A L L Y  
- 8  R E Q U I R E D  T I S S U E  NOT E X A N I H E O  H Z C R O S C O P I C A L L Y  
X: TUNOR I N C I D E N C E  
Ml NECROPSY.  NO A U T O L Y S I S ,  MO N I C R O S C O P I C  E X A R I N A T I O N  A N I H A L  N I S S I W O  

B: no NECROPSY PERFORHED 
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TABLE 64. 

SUBCUTANEOUS T I S S U E  
SARCOMA, NOS 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 
STUDY OF 2-BIPHENYLAMINE HYDROCHLORIDE 

t t t t t t t t t t t t t t t t t t t N t t t t t  

LOW DOSE 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

S P L E E N  

LYMPH NODES 

THYMUS 

M A L I G N A N T  LYMPHOMA, NOS 

~IRCULATORY SYSTEM 

BIGESTIVE SYSTEM 

HEART 

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 t t  

t t t t * t t t t * t t * t t * t t * t t t t t t  
X 

. 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 t t t t t t t t t t t  

LUNGS AND BRONCHI  t t t t t t t t t t t t t t t t t t t t t + ~ + t  
HEPATOCELLULAR CARCINOMA,  METASTA 
ALVEOLAR/BRONCHIOLAR ADENOMA X 

~ 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  
X x x x  X 

~ 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 N t t N 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 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 t t t t - t t t t t t t t t + t  

K I D N E Y  

U R I N A R Y  BLADDER 

ENDOCRINE SYSTEM 

P I T U I T A R Y  

ADRENAL 

ADENOMA, NOS 

ADENOMA, NOS 
PHEOCHROMOCYTOMA 

T H Y R O I D  

P A R A T H Y R O I D  

REPRODUCTIVE SYSTEM 

MAMMARY GLAND 
 ADENOCARCINOMA^ NOS 

UTERUS 
ENDOMETRIAL STROMAL P O L Y P  

S A L I V A R Y  GLAND 

. , 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 t t t t * - t t t + t - t t t t t t t - t - t  
X X x x  

t + * t t t * t t t t t t t t * t t t t t t t - t  
X 

X 

. ~ 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  

N N ~ N N N N N N N ~ N N N N N N N N N N N N N N  
x .  

t t * t t * * t t t t * t t * t t ~ t * t t t t t  
X r 

L I V E R  
HEPATOCELLULAR ADENOMA 
HEPATOCELLULAR CARCINOMA 

OVARY 
CYSTADENOMA, NOS 
TERATOMA. NOS 

S P E C I A L  SENSE ORGANS 

B I L E  DUCT 

G A L L B L A D D E R  a COMMON BILE DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

U R I N A R Y  SYSTEM 

t * t t t * - t t t t t t - * * t t t * t t t t t  
X 

X 

H A R D E R I A N  GLAND 
ADENOMA, NOS 

A L L  OTHER SYSTEMS 

M U L T I P L E  ORGANS NOS 
M A L I G N A N T  LYMPHOMA. NOS 
M A L I G . L Y M P H O M A ,  H I S T I O C Y T I C  T Y P E  . 

A D I P O S E  T I S S U E  

N H N N N N N N N N N N N N N N N N N N N N N N N  

N N N N N N N N N N N N N N N N N N N N N N N N N  
x x  x x x  

t :  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  : NO T I S S U E  I N F O R M A T I O U  S U B M I T T E D  
- :  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  C: NECROP$Y, NO H I S T O L O G Y  D U E  TO PROTOCOL 
X:  TUMOR I N C I D E N C E  A i  A U T O L Y S I S  
N:  NECROPSY, NO A U T O L Y S I S .  NO M I C R O S C O P I C  E X A M I N A T I O N  M l  A N I M A L  M I S S I N G  

Br NO NECROPSY PERFORMED 
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TABLE 84. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) LOW DOSE 

LUHGS AN0 BRONCHI  I + + t t ~ + + + + t t + - t + t t t t t t + i t t  
HEPATOCELLULAR CARCINOMA3 M E T A S T A I  X  

5 0  

TRACHEA t t + + + + + t + + + t + t t t t t t t i t + t t  

H E N ~ l O P O I E T I C  S Y S I E f l  

BONE PlARROW t + + t t + - t + + t - * t t + + + t t + t i t ~  

S P L E E N  + ? + t , + + + t + + - t + * t t t t t + + t t t  

LYMPH NODES + + + t +  + t +  + + + - + * + + + + + + + + + * t  

THYMUS . _ _ -  t ' t - t t - - ' + + - + - t - + t t - -  

HEART + t + + + + + + + + + + t + + + + + t t + + + + t  

M A L l G N A H l  LYPIPHOMA, N 0 5  X 

C I R C U L A T O R Y  SYSTEf l  

D I G E S T I V E  SYSTEf l  

S A L I V A R Y  GLAND t t + t i i t t t t t - t t i t i t t t t t t t t  

5 0  

4 6  

4 9  

4 7  

2 2  

2 .  

5 0  

48 
L I V E R  ( t t + + t * t t t ~ t t t t t t t + t + + t i + i  

HEPATOCELLULAR ADENOMA 
5 0  

5 

B I L E  DUCT t + + t t i + t t t t + t t + t t t t t t t t i i  

GALLBLADDER & COflf lON B I L E  DUCT t i N + t t N + H + + N N t + + + + + + + + N N 

PANCREAS + + + t t t i t - + + - - t t + + t t t t - + - i 

ESOPHAGUS + + + + + t t t t + + - i i i t - t t * i + t t t  

STOMACH + t + t t t t + + t t - t t + + + + t + t t t t t  

S f l A L L  I N T E S T I N E  t + - + + + - + - t + - - t t + t t t t t t t - i 

LARGE I N T E S T I N E  t + + + + + - + - + + - i t + t i i t - + + t t t  

5 0 .  

4 2  _ _  
4 7 ,  
4 9 .  

4 l - .  

4 5  
-. 

K I D N E Y  + t t t + t t t t + + - t t t t t t + i t t t t t 4 9  

U R I N A R Y  BLADDER t t t t t t - t + t t - t i t t - + t + t t t i t  45  

P I T U I T A R Y  t t - t i t - i t t t - t t t t i t - t i i + t t  42 
ENDOCRINE SYSTEM 

ADENOflA, H05 
T X  

X X X a .  

N A N I M A L S  N E C R O P S I E D  

_ _  

: NO T I S S U E  I N F O R f l A T I O N  S U B M I T T E D  
C: NECROPSY.  NO H I S T O L O G Y  QUE T O  PROTOCOL 
A t  A U T O L Y S I S  

t: T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
- 1  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  
X:  TUMOR I N C I D E N C E  
N :  NECROPSY,  NO A U T O L Y S I S .  NO m I C R O S C O P I C  E X A M I N A T I O N  n: A H I M A L  M I S S I N G  

ADRENAL + t t - t t t t t + t - t t + t t + t t t t t t i  

T H Y R O I D  + i t i t t t + - t t - t t t t t t t t t t t i -  

P A R A T H Y R O I D  + - - - * t + t - i i - t ~ - - * - t t - - t - -  

NAf lNARY GLAND N N N N H N N N N N N N N N N ~ N N N N N ~ N N N  

UTERUS + t t t t t t + + + + - t i + t t i * t + t t t -  

OVARY - t t t t i - t + t + - - + t + t t t t t t i - t  

AOENOflA, NOS 
PHFOCHRONOCYTUMA 

R E P R O D U C T I V E  SYSTEM 

AOENGCARCINOf lA I  N 0 5  

E H O O N E T R I A L  STROMAL POLYP 

CYSTADENOMA, NOS 
TERATONA, NOS 

S P E C I A L  SENSE ORGPNS 

H A R D E R I A N  GLAND N N N N N N N N N N N N N N N N N N N N N N N ~ N  
ADENOMA, NOS 

A L L  OTHER SYSTEflS 

109 

4 7  
I 
I 

4 s .  

27 

5 0 *  

40 

4 3  

I 

1 
1 

H* 

2-Biphenylamine Hydrochloride 

N N N N N N N N N N H N N N N N N N N N N N N N N  
X X x x  x x x  

M U L T I P L E  ORGANS NOS 
N A L I G H A N T  LYMPHOflA. NOS 

SO* 
I 3  

I 
A D I P O S E  T I S S U E  



TABLE 84. 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

S P L E E N  
HEMANOIOMA 
ANGIOSARCONA 

LYMPH NODES 

THYMUS 

E I R C U L A T O R Y  SYSTEM 

HEART 

b I G E S T I V E  SYSTEM 

S A L I V A R Y  OLAND 

INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 2-YEAR 
STUDY OF 2-BIPHENYLAMINE HYDROCHLORIDE 

+ 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 - t t t t t t t t t t t t  
X 

X 

~ 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 + t + t t t t  

t t t t + + + * t t t + + t + t t + + t t t + t t  

HIGH DOSE 

K I D N E Y  

U R I N A R Y  BLADDER 

ENDOCRINE SYSTEM 

X 
X X 

SUBCUTANEOUS T I S S U E  t t t t * t t t + t t + N + t t t t t t t t t t  
SQUAMOUS C E L L  CARCINOMA 
SARCOMA, NOS 
ANGIOSARCOMA 

~ * 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  

I 
R E S P I R A T O R Y  SYSTEM I t 

S I T E  UNKNOWN 
ADENOMI, NOS 

A D I P O S E  T I S S U E  

LUNGS A N 0  BRONCHI  t * t + t * + * * t t t + * t * t t t t t t t t t  
A L V E O L A R I B R O N C H I O L A R  ADENOMA X X X 
ALVEOLAR/BRONCHIOLAR CARCINOMA 

0-A X x -  

X 

L I V E R  t t + t t t t t + t t t t t t + t t t t t t t  
HEPATOCELLULAR ADENONA 
HEPATOCELLULAR CARCINONA 
ANOIOJARCOMA 

B I L E  DUCT 

GALLBLADDER 8 COMMON B I L E  DUCT 

PANCREAS 

ESOPHAGUS 

STOMACH 

SMALL I N T E S T I N E  

LARGE I N T E S T I N E  

U R I N A R Y  SYSTEM 

t - t t t + t t + t t t - -  t t t t t - t + t + t  
x x  X X x x  

P I T U I T A R Y  
ADENOMA, NOS 

ADRENAL 
ADENOMA, NOS 

T H Y R O I D  
F O L L I C U L A R - C E L L  ADENOMA 

UTERUS 

OVARY 

M U L T S P L E  ORGANS N 0 5  
M A L I G N A N T  LYMPHOMA, NOS 

N N N N N N N N N N N N N N N N N N N N N N N N N  I x x  

t: T I S S U E  E X A M I N E D  N I C R O S C O P I C A L L Y  ' NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
- :  R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  C l  NECROPSY. NO H I S T O L O O Y  D U E  TO PROTOCOL 
X: TUMOR I N C I D E N C E  
N :  NECROPSY, NO A U T O L Y S I S ,  NO N I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  M I S S I N O  

A :  A U T O L Y S I S  

B :  NO NECROPSY PERFORMED 
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TABLE B4. FEMALE MICE: TUMOR PATHOLOGY (CONTINUED) HIGH DOSE 

SUBCUTANEOUS T I S S U E  
SQUAMOUS C E L L  CARCINOMA 
SARCOMA, NOS 
ANGIOSARCOMA 

R E S P I R A T O R Y  SYSTEM 

t t t t t i t t t t t t t t t t t t t t t t t t t  son 
X 1 

X 2 
X 3 

LUNGS AND BRONCHI  
ALVEOLAR/BRONCHIOLAR ADENOMA 
ALVEOLAR/BRONCHIOLAR CARCINOMA . 

TRACHEA 

H E M A T O P O I E T I C  SYSTEM 

BONE MARROW 

t t t t t t + t + i t t t t t i t + t t + i t t t  so 
X 4 

X 1 

t i i t + + t t t t t t + t t t t t i t t i t t t  5 0  

t t t t t t t t + i t t t t t t t * t - t t t + t  4 7 ,  

S P L E E N  
HEMANGIOMA 
ANGIOSARCOMA 

LYMPH NODES 

THYMUS 

C I R C U L A T O R Y  S Y S T E N  

HEART 

S A L I V A R Y  GLAND 

t t t t t t t t t t t t t t t i t t t t t t t t +  4 9  
1 
1 

t t t t i t - t t * t t t t t t t t t t t t ~ t -  4 7  

t - - t t - - . t - - - t - - - * - - - - - - - -  23 

t t t t t t t t t t t t t t t t t t t i t t t t t  so 

3 -. 
, t t t t t t t t t t t t t t t t t t t t t t t - t  4 9  

R E P R O D U C T I V E  SYSTEM 

MAMPlARY GLAND 

UTERUS 

OVARY 

A L L  OTHER SYSTEMS 

: NO T I S S U E  I N F O R M A T I O N  S U B M I T T E D  
C :  NECROPSY,  NO H I S T O L O G Y  D U E  TO PROTOCOL 
4 :  A U T O L Y S I S  

B: NO NECROPSY PERFORMED 

t: T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
-: R E Q U I R E D  T I S S U E  NOT E X A M I N E D  M I C R O S C O P I C A L L Y  
X :  TUMOR I N C I D E N C E  
N:  NECROPSY.  NO A U T O L Y S I S ,  NO M I C R O S C O P I C  E X A M I N A T I O N  M: A N I M A L  f l I S S I N 0  

~ N N N N N N N N N N N N N N  N N N N N N N N N N  N 50r ._ 
~ t + t t t t t + t t t t t t t t t t t t t t t t  4 9 .  

+ t t t t t +  + t + t + t + t - t t + t t - t i t  44 

1 1 1  

M U L T I P L E  ORGAHS NOS 
M A L I G N A N T  LYMPHOMA. NOS 

ADENOMAr NOS 
S I T E  UNKNOWN 

2-Biphenylamine Hydrochloride 

N N N N N H N N N N N N N N N N N N N N N N N N N  5 0 1  
x x  x X X X 

X 1 

A D I P O S E  T I S S U E  
ANGIOSARCOMA I 2 1  
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS 
IN RATS FED DIETS CONTAINING 

2-BIPHENYLAMINE HYDROCHLORIDE 
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TABLE C l .  

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS FED 
DIETS CONTAINING 2-BIPHENYLAMINE HYDROCHLORIDE 

* S K I N  ( 5 0 )  ( 5 0 )  ( 5 0 )  
EPIDERMAL I N C L U S I O N  CYST 1 ( 2 % )  
I N F L  AMMA T I 0 N, N 0 S 1 ( 2 % )  1 ( 2 % )  
H Y P E R P L A S I A ,  BASAL CELL  2 ( 4 % )  1 ( 2 % )  
HYPERKERATOSIS  2 (4%) 1 ( 2 % )  1 ( 2 % )  
ACANTHOSIS  1 ( 2 % )  1 ( 2 % )  1 ( 2 % )  

SSUBCUT T I S S U E  
I N F L A M M A T I O N  NOS 

( 5 0 )  

RESPIRATORY SYSTEM 

#LUNG/BRONCHUS 
B R O N C H I E C T A S I S  
I N F L A M M A T I O N ,  NOS 

( 5 0 )  ( 4 9 )  ( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

#LUNG ( 5 0 )  ( 4 9 )  ( 5 0 )  
I N F L A M M A T I O N ,  NOS 2 ( 4 % )  2 ( 4 % )  4 ( 8 % )  
I N F L A M M A T I O N ,  FOCAL 1 ( 2 % )  
R E A C T I O N ,  F O R E I G N  BODY 1 ( 2 % )  1 (2?!) 3 ( 6 % )  
H Y P E R P L A S I A ,  E P I T H E L I A L  1 ( 2 % )  
H Y P E R P L A S I A ,  ALVEOLAR E P I T H E L I U M  1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H E M A T O P O I E T I C  SYSTEM 

#SPLEEN 
I N F A R C T ,  NOS 
H E M A T O P O I E S I S  

( 4 8 )  ( 5 0 )  ( 5 0  1 
1 ( 2 % )  

8 ( 1 7 % )  17 ( 3 4 % )  4 ( 8 % )  

#LUMBAR LYMPH NODE ( 4 8 )  ( 4 9 )  ( 4 8 )  
PLASMACYTOSIS  1 ( 2 % )  

A NUMBER O F  A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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CIRCULATORY SYSTEM 

#HEART 
MINERALIZATION 
THROMBOSIS, NOS 
INFLAMMATION, NOS 
FIBROSIS 

#AURICULAR APPENDAGE 
THROMBOSIS, NOS 

( 5 0 )  

1 ( 2 % )  

2 (4%) 

( 5 0 )  
1 ( 2 % )  

( 4 9 )  
1 ( 2 % )  

1 ( 2 % )  
1 ( 2 % )  

( 4 9 )  

( 5 0 )  

1 ( 2 % )  

( 5 0 )  

#MYOCARDIUM ( 5 0 )  ( 4 9 )  ( 5 0 )  
DEGENERATION, NOS 3 4  ( 6 8 % )  3 6  ( 7 3 % )  38 ( 7 6 % )  

*PANCREATIC ARTERY 
PERIVASCULITIS 

*RENAL ARTERY 
PERIVASCULITIS 

#STOMACH 
PERIVASCUL ITIS 

( 5 0 )  

( 5 0 )  

( 5 0 )  ( 5 0 )  
3 ( 6 % )  6 ( 1 2 % )  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  
1 ( 2 % )  

( 4 9 )  

DIGESTIVE SYSTEM 
*LIVER (49) ( 5 0 )  ( 5 0 )  

DILATATION, NOS 1 ( 2 % )  
FIBROSIS 1 ( 2 % )  
NECROSIS, FOCAL 5 ( 1 0 % )  2 (4%) 3 ( 6 % )  
NECROSIS, ISCHEMIC 2 (4%) 
INFARCT, NOS 1 ( 2 % )  
METAMORPHOSIS FATTY 1 ( 2 % )  3 ( 6 % )  
BASOPHILIC CYTO CHANGE 6 ( 1 2 % )  11 ( 2 2 % )  10 ( 2 0 % )  
FOCAL CELLULAR CHANGE 12 ( 2 4 % )  23 ( 4 6 % )  2 2  (44%) 
CLEAR-CELL CHANGE 1 ( 2 % )  1 ( 2 % )  1 ( 2 % )  

1 ( 2 % )  HYPERPLASIA, NOS 1 ( 2 % )  1 ( 2 % )  

2 (4%) ATROPHY, NOS 1 ( 2 % )  1 ( 2 % )  

( 4 9 )  ( 5 0 )  ( 5 0 )  #BILE DUCT 

( 4 8 )  ( 5 0 )  (47) #PANCREATIC ACINUS 

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY * NUMBER O F  ANIMALS NECROPSIED 
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TABLE C l .  MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U R I N A R Y  SYSTEM 

# K I D N E Y  ( 4 9 )  ( 5 0  1 
M I N E R  A L I Z A  T I O N  4 (8%) 
I N F L A M M A T I O N ,  NOS 2 1  ( 4 3 % )  4 3  ( 8 6 % )  
F I B R O S I S ,  D I F F U S E  15 ( 3 1 % )  4 1  ( 8 2 % )  
NEPHROPATHY 46  ( 9 4 % )  5 0  ( 1 0 0 % )  
DEGENERATION, C Y S T I C  1 ( 2 % )  

#K I DNEY/P EL  V I S 
H Y P E R P L A S I A  , EP I T H E L  I A L 

( 4 9 )  ( 5 0 )  
3 ( 6 % )  8 ( 1 6 % )  

#URINARY BLADDER ( 4 8 )  ( 5 0 )  
I N F L A M M A T I O N ,  NOS 
H Y P E R P L A S I A ,  E P I T H E L I A L  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ENDOCRINE SYSTEM 

# P I T U I T A R Y  
D I L A T A T I O N ,  NOS 

#ADRENAL 
M I N E R A L I Z A T I O N  
HEMORRHAGE 
M E T A P L A S I A ,  OSSEOUS 

( 4 5 )  ( 4 5 )  

( 5 0 )  
4 (8%)  

4 1  ( 8 2 % )  
4 0  ( 8 0 % )  
4 9  ( 9 8 % )  

6 ( 1 2 % )  

( 5 0 )  
9 ( 1 8 % )  

(47) 
1 ( 2 % )  
1 ( 2 % )  -____---__ 

( 4 8 )  
2 (4%) 

( 4 9 )  

1 ( 2 % )  
1 ( 2 % )  

#ADRENAL CORTEX ( 4 8 )  ( 5 0 )  ( 4 9 )  
HYPERTROPHY, FOCAL 1 ( 2 % )  
H Y P E R P L A S I A ,  NOS 2 (4%) 
H Y P E R P L A S I A ,  FOCAL 1 ( 2 % )  

H Y P E R P L A S I A ,  NODULAR 4 (8%) 
H Y P E R P L A S I A ,  NOS 3 ( 6 % )  1 ( 2 % )  I ( 2 % )  

#ADRENAL MEDULLA ( 4 8 )  ( 5 0 )  ( 4 9 )  

t NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
8 NUMBER OF A N I M A L S  NECROPSIED 
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# T H Y R O I D  (47) ( 4 9 )  ( 4 6 )  
F O L L I C U L A R  CYST, NOS 1 ( 2 % )  
H Y P E R P L A S I A ,  C-CELL 1 ( 2 % )  4 ( 8 % )  5 ( 1 1 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REPRODUCTIVE SYSTEM 

%MAMMARY GLAND 
GALACTOCELE 

% P E N I S  
INFLAMMATION,  NOS 

%PREPUCE 
I N F L A M M A T I O N ,  NOS 

% P R E P U T I A L  GLAND 
I N F L A M M A T I O N ,  NOS 

NECROSIS ,  NOS 
F I B R O S I S  

#PROSTATE 
I N F L A M M A T I O N t  NOS 

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

(50) (50) 

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  1 ( 2 % )  1 ( 2 % )  
1 (2%) 1 ( 2 % )  
3 ( 6 % )  1 ( 2 % )  3 ( 6 % )  

( 4 6  1 
2 (4%) 

MINERAL IZAT I O N  2 (4%) 
ATROPHY, NOS 1 ( 2 % )  
H Y P E R P L A S I A ,  I N T E R S T I T I A L  C E L L  1 ( 2 % )  

RT EST I S  (50) ( 4 9 )  
3 ( 6 % )  
2 (4%) 

8 ( 1 6 % )  
2 (4%) 
2 ( 4 % )  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
% NUMBER OF A N I M A L S  NECROPSIED 
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TABLE Cl .  MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CONTR 0 L LOW DOSE HIGH DOSE 

A L L  OTHER SYSTEMS 

* M U L T I P L E  ORGANS 
M I N E R A L I Z A T I O N  

( 5 0 )  

OMENTUM 
M I N E R A L I Z A T I O N  1 
NECROSIS ,  FAT 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S P E C I A L  MORPHOLOGY SUMMARY 

NO L E S I O N  REPORTED 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 

2-Biphenylamine Hydrochloride 118 



TABLE C2. 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS FED 
DIETS CONTAINING 2-BIPHENY LAMlNE HYDROCHLORIDE 

RESPIRATORY SYSTEM 

#LUNG/BRONCHIOLE ( 5 0 )  (49) ( 5 0 )  
HYPERPLASIA, NOS 1 (2%) 

#LUNG ( 5 0 )  (49) ( 5 0 )  
1 ( 2 % )  
5 ( 1 0 % )  

. 

HEMORRHAGE 
INFLAMMATION, NOS 2 ( 4 % )  
HYPERPLASIA, ALVEOLAR EPITHELIUM 

1 ( 2 % )  
1 ( 2 % )  

HEMATOPOIETIC SYSTEM 
#SPLEEN ( 4 8 )  (49) ( 5 0 )  

HEMOSIDEROSIS 1 (2%) 
HYPERPLASIA, RETICULUM CELL 1 (2%) 
H EM ATOP0 I ES I S 19 ( 4 0 % )  31 ( 6 3 % )  19 (38%)  

#LIVER ( 5 0 )  (49) ( 5 0 )  
HEMATOPOIESIS 3 (6%) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CIRCULATORY SYSTEM 
#HEART ( 5 0 )  (49) ( 5 0 )  

INFLAMMATION, NOS 1 (2%) 

# NUMBER * NUMBER 
OF 
OF 

ANIMA L S 
ANIMALS 

WITH TISSUE 
NECROPSIED 

EXAMINED MICROSCOPICALLY 
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D I G E S T I V E  SYSTEM 

# L I V E R  ( 5 0 )  ( 4 9 )  ( 5 0 )  
D I L A T A T I O N ,  NOS 2 (4%) 
F I B R O S I S  1 ( 2 % )  
NECROSIS ,  FOCAL 3 ( 6 % )  5 ( 1 0 % )  1 ( 2 % )  
NECROSIS ,  I S C H E M I C  1 ( 2 % )  
METAMORPHOSIS F A T T Y  3 ( 6 % )  3 ( 6 % )  4 ( 8 % )  
B A S O P H I L I C  C Y 1 0  CHANGE 36  ( 7 2 % )  2 9  ( 5 9 % )  3 9  ( 7 8 % )  
FOCAL CELLULAR CHANGE 2 (4%) 9 (18%) 5 ( 1 0 % )  

# B I L E  DUCT 
H Y P E R P L A S I A ,  NOS 

#PANCREATIC A C I N U S  
ATROPHY, NOS 
HYPERTROPHY, FOCAL 

( 5 0 )  ( 4 9 )  ( 5 0 )  
1 ( 2 % )  

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

#STOMACH (47) ( 4 9 )  ( 4 9 )  
I N F L A M M A T I O N ,  NOS 1 ( 2 % )  
H Y P E R P L A S I A ,  BASAL C E L L  3 ( 6 % )  3 ( 6 % )  
HYPERKERATOSIS  4 ( 9 % )  3 ( 6 % )  
ACANTHOSIS 2 (4%) 4 ( 8 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U R I N A R Y  SYSTEM 

# K  I DN EY ( 5 0 )  ( 4 9 )  ( 5 0 )  
M I N E R A L I Z A T I O N  12 ( 2 4 % )  7 ( 1 4 % )  11 ( 2 2 % )  
INFLAMMATION,  NOS 3 ( 6 % )  4 ( 8 % )  6 ( 1 2 % )  
GLOMERULONEPHRITIS,  FOCAL 1 ( 2 % )  
I N F L A M M A T I O N ,  I N T E R S T I T I A L  1 ( 2 % )  1 ( 2 % )  
F I B R O S I S ,  D I F F U S E  2 (4%) 6 ( 1 2 % )  
NEPHROPATHY 2 6  ( 5 2 % )  37  ( 7 6 % )  4 3  ( 8 6 % )  
DEGENERATION,  C Y S T I C  1 ( 2 % )  
GLOMERULOSCLEROSIS, NOS 1 ( 2 % )  

H Y P E R P L A S I A ,  E P I T H E L I A L  2 (4%) 1 ( 2 % )  
# K I D N E Y / P E L V I S  ( 5 0 )  ( 4 9 )  ( 5 0 )  

# NUMBER O F  A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ENDOCRINE SYSTEM 

# P I T U I T A R Y  
CYST, NOS 
A N G I E C T A S I S  

M I N E R A L I Z A T I O N  
METAMORPHOSIS F A T T Y  

#ADRENAL 

#ADRENAL CORTEX 
HYPERTROPHY? FOCAL 
H Y P E R P L A S I A ,  NOS 
H Y P E R P L A S I A ,  FOCAL 

#ADRENAL MEDULLA 
H Y P E R P L A S I A ,  NOS 

( 4 7 )  (48) ( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  2 (4%) I ( 2 % )  

( 5 0 )  
1 ( 2 % )  

( 4 9 )  
1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  

( 5 0  1 ( 4 9 )  ( 5 0 )  
1 ( 2 % )  

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

1 ( 2 % )  1 ( 2 % )  2 (4%) 
( 5 0 )  ( 4 9 )  ( 5 0 )  

# T H Y R O I D  ( 4 9 )  ( 4 7 )  ( 4 9 )  
F O L L I C U L A R  CYST,  NOS 1 ( 2 % )  1 ( 2 % )  
H Y P E R P L A S I A ,  C-CELL  6 (13%)  1 ( 2 % )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REPRODUCTIVE SYSTEM 

*MAMMARY GLAND ( 5 0 )  ( 4 9 )  ( 5 0 )  
GALACTOCELE 9 (18%) 3 ( 6 % )  5 ( 1 0 % )  
I N F L A M M A T I O N ,  NOS 2 (4%) 
H Y P E R P L A S I A ?  NOS 1 ( 2 % )  

* C L I T O R A L  GLAND 
NECROSIS,  NOS 

#UTERUS 
HYDROMETRA 
I N F L A M M A T I O N ,  NOS 

#UT 

PYOMETRA 

ERUS/ENDOMETRIUM 
H Y P E R P L A S I A ,  NOS 

( 5 0 )  
1 ( 2 % )  

( 4 9 )  
2 (4%) 
1 ( 2 % )  

( 4 9 )  

( 5 0  1 
1 ( 2 % )  

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

#OVARY ( 4 9 )  ( 4 9 )  
CYST, NOS 1 ( 2 % )  

I) NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED) 

CONTR 0 L LOW DOSE HIGH DOSE 

ALL OTHER SYSTEMS 

NMULTIPLE ORGANS 
MINERALIZATION 

( 5 0 )  

I NUMBER OF ANIMALS WITH T I S S U E  EXAMINED MICROSCOPICALLY 
NUMBER OF ANIMALS NECROPSIED 

2-Biphenylamine Hydrochloride 122 



APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS 
IN MICE FED DIETS CONTAINING 

2-BIPHENYLAMINE HYDROCHLORIDE 
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TABLE 01. 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE FED 
DIETS CONTAINING 2-BIPHENY LAMlNE HYDROCHLORIDE 

A N I M A L S  I N I T I A L L Y  I N  STUDY 50 
A N I M A L S  NECROPSIED 50 
A N I M A L S  E X A M I N E D  H I S T O P A T H O L O G I C A L L Y  50 

5 0  
5 0  
5 0  

50 
5 0  
5 0  

INTEGUMENTARY SYSTEM 

* S K I N  
NECROSIS ,  NOS 

*SUBCUT T I S S U E  
I N F L A M M A T I O N t  NOS 
R E A C T I O N ,  F O R E I G N  BODY 

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  1 ( 2 % )  

( 5 0 )  ( 5 0 )  
1 ( 2 % )  
1 ( 2 % )  

R E S P I R A T O R Y  SYSTEM 

#LUHG/BRONCHUS 
I N F L A M M A T I O N ,  NOS 

#LUNG 
M I N E R A L I Z A T I O N  
H EMORRH A G E 
I N F L A M M A T I O N .  NOS 

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 1  ( 2 2 % )  2 1  ( 4 2 % )  3 ( 6 % )  

( 5 0 )  ( 5 0 )  ( 5 0 )  
3 (6%) 2 (4%) 

1 ( 2 % )  

PNEUMONIA,  A S P I R A T I O N  1 ( 2 % )  
18 (36%) 2 9  ( 5 8 % )  1 1  ( 2 2 % )  

................................................................................ 
H E M A T O P O I E T I C  SYSTEM 

N M U L T I P L E  ORGANS 
H E M A T O P O I E S I S  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  
9 (18%) 

(50) 
2 (4%) 

#BONE MARROW ( 4 5 )  ( 4 8 )  (47) 
H Y P E R P L A S I A ,  H E M A T O P O I E T I C  3 ( 7 % )  2 (4%) 3 ( 6 % )  

#SPLEEN ( 5 0 )  ( 4 9 )  ( 4 7  1 
H Y P E R P L A S I A ,  L Y M P H O I D  1 ( 2 % )  1 ( 2 % )  
H E M A T O P O I E S I S  14 ( 2 8 % )  8 (16%) 12 ( 2 6 % )  

HEMORRHAGE 1 ( 2 % )  
#LYMPH NODE ( 4 9 )  (47) ( 4 2 )  

A NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
X NUMBER OF A N I M A L S  NECROPSIED 

2-Biphenylatnine Hydrochloride 124 



TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ANGIECTASIS 7 (15%) 
PLASMACYTOSIS 
HYPERPLASIA, RETICULUM CELL 1 (2%) 
HYPERPLASIA, LYMPHOID 1 (2%) 
HEMATOPOIESIS 4 (8%) 12 (26%) 8 (19%) 

1 (2%) ._ .. 
3 (7%) 
1 (2%) 
1 (2%) 

#MEDIASTINAL L.NODE 
HYPERPLASIA, NOS 

#LUMBAR LYMPH NODE 
PLASMACYTOSIS 

( 4 2 )  

#MESENTERIC L. NODE ( 4 9 )  ( 4 7 )  (42) 
ANGIECTASIS 2 (4%) 
HYPERPLASIA, RETICULUM CELL 1 (2%) 
HEMATOPOIESIS 6 (12%) 1 (2%) 1 (2%) 

HEMATOPOIESIS I (2%) 
#LIVER ( 5 0 )  (50) (50) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CIRCULATORY SYSTEM 

#HEART 
ENDOCARDITIS, BACTERIAL 
FIBROSIS 

#ENDOCARDIUM 
INFLAMMATION, NOS 

( 5 0 )  

( 5 0 )  

( 5 0 )  

( 5 0 )  

(50) 
2 (4%) 
1 (2%) 

( 5 0 )  
1 (2%) 

#CARDIAC VALVE ( 5 0 1  (50) ( 5 0 )  
INFLAMMATION, NOS 2 (4%) 

DIGESTIVE SYSTEM 

HTONGUE (50) ( 5 0 )  (50) 
EPIDERMAL INCLUSION CYST 1 (2%) 

#LIVER (50) ( 5 0 )  ( 5 0 )  
MINERALIZATION 1 (2%) 
DILATATION, NOS 2 ( 4 % )  
NECROSIS, NOS 1 (2%) 1 ( 2 % )  < 1 (2%) (4%) 3 ( 6 % )  

I NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY * NUMBER OF ANIMALS NECROPSIED 
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TABLE D I .  MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) ................................................................................ 
CONTROL LOW DOSE HIGH DOSE 

................................................................................ 
N E C R O S I S ,  I S C H E M I C  1 (2%) 1 (2%)  
METAMORPHOSIS F A T T Y  3 ( 6 % )  3 ( 6 % )  2 (4%) 
B A S O P H I L I C  CYTO CHANGE 1 (2%) 
FOCAL C E L L U L A R  CHANGE 1 ( 2 % )  
E O S I N O P H I L I C  C Y 1 0  CHANGE 1 ( 2 % )  
CLEAR-CELL CHANGE 1 (2%)  1 (2%)  

*GALLBLADDER 
I N F L A M M A T I O N ,  NOS 

#PANCREAS 
I N F L A M M A T I O N ,  NOS 

# P A N C R E A T I C  A C I N U S  
ATROPHY, NOS 
HYPERTROPHY, FOCAL 

#STOMACH 
HEMORRHAGE 

H Y P E R K E R A T O S I S  
I N F L A M M A T I O N ,  NUS 

AGASTRIC MUCOSA 
H Y P E R P L A S I A  t FOCAL 

( 5 0 )  

( 4 8 )  

( 4 8 )  

( 5 0 )  ( 5 0 )  
1 ( 2%)  

( 4 9 )  ( 5 0 )  ( 4 7 )  
1 ( 2 % )  
2 (4%) 2 (4%) 1 ( 2 % )  
1 (2%) 1 ( 2 % )  1 ( 2 % )  

( 4 7 )  
1 (2%) 

U R I N A R Y  SYSTEM 

#KIDNEY , . - - . . - . 
M I N E R A L I Z A T I O N  
HYDRONEPHROSIS 
I N F L A M M A T I O N ,  NOS 
I N F L A M M A T I O N ,  I N T E R S T I T I A L  
ABSCESS, NOS 
NEPHROPATHY 

# P E R I R E N A L  T I S S U E  
ABSCESS, NOS 

( 5 0 )  ( 5 0 )  
6 (12%)  3 ( 6 % )  

1 (2%)  1 (2%) 

1 (2%)  
2 (4%) 

2 (4%) 

( 5 0 )  ( 5 0 )  

( 4 9 )  
1 ( 2 % )  
1 (2%) 

( 4 9 )  
1 ( 2 % )  

# U R I N A R Y  BLADDER ( 5 0 )  ( 5 0 )  ( 4 7 )  
I N F L A M M A T I O N ,  NOS 1 (2%)  

t NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
H NUMBER OF A N I M A L S  NECROPSIED 
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TABLE 01. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CONTROL LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 

#ADRENAL 
M I N E R A L I Z A T I O N  
H Y P E R P L A S I A ,  NOS 

#ADRENAL CORTEX 
HYPERTROPHY, FOCAL 

#THYROID ( 4 6  1 
INFLAMMATION,  NOS 1 ( 2 % )  
H Y P E R P L A S I A ,  F O L L I C U L A R - C E L L  1 ( 2 % )  

( 4 6 )  ( 4 9 )  

REPRODUCTIVE SYSTEM 

* P E N I S  
INFLAMMATION,  NOS 
NECROSIS,  NOS 

* P R E P U T I A L  GLAND 
INFLAMMATION,  NOS 
NECROSIS ,  NOS 

*SEMINAL V E S I C L E  
ABSCESS, NOS 

RT E S T I S  
MINERAL . I Z A T I O N  

( 5 0 )  
1 ( 2 % )  

( 5 0 )  

( 5 0 )  ( 5 0 )  
3 ( 6 % )  
1 ( 2 % )  

( 5 0 )  ( 5 0 )  
1 ( 2 % )  

1 ( 2 % )  

( 5 0 )  ( 5 0 )  ( 5 0 )  
1 ( 2 % )  

( 5 0 )  ( 4 9 )  (47) 
1 ( 2 % )  1 ( 2 % )  1 ( 2 % )  

MUSCULOSKELETAL SYSTEM 

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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TABLE Dl .  MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) ................................................................................ 
CONTROL LOW DOSE HIGH DOSE 

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

A L L  OTHER SYSTEMS 

OMENTUM 
NECROSIS ,  F A T  2 . ............................................................................... 

S P E C I A L  MORPHOLOGY SUMMARY 

NO L E S I O N  REPORTED 2 2 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
t NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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TABLE D2. 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE FED 
DIETS CONTAINING 2-BIPHENYLAMINE HYDROCHLORIDE 

A N I M A L S  I N I T I A L L Y  I N  STUDY 50 
A N I M A L S  M I S S I N G  1 
A N I M A L S  NECROPSIED 4 9  
A N I M A L S  EXAMINED H I S T O P A T H O L O G I C A L L Y  4 9  

5 0  

5 0  
5 0  

5 0  

5 0  
5 0  

INTEGUMENTARY SYSTEM 

*SUBCUT T I S S U E  ( 4 9 )  ( 5 0 )  ( 5 0 )  
M I N E R A L I Z A T I O N  1 (2%) 
I N F L A M M A T I O N ,  NOS 1 (2%) 
ABSCESS, NOS 1 (2%) 
NECROSIS,  NOS 2 (4%) ................................................................................ 

RESPIRATORY SYSTEM 

lILUNG/BRONCHUS 
I N F L A M M A T I O N t  NOS 

#LUNG 
HEMORRHAGE 
I N F L A M M A T I O N ,  NOS 
I N F L A M M A T I O N ,  ACUTE 

( 4 9 )  ( 5 0 )  ( 5 0 )  

( 4 9 )  ( 5 0 )  ( 5 0 )  

4 (8%) 5 ( 1 0 % )  4 (8%) 

1 (2%) 
10 ( 2 0 % )  10 (20%)  10 ( 2 0 % )  

1 ( 2 % )  

H E M A T O P O I E T I C  SYSTEM 

* M U L T I P L E  ORGANS 
H E M A T O P O I E S I S  

RSUBCUT T I S S U E  
H E M A T O P O I E S I S  

( 4 9 )  

#BONE MARROW ( 4 1 )  ( 4 7 )  
H Y P E R P L A S I A ,  H E M A T O P O I E T I C  2 (5%) 3 ( 6 % )  
M Y E L O P O I E S I S  1 (2%)  

# S P L E E N  
H E M A T O P O I E S I S  

( 4 8 )  ( 4 9 )  ( 4 9 )  
2 1  (44%)  19 ( 3 9 % )  23 ( 4 7 % )  

#LYMPH NODE ( 4 0 )  ( 4 7 )  ( 4 7 )  
HENJRRH&E 1 (2%)  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  E X A M I N E D  M I C R O S C O P I C A L L Y  
R NUMBER OF A N I M A L S  NECROPSIED 
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#LUMBAR LYMPH NODE 
HEMORRHAGIC CYST 
PLASMACYTOSIS  
H E M A T O P O I E S I S  

#MESENTERIC L .  NODE 
A N G I E C T A S I S  
H E M A T O P O I E S I S  

#RENAL LYMPH NODE 
PLASMACYTOSIS  
H E M A T O P O I E S I S  

# L I V E R  
H EM ATOP0 I E S I S  

( 4 0 1  ( 4 7 )  

( 4 0 )  

3 (8%)  

( 4 7 )  

( 4 7 )  
1 ( 2 % )  
1 ( 2 % )  
1 ( 2 % )  

( 5 0 )  
6 ( 1 2 % )  

CIRCULATORY SYSTEM 

#LYMPH NODE 

#MESENTERIC L .  NODE 

#HEART 

#AURICULAR APPENDAGE 

THROMBOSIS, NOS 

THROMBOSIS, NOS 

I N F L A M M A T I O N ,  ACUTE 

THROMBOSIS, NOS 

#UTERUS 
THROMBOSIS, NOS 

( 4 0 )  

( 4 0 )  

( 4 9 )  

( 4 9 )  

( 4 9 )  

( 4 7 )  

( 5 0 )  

( 5 0 )  

( 4 8 )  

( 4 7 )  
1 ( 2 % )  

( 5 0 )  
1 ( 2 % )  

# L I V E R  ( 4 9 )  
D I L A T A T I O N .  NOS 1 (2%)  

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
S NUMBER OF A N I M A L S  NECROPSIED 
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) ................................................................................ 
CONTROL LOW DOSE HIGH DOSE 

NECROSIS .  C O A G U L A T I V E  
NECROSIS ;  ISCHEMIC- - 
METAMORPHOSIS F A T T Y  6 ( 1 2 % )  

*GAL L BLADDER 
I N F L A M M A T I O N ,  NOS 

#PANCREAS 
M I N E R A L I Z A T I O N  
I N F L A M M A T I O N ,  NOS 

#PANCREATIC 
ATROPHY 

A C I N U S  
NOS 

PS1 'OMACH 
M I N E R A L I Z A T I O N  
I N F L A M M A T I O N ,  NOS 
ULCER, NOS 
NECROSIS ,  NOS 
NECROSIS,  FOCAL 
H Y P E R P L A S I A ,  BASAL 
HYPERKERATOSIS  
ACANTHOSIS 

C E L L  

( 4 9 )  ( 5 0 )  

( 4 7 )  

1 ( 2 % )  

1 (2%)  
1 ( 2 % )  

1 ( 2 % )  
7 ( 1 5 % )  1 (2%)  1 (2%)  

1 ( 2 % )  

1 ( 2 % )  

#PEYER'S  PATCH ( 4 4 )  ( 4 1 )  ( 4 4 )  
H Y P E R P L A S I A ,  NOS 1 (2%)  1 (2%)  ................................................................................ 

U R I N A R Y  SYSTEM 

#K I DN EY 
M I N E R A L I Z A T I O N  
GLOMERULONEPHRITIS,  NOS 
INFLAMMATION,  NOS 
ABSCESS, NOS 
NEPHROPATHY 

( 4 9 )  

2 ( 4 % )  

( 4 9 )  
1 ( 2 % )  

1 (2%)  

1 ( 2 % )  

ENDOCRINE SYSTEM 

# P I T U I T A R Y  
H Y P E R P L A S I A ,  NOS 

( 4 3 )  ( 4 2 )  ( 4 1 )  
1 ( 2 X )  

PADRENAL ( 4 9 )  ( 4 7 )  ( 4 8 )  
1 %  

P NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  * NUMBER OF A N I M A L S  NECROPSIED 
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) ................................................................................ 
CONTROL LOW DOSE HIGH DOSE 

(THYROID 
F O L L I C U L A R  CYST, NOS 
H Y P E R P L A S I A ,  F O L L I C U L A R - C E L L  

( 4 5 )  

2 (4%) 

(4a )  
1 (2%)  

REPRODUCTIVE SYSTEM 

W U L V A  
I N F L A M M A T I O N ,  NOS 
ACANTHOSIS  

W A G I N A  
I N F L A M M A T I O N ,  NOS 
ACANTHOSIS  

#UTERUS 
HYDROMETRA 
HEMORRHAGE 

PYOMETRA 
I N F L A M M A T I O N ,  NOS 

ABSCESS, NOS 
NECROSIS ,  NOS 

# C E R V I X  U T E R I  
I N F L A M M A T I O N ,  NOS 

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

( 5 0 )  

( 4 8 )  
II ( 1 7 % )  

7 ( 1 5 % )  

1 (2%) 

( 5 0 )  

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

1 (2%) 
1 ( 2 % )  

#UTERUS/ENDOMETRIUM ( 4 9 )  ( 4 8 )  ( 4 9 )  
I N F L A M M A T I O N ,  NOS 1 ( 2%)  
H Y P E R P L A S I A ,  NOS 4 (8%)  2 (4%) 2 (4%) 
H Y P E R P L A S I A ,  C Y S T I C  20 ( 4 1 % )  23 ( 4 8 % )  i a  ( 3 7 % )  

#OVARY (44) ( 4 3 )  (44) 
M I N E R A L I Z A T I O N  1 (2%)  1 ( 2 % )  
HEMORRHAGE 2 (5%)  
I N F L A M M A T I O N  NOS 1 (2%) 1 ( 2 x 1  
ABSCESS, NOS 7 ( 1 6 % )  3 ( 7 % )  
F I B R O S I S  4 ( 9 % )  
DEGENERATION, C Y S T I C  1 (2%) 

a c ia%)  

................................................................................ 
NERVOUS SYSTEM 

# B R A I N  ( 4 9 )  ( 5 0 )  ( 5 0 )  
HEMORRHAGE 1 (2%) 

# NUMBER OF A N I M A L S  W I T H  T I S S U E  EXAMINED M I C R O S C O P I C A L L Y  
W NUMBER OF A N I M A L S  NECROPSIED 
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TABLE 02. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED) ................................................................................ 
CONTROL LOW DOSE HIGH DOSE 

................................................................................ 
S P E C I A L  SENSE ORGANS 

MUSCULOSKELETAL SYSTEM 

NONE ................................................................................ 
BODY C A V I T I E S  

HABDOMINAL C A V I T Y  
ABSCESS, NOS 

( 4 9 )  ( 5 0 )  ( 5 0 )  
1 (2%)  

ALL OTHER SYSTEMS 

OMENTUM 
NECROSIS ,  FAT 3 1 2 ................................................................................ 

S P E C I A L  MORPHOLOGY SUMMARY 

NO L E S I O N  REPORTED 1 1 2 
ANIMAL M I S S I N G / N O  NECROPSY 1 ................................................................................ 

t NUMBER OF ANIMALS W I T H  T I S S U E  EXAMINED MICROSCOPICALLY 
R NUMBER OF ANIMALS NECROPSIED 
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ANALYSIS OF TECHNICAL-GRADE 2-BIPHENYLAMINE 
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APPENDIX E 

A, ELEMENTAL ANALYSIS 
Element C H N 
Theory 85.17 6.55 8.28 

Determined 85.27 6.55 8.17 
85.1 1 6.57 8.19 

B. MELTING POINT 
Determined 
44"-47OC (visual, sealed, 
evacuated ca pi I la ry ) 

Literature Values 
45°C (Finzi and Leandri, 1950) 

C. THIN-LAYER CHROMATOGRAPHY 
Plates: Silica gel F-254 

Amount Spotted: 120 and 360 pg 
Ref. Standard: Aniline 
Visualization: Ultraviolet, 254 and 366 nm 

System 1: Chloroform, 100% 
Rf: 0.34, 0. I9 (minor, 254 nm only), origin (minor, 

Rst: 2.00, I .  12, origin 

366 nm only) 

System 2: Ethyl acetate, 100% 

366 nm only) 
Rf: 0.95, 0.89 (minor, 254 nm only), origin (minor, 

Rst: 1.07, 1.00, origin 

D. VAPOR-PHASE CHROMATOGRAPHY 

System I :  
Instrument: Tracor MT-220 
Column: 3% OV-I on 80/ 100 Supelcoport, 1.8 m x 4 mm I.D. 
Detector: Flame ionization 
Oven Temperature Program: 1OOo-25O0, 10°/min 
Results: Major peak and one impurity 

Retention NormaUzed Normalized 
Peak Time (min.) Retention Time Peak Height 

( I )  Major 5.2 
(2) Minor 6.6 

2-Biphenylamine Hydrochloride 

1 .00 
1.26 

I36 

100.00 
1.38 



APPENDIX E 

System 2: 

Instrument: Bendix 2500 
Column: 3% OV-l on Chromosorb W (HP), 1.8 m x 4 mm I.D. 
Detector: Flame Ionization 
Oven Temperature Program: 2 min. at IOOOC, then 

Results: Major peak and three impurities 
1OOo-25O0C at 10°C/min. 

Retention Normalized Normalized 
Peak Time (min.) Retention Time Peak Height 

Minor 4.6 
Major 8.2 
Minor IO. 1 
Minor 1 1 . 1  

E. SPECTRAL DATA 

1. Infrared 
Instrument: Beckman IR-12 
Cell: 0.5% KBr pellet 
Results: See Figure 5 

Instrument: Cary I18 
E maxm = (3.2 i 0.2(6)) x IO3 

E mix223 = (2.3 f 0.1(6)) x 104 
No maxima between 350 and 
800 nm (visible region) at 
I .2 mg/ ml 
Solvent: 95% Ethanol 

3. Nuclear Magnetic Resonance 
Instrument: Varian HA-100 
Solvent: Methanolds with 
internal TMS 
(See Figure 6) 
(a) 4.676, (b) 6.53-7.076, 

Integration Ratios: 
(a) 1.56, (b) 4.06, (c) 4.94 

2. Ultraviolet/ Visible 

(c) 7.08-7.606 

0.56 
1 .00 
1.24 
1.35 

0.08 
100.00 

1.80 
0.03 

Literature (Sadtler Standard Spectra) 
Consistent 

Calculated from graph given 
in literature spectrum 

E max300 = 3.18 x IO3 
E 1118x223,s = 2.16 x 104 

Solvent: Methanol 

Consistent 
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Figure 5. Infrared Absorption Spectrum of 2-Biphenylamine (Lot No. 081547) 
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APPENDIX F 

A. ELEMENTAL ANALYSIS 
Element C H N 

Theory 85.17 6.55 8.28 

Determined 85.06 6.65 8.34 

85.15 6.58 8.28 

B. WATER ANALYSIS 
(Karl Fisher) 

0.53% 0.04 (6)% 

C. TITRATION 

Nonaqueous titration of amine group with perchloric acid 97.14% f 0.08 (6)%. 

D. MELTING POINT 
Determined Literature (Finzi and Leandri, 1950) 

45" c 44"-5 1°C (visual capillary) 

E. THIN-LAYER CHROMATOGRAPHY 
Plates: Silica Gel 60F-254 
Amount Spotted: 100 and 300 pg 
Ref. Standard: Aniline 
Visualization: Ultraviolet (254 and 366 nm) 

System 1 : Chloroform 

Rf: 0.42 (major) 
0.24 (trace) 

Rst: 1.75, 1.00 
System 2: Ethyl acetate 

0.78 (trace) 
Rf: 0.88 (major) 

Rst: 1.16, 1.03 

F. VAPOR-PHASE CHROMATOGRAPHY 
System 1: 

Instrument: Tracor MT-220 
Column: 3% OV-1 on 80/ 100 Supelcoport, 1.8 m x 4 mm 1.D. 

Detector: Flame ionization 
Oven Temperature Program: 100°C, 3 min; 100" to 250°C 

Results: One homogenous peak (retention time 8.85 min) 
at 10°C/min. 
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System 2: 
Instrument: Bendix 2500 
Column: 3% OV-225 on SO/ 100 Chromosorb W (HP), 1.8 m x 4 mm 

Detector: Flame ionization 
Inlet temperature: 225OC 
Detector temperature: 25OoC 
Oven Temperature Program: 3 min. at 100°C, then 

100°-2250 C at IOo C /  min. 
Results: major peak and six impurities 

I.D., glass 

Retention Retention Time Area 
Time (Relative to (Relative to 

Peak (min.) 2-Biphenlamine) 2-Biphen ylamine) 

I 2.6 
2 10.6 
3 11.2 
4 12.9 
5 14.2 
6 14.6 
7 15.1 

0.25 
1 .oo 
1.10 
1.26 
1.39 
1.43 
1.48 

0.07 
100.00 

0.09 
0.03 
0.05 
0.9 
0.02 

Peak No. 6 was enhanced when 4-biphenylamine was added to  the sample. This peak was quantitated 
against standard solutions of 4-biphenylamine using the same instrumental conditions as above except 
that the oven temperature program used was 175°C isothermal. 4-Biphenylamine was found to be 
present at a concentration of 1.2%. 

G. VAPOR-PHASE CHROMATOGRAPHY/MASS SPECTROMETRY 
Instrument: Varian MAT CH4B mass spectrometer interfaced via a 

Watson-Biemann helium separator to a Tracor M T  2000 M F  
vapor-phase chromatograph. Data processed by a Varian 620/ i 
computer. 

Inlet temperature: 225OC 
Column: 3% OV-225 on 80/ 100 Supelcoport, 1.8 m x 2 mm I.D. 

Oven temperature program: 180" C ,  isothermal 
glass 

Under these conditions, 4-biphenylamine had a retention time of 7.1 minutes. When 2-biphenylamine 
was injected under the same conditions, the major peak had a retention time of 2.2 minutes, and a minor 
peak was observed with a retention time of 7.1 minutes. The mass spectra of both of these peaks 
appeared to  be consistent with that of biphenylamine. (The mass spectra of the 2- and 4-biphenylamine 
isomers are not significantly different.) However, the major peak was still being eluted when the minor 
peak was eluted at 7.1 minutes A computer search for the masses 169, 170 characteristics of biphenyl- 
amine showed that these masses decreased after the major peak was eluted and increased again under 
the peak at 7.1 minutes. 

Conclusion: 4-Biphenylamine is present in the sample. 
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APPENDIX F 

H. SPECTRAL DATA 
Midwest Analysis 
(1 )  Infrared 

Instrument: Beckman IR-12 
Cell: Melt between NaCl 
Results: See Figure 7 

Instrument: Cary 118 
(2) Ultraviolet/ Visible 

A max(nm) E x 10-3 

300 3.13 & 0.02 (6) 
250 (6) 5.6 ~ 0 . 1  (6) 
223 21.3 ~ 0 . 3  (6) 

Solvent: Methanol 
No maxima between 350 and 
800 nm (visible region) at 
1 .1  mg/ml 

(3) Nuclear Magnetic Resonance 

Instrument: Varian HA-I00 
Solvent; Methanol-d4 with 
T M S  internal standard 
See Figure 8 

4.81 ppm 
(a) H D O  and NH2 6 

(b) 6 = 6.69 - 7.26 ppm 
(c) 6 7.30 - 7.58 ppm 
(d) Solvent 6 = 3.31 ppm 

Integration Ratios: 

(a) H D O  and NH2 
(b) 4.20 
(c) 4.80 
(d) Solvent 

2-Biphenylamine Hydrochloride 

Literature 

Consistent with Sadtler Standard Spectra 

A max(nm) E x 10-3 

300 3.18 
223.5 21.6 

Solvent; Methanol 
Calculated from graph 
given in literature 
(Sadtler Standard Spectra) 

Consistent with Sadtler Standard Spectra 
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Figure 7. Infrared Absorption Spectrum of 2-Biphenylamine (Lot No. CP121175) 
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APPENDIX G 

A. ELEMENTAL ANALYSIS (dried 56OC/4 mm, 48 hr) 
Element C H N 
Theory 70.07 5.88 6.8 1 

Determined 70.44 5.96 6.80 

70.40 5.98 6.88 

B. WATER ANALYSIS 
(Karl Fisher) 3.3 L 0.1 (6)% 

Cl  
7.24 

7.08 

7.52 

C. NONAQUEOUS TITRATION OF AMINE GROUP IN PRESENCE OF MERCURIC 
ACETATE 

98.1 L 0.2 (6)% (dried 56OC/4 mm, 48 hr) 

D. MELTING POINT 
Determined Literature Values 

m.p. 14OOC (begins to sublime); m.p. 201OC (Coffin and Robbins, 1965) 

175OC (complete sublimation); 
visual, sealed evacuated 
capillary 

E. THIN LAYER CHROMATOGRAPHY 
Plates: Silica gel G ,  

Amount Spotted: 100 and 300 pg 

Rf: 0.44, 0.27 (trace) 

Ref. Standard: Aniline 
Visualization: Ultraviolet, 254 and 366 nm F254 

System 1: Chloroform, 100% 

Rst: 2.1, 1.3 

System 2: Ethyl acetate, 100% 
Rf: 0.84, 0.78 (trace) 
Rst: 1.1, 1.0 

F. VAPOR-PHASE CHROMATOGRAPHY 
Instrument: Tracor MT-220 
Column: 3% Dexsil 400, 1.6 m x 2 mm I.D. 
Detector: Flame ionization 
Oven Temperature Program: 5 min hold at 10OoC, then 100" to 250° at 10°C/min 
Results: Major peak and one impurity 

Retention Time Area 
Retention (Relative to 2-Biphenyl- (Relative to 2-Biphenyl- 

Peak Time (min.) amine Hydrochloride) amine Hydrochloride) 

1 9.4 
2 12.6 

1 .o 
1.3 

100 
0.05 
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G. HIGH PRESSURE LIQUID CHROMATOGRAPHY 
Instrument: ALC 202 with Model 660 Solvent Programmer 
Column: Cl8 p Bondapak 
Detector: UV-254 nm 
Solvent: 50 to 100% CH3CN in H 2 0  
Program: 6 
Program Time: 15 min 
Flow: 1 ml/min 
Results: Major peak and one minor peak 

Retention Normalized 
Peak Time (min.) Retention Time Relative Area 

minor 8.9 0.92 0.62 
major 9.7 1 .00 100.00 

H. SPECTRAL DATA 
I .  Infrared 

Instrument: Beckman IR-12 
Cell: 1% KBr pellet 
Results: See Figure 9. 

2. Ultraviolet/ Visible 
Instrument: Cary 118 

A max (nm) E x 10-3 

300 0.86 k 0.07 
222.5 21.0 2 0 . 2  

No absorbance between 350 
and 800 nm (visible range) 
at a concentration of 
1 mg/ml. 

Solvent: Methanol 
3. Nuclear Magnetic Resonance 

Instrument: Varian HA-100 
Solvent: CD30D with internal 

Assignments (See Figure IO) 
(a) m, 6 7.46 - 7.81 ppm 
(b) s, 6 5.49 ppm, HDO and NH2 
(c) s, 6 3.36 ppm, CH3 from CH30H 

lntegration Ratios: 

(a) 9.00 
Methanol content calculated from relative 

tetramethylsilane 

in sample 

areas of (a) and (c): 0.6% 

No literature reference found for the hydro- 
chloride salt. Spectrum consistent with that of 
a 2-substituted aromatic amine hydrochloride. 

Literature Values (Sadtler Standard Spectra) 

No literature spectrum found for hydrochloride. 
Values reported are calculated from a graph of 
the spectrum of the free base given in the litera- 
ture. 

A max (nm) E x 10-3 

300 3.18 
223.5 21.6 

Solvent: Methanol 
No literature spectrum found. 
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Figure 10. Nuclear Magnetic Resonance Spectrum of 2-Biphenylamine Hydrochloride ( l o t  No. MRI 9-9-75) 



APPENDIX G 

I. DETERMINATION OF 4-BIPHENYLAMINE CONTAMINANT LEVEL 

1. PROCEDURE 
A weighed amount of Lot No. MRI 9-9-75 was dissolved in methanol in a small septum vial to make 

a solution of 10.47 pg/pl concentration. A 4-biphenylamine standard solution was likewise made up at 
0.024 pg/pl.  These solutions were quantitatively compared by vapor-phase chromatography. 

2. SYSTEM 
Instrument: Tracor MT-220 
Column: 3% OV-225 on Supelcoport, 80,’ 100, 100, 1.8 m x 4 mm I.D., 

Detection: Flame ionization 
Inlet temperature: 200OC 
Detector temperature: 27OOC 
Oven temperature: 175°C isothermal 

glass 

3. RESULTS 
The 4-biphenylamine content of this lot of 2-biphenylamine hydrochloride was found to be 0.198% * 

0.017%. 
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APPENDIX H 

PREPARATION OF 2-BIPHENYLAMINE HYDROCHLORIDE 
AND ANALYSIS FOR CONCENTRATION OF dBIPHENYLAMINE 

MIDWEST RESEARCH INSTITUTE 
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APPENDIX H 

A. PREPARATION OF 2-BIPHENYLAMINE HYDROCHLORIDE FROM 
TECHNICAL-GRADE 2-BIPHENYLAMINE 

2-Biphenylamine (187.5 g, 1.1 1 mole) was dissolved in I .5 liters of absolute ether in a 2-liter beaker. 
Concentrated hydrochloric acid(37.5% HCI sp. gr. [ IS/  151 = 1.19; 180 ml) was added over a period of 
5 minutes to  the ether solution with constant stirring (glass rod). Care was taken not to  add the acid too 
rapidly, since some heat is liberated during the reaction. As the acid was added, the hydrochloride salt 
precipitated from the reaction mixture. 

When the acid addition was complete, the mixture was suction filtered through a sintered glass 
Buchner funnel. The precipitate was thoroughly washed with ether, and the filtrate washings were 
rejected. The washed precipitate was briefly air dried. This procedure was repeated on successive portions 
of 2-biphenylamine, until 3,000 g of the hydrochloride salt had been prepared. 

The crude salt was purifed by batch reprecipitation from methanol. Anhydrous ether was slowly 
added to  a saturated solution of the salt in 400 ml of methanol until no further precipitate formed with 
additional ether (required approximately 3 liters of ether). The reprecipitated salt was separated by 
suction filtration and air dried for 5 minutes. It was then transferred to  an evacuated (water aspirator) 
dessicator and dried over anhydrous calcium sulfate. Total yield of dried, reprecipitated salt: 2,500 g, 
83.3% recovery. 

In all of the above operations, the neutral 2-biphenylamine and the hydrochloride salt were protected 
from bright or direct light as much as possible. 

B. ANALYSIS FOR 4-BIPHENYLAMINE HYDROCHLORIDE 

1. Procedure 
A 441.4-mg sample of the 2-biphenylamine hydrochloride was weighed into a small septum vial and 

dissolved in 5.0 ml methanol. The solution was colorless. Standard solutions were prepared from a 
0.023% 4-biphenylamine standard, corresponding to a concentration of 0.023% impurity in the 2- 
biphenylamine hydrochloride. Sample and standard solutions were analyzed by vapor-phase chroma- 
tography. 

2. System 
Instrument: Bendix 2500 with Hewlett-Packard 3380A Integrator 
Column: 3% OV-225 on Chromosorb W (HP), SO/ 100 mesh, glass, 

1.8 m x 4 mm I.D. 
Oven temperature: 175"C, isothermal 
Inlet temperature: 200°C 
Flame ionization detector temperature: 270°C 
2-Biphenylamine retention time: 3.2 min. 
4-Biphenylamine retention time: 8.3 min. 
Carrier gas: Nitrogen; flow rate, 40 cc/min. 

3. Results 
Batch No. WN-I -61 -RC 1: 4-Biphenylamine hydrochloride content 
found: 0.014 * 0.003% 
Batch No. WN-1-61-R2: 4-Biphenylamine hydrochloride content 
found: 0.023 L 0.003% 
Batch No. WN-1-61-R3: 4-Biphenylamine hydrochloride content 
found: 0.049 k 0.003% 
Batch No. WN- 1-6 1 -R4: 4-Biphenylamine hydrochloride content 
found: O.O06a/C (after 3rd crystallization) 
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ANALYSIS OF FORMULATED DIETS FOR 

MIDWEST RESEARCH INSTITUTE 
STABILITY OF TECHNICAL-GRADE 2-BIPHENYLAMINE 
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APPENDIX I 

A. MIXING AND STORAGE 
2-Biphenylamine (0.341 1 g) and Wayne Lab-Blox@ Rodent Feed (33.7600 g) were mixed in a mortar. 

Samples of the mixture were removed and stored for 2 weeks at -20°, 5 O ,  25O, and 45OC, respectively. 

B. EXTRACTION AND ANALYSIS 
Five-gram samples of the chemical/ feed mixtures were mixed with 50 ml of methanolinanultrasonic 

vibratory bath for 30 seconds and then triturated for 1 minute using a Polytron@ high-speed blender. 
The resulting mixture was centrifuged, and the methanolic supernatant was decanted into a 100-ml 
volumetric flask. This extraction procedure was repeated on the feed residue, after which the total 
supernatant solution in the volumetric flask was made up to volume with additional methanol. This 
solution was then analyzed by the vapor-phase chromatographic method outlined below: 

Instrument: Tracor MT-220 
Column: 

Detection: Flame ionization 
Temperatures: Inlet - 250°C 

3% OV-1 on Supelcoport, SO/ 100 mesh, 1.8 m x 4 mm 
I. D., glass 

Oven - 145OC isothermal 
Detector - 275OC 

Retention time of compound: 2.2 min. 

C. RESULTS 

Sample ("C) Average Percent (a) 

-20 
5 

25 
45 

0.79 k 0.16 
1.02 k 0.16 
1.05 k0.16 
0.97 L 0.16 

(a) Corrected for a spiked recovery yield of 
95.8% f 0.2%; theoretical yield, 0.99%. 

There was no significant difference between the samples stored at the various temperatures (except 
for the -20° sample, which would be expected to be the most stable of all the samples). 

D.  CONCLUSION 
2-Biphenylamine mixed with feed is stable for 2 weeks at temperatures up to 45OC. 
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APPENDIX J 

A. SAMPLE PREPARATION AND STORAGE 
Wayne Lab-Blox@ Rodent Feed samples ( 5  g) were weighed and transferred into 200-ml glass 

centrifuge bottles. T o  prepare the 10,000 ppm mixtures, 50 mg of 2-biphenylamine hydrochloride was 
weighed and transferred into each centrifuge bottle; 25 mg of the chemical was added to  the feed to 
make the 5,000 ppm mixtures. The dosed feed samples were thoroughly shaken manually and on a 
vortex mixer for 30 seconds. Duplicate samples were then stored at -20°, 5" ,  25O, and 45OC, respec- 
tively, for both I week and 2 weeks. Control spikes (zero-time samples) were prepared in the same 
manner but not stored. 

B. EXTRACTION AND ANALYSIS 
Each sample was triturated with 50 ml of absolute methanol for 30 seconds using a Brinkmann 

Polytron@ high-speed blender. The mixture was then placed in an ultrasonic vibratory bath for 1 minute 
and centrifuged for 10 minutes. The methanolic supernatant solution was decanted into a 100-ml 
volumetric flask, and the feed residue was re-extracted in the same manner with 50 ml of fresh 
methanol. The two supernatants were combined and brought to volume with additional methanol. This 
resulting solution was analyzed by the vapor-phase chromatographic system described below: 

Instrument: 

Column: 

Detection: Flame ionization 
Temperatures: Inlet - 225°C 

Bendix 2500 with Hewlett-Packard Model 3308A auto- 
matic integrator 
3% Dexsil 400 on 80/ 100 mesh Chromosorb W (AW) DMCS, 
1.8 m x 2 mm I.D., glass 

Oven - 155°C isothermal 
Detector - 285°C 

Carrier gas: Nitrogen; flow rate, 40 cc/min. 
Retention time of nominal compound: 2.5 min. 
Reference standard: 2-Biphenylamine hydrochloride 

C. RESULTS 

Average Percent of Chemical 
Found in Chemical/Vehicle Mixture (a) 

Storage Temperatures ("C) 7 Days 14 Days 

5,000 ppm Dose Level 

-20 
5 

25 
45 

10,000 ppm Dose Level 
-20 

5 
25 
45 

0.46 k 0.04 

0.49 k 0.05 
0.36 fi 0.03 

0.52 k 0.05 

0.98 L 0.08 
1.01 k 0.08 
1.01 k 0.08 
0.87 k 0.07 

0.50 k 0.05 
0.50 L 0.05 
0.49 & 0.04 
0.36 k 0.04 

1.01 k 0.08 
1.03 L 0.06 
0.89 k 0.05 
0.80 k 0.05 

(a) Corrected for a spike recovery yield of 97% 5 6%. The error figures are standard deviations 
propagated by standard numerical methods in the correction for spike recovery yield. 
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APPENDIX J 

D. CONCLUSION 
2-Biphenylamine hydrochloride is stable when mixed with stock rodent feed at 5,000 and 10,000 ppm 

and stored for one week at -20°, 5 O ,  and 25OC, respectively. Significantly less than 100% of the original 
nominal dose was determined for all samples stored at 4 5 O  and for 10,000 ppm samples stored at 25" for 
2 weeks. 

Since the amounts of chemical determined were the same (within the limits of error) for 1 and 2 weeks 
at 4 5 O  for the 5,000-ppm mixture, and for 2 weeks at 2 5 O  and 1 and 2 weeks at 45' for the 10,000-ppm 
mixture, it is possible that these low determinations represent a lack of extractability of this chemical 
from feed (which becomes apparent only a t  higher temperatures, longer storage times, and higher dose 
levels), rather than indicating an actual chemical transformation (i.e., true instability). 
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APPENDIX K 

Duplicate samples of 2 g each were extracted with 50 ml of methanol. The supernatant solutions were 
analyzed by VPC-FlD a t  165Oon a 6 ft. x .25 in. x 2 mm I.D. glass column packed with 3% SP2250 on  
loo/ 120 mesh Supelcoport (see Table Kl).  Recoveries were determined by direct comparison with a 
calibration curve prepared and analyzed in the same manner from feed spiked with test compound at  six 
levels. 

Table K1. ANALYSIS OF FORMULATED DIETS FOR CONCENTRATIONS OF 2-BIPHENYLAMINE 
HYDROCHLORIDE 

Date Mixed 

Concentration of 2-Biphenylsmine 
Hydrochloride in Feed for Target 

Concentration of: Date Used 
(Week of) 1,000 ppm 3,000 ppm 

61 19/78 
91 18/78 
I O /  301 78 
1/22/79 
21 12/79 
5/7/79 
719179 
8/ 271 79 
IO/ 81 79 
I I /  19/79 
21 15/80 
2/ 201 80 

6/21 178 
9/ 201 78 

101 3 1 / 78 
1/24/79 
21 14/79 
5/9/79 

71 1 1/79 
8 1291 79 
IO/ 10179 
11/21/79 
2/17/80 
21 221 80 

950 
920 
970 
950 
970 
860 
950 
925 
925 
920 

I .Ooo 

2,900 
2,600 
2,900 
2,600 
3,100 
2,750 
2,800 
2,900 
2,950 
2,830 

2,900 

Mean (ppm) 

Range (ppm) 

Standard Dev. 
Coefficient of Variation (%) 

Number of Samples 

940 
37 

860- 1,000 
I I  

3.9 

2,839 
148 

5.2 
2,600-3,100 

I I  
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SINGLE-DOSE ACUTE TOXICITY WITH TECHNICAL-GRADE 
2-BIPHENYLAMINE IN F344/N RATS AND B6C3Fl/N MICE 
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TABLE L1. SINGLE-DOSE ACUTE TOXICITY WITH TECHNICAL-GRADE 2-BIPHENYLAMINE IN 
F344/N RATS A N D  B6C3FI/N MICE 

Dose Survival 

(g/kg) Male Female 

Rats 
0.00 1 
0.0 I 
0. I 
I .o 

10.0 

Mice 
0.001 
0.0 I 
0. I 
I .o 

10.0 

(a) Deaths occurred on days 2 and 4. 
@) Deaths occurred on days 2 and 3. 
(c) Death occurred on day 6 
(d) Both animals died on day 2. 
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TABLE L2. SURVIVAL, WEIGHT GAIN, A N D  CLINICAL OBSERVATIONS FOR RATS AND MICE ADMINISTERED SINGLE DOSES OF 
TECHNICAL-GRADE 2-BIPHENYLAMINE IN CORN OIL BY GAVAGE 

Dose (mg/kg) Sex Animal No. Initial Day 7 Final Disposition Date Clinical Observations 

Rats 

0.00 I M 
M 
F 
F 

0.0 I M 
M 
F 
F 

e c 0.1 M 
M 
F 
F 

1 .o M 
M 
F 
F 

10.0 M 
M 
F 
F 

I 
2 
I 
2 

I 
2 
1 
2 

I 
2 
I 
2 

1 
2 
I 
2 

1 
2 
I 
2 

106 
101 
92 
80 

96 
I05 
90 
76 

I07 
90 
82 
94 

I06 
IO0 
77 
90 

100 
130 
90 

IO0 

133 
140 
I14 
I08 

140 
I65 
I14 
104 

I30 
I20 
I I O  
I 20 

I37 
I40 
90 

102 

- 

- 
- 
- 

I 60 
I78 
I26 
I25 

I69 
193 
I30 
I24 

I62 
I62 
I26 
I36 

I75 
I76 
I14 
I26 

I00 
I26 
88 
96 

Killed 
Killed 
Killed 
Killed 

Killed 
Killed 
Killed 
Killed 

Killed 
Killed 
Killed 
Killed 

Killed 
Killed 
Killed 
Killed 

Died 
Died 
Died 
Died 

Slight enlargement of 
lymphatics noted at 
necropsy 

General lymphatic 
enlargement: slight 
thickening of duodenal 
mucosa noted at necropsy 

Lethargy and diarrhea 
during first 24 hrs; 
general lymphatic 
enlargement 

Lethargy during first 
24 hrs; general lymphatic 
enlargement; thickened 
duodenal mucosa observed 
at necropsy 

Hyperactivity; then 
postration and shallow 
breathing following 
administration; apparent 
regurgitation of gavaged 
material at death; red 
nasal conchae and en- 
larged lymphatics 
observed at necropsy 



; 
-0 

TABLE L2. SURVIVAL, WEIGHT GAIN, AND CLINICAL OBSERVATIONS FOR RATS A N D  MICE ADMINISTERED SINGLE DOSES O F  
2 
3. 
% 
Y 3: Weight (grams) 

a Do*(mg/kg) Sex Animal No. Initial Day 7 Final Disposition Date Clinical Observations 
E 
P 

TECHNICAL-GRADE 2-BIPHENYLAMINE IN CORN OIL BY GAVAGE (Continued) 

P 

Mice E 

0.00 I 

0.0 I 

0.1 
0. 
0. 

I .o 

10.0 

M 
M 
F 
F 

M 
M 
F 
F 

M 
M 
F 
F 

M 
M 
F 
F 

M 
M 
F 
F 

I 
2 
I 
2 

I 
2 
I 
2 

1 
2 
2 
I 

I 
2 
I 
2 

I 
2 
I 
2 

19 
21 
20 
17 

24 
23 
18 
16 
22 
19 
20 
18 

25 
20 
16 
20 

24 
24 
20 
19 

26 
24 
22 
18 

20 
25 
16 
18 

26 
22 
20 
20 

- 
22 
18 
18 

- 

- 
- 
- 

22 
23 
21 
17 

22 
27 
17 
19 

20 
21 
19 
20 

22 
22 
18 
18 

22 
25 
20 
19 

Killed 
Killed 
Killed 
Killed 

Killed 
Killed 
Killed 
Killed 

Killed 
Killed 
Killed 
Killed 

Died 
Killed 
Killed 
Killed 

Died 
Died 
Died 
Died 

Enlarged Peyer's Patches 
observed at necropsy 

Enlarged Peyer's Patches; 
slight opacity in central 
area (lens) of eyes 
observed at necropsy 

En la rged Pe ye r 's 
Patches; slight opacity 
in central area (tens) 
of eyes observed at 
necropsy 

Gavage accident 
Enlarged Peyer's Patches 
and lymph nodes. 
Lethargy following 
administration 

Dark intestinal 
contents, reddened 
nasal conchae, 
enlarged lymphatics; 
hyperactivity then pro- 
stration and shallow 
breathing following 
administration 

(a) Study started on 3/26/75 and completed on 4/9/75 
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FEED CONSUMPTION BY RATS AND MICE 
RECEIVING 2-BIPHENYLAMINE HYDROCHLORIDE 
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TABLE M l .  FEED CONSUMPTION BY MALE RATS RECEIVING 2-BIPHENYLAMINE 
HY DR.OCHLORlDE 

Control Low High 

Grams Grams Low/ Grams High/ 
Feed/ Feed/ Control Feed/ Control 

Week Day(4 DaY(a) (b) DaY(4 (b) 

4 
8 

1 1  
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 
I04 

14.9 
16.7 
20.7 
18.6 
18.7 
25.6 
22.0 
20.4 
24.6 
23.1 
26.4 
16.4 
20. I 
23. I 
18.7 
26.6 
20.9 
20.1 
22.1 
26.3 
23.6 
21.9 
24.6 
27.4 
26.9 
29.1 

13.7 
14.3 
20.6 
20.6 
23.1 
26.1 
20.4 
17.7 
21.9 
22.6 
20.9 
18.1 
18.3 
20.6 
18.9 
20.6 
20.0 
23.6 
20.4 
24.4 
22.3 
21.3 
25.6 
24. I 
24.3 
25.4 

0.9 
0.9 
I .o 
1 . 1  
1.2 
1 .o 
0.9 
0.9 
0.9 
1 .O 
0.8 
1.1 
0.9 
0.9 
1 .O 
0.8 
I .o 
1.2 
0.9 
0.9 
0.9 
1 .o 
1 .o 
0.9 
0.9 
0.9 

13.6 
15.7 
20.3 
18.7 
19.7 
27.3 
18.9 
16.6 
20.7 
21.1 
20.4 
17.4 
17.1 
20.9 
17.9 
19.1 
20.6 
21.4 
19.6 
24.6 
21.1 
19.3 
23.1 
31.1 
24.6 
22.1 

0.9 
0.9 
1 .o 
1 .o 
1 . 1  
1 . 1  
0.9 
0.8 
0.8 
0.9 
0.8 
1 . 1  
0.9 
0.9 
1 .O 
0.7 
1 .O 
1.1 
0.9 
0.9 
0.9 
0.9 
0.9 
1 . 1  
0.9 
0.8 

22.3 21.1 1 .o 20.5 0.9 
3.7 3.1 0. I 3.6 0.1 

16.6 14.7 10.0 17.6 11 .1  

(a) Grams of feed consumed per animal per day. 
(b) Grams of feed consumed per day for the dosed group divided by that for 

(c) Standard deviation. 
(d) Coefficient of variation = (Standard deviation/ Mean) x 100. 

the controls. 
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TABLE M2. FEED CONSUMPTION BY FEMALE RATS RECEIVING 2-BIPHENYLAMINE 
HYDROCHLORIDE 

Control Low High 

Grams Grams Low/ Grams High/ 
Feed/ Feed/ Control Feed/ Control 

Week Day(a) Day(a) (b) Day(a) (b) 

4 
8 

11 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 
104 

12.9 
8.6 

14.6 
15.0 
18.9 
14.9 
17.3 
18.1 
21.7 
23.0 
26.0 
16.4 
18.4 
22.1 
17.1 
19.3 
18.9 
19.1 
18.6 
18.0 
17.9 
16.9 
19.4 
22.1 
26.0 
19.4 

14.9 
10.4 
15.4 
15.4 
17.4 
14.9 
15.9 
17.6 
20.9 
21.9 
22.7 
22.9 
16.3 
18.4 
16.7 
17.6 
16.6 
16.1 
15.7 
17.7 
15.9 
16.0 
17.6 
22.4 
23.3 
18.0 

1.2 
1.2 
1 . 1  
1 .o 
0.9 
1 .o 
0.9 
1 .o 
1 .o 
1 .o 
0.9 
1.4 
0.9 
0.8 
1 .o 
0.9 
0.9 
0.8 
0.8 
1 .o 
0.9 
0.9 
0.9 
1 .o 
0.9 
0.9 

8.6 
12.9 
12.4 
12.0 
14.1 
13.1 
13.6 
12.7 
16.1 
15.6 
14.7 
14.9 
15.6 
16.1 
15.3 
16.0 
15.9 
13.4 
14.0 
15.9 
14.9 
14.7 
15.1 
19.1 
19.4 
18.1 

0.7 
1.5 
0.9 
0.8 
0.8 
0.9 
0.8 
0.7 
0.7 
0.7 
0.6 
0.9 
0.8 
0.7 
0.9 
0.8 
0.8 
0.7 
0.8 
0.9 
0.8 
0.9 
0.8 
0.9 
0.7 
0.9 

18.5 17.6 I .o 14.8 0.8 
3.8 3.1 0.1 2.3 0.2 

20.5 17.6 10.0 15.5 25.0 

(a) Grams of feed consumed per animal per day. 
(b) Grams of feed consumed per day for the dosed group divided by that for the controls. 
(c) Standard deviation. 
(d) Coefficient of variation (Standard deviation/Mean) x 100. 
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TABLE M3. FEED CONSUMPTION BY MALE MICE RECEIVING 2-BIPHENYLAMINE 
HYDROCHLORIDE 

- 

Control Low High 

Grams Grams Low/ Grams High/ 
Feed/ Feed/ Control Feed/ Control 

Week DaYO Day@) (b) Day@) 

4 
8 

1 1  
17 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
63 
68 
73 
76 
80 
84 
89 
93 
96 
IO0 

8.3 
7.7 
7.6 
6.4 
6.7 
8.1 
7.6 
7.1 
8.1 
8.0 
8.0 
7.3 
5.7 
6.0 
7.0 
8.3 
6.6 
8.3 
8.3 
7.3 

15.3 
7.6 
7. I 
7.6 
7. I 

7.6 
7.6 
6.9 
6.0 
7.1 
7.9 
7.1 
8.4 
8.3 
7.6 
7.4 
6.7 
6.3 
6.6 
7.3 
7.3 
6.9 
9.3 
7. I 
6.9 
8. I 
8. I 
7.3 
7.6 
8.1 

0.9 
I .O 
0.9 
0.9 
1.1 
1 .o 
0.9 
1.2 
1 .o 
0.9 
0.9 
0.9 
1.1 
1.1 
1 .O 
0.9 
1 .O 
1.1 
0.9 
0.9 
0.5 
1.1 
1 .o 
1 .O 
1.1 

7.0 
7.6 
6.7 
6.6 
6.3 
7.6 
7.9 
7.4 
7.3 
7.3 
8 .O 
7.3 
6.1 
5.9 
7.4 
7.9 
6.9 
9.4 
9.6 
7.1 
14.3 
9.1 ' 
7.4 
8.6 
8.4 

0.8 
1 .O 
0.9 
I .o 
0.9 
0.9 
I .O 
1 .O 
0.9 
0.9 
1 .O 
1 .O 
1 . 1  
1 .O 
1.1 
0.9 
1 .O 
1.1 
1.2 
1 .O 
0.9 
1.2 
1 .o 
1.1 
I .2 

7.7 7.4 I .O 7.8 1 .O 
1.7 0.7 0.1 1.7 0.1 

22.1 9.5 10.0 21.8 10.0 

(a) Grams of feed consumed per animal per day. 
(b) Grams of feed consumed per day for the dosed group divided by that for the controls. 
(c) Standard deviation. 
(d) Coefficient of variation (Standard deviation/ Mean) x 100. 
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TABLE M4. FEED CONSUMPTION BY FEMALE MICE RECEIVING 2-BIPHENYLAMINE 
HYDROCHLORIDE 

Control Low High 

Grams Grams Low/ Grams High/ 
Feed/ Feed/ Control Feed/ Control 

Week Day(a) Day(a) (b) Day(a) (6) 

4 
8 

I I  
17 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
63 
68 
73 
76 
80 
84 
89 
92 
96 

100 

9.0 
8.6 
7.0 
7.7 
8.1 
9.1 
8.9 
8.7 
9.4 
9. I 
8.4 

11.3 
7.7 
7.1 
7.7 
8.1 
8.3 
8.9 
9.3 
8. I 
8.4 
9.3 
8.9 
9.0 
9.1 

7.6 
8.3 
7.1 
6.9 
7.3 
7.1 
8.1 
7.7 
7.0 
8.7 
7.4 
7.9 
7.4 
7.7 
7.6 
7.6 
7.6 
8.9 
8.4 
7.4 
7.9 
9.9 
7.6 
8.4 
8.3 

0.8 
I .o 
1 .o 
0.9 
0.9 
0.8 
0.9 
0.9 
0.7 
I .o 
0.9 
0.7 
1 .o 
1 . 1  
1 .o 
0.9 
0.9 
I .o 
0.9 
0.9 
0.9 
1.1 
0.9 
0.9 
0.9 

10.9 
8.6 
7. I 
6.9 
7.7 
7.9 
8.6 
7.0 
7.9 
8.6 
8.0 
7.9 
8.0 
6.9 
8.0 
7.9 
8.3 
9.0 
9.0 
8.1 
7.9 
6.9 
9.1 
9.4 

10.1 

I .2 
1 .o 
1 .o 
0.9 
0.9 
0.9 
I .o 
0.8 
0.8 
0.9 
0.9 
0.7 
I .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
I .o 
1 .o 
0.9 
0.7 
1 .@ 
1 .o 
1.1 

8.6 7 .8  0.9 8.2 1 .o 
0.9 0.7 0.1 1 .o 0.1 

10.5 9.0 1 1 . 1  12.2 10.0 

(a) Grams of feed consumed per animal per day. 
(b) Grams of fr ed consumed per day for the dosed group divided by that for the controls. 
(c) Standard deviation. 
(d) Coefficient of variation = (Standard deviation/ Mean) x 100. 
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