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NOTE TO THE READER

These studies are designed and conducted to characterize and evaluate the toxicologic P9tential, in-
cluding carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and
mice). Chemicals selected for testing in the NTP Carcinogenesis 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 do not have a greater
incidence of cancer than control animals, do 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 has the potential for 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.

Five categories of interpretative conclusions were adopted for use in June 1983 in the Technical Reports
series to specifically emphasize consistency and the concept of actual evidence of carcinogenicity. For
each definitive study res_ult (male rats, female rats, male mice, female mice), one of the following quintet
will be selected to describe the findings. These categories refer to the strength of the experimental evi-
dence and not to either potency or mechanism.

• Clear Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of malignant neoplasms, studies that exhibit a sub-
stantially increased incidence of benign neoplasms, or studies that exhibit an increased incidence
of a combination of malignant and benign neoplasms where each increases with dose.

• Some Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing a
chemically related increased incidence of benign neoplasms, studies that exhibit marginal in-
creases in neoplasms of several organs/tissues, or studies that exhibit a slight increase in uncom-
mon malignant or benign neoplasms.

• Equivocal Evidence of Carcinogenicity is demonstrated by studies that are interpreted as
showing a chemically related marginal increase of neoplasms.

• No Evidence of Carcinogenicity is demonstrated by studies that are interpreted as showing no
chemically related increases in malignant or benign neoplasms.

• Inadequate Study of Carcinogenicity demonstrates that because of major qualitative or
quantitative limitations, the studies cannot be interpreted as valid for showing either the presence
or absence of a carcinogenic effect.

Additionally, the following concepts (as patterned from the International Agency for Research on Cancer
Monographs) have been adopted by the NTP to give further clarification of these issues:

The term chemical carcinogenesis generally means the induction by chemicals of neoplasms not
usually observed, the earlier induction by chemicals of neoplasms that are commonly observed, or
the induction by chemicals of more neoplasms than are generally found. Different mechanisms
may be involved in these situations. Etymologically, the term carcinogenesis means induction of
cancer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction
of various types of neoplasms or of a combination of malignant and benign neoplasms. In the
Technical Reports, the words tumor and neoplasm are used interchangeably.

This study was initiated by the National Cancer Institute's Carcinogenesis Bioassay Program now part
of the National Institute of Environmental Health Sciences, National Toxicology Program. The studies
described in this Technical Report have been conducted in compliance with NTP chemical health and
safety requirements and must meet or exceed all applicable Federal, state, and local health and safety
regulations. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being
presented for peer review.

Although every effort is made to jprepare the Technical Reports as accurately as possible, mistakes may
occur. Readers are requested to identify any mistakes 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. Comments and questions about the National Toxicology
Program Technical Reports on Toxicology and Carcinogenesis Studies should be directed to Dr. J.E. Hun,
National Toxicology Program, P.O. Box 12233, Research Triangle Park, NC 27709 (919-541-3780).

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 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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4-VINYLCYCLOHEXENE 

(4-ETHENYLCYCLOHEXENE) 

CAS NO. 100-40-3 

CSH12 Molecular weight 108.20 

ABSTRACT 

Toxicology and carcinogenesis studies of 4-vinylcyclohexene (greater than 98% pure), a dimer of 1,3- 
butadiene present in the off-gases from tire curing, were conducted by administering the chemical in 
corn oil by gavage 5 days per week a t  doses of 0,200, or 400 mg/kg body weight to groups of 50 F344/N 
rats and B6C3F1 mice of each sex for 103 weeks. Doses selected for the 2-year studies were based on 
survival, body weight gains, and histopathologic effects observed during the 14-day and 13-week 
studies. 

All rats and most mice in the 14-day studies died when administered doses greater than or equal to 
1,250 mg/kg, although no compound-related gross or histopathologic effects were observed. Final 
body weights were reduced in the 13-week studies in male rats receiving doses greater than or equal 
to 400 mg/kg of 4-vinylcyclohexene, in female rats receiving 800 mg/kg, and in female mice receiving 
600 mg/kg. Extensive mortality was observed only in mice dosed a t  1,200 mg/kg. Compound-related 
histopathologic effects in the 13-week studies included hyaline droplet degeneration of the proximal 
convoluted tubules of the kidney in dosed male rats, the severity of which was dose related, and a 
reduction in the number of primary follicles and mature graafian follicles in the ovaries of female 
mice receiving 1,200 mg/kg of 4-vinylcyclohexene. No compound-related gross or histopathologic 
effects were evident in dosed female rats or male mice in the 13-week studies. 

Many dosed rats died early in the 2-year studies (male: vehicle control, 17/50; low dose, 37/50; high 
dose, 45/50; female: vehicle control, 1060;  low dose, 22/50; high dose, 36/50; P<O.OOl for all groups 
except low dose female rats, for which P = 0.022). The poor survival of dosed male and female rats re- 
duced the sensitivity of the studies for detecting the possible carcinogenic effects of 4-vinylcyclo- 
hexene. Mean body weights of dosed rats were comparable to those of their  respective vehicle 
controls, except for high dose males late in the study. Survival of high dose mice of each sex was lower 
(P < 0.001) than that of the vehicle controls, whereas survival of low dose mice of each sex was com- 
parable to that of the vehicle controls. Mean body weights of high dose mice of each sex were 
generally lower than those of the vehicle controls throughout most of the 2-year studies. 

Administration of 4-vinylcyclohexene to F344/N rats by gavage for 2 years was associated with a 
slightly increased incidence of epithelial hyperplasia of the forestomach ( M O ;  3/50; 5/47) and squa- 
mous cell papillomas or carcinomas (combined) of the skin in high dose males (0/50; 1/50; 4/50). Low 
dose female rats, whose survival was more similar to that of the vehicle controls, had a marginally 
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increased incidence of adenomas or squamous cell carcinomas (combined) of the clitoral gland (1150; 
5/50; 0149). 

In B6C3F1 mice, administration of 4-vinylcyclohexene for 2 years by gavage was associated with 
mild, acute inflammatory lesions and epithelial hyperplasia of the forestomach, especially in males 
(0147; 7/50; 7/46), and with an  increased incidence of a number of other nonneoplastic lesions, in- 
cluding lung congestion in high dose males and females, splenic red pulp atrophy in high dose males, 
congestion of the adrenal gland in high dose females, and cytologic alteration of the adrenal cortex in 
low dose and high dose females. 

The incidences of uncommon ovarian neoplasms were markedly increased (P < 0.01) in both groups of 
dosed female mice (mixed tumor, benign: 0149; 25/48, 52%; 11/47, 23%; granulosa cell tumor: 1/49, 
2%; 9/48, 19%; 11/47, 23%; granulosa cell tumor or carcinoma [combined]: 1/49, 2%; 10/48, 21%; 
13/47,28%). In addition, a slight increase in the incidence of adrenal gland adenomas in high dose fe- 
males was observed (0150; 3/49, 6%; 4/48, 8%). The extensive mortality seen in the high dose male 
mice confounded interpretation of the increased incidences of malignant lymphomas and alveolar/ 
bronchiolar adenomas or carcinomas (combined) of the lung seen in these animals surviving to the 
end of the study (malignant lymphomas: 3/37,8%; 5/39, 13%; 4 7 ,  57%; alveolarhronchiolar adeno- 
mas or carcinomas [combined]: 3/37,8%; 9/39,23%; 317,438). 

4-Vinylcyclohexene was not mutagenic in Salmonella typhimurium strains TA100, TA1535, TA1537, 
or TA98 in the presence or absence of Aroclor 1254-induced male Sprague-Dawley rat  or male Syrian 
hamster liver S9 when tested according to the preincubation protocol. However, several of its 
metabolites, including Cvinylcyclohexene diepoxide, have been shown to be mutagenic in Salmonella 
and/or induce chromosomal damage in vitro. 

An audit of the experimental data was conducted for these 2-year carcinogenesis studies on 4-vinyl- 
cyclohexene. No data discrepancies were found that influenced the final interpretations. 

4-Vinylcyclohexene was administered by gavage in corn oil to F344JN rats and B6C3F1 mice of each 
sex at doses of 200 or 400 mg/kg for 103 weeks. Under these conditions, the 2-year gavage studies of 
4-vinylcyclohexene in male and female rats and male mice were considered inadequate studies of car- 
cinogenicity* because of extensive and early mortality at the high dose or at both doses and the lack of 
conclusive evidence of a carcinogenic eflect. There was clear evidence of carcinogenicity of 4-vinyl- 
cyclohexene for female mice, as shown by markedly increased incidences of uncommon ovarian neo- 
plasms a t  both doses. In addition, the increased incidence of adrenal gland adenomas in high dose 
female mice may have been related to the administration of 4-vinylcyclohexene. 

*Categories of evidence of carcinogenicit are defined in the Note to the Reader on page 2. The public discussion regarding the 
interpretative conclusions is summarizeJon pages 13 and 14. 

4-Vinylcyclohexene, NTP TR 303 10 



CONTRIBUTORS 

The NTP Technical Report on the Toxicology and Carcinogenesis Studies of 4-Vinylcyclohexene is 
based on the 14-day and 13-week studies that began in January 1979 and ended in April 1980 and on 
the 2-year studies that began in November 1980 and ended in November 1982 a t  Litton Bionetics, 
Inc. 

National Toxicology Program 
(Evaluated Experiment, Interpreted Results, and Reported Findings) 

Jeffrey J .  Collins, Ph.D., Chemical Manager 

Gary A. Boorman, D.V.M., Ph.D. 
David M. DeMarini, Ph.D. 
Michael P. Dieter, Ph.D. 
Joseph K. Haseman, Ph.D. 
James H d ,  Ph.D. 
C.W. Jameson, Ph.D. 

W.M. Kluwe, Ph.D. 
E.E. McConnell, D.V.M. 
G.N.Rao,D.V.M.,Ph.D. 
B.A. Schwetz, D.V.M., Ph.D. 
Raymond W. Tennant, Ph.D. 

NTP Pathology Working Group 
(Evaluated Slides and Prepared Pathology Report on 12/08/83) 

Dawn Goodman, V.M.D. (Chair) 

Gary A. Boorman, D.V.M., Ph.D. (NTP) 
Scot L. Eustis, D.V.M., Ph.D. (NTP) 

James MacLachlan, B.V.Sc., Ph.D. 
North Carolina State University 

Henk Solleveld, D.V.M., Ph.D. (NTP) 
Marilyn Wolfe, D.V.M., Ph.D. (NTP) 
Katsuhiko Yoshitomi, D.V.M., Ph.D. (NTP) 

Clement Associates 

Principal Contributors at Litton Bionetics, Inc. 
(Conducted Studies and Evaluated Tissues) 

Allan Manus, D.V.M. 

Richard J, Montali, D.V.M. 
Principal Investigator 

Pathologist (for mice) 

Jerry Fitzgerald, Ph.D. 

John M. Langloss, D.V.M. 
Chemist 

Pathologist (for rats) 

Experimental Pathology Laboratory 
(Provided Pathology Quality Assurance) 

Jerry Hardisty, D.V.M. 

Principal Contributors at Carltech Associates, Inc. 
(Contractor for Technical Report Preparation) 

William D. Theriault, Ph.D. 
Project Manager 

Abigail C. Jacobs, Ph.D. 
Senior Scientist 

John Warner, M S .  
ChernistdStatistician 

11 4-Vinylcyclohexene, NTP TR 303 



PEER REVIEW PANEL 

The members of the Peer Review Panel who evaluated the draft Technical Report on 4-vinylcyclo- 
hexene on March 29, 1985, are listed below, Panel members serve as  independent scientists, not as  
representatives of any institution, company, or governmental agency. In this capacity, Panel mem- 
bers have five major responsibilities: (a) to ascertain that all relevant literature data have been ade- 
quately cited and interpreted, (b) to determine if the design and conditions of the NTP studies were 
appropriate, (c) to ensure that the Technical Report presents the experimental results and conclu- 
sions fully and clearly, (d) to judge the significance of the experimental results by scientific criteria, 
and (e) to assess the evaluation of the evidence of carcinogenicity and other observed toxic responses. 

National Toxicology Program Board of Scientific Counselors 
Technical Reports Review Subcommittee 

Jerry B. Hook, Ph.D. (Chair) 
Vice President, Preclinical Research and Development 

Smith Kline & French Laboratories 
Philadelphia, Pennsylvania 

Curtis Harper, Ph.D. James Swenberg, D.V.M., Ph.D. 
Associate Professor of Pharmacology 
School of Medicine 
University of North Carolina 
Chapel Hill, North Carolina 

Chief of Pathology 
Chemical Industry Institute of Toxicology 
Research Triangle Park, North Carolina 

Ad Hoc Subcommittee Panel of Experts 

John J. Crowley, Ph.D. Frederica Perera, Dr. P.H. (Principal Reviewer) 
Division of Public Health Science Division of Environmental Sciences 
The Fred Hutchinson Cancer Research Center School of Public Health 
Seattle, Washington Columbia University 

New York, New York 
Kim Hooper, Ph.D. 

Hazard Evaluation System 

Department of Health Services 
State of California 
Berkeley, California 

Professor, Comparative Pathology Food Science 
New England Regional Primate Research Center 
Harvard Medical School Cambridge, Massachusetts 
Southborough, Massachusetts 

Dow Chemical USA 
Midland, Michigan College of Engineering 

I.F.H. Purchase, Ph.D. (Principal Reviewer) 

Imperial Chemical Industries, PLC 
Alderley Park, England 

Steven R. Tannenbaum, Ph.D. 

and Information Central Toxicology Laboratory 

Thomas C. Jones, D.V.M.* Professor, Department of Nutrition and 

Massachusetts Institute of Technology 

Bruce W. Turnbull, Ph.D. 
Richard J. Kociba, D.V.M., Ph.D. (Principal Reviewer) 

Professor and Associate Director 

Cornel1 University 
Ithaca, New York David Kotelchuck, Ph.D. 

Environmental Health Science Program 
Hunter School of Health Sciences 
New York, New York 

+Unable to attend 

4-Vinylcyclohexene, NTP TR 303 12 



SUMMARY OF PEER REVIEW COMMENTS 
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF 

4-VINYLCYCLOHEXENE 

On March 29, 1985, the draft Technical Report on the toxicology and carcinogenesis studies of 4- 
vinylcyclohexene received peer review by the National Toxicology Program Board of Scientific Coun- 
selors’ Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting 
began a t  9:00 a.m. in the Conference Center, Building 101, National Institute of Environmental 
Health Sciences, Research Triangle Park, North Carolina. 

Dr. Purchase, a principal reviewer, agreed with the conclusion presented for male rats (inadequate 
study) but not with those for female rats or male and female mice (equivocal, equivocal, and clear evi- 
dence of carcinogenicity, respectively). He said the studies in female rats and male mice were com- 
promised because of the poor health of the animals and the insufficient number of animals for sta- 
tistical analysis due to high and early mortality. Thus, Dr. Purchase preferred an  interpretation of 
inadequate studies of carcinogenicity for female rats and male mice. He proposed a conclusion for fe- 
male mice of some evidence of carcinogenicity based on increased incidences of ovarian neoplasms a t  
both doses; high mortality a t  the high dose may have had some confounding influence. Dr. J.  Collins, 
NTP, replied that the studies in female rats and male and female mice were considered appropriate 
for interpretation of carcinogenicity based on adequate survival in the low dose groups. In low dose 
mice, survival after 2 years was equal to or greater than that in the concurrent vehicle control group. 
He stated that the substantial increases in ovarian tumors in female mice, a t  the highest incidences 
ever seen in any single NC1 or NTP study, supported a categorization of clear evidence of carcino- 
genicity. 

As a second principal reviewer, Dr. Turnbull said that a more detailed rationale should be given as  to 
why the gavage rather than inhalation route was used. He had general comments on cage placement 
and on whether there are  more gavage errors in high dose animals than in low dose or vehicle control 
groups. Dr. Collins said that the gavage route was chosen primarily because of a lack of adequate in- 
halation facilities a t  the time the studies were initiated and because gavage studies were more 
common then. 

As a third principal reviewer, Dr. Perera said that the study in female rats should be considered an 
inadequate study of carcinogenicity. Her major concern was that some of the positive findings in rats 
would be considered not biologically significant or would be minimized because of the poor survival. 
In her opinion, the increased incidences of skin tumors in high dose male rats and of benign and 
malignant tumors of the clitoral gland and anterior pituitary gland in low dose female rats, along 
with the appearance of a rare transitional cell carcinoma of the urinary bladder, should be noted and 
emphasized. Dr. Collins said that because this study was considered inadequate, there was only 
modest discussion of tumors in male rats. However, if reexamination determined that the skin tu- 
mors were detected on visual examination, more discussion could be warranted. Dr. Hooper noted 
that the significantly increased incidence of skin tumors in male rats a t  the high dose should support 
a designation of equivocal evidence of carcinogenicity. Dr. W. Kluwe, NIEHS/NTP, replied that when 
a study is considered inadequate, a level of evidence is not given. Dr. Perera said that the possibility 
of false negative results as a result of low survival should be discussed along with the already dis- 
cussed problem of possible false positives. 

In further discussion, Dr. Swenberg stated that the NTP should have terminated the studies during 
the 1st year after the early mortality in high dose animals; the causes of death should have been more 
closely monitored, and then new studies should have been started with more appropriate doses. Dr. 
Kotelchuck also felt that the poor survival in female rats made this an inadequate study. 
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Dr. Hooper moved that the studies in both male and female rats be considered inadequate studies of 
carcinogenicity. Dr Perera seconded the motion and asked that the tumor types with increased in- 
cidences be mentioned. The Panel agreed to mention the increases in tumors in the abstract but not 
in the conclusion. The amended motion was approved unanimously. Dr. Purchase then moved that 
the conclusion for male mice be an  inadequate study of carcinogenicity. Dr. Kociba seconded the mo- 
tion, and it was approved unanimously by the Panel. Dr. Purchase moved that the conclusion for fe- 
male mice be some evidence of carcinogenicity. Dr. Kotelchuck seconded the motion. In discussion 
preceding the vote, Dr. J. Haseman, NTP, pointed out that in the low dose group, there was a sizable 
increase in ovarian tumors with neither mortality nor body weight loss. Dr. Swenberg said that the 
study of the high dose group was also acceptable, since more than 50% of the animals were alive a t  
week 78. In addition, these tumors are uncommon, and both malignant and benign tumors were in- 
duced. Dr. Kotelchuck suggested that the lack of a dose response weighed against the strongest cate- 
gory of evidence. The motion for some evidence of carcinogenicity in female mice was defeated by 
seven negative votes to three affirmative votes (Dr. Kociba, Dr. Kotelchuck, and Dr. Purchase). Dr. 
Hooper moved that the conclusion in female mice (clear evidence of carcinogenicity) be accepted as 
written. Dr. Swenberg seconded the motion, and it was approved by seven affirmative votes; there 
were two negative votes (Dr. Kociba and Dr. Kotelchuck) and one abstention (Dr. Purchase). 
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I. INTRODUCTION 

HC =CH, 

0 
4-VINYLCYCLOHEXENE 

(4-ETHENYLCYCLOHEXENE) 

CAS NO. 100-40-3 

CsHl2 Molecular weight 108.20 

General 

4-Vinylcyclohexene, a colorless liquid, is a dimer 
of 1,3-butadiene. It is used primarily as an in- 
termediate in the production of 4-epoxyethyl- 
1,2-epoxycyclohexane (vinylcyclohexene diepox- 
ide), which itself is used as a reactive diluent in 
the manufacture of epoxy resins (IARC, 1976). 
4-Vinylcyclohexene is also present in gases dis- 
charged during the production of synthetic rub- 
ber, especially as a result of the process of curing 
rubber in tire manufacturing. It has a boiling 
point of 128.9" C, a density at 20" C of 0.83, a re- 
fractive index ,at 20" C of 1.46, and a vapor pres- 
sure of 25.8 mm mercury at 38" C (Sandmeyer, 
1981). 

Although a threshold limit value for 4-vinyl- 
cyclohexene has not yet been established (IARC, 
1982; ACGIH, 19831, it has been suggested that 
the vapor concentration of this substance be kept 
below 100 ppm in any workroom environment 
(Sandmeyer, 1981). 4-Vinylcyclohexene is pro- 
duced commercially by the dimerization of 1,3- 
butadiene (IARC, 19761, a process tha t  also 
occurs during rubber curing (Rappaport and 
Fraser, 1976); the quantity of 4-vinylcyclo- 
hexene produced in the United States in 1977 
ranged between 1.2 X 106 and 12.1 X 106 
pounds (5.4 X 108 and 54.9 X 108 g) (USEPA, 
1980); more current production figures are not 
available (USITC, 1983). 

Animal Toxicity 

A single-dose oral LD50 value of 2.6 g/kg has 
been reported for Carworth-Wistar rats (Smyth 
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et  al., 1969). Inhalation studies demonstrated 
that exposure of rats for 15 minutes to air satu- 
rated with 4-vinylcyclohexene vapor was lethal, 
whereas exposure a t  a concentration of 8,000 
ppm (35,440 mg/m3) for 4 hours was lethal to 416 
rats. LC50 values of 6,095 ppm (27,000 mg/m3) 
in rats and 10,610 ppm (47,000 mg/m3) in mice 
have been reported (IARC, 19761, whereas ad- 
ministration of 226 ppm (1,000 mg/m31 by inha- 
lation to rats and mice for 6 hours per day over 4 
months was reported to inhibit weight gain and 
to cause leukocytosis, leukopenia, and impair- 
ment of hemodynamics (Bykov, 1968). 

Application of a 1:l mixture of 4-vinylcyclo- 
hexene (45 mg) and benzene in 0.1 ml doses to 
the skin of 30 Swiss mice 3 days per week for 54 
weeks resulted in one squamous cell carcinoma 
(Van Duuren et  al., 1963). However, even this 
limited effect w a s  subsequently attributed to 
contamination with small amounts of vinyl-  
cyclohexene hydroperoxide (Van Duuren, 1965). 
The hydroperoxide derivative, a known carcino- 
gen (Van Duuren et  al., 19631, is readily genera- 
ted by autoxidation when 4-vinylcyclohexene 
comes in contact with oxygen; the addition of 
inhibitors of peroxide formation is therefore 
needed to prevent contamination with this  
derivative, (The samples of 4-vinylcyclohexene 
used in these NTP studies contained 100 ppm 
butylated hydroxytoluene [BHTI or 50 ppm tert- 
butylcatechol for this purpose.) Because of the 
inconclusive results of the previous in vivo stud- 
ies (Van Duuren et  al., 1963; Van Duuren, 1965) 
conducted before the present NTP studies, it had 
been concluded that the carcinogenic status of 
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4-vinylcyclohexene was undefined (IARC, 1976, 
1982; NIOSH, 1980). 

Metabolism 

4-Vinylcyclohexene is metabolized in vitro by 
liver microsomal enzymes. The major metabolic 
products are 4-vinyl-1,2-epoxycyclohexane and 
4-epoxye thyl- 1 ,2-dihydroxycyclohexane, with 
trace amounts (less than 0.001%) of vinylcyclo- 
hexene diepoxide also being produced (Gervasi 
et al., 1980; Watabe et al., 1980, 1981). Intra- 
peritoneal administration of 4-vinylcyclohexene 
to male Swiss mice a t  a dose of 500 mg/kg in- 
duced the activities of a number of xenobiotic 
metabolizing enzymes in the liver (Giannarini et  
al., 19811, including those which generate vinyl- 
cyclohexene diepoxide (e.g. ,  NADPH-cyto- 
chrome c reductase). This finding is important 
because of the well-established carcinogenicity 
of this diepoxide derivative. Dermal or intra- 
peritoneal administration of 4-vinylcyclohexene 
diepoxide causes squamous cell sarcomas and 
carcinomas or peritoneal sarcomas, respectively 
(Van Duuren et  al., 1963, 1967; IARC, 1976; 
ACGIH, 1983). Data on the pharmacokinetics 
and tissue distribution of 4-vinylcyclohexene 
were not located in the literature. 

Mutagenicity 

4-Vinylcyclohexene was not mutagenic in Sal- 
monella typhimurium strains TA100, TA1535, 
TA1537, or TA98 in the presence or absence of 
Aroclor 1254-induced male Sprague-Dawley rat  
or male Syrian hamster liver S9 when tested ac- 
cording to the preincubation protocol of Haworth 
et al. (1983) (Appendix G). Although no addi- 
tional information regarding the genetic toxicol- 
ogy of this compound was found in the literature, 
several recognized metabolites of 4-vinylcyclo- 
hexene, including 4-vinylcyclohexene diepoxide, 
4-vinyl- 1,2-epoxycyclohexane, and 4-epoxy- 
ethyl-1,2-dihydroxycyclohexane, were muta-  
genic in Salmonella andlor produced chromo- 
somal damage in vitro (Murray and Cummins, 
1979; Simmon and Baden, 1980; Watabe et al., 
1980; Turchi et  al., 1981; E. Zeiger, NTP, unpub- 
lished data). 
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Human  Exposure 

Concentrations of 4-vinylcyclohexene at its site 
of manufacture in Russia were reported to aver- 
age 271-542 X 103 ppb (1.2-2.4 X 106 mg/m3), 
with maximum concentrations of 677 X 103 ppb 
(3.0 x 106 mg/m3) being measured (Bykov, 
1968). In contrast, Fraser and Rappaport (19761, 
using a simulated laboratory model of t i re  
curing, reported the presence of 4-vinylcyclo- 
hexene a t  concentrations of 71-92 ppb (310-410 
mg/m3). In subsequent studies involving the ac- 
tua l  sampling of the discharged off-gases to 
which rubber workers are exposed during the 
tire-curing process, these investigators mea- 
sured concentrations of 4-vinylcyclohexene of up 
to 118 ppb (520 mg/m3) (Rappaport and Fraser, 
1977). Although it  is not clear if this compound 
has any relationship to the elevated levels of 
cancer mortal i ty  cha rac t e r i s t i c  of rubbe r  
workers (Mancuso et  al., 1968; Mancuso, 1976; 
IARC, 1982; Wang et al., 19841, workers exposed 
to 4-vinylcyclohexene a t  much higher concentra- 
tions than those detected by Rappaport and 
Fraser (1977) have been reported to suffer from 
keratitis, rhinitis, headache, hypotonia, leuko- 
penia, neutrophilia, lymphocytosis, and impair- 
ment of pigment and carbohydrate metabolism 
(Bykov, 1968). Furthermore, there is additional 
potential for worker exposure given the use of 4- 
vinylcyclohexene as a n  intermediate for the 
production of its diepoxide, which itself is used 
in the manufacture of epoxy resins (IARC, 1976). 

S tudy  Rationale 

4-Vinylcyclohexene was selected for study in 
order to characterize and evaluate its toxicologic 
potential, including carcinogenic activity, be- 
cause of the potential for worker exposure, the 
carcinogenic activity of closely related deriva- 
tives, and the inconclusive results of previous 
carcinogenicity studies (Van Duuren e t  al . ,  
1963; Van Duuren, 1965). Although administra- 
tion of 4-vinylcyclohexene by inhalation would 
probably have best simulated the principal route 
of human exposure, the original decision to test 
by gavage was based primarily on limitations in 
available inhalation testing facilities. 
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II. MATERIALS AND METHODS 

PROCUREMENT AND 
CHARACTERIZATION OF 
4-VINYLCYCLOHEXENE 

4-Vinylcyclohexene was obtained in two lots 
(Table 1). Lot no. C592777, which was reported 
by the supplier (Chemical Samples Company) to 
contain 100 ppm (0.01%) butylated hydroxy- 
toluene (BHT) as an  inhibitor of peroxide forma- 
tion, was used for the 14-day studies, 13-week 
studies, and the first 44 weeks of the 2-year stud- 
ies. Lot no. A061 181 was obtained from Aldrich 
Chemical Company in 28 containers, the con- 
tents of which were combined, mixed, and used 
for the remainder of the 2-year studies. Lot no. 
A061181 was reported by Aldrich to contain 50 
ppm (0.005%) tert-butylcatechol as  an  inhibitor 
of peroxide formation. 

Purity, identity, and stability analyses were con- 
ducted a t  Midwest Research Institute (Appendix 
H). Both lots were identified as 4-vinylcyclo- 
hexene by spectroscopy. Infrared and nuclear 
magnetic resonance spectra were consistent 
with those expected for the structure of 4-vinyl- 
cyclohexene and with l i terature data;  ul t ra-  
violet/visible spectra were consistent with its 
structure. 

Cumulative data for lot no. (2592777 indicated a 

purity of greater than 99%. Results of the ele- 
mental analysis for both carbon and hydrogen 
agreed with theoretical values. Water content 
by Karl Fischer titration was 0.012%. Gas chro- 
matography by the two systems used indicated 
imfiurities with combined areas  of 0.22% and 
0.15%) respectively, relative to that of the major 
peak. 

Cumulative data for lot no. A061181 indicated a 
purity slightly less than that of lot no. (2592777 
but still greater than 98%. Elemental analysis 
values for carbon and hydrogen agreed with the- 
oretical values. Water content by Karl Fischer 
titration was 0.07%. Gas chromatography by 
the two systems used indicated impurities with 
combined areas of 0.69% and 1.1%, respectively, 
relative to the major peak. 

The bulk chemical was stable when stored for 2 
weeks a t  - 20" to 25" C (Appendix H). The study 
laboratory stored several portions a t  - 20" C as  
reference samples, and the remainder was stored 
a t  room temperature. The study and reference 
samples were analyzed periodically a t  the study 
laboratory by infrared spectroscopy and  gas 
chromatography; no notable deterioration of the 
study chemical occurred over the course of the 
studies. 

TABLE 1. IDENTITY AND SOURCE OF LOTS USED IN THE GAVAGE STUDIES OF 
4-VINYLCYCLOHEXENE 

Fourteen-Day Studies Thirteen-Week Studies Two-year Studies 
~ ~ ~ _ _ _ _ _  

Lot Numbers C592777 

Date of Initial 
Use of Each Lot 1/8/79 

~~~ 

C592777 (392777, A061181 

N/A 10/5/8 1 

Supplier Chemical  Samples  Co. S a m e  as t h e  14-d s tudies  Lot no. C592777-Chemical 
(Columbus,  OH) Samples  Co. (Columbus,  

OH); lot no. A061181- 
Aldrich Chemical  Co. 
(Milwaukee,  WI) 

4-Vinylcyclohexene9 NTP TR 303 20 



II. MATERIALS AND METHODS 

PREPARATION AND 
CHARACTERIZATION OF 
DOSE MIXTURES 

4-Vinylcyclohexene and corn oil were mixed to 
give the desired concentrations (Table 2). 4- 
Vinylcyclohexene (5.2% w/v) in corn oil was 
found to be stable when stored a t  room tempera- 
ture for 7 days (Appendix I).  In the 2-year stud- 
ies, 4-vinylcyclohexene/corn oil mixtures were 
stored a t  room temperature for no longer than 7 
days. Formulations of 4-vinylcyclohexene in 

corn oil were analyzed periodically by the study 
and referee laboratories to confirm chemical con- 
tent. The analytical method included a metha- 
nolic extraction as  a purification step and a gas 
chromatographic assay as the quantitation step 
(Appendix J). Because 32/34 samples analyzed 
were within k 10% of the target concentration, 
it is estimated that dose mixtures were prepared 
within specifications approximately 94% of the 
t ime dur ing  t h e  2-year  s tud ie s  (Table  3;  
Appendix K, Table Kl). 

T A B L E  2. P R E P A R A T I O N  A N D  S T O R A G E  O F  D O S E  M I X T U R E S  I N  T H E  G A V A G E  S T U D I E S  
OF 4 - V I N Y L C Y C L O H E X E N E  

F o u r t e e n - D a y  S t u d i e s  T h i r t e e n - W e e k  S t u d i e s  T w o - y e a r  S t u d i e s  

P r e p a r a t i o n  4-Vinylcyclohexene w a s  A known quan t i ty  of 4-vinyl- S a m e  a s  t h e  14-d s tudies  
pipetted into a  g radua ted  
cylinder,  di luted with corn 
oil, and  thoroughly mixed 
by inversion 

cyclohexene was  di luted 
with corn oil 

M a x i m u m  I d  
S t o r a g e  T i m e  

7 d  7 d  

S t o r a g e  Room tempera tu re  Room tempera tu re  Room tempera tu re  
C o n d i t i o n s  

T A B L E  3. S U M M A R Y  O F  R E S U L T S  O F  A N A L Y S I S  OF DOSE MIXTURES IN THE TWO-YEAR 
G A V A G E  S T U D I E S  O F  4 - V I N Y L C Y C L O H E X E N E  

D e t e r m i n e d  C o n c e n t r a t i o n  for T a r g e t  C o n c e n t r a t i o n  of 
80.1 mg/ml 120.1 mg/ml 

Mean (mg/ml)  
S t a n d a r d  deviat ion 
Coefficient of var ia t ion (percent )  
Range (mg/ml) 
Number  of samples  

59.3 
3.54 
6.0 

49.7-66.2 
17 

117.5 

3.9 
4.58 

110.0-126.9 
17 
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II. MATERIALS AND METHODS 

FOURTEEN-DAY STUDIES 

Male and female F344/N rats and B6C3F1 mice 
were obtained from Charles River Breeding Lab- 
oratories (Portage, Michigan) and were held for 
20 days (mice) or 27 days (rats) before the stud- 
ies began. Groups of five rats and five mice of 
each sex were administered 0, 300, 600, 1,250, 
2,500, or 5,000 mg/kg 4-vinylcyclohexene in corn 
oil by gavage for 14 consecutive days. 

Animals were housed five per cage and received 
water and feed ad libitum. Details of animal 
maintenance are presented in Table 4. The rats 
and mice were observed twice per day for mor- 
tality and once per day for clinical signs and 
were weighed on days 0 and 14. A necropsy was 
performed on all animals; only stomachs, pre- 
viously identified as  the target organ, were ex- 
amined microscopically. 

THIRTEEN-WEEK STUDIES 

Thirteen-week studies were conducted to evalu- 
ate the cumulative toxic effects of repeated ad- 
ministration of 4-vinylcyclohexene and to deter- 
mine the doses to be used in the 2-year studies. 
Four- to five-week-old male and female F344/N 
rats  and 5-  to 6-week-old male and  female 
B6C3F1 mice were obtained from Charles River 
Breeding Laboratories and were observed for 17 
days before the studies began. Rats and mice 
were housed five per cage in polycarbonate 
cages. Diets consisting of NIH 07 Rat and Mouse 
Ration pellets (Appendix M) and water (acidified 
with hydrochloric acid to pH 2.5 for bacterial 
control, a procedure no longer used in  the  
Program) were available ad libitum. 

Groups of 10 rats of each sex received 0, 50, 100, 
200, 400, or 800 mg/kg 4-vinylcyclohexene in 
corn oil by gavage, 5 days per week for 13 weeks. 
Groups of 10 mice of each sex received 0,75,150, 
300, 600, or 1,200 mg/kg on the same schedule. 
Further experimental details are summarized in 
Table 4. Animals were observed two times per 
day; moribund animals were killed. Animal 
weights and detailed clinical observations were 
recorded once per week. Survivors were killed at 
the end of the 13-week studies. A necropsy was 
per formed on a l l  a n i m a l s  excep t  t hose  
excessively autolyzed or cannibalized. Tissues 
and groups examined are listed in Table 4. 
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TWO-YEAR STUDIES 

These studies were conducted to characterize 
and evaluate the toxicologic potential, including 
carcinogenic activity, of 4-vinylcyclohexene. 

Study Design 

Groups of 50 rats and 50 mice of each sex re- 
ceived 0, 200, or 400 mg/kg 4-vinylcyclohexene 
in corn oil by gavage, 5 days per week for 103 
weeks. Further experimental details a re  sum- 
marized in Table 4. 

Source and Specifications of Animals 

The male and female F344/N rats and B6C3F1 
(C57BL/6N, female, X C3H/HeN MTV-, male) 
mice used in this study were produced under 
strict barrier conditions a t  Charles River Breed- 
ing Laboratories (Kingston, New York) under a 
contract to the Carcinogenesis Program. Breed- 
ing stock for the foundation colonies a t  the pro- 
duction facility originated a t  the National Insti- 
tutes of Health Repository. Animals shipped for 
study were progeny of defined microflora- 
associated parents that  were transferred from 
isolators to barrier-maintained rooms. Animals 
were shipped to the study laboratory a t  4-5 
weeks of age. The animals were quarantined a t  
the study facility for 3 weeks. Thereafter, a com- 
plete necropsy with gross pathologic examina- 
tion was performed on five animals of each sex 
and species to assess their health status. The 
rodents were placed on study a t  7-8 weeks of age. 
The health of the animals was monitored during 
the course of the studies according to the pro- 
tocols of the NTP Sentinel Animal Program 
(Appendix L). 

A quality control skin grafting program has 
been in effect since early 1978 to monitor the 
genetic integrity of the inbred mice used to pro- 
duce the hybrid B6C3F1 study animal. In mid- 
1981, data were obtained that showed incompat- 
ibility between the NIH C3H reference colony 
and the C3H colony from a Program supplier. In 
August 1981, inbred parental lines of mice were 
further tested €or genetic integrity via isozyme 
and protein electrophoresis profiles that demon- 
strate phenotype expressions of known genetic 
loci. 



TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES O F  
4-VINYLCYCLOHEXENE 

Fourteen-Day Studies Thirteen-Week Studies Two-year Studies 

EXPERIMENTAL DESIGN 

Size of Study Groups 

Doses 

Date of First Dose 

Date of Last Dose 

Duration of Dosing 

Type and Frequency 
of Observation 

Necropsy and 
Histologic 
Examination 

5 males and 5 females 
of each species 

0,300,600,1,250, 
2,500, or 5,000 mg/kg 
4-vinylcyclohexene in 
corn oil by gavage; 
dose VOL-5.81 mlkg  

Rats- 1/9/79; mice- 1/8/79 

Rats--1/22/79; mice--1/21/79 

14 consecutive days 

Observed 2 X d for mortality 
and 1 X d for clinical signs; 
weighed on days 0 and 14 

Necropsy performed 
on all animals; stomachs 
examined microscopically 

ANIMALS AND ANIMAL MAINTENANCE 

Strain and Species Rats--F344/N; mice--B6C3F1 

Animal Source Charles River Breeding 
Laboratories (Portage, MI) 

10 males and 10 females of 
each species species 

Rats--0,50,100,200,400, 0,200, or 400 mgkg 4-vinylcyclo- 
or 800 mg/kg 4-vinylcyclo- hexene in corn oil by gavage; 
hexene in corn oil by gavage; dose vol-3.33 mlkg  
mice--0,75,150,300,600, 
or 1,200 mg/kg 4-vinylcyclo- 
hexene in corn oil by 
gavage; dose VOL-3.33 mlkg 

1/21/80 Rats--1 1/17/80; mice--l1/10/80 

Rats--4/22/80; mice--4/18/80 Rats-1 1/5/82; mice--10/29/82 

5d/wk for 13 wk 

Observed 2 X d; weighed 
1 Xwk 

50 males and 50 females of each 

5d/wk for 103 wk 

Observed 2 X d; observed 
1 X wk for clinical signs and 
palpated 1 X 4 wk; weighed 1 X wk 
for 13 wk and 1 X mo thereafter 

Necropsy performed on all Necropsy performed on all but two 
animals; histologic examina- animals (one missing, one pregnant); 
tion performed on all tissues examined microscopically 
animals in the vehicle con- include: gross lesions and tissue 
trol and 800 mg/kg groups masses, regional lymph nodes, 
of rats, as  well as the kid- parathyroids, colon, prostatehestes 
neys and stomachs of all male or ovaries/uterus, lung and 
rats and the stomachs of all mainstem bronchi, stomach, 
female rats, on vehicle con- brain, spinal cord (if neurologic 
trol and 1,200 mg/kg groups signs present), blood smear 
of mice, and on all animals (as required by pathologist), 
dying before the end of the sternebrae (including marrow), 
studies. Tissues examined liver, heart, thymus, pancreas, 
include: gross lesions and kidneys, urinary bladder, eyes (if 
tissue masses, mandibular grossly abnormal), mandibular 
lymph nodes, salivary glands, and mesenteric lymph nodes, 
sternebrae (including mar- salivary glands, thyroid 
row), thyroid gland, para- gland, small intestine, 
thyroids, small intestine, esophagus, mammary gland, 
colon, liver, gallbladder trachea, adrenal glands, 
(mice), prostatehestes or pituitary gland, and gallbladder 
ovaries/uterus, lungs and (mice) 
mainstem bronchi, skin, 
heart, esophagus, stomach, 
brain, thymus, pancreas, 
spleen, kidneys, adrenal 
glands, urinary bladder, 
pituitary gland, trachea, 
eyes, mammary gland, blood 
smear, and spinal cord (if 
neurologic signs present) 

Same as  14-d studies 

Same as  the 14-d studies 

Same as  14.d studies 

Charles River Breeding 
Laboratories (Kingston, NY) 
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TABLE 4. EXPERIMENTAL DESIGN AND MATERIALS AND METHODS IN THE GAVAGE STUDIES OF 
4-VINYLCYCLOHEXENE (Continued) 

Fourteen-Day Studies Thirteen-Week Studies Two-year  Studies 
~~ 

ANIMALS AND ANIMAL MAINTENANCE (Continued) 

Study Laboratory Litton Bionetics, Inc. Litton Bionetics, Inc. Litton Bionetics, Inc, 

Method of Animal Rats--ear notch; Rats--ear tags and cage Same as  13-wk studies 
Identification mice--ear punch and cards; mice--toe clip, 

cage cards ear tags, and cage cards 

Time Held Before Rats--27 d; mice-20 d 17 d 
Study 

19 d 

Age When Placed on  Rats-7 wk; m i c e 4  wk Rats-7 wk; mice-8 wk Rats-7 wk; mice-8 wk 
Study 

Age When Killed Rats-9 wk; mice--10 wk Rats--20wk;mice--2l wk Rats-111-112 wk;mice--112 wk 

Necropsy Dates Rats--1/23/79; mice- 1/22/79 Rats--4/23/80-4/24/80; Rats--1 1/15/82-11/17/82; 

Method of Animal 
Distribution 

mice--4/21/80-4/22/80 mice--1 1/8/82-11/10/82 

Same as  the 14-d studies Assigned to cages, then to 
groups according to a series of 
computer-generated random 
numbers 

Same as  the 14-d studies 

Feed 

Bedding 

Water 

Cages 

Cage Filters 

Lab Chow Checkers' (Ralston NIH 07 Rat and Mouse 
Purina, St. Louis, MO); Ration (Zeigler Bros., 
available ad libitum Gardners, PA); available 

ad libitum 

Same as  13-wk studies 

AB-SORB-DRP hardwood Same as  the 14-d studies AB-SORB-DRP hardwood chips 
chips (Williams Feed and 
Bedding, Gaithersburg, MD) 

(Willams Feed and Bedding, 
Gaithersburg, MD), then Sani- 
Chips" (P.J. Murphy Forest 
Products Corp., Rochelle Park, 
NJ)  

Same as  the 14-d studies Tap water acidified to pH 2.5 
with HC1: available ad libitum 

Same as  the 14-d studies 

Polycarbonate (Lab Products, 
Inc., Garfield, NJ, or Rochelle 
Park, NJ, and Hazleton 
Systems, Aberdeen, MD) 

Nonwoven filter paper (Snow 
Filtration Co., Cincinnati, 
OH) Cincinnati, OH) 

Same as  the 14-d studies Same as the 14-d studies 

Same as  the 14-d studies Nonwoven polyester filter 
sheets (Snow Filtration Co., 

Animals per  Cage 5 5 5 

Other  Chemicals on None 
Study in the Same 
Room 

Animal Room N/A 
Environment 

None None 

Temp--22"-24" C; 
hum--30%-70%; 
fluorescent light 12Wd; 
15 room air changes/h 

Temp--2Z0-24'C (min 21"C, max 
29" C); hum--generally 30%-70% but 
not controlled; fluorescent light 12 
Wd; 12-15 room air changes/h 
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II. MATERIALS AND METHODS 

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

Male mice from the C3H colony and female mice 
from the C57BL/6 colony were used as parents 
for the hybrid B6C3F1 mice used in these stud- 
ies. The influence of the potential genetic non- 
uniformity in the hybrid mice on these results is 
not known, but results of the studies are  not af- 
fected because concurrent controls were included 
in each study. 

Animal Maintenance 

Rats and mice were housed five per cage in 
polycarbonate cages. Diets and water (acidified 
with hydrochloric acid to pH 2.5 for bacterial 
control) were available ad libitum. Details of 
animal maintenance are summarized in Table 4. 

Clinical Examinations and Pathology 

All animals were observed two times per day, 
and clinical signs were recorded once per week. 
Body weights by cage were recorded once per 
week for the first 13 weeks of the study and once 
per month thereafter. Mean body weights were 
calculated for each group. Moribund animals 
were killed, as  were animals that survived to the 
end of the study. A necropsy was performed on 
all animals, including those found dead unless 
they were excessively autolyzed or cannibalized. 
Thus, the number of animals from which par- 
ticular organs or tissues were examined micro- 
scopically varies and is not necessarily equal to 
the number of animals that were placed on study 
in each group. 

Examinations for grossly visible lesions were 
performed on major tissues or organs. Tissues 
were preserved in 10% neutral buffered forma- 
lin, embedded in paraffin, sectioned, and stained 
with hematoxylin and eosin. Tissues examined 
microscopically are  listed in Table 4. 

When the pathology examination was com- 
pleted, the  sl ides,  individual an ima l  d a t a  
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records, and summary tables were sent to an in- 
dependent quality assurance laboratory. In- 
dividual animal records and tables were com- 
pared for accuracy, slides and tissue counts were 
verified, and histotechnique was evaluated. All 
tumor diagnoses, all target tissues, and all tis- 
sues from a randomly selected 10% of the ani- 
mals were evaluated by a quality assurance 
pathologist. Slides of all target tissues and those 
about which the original and quality assurance 
pathologists disagreed were submitted to the 
Chairperson of the Pathology Working Group 
(PWG) for evaluation. Representative coded 
slides selected by the Chairperson were re- 
viewed by PWG pathologists, who reached a con- 
sensus and compared their findings with the 
original and quality assurance diagnoses. When 
diagnostic differences were found, the PWG sent 
the appropriate slides and comments to the orig- 
inal pathologist for review. This procedure has 
been described, in part, by Maronpot and Boor- 
man (1982) and Boorman et al. (1985). The final 
diagnoses represent a consensus of contractor 
pathologists and the NTP Pathology Working 
Group. For subsequent evaluations, the diag- 
nosed lesions for each tissue type are combined 
according to the guidelines of McConnell et al. 
(1 986). 

Nonneoplast ic  les ions a r e  not  examined  
routinely by the quality assurance pathologist or 
the PWG. Certain nonneoplastic findings a re  
reviewed by the quality assurance pathologist 
and the PWG if they are considered part of the 
toxic response to a chemical or  if they a r e  
deemed of special interest. 

Statistical Methods 

Datu Recording: Data on this experiment were 
recorded in the Carcinogenesis Bioassay Data 
System (Linhart et al., 1974). The data elements 
include descriptive information on the chemi- 
cals, animals, experimental design, survival, 
body weight, and individual pathologic results, 
as recommended by the International Union 
Against Cancer (Berenblum, 1969). 

Survival Analyses: The probability of survival 
was estimated by the product-limit procedure of 
Kaplan and Meier (1958) and is presented in the 
form of graphs. Animals were censored from the 
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II. MATERIALS AND METHODS 

survival analyses a t  the time they were found 
dead of other than natural causes or were found 
to be missing; animals  dying from na tura l  
causes were not censored. Statistical analyses 
for a possible dose-related effect on survival used 
the method of Cox (1972) for testing two groups 
for equality and Tarone’s (1975) life table test for 
a dose-related trend. When significant survival 
differences were detected, additional analyses 
using these procedures were carried out to deter- 
mine the time point at which significant differ- 
ences in the survival curves were first detected. 
All reported P values for the survival analysis 
are two-sided. 

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

Analysis of Tumor Incidence: Three statistical 
methods are used to analyze tumor incidence 
data. The two that adjust for intercurrent mor- 
tality employ the classical method for combining 
contingency tables developed by Mantel and 
Haenszel (1959). Tests of significance included 
pairwise comparisons of high dose and low dose 
groups with vehicle controls and tests for overall 
dose-response trends. 

For studies in which compound administration 
has little effect on survival, the results of the 
three alternative analyses will generally be 
similar. When differing results are obtained by 
the three methods, the final interpretation of the 
data will depend on the extent to which the tu- 
mor under consideration is regarded as being the 
cause of death. Continuity-corrected tests are  
used in the analysis of tumor incidence, and 
reported P values are one-sided. 

Life Table Analyses--The first method of analy- 
sis assumed 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 in- 
directly caused the death of the animal. Accord- 
ing to this approach, the proportions of tumor- 
bearing animals in the dosed and vehicle control 
groups were compared a t  each point in time a t  
which an animal died with a tumor of interest. 
The denominators of these proportions were the 
total number of animals a t  risk in each group. 
These results, including the data from animals 
killed a t  the end of the study, were then com- 
bined by the Mantel-Haenszel method 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 under- 
lying variable considered by this analysis is time 
to death due to tumor. If the tumor is rapidly 
lethal, then time to death due to tumor closely 
approximates time to tumor onset. In this case, 
the life table test also provides a comparison of 
the time-specific tumor incidences. 

Incidental Tumor Analyses--The second method 
of analysis assumed that all tumors of a given 
type observed in animals that died before the 
end of the study were “incidental”; i.e., they 
were merely observed a t  necropsy in animals dy- 
ing of an  unrelated cause. According to this ap- 
proach, the proportions of tumor-bearing ani-  
mals in dosed and vehicle control groups were 
compared in each of five time intervals: weeks 
0-52, weeks 53-78, weeks 79-92, week 93 to the 
week before the terminal-kill period, and the 
terminal-kill period. The denominators of these 
proportions were the number of animals  on 
which a necropsy was actually performed during 
the time interval. The individual time interval 
comparisons were then combined by the pre- 
viously described method to obtain a single over- 
all result. (See Haseman, 1984, for the computa- 
tional details of both methods.) 

Unadjusted Analyses--Primarily, survival-ad- 
justed methods are used to evaluate tumor inci- 
dence. In addition, the results of the Fisher 
exact test  for pairwise comparisons and  the 
Cochran-Armitage linear trend test (Armitage, 
1971; Gart et al., 1979) are  given in the appendix 
containing the analyses of primary tumor inci- 
dence. These two tests are based on the overall 
proportion of tumor-bearing animals and do not 
adjust for survival differences. 
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II. MATERIALS AND METHODS 

Historical Control Data: Although the concur- 
rent control group is always the first and most 
appropriate control group used for evaluation, 
there are certain instances in which historical 
control da t a  can be helpful in  the  overal l  

assessment of tumor incidence. Consequently, 
control tumor incidences from the NTP histori- 
cal control data base (Haseman et al., 1984) are 
included for those tumors appearing to show 
compound-related effects in these studies. 
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III. RESULTS 

RATS 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Survival 
Pathology and Statistical Analyses of Results 

MICE 

FOURTEEN-DAY STUDIES 

THIRTEEN-WEEK STUDIES 

TWO-YEAR STUDIES 
Body Weights and Clinical Signs 
Survival 
Pathology and Statistical Analyses of Results 
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III. RESULTS: RATS 

FOURTEEN-DAY STUDIES 

All the rats that received 1,250, 2,500, or 5,000 
mg/kg 4-vinylcyclohexene died before the end of 
the studies (Table 5) .  Before these animals died, 
they were inactive, wet in the perianal region, 
and had tremors, soft stools, and an  unsteady 
gait. Animals that survived to the end of the 
studies appeared normal, although male, but not 
female, vehicle control rats lost weight during 
the study. The death of one male rat  in the 300 
mg/kg group on day 3 was judged not to be com- 
pound related. With the exception of the weight 

loss seen in the vehicle control male rats, all sur- 
viving rats were similar in body weight to other 
animals of the same sex, regardless of dose re- 
ceived. No compound-related gross changes were 
noted at necropsy. Histologic examination was 
limited to the stomach, since it was predesig- 
nated as the target organ; no microscopic lesions 
were detected in this organ. 

Based on the mortality observed in these studies 
a t  4-vinylcyclohexene doses of 1,250 mg/kg or 
higher, doses of 0, 50, 100, 200, 400, and 800 
mg/kg were selected for the 13-week studies. 

TABLE 5. SURVIVAL AND MEAN BODY WEIGHTS O F  RATS IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF 4-VINYLCYCLOHEXENE 

Mean Body Weights (grams) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(mg/kg) (percent) 

MALE 

0 
300 
600 

1,250 
2,500 
5,000 

FEMALE 

0 
300 
600 

1,250 
2,500 
5,000 

515 
(d) 415 

515 
(e) 015 
(g) 015 
(g) 015 

515 
515 
515 

(h) 0/5 
(g) 015 
( i )  015 

237 f 17 184f 6 -53 f 18 
225 f 17 221 f 10 +lo+ 3 
219f 6 215f 9 -4f 5 
195 f 22 if) (D 
215 f 8 in (D 
199 f 3 (D (D 

152 f 6 153 f 6 + 1 +  1 
158 k 5 157 k 5 - 1 +  1 
157f 2 154k 3 -3k 1 
133 f 4 (D (D 
153 f 3 (D iD 
157 f 6 (0 (fl 

_ _  
120.1 
116.8 
(D 
(D 
(D 

_ _  
102.6 
100.7 
(0 
(D 
(D 

(a)  Number surviving/number in group 
(b) Initial mean group body weight f standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d)  Death judged accidental 
(e) Day ofdeath: 4,7,8,14,14 
(D No data are reported due to the 100% mortality in this group. 
(g) Day ofdeath: all 2 
(h) Day of death: all 4 
(i) Day ofdeath: 1,2,2,2,2 
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III. RESULTS: RATS 

THIRTEEN- W E E K STUD I E S 

One male rat  that  received 400 mg/kg and one 
female r a t  tha t  received 800 mg/kg 4-vinyl- 
cyclohexene died before the end of the studies 
(Table 6) .  Body weight gain was reduced in a 
dose-related fashion for male rats,  and final 
mean body weights relative to those of the vehi- 
cle controls were 13% lower for high dose males 
and 6% lower for high dose females. The final 
mean body weight of male rats that received 400 
mg/kg was 7% lower than that of the vehicle con- 
trols. 

Hyaline droplet degeneration of the proximal 
convoluted tubule of the kidney was observed in 
dosed males but not in dosed females or the vehi- 
cle controls (Table 7). The lesion consisted of ac- 
cumulations of brightly eosinophilic granules 
and globules in the cytoplasm of affected epithe- 
lial cells. The severity of the lesion was consid- 
ered to be minimal for all groups except the 800 
m g k g  males, in that  only in this group did it a p  
pear to be of a degree that might reduce longev- 
ity or be life threatening in a 2-year study. 

Inflammation in  the submucosa of the  non- 
glandular portion of the stomach was seen in one 
male and three females in the 800 mg/kg groups; 
this acute lesion consisted of focal infiltration of 
neutrophils and diffuse edema in the gastric sub- 
mucosa. No other histopathologic abnormalities 
were observed which were considered to be com- 
pound related. 

Dose Selection Rationale: Based on the con- 
siderable depression in the body weights of male 
rats receiving 800 mg/kg 4-vinylcyclohexene, as 
well as the appearance a t  this dose of kidney 
lesions of a severity judged to be sufficient to 
promote earlier spontaneous kidney pathologic 
effects, doses selected for male rats in the 2-year 
studies were 2.00 and 400 mg/kg 4-vinylcyclo- 
hexene, to be administered in corn oil by gavage, 
5 days per week. For the sake of consistency, the 
same doses were also selected for female rats. 
These doses appeared reasonable at the time, es- 
pecially for the female rats in which no severe 
histopathologic lesions and only marginal body 
weight depression were seen at the high dose 
(800 mg/kg) in  the 13-week study. 

TABLE 6. SURVIVAL AND MEAN BODY WEIGHTS OF RATS IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF 4-VINYLCYCLOHEXENE 

Mean Body Weights (prams) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(WvW (percent) 

MALE 

0 
50 
100 
200 
400 
800 

FEMALE 

0 
50 
100 
200 
400 
800 

10/10 
10110 
1011 0 
10110 

(d) 9/10 
10/10 

10110 
1011 0 
1011 0 
1011 0 
loll0 

(e) 9/10 

163 f 6 
163 f 4 
157 f 6 
161 f 6 
158 f 7 
162 f 6 

131 f 4 
127 f 3 
121 f 5 
123 f 5 
121 f 6 
124 f 4 

360 f 9 +197 f 8 
363 f 6 +ZOO f 6 
347 f 7 +190 f 6  
349 f 10 +188 f 7 
336f 11 +178f7 
315f 7 +153 f 6  

210 f 3 + 79 f 4 
213f 5 + 8 6 f 6  
202 f 2 + 81 f 4  
203 f 4 + 80 f 4 
208 f 3 + 87 f 6 
197 f 4 + 72 f 4  

_ _  
101 
96 
97 
93 
87 

_ _  
101 
96 
97 
99 
94 

(a) Number surviving/number in group 
(b) Initial mean group body weight f standard error of the mean. Subsequent calculations are based on those animals 
surviving to the end of the study. 
(c) Mean body weight change of the aurvivors f standard error of the mean 
(d) Week ofdeath: 12 
(e) Week of death: 2 
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TABLE 7. NUMBER OF RATS WITH COMPOUND-RELATED LESIONS IN THE THIRTEEN-WEEK 
GAVAGE STUDIES OF 4-VINYLCYCLOHEXENE (a) 

Vehicle Control 50 mg/kg 100 mg/kg 200 mg/kg 400 mg/kg 800 mg/kg 

MALE 

Kidneys 
Hyaline droplet 
degeneration 0 

Stomach 
Inflammation 0 

FEMALE 

Kidneys 
Hyaline droplet 
degeneration 0 

Stomach 
Inflammation 0 

3 10 10 (b) 9 10 

0 0 0 0 1 

0 0 0 0 0 

0 0 0 0 3 

(a) Ten animals were examined in each group. 
(b) The nonaffected rat in this group died before the end ofthe study, and the kidneys were not optimally preserved. 

TWO-YLAR STUDIES 

Body Weights and Clinical Signs 

The init ial  mean body weights relative to 
vehicle controls were 93% and 109% for low dose 
and high dose male rats and 113% and 114% for 
low dose and high dose female rats (Table 8). 
These differences indicate that the animal dis- 
tribution technique used (see Table 4) did not 

4-Vinylcyclohexene, NTP TR 303 

result in optimal randomization by weight. 
Mean body weights of high dose male rats were 
essentially the same as those of the vehicle con- 
trols until approximately week 72 of the study, 
after which they were between 5%-14% lower 
than those of the vehicle controls (Figure 1). The 
reason for this late weight loss in high dose 
males i s  unknown. Mean body weights  of dosed 
and vehicle control female rats were comparable 
throughout the study. 
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TABLE 8. ,MEAN BODY WEIGHTS AND SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES 
OF 4-VINYLCYCLOHEXENE 

200 mg/kg 400 mg/kg 
0. ot Av. Wt. Wt . percent N 0. of Av.Wt. W 't.(percent N 0. ot Vehicle Control Weeks 

on Study Av.Wt. N 
(grams) Survivors (grams) ofcbntrols, Survivors (grams) ofcontrois) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

t o  
11 
12 
13 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

FEMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

118 
151 
188 
164 
217 
240 
240 
266 
275 
294 
310 
314 
321 
329 
348 
375 
395 
409 
424 
442 
449 
453 
46 1 
468 
469 
476 
474 
472 
48 1 
482 
48 5 
481 
477 
47 1 
465 
450 

98 
120 
136 
138 
158 
165 
167 
176 
176 
182 
187 
190 
193 
194 
202 
208 
214 
22 1 
226 
235 
240 
245 
248 
252 
257 
266 
269 
272 
274 
285 
296 
30 1 
306 
305 
307 
31 1 

50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
47 
47 
46 
45 
44 
44 
43 
42 
40 
40 
39 
37 
36 
36 
35 
34 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
48 
47 
47 
47 
47 
47 
44 
42 
41 

110 
148 
183 
161 
208 
237 
233 
264 
278 
290 
304 
312 
319 
326 
347 
373 
397 
412 
423 
442 
455 
450 
467 
474 
477 
483 
482 
478 
466 
480 
47 1 
468 
467 
464 
45 7 
444 

111 
124 
137 
141 
157 
165 
162 
175 
178 
181 
187 
187 
190 
192 
198 
206 
212 
216 
223 
231 
237 
242 
244 
248 
253 
261 
262 
27 1 
27 6 
285 
292 
299 
294 
296 
300 
307 

93 
98 
97 
98 
96 
99 
97 
99 

101 
99 
98 
99 
99 
99 

100 
99 

101 
101 
100 
100 
101 
99 

101 
101 
102 
101 
102 
101 
97 

100 
97 
97 
98 
99 
98 
99 

113 
103 
101 
102 
99 

100 
97 
99 

101 
99 

100 
98 
98 
99 
98 
99 
99 
98 
99 
98 
99 
99 
98 
98 
98 
98 
97 

100 
101 
100 
99 
99 
96 
97 
98 
99 

50 
50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
48 
48 
47 
47 
45 
42 
42 
41 
38 
37 
37 
36 
36 
36 
34 
31 
26 
22 
19 
15 

50' 
48 
48 
47 
46 
46 
46 
46 
46 
46 
46 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
43 
43 
42 
42 
42 
42 
42 
41 
38 
36 
34 
31 

129 
161 
192 
174 
223 
247 
239 
273 
282 
297 
308 
318 
320 
331 
352 
377 
399 
409 
418 
435 
447 
442 
454 
459 
460 
462 
455 
457 
458 
456 
445 
436 
41 5 
406 
404 
407 

112 
127 
141 
144 
154 
165 
164 
176 
177 
183 
187 
186 
188 
190 
200 
208 
215 
217 
227 
233 
240 
242 
248 
245 
247 
253 
257 
263 
270 
282 
292 
298 
299 
298 
300 
309 

01 
00 
01 
01 
01 
01 
00 
99 
98 
00 
98 
98 
98 
98 
97 
96 
97 
95 
95 
92 
91 
87 
86 
87 
90 

114 
106 
104 
104 
97 

100 
98 

100 
101 
101 
100 
98 
97 
98 
99 

100 
100 
98 

100 
99 

100 
99 

100 
97 
96 
95 
96 
97 
99 
99 
99 
99 
98 
98 
98 
99 

50 
49 
48 
48 
48 
43 
42 
42 
40 
40 
40 
40 
39 
39 
38 
35 
35 
35 
35 
35 
34 
34 
32 
32 
30 
29 
29 
26 
25 
25 
22 
21 
15 
12 
9 
6 

50 
47 
45 
42 
42 
39 
39 
39 
39 
38 
38 
38 
37 
36 
32 
31 
31 
30 
27 
26 
24 
24 
22 
21 
20 
20 
20 
19 
19 
19 
19 
19 
19 
16 
13 
13 
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III. RESULTS: RATS 

Survival 

Estimates of the probabilities of survival for 
male and female rats  receiving 4-vinylcyclo- 
hexene a t  the doses used in these studies and for 
vehicle controls are shown in the Kaplan and 
Meier curves in Figure 2. The survival of the 
high dose group of male rats was significantly 
lower than that  of the vehicle controls after 
week 5;  the survival of the low dose group was 
significantly lower after week 88 (Table 9). In 
addition, the survival of the high dose group was 
significantly lower than that  of the low dose 
group (P=O.O19) a t  the end of the study. In fe- 
male rats, the survival of the high dose group 
was significantly reduced after week 3 when 
compared with that of the vehicle controls. The 
survival of the low dose group was significantly 

reduced only after week 102. As with male rats, 
the survival of the high dose females was signifi- 
cantly lower than that  of the low dose group 
(P < 0.001). Neither gross observations nor his- 
topathologic evaluations revealed a specific 
cause of death in any of the dosed rat  groups. 
There is no obvious explanation for the large 
number of deaths in the high dose (400 mg/kg) 
ra t  groups by week 13 of the 2-year studies, espe- 
cially in light of the excellent survival of ra ts  
(38/40) receiving 400 or 800 mg/kg in the 13- 
week studies. Although termination of the 2- 
year ra t  studies was considered because of the 
observed mortality, the absence of a n  obvious 
cause of death and uncertainties as  to whether 
carcinogenic effects would be observed led to the 
decision to continue these studies as  planned. 

TABLE 9. SURVIVAL OF RATS IN THE TWO-YEAR GAVAGE STUDIES OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 

MALE (a) 

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

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Accidentally killed 
Animals missing 
Killed at termination 
Survival P values (c) 

50 
16 
1 
32 
1 

<0.001 

50 
10 
0 
0 
40 
<0.001 

50 
37 
0 
13 
0 

<0.001 

50 
21 
1 
0 

0.022 
28 

50 
42 
3 
5 
0 

<0.001 

50 
35 
1 
1 
13 

<0.001 

(a) Terminal-kill period: weeks 104-105 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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FIGURE 2. KAPLAN-MEIER SURVIVAL CURVES FOR RATS ADMINISTERED 
4-VINYLCYCLOHEXENE IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: RATS 

Pathology and Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of ra ts  with 
neoplastic or nonneoplastic lesions of the skin, 
urinary bladder, pi tui tary gland, preputial  
gland, clitoral gland, adrenal gland, testis, he- 
matopoietic system, forestomach, and eye. His- 
topathologic findings on neoplasms in rats are  
summarized in Appendix A (Tables Al  and A2); 
Appendix A (Tables A3 and A4) also gives the 
survival and tumor status for individual male 
and female rats. Findings on nonneoplastic le- 
sions are summarized in Appendix C (Tables C l  
and C2). Appendix E (Tables E l  and E2) con- 
tains the statistical analyses of those primary 
tumors that occurred with a n  incidence of a t  
least 5% in one of the three groups. The sta- 
tistical analyses used are discussed in Chapter II 
(Statistical Methods) and Appendix E (foot- 
notes). Historical incidences of tumors in corn 
oil vehicle control animals are listed in Appen- 
dix F. 

The statistical analyses and interpretation of 
the tumor incidence data for dosed male rats and 
high dose female rats were complicated by the 
marked reduction in survival in these groups 

compared with that of the vehicle controls. In 
this situation, the incidental tumor test has re- 
duced sensitivity, since there is relatively little 
overlapping of survival in dosed and vehicle 
control groups. 

Skin: Squamous cell papillomas and squamous 
cell papillomas or carcinomas (combined) in  
male ra t s  occurred with significant positive 
trends, and the incidences in the high dose group 
were significantly greater than those in the ve- 
hicle controls by the life table test (Table 10). 
These skin lesions were first detected during 
clinical observations between weeks 60 and 88, 
with an  average of 23 weeks between time of de- 
tection and death of the animal. Based on this 
information, the life table test using the time of 
tumor observation appears to be most appro- 
priate for the statistical analysis of these lesions. 

Urinary Bladder: A transitional cell papilloma 
was observed in 1/47 high dose female rats, and 
a transitional cell carcinoma was observed in  
1/49 low dose female rats. These tumors are un- 
common in F344/N rats, occurring with a his- 
torical incidence of 3/1,084 (0.3%) in corn oil ve- 
hicle control female rats. Transitional cell neo- 
plasms were not observed in any other male or 
female rat  group. 

TABLE 10. ANALYSIS OF SKIN TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY OF 
4-VINYLCYCLOHEXENE (a) 

Vehicle Control 200 mg/kg 400 mg/kg 

Squamous Cell Papilloma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests (b) 
Life Table Tests (c) 
Incidental Tumor Tests 

Squamous Cell Papilloma or Carcinoma (d) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests (b) 
Life Table Tests (c) 
Incidental Tumor Tests 

0/50 (0%) 
0.0% 
0/33 (0%) 
P = 0.004 
P = 0.025 
P = 0.052 

0/50 (0%) 
0% 
0/33 (0%) 
P c 0.00 1 
P = 0.006 
P = 0.024 

1/50 (2%) 
3.6% 
0113 (0%) 
P=0.450 
P=0.465 
P=0.718 

1/50 (2%) 
3.6% 
0113 (0%) 
P=0.450 
P=0.465 
P=0.718 

3/50 (6%) 
31.9% 
1/5 (20%) 
P = 0.006 
P = 0.055 
P=0.102 

4/50 (8%) 
37.5% 
115 (20%) 
P=O.OOl 
P = 0.014 
P = 0.070 

(a)  The statistical analyses used are discussed in Chapter I I  (Statistical Methods) and Appendix E (footnotes). 
(b) Analysis using time of death 
( c )  Analysis using time of tumor observation 
(d) Historical incidence at study laboratory (mean): 2/150 (1.3%); historical incidence in NTP studies: 21/1,094 (1.9%) 
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III. RESULTS: RATS 

Anterior Pituitary Gland: The incidences of ade- 
nomas and of adenomas or carcinomas (com- 
bined) in low dose female rats were significantly 
greater than those in the vehicle controls by the 
life table test; however, no corresponding in- 
crease was seen in the high dose group (Table 
11). 

Preputial Gland: Adenomas or carcinomas 
(combined) in male rats occurred with a signifi- 
cant positive trend by the life table test, al- 
though the incidence in the high dose group was 
not significantly greater than that in the vehicle 
controls (Table 12). 

Clitoral Gland: The incidence of adenomas or 
squamous cell carcinomas (combined) in low 
dose female rats was significantly greater than 
that in the vehicle controls by both the life table 
and incidental tumor tests (Table 12). No clit- 
oral gland tumors were evident in any of the 
high dose female rats. 

Other Neoplastic Lesions: The incidences of two 
other neoplasms in low dose and  high dose 
groups were significant by life table analysis be- 
cause of the earlier appearance of these tumors, 
despite the fact that overall tumor incidences 
were actually lower than vehicle control rates. 
These two neoplasms in male rats were adrenal 

gland pheochromocytomas (vehicle control, 
17/50; low dose, 16/50; high dose, 8/50) and inter- 
stitial cell tumors of the testis (vehicle control, 
35/50; low dose, 30150; high dose, 29/50). Since 
these tumors are not generally considered to be 
life threatening, life table analyses are probably 
not appropriate for these particular neoplasms 
in the present study. The apparent significance 
of the altered incidences of these tumors is con- 
sidered to be an artifact caused by the shortened 
survival of the dosed male rats. 

The incidence of mononuclear cell leukemia in 
high dose male r a t s  was also significantly 
(P<O.OOl) decreased as measured by the inci- 
dental tumor test (vehicle control, 14/50; low 
dose, 8/50; high dose, 1/50). Again, the apparent 
effect on the occurrence of this common tumor of 
F344/N rats was judged to be an artifact of the 
shortened survival of these dosed animals. In 
addition, the apparent significant decrease in 
the incidence of mesotheliomas in  high dose 
male rats  (P=0.042 by the incidental tumor 
test) appears to be an artifact that reflects not 
only the shortened survival of these animals but 
also the greater than expected incidence of this 
uncommon tumor in the vehicle controls, (3/50, 
6%, vs an historical incidence of 31/1,146, 3%) 
(Appendix F, Table F2). 

TABLE 11. ANALYSIS OF ANTERIOR PITUITARY GLAND TUMORS IN FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 

Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

Carcinoma 
Overall Rates 

Adenoma or Carcinoma (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

19/50 138%) 23/48 (48%) 7/44(16%) 
44.9% 65.0% 39.9% 
17/40 143%) 15/27 (56%) 3/13 (23%) 
P=0.212 P=0.022 P=0.512 
P = 0.522 P = 0.095 P=0.444N 

0150 (0%) 1/48 (2%) 0144 (0%) 

19/50 (38%) 24/48 (50%) 7/44 (16%) 
44.9% 66.0% 39.9% 
17/40 (43%) 15/27 (56%) 3/13 (23%) 
P=0.195 P = 0.0 14 P=0.512 
P = 0.516 P = 0.073 P = 0.444N 

la) Historical incidence at study laboratory (mean f SD): 69/149 (46.3% k 8.0%); historical incidence in NTP studies: 
451/1,092 (41.3% f 9.3%) 
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TABLE 12. ANALYSIS OF PREPUTIAUCLITORALGLAND TUMORS IN RATS IN THE TWO-YEAR 
GAVAGE STUDIES OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 

MALE 

Preputial  Gland: Adenoma o r  Carcinoma 
Overall Rates 1/50 (2%) 
Adjusted Rates 2.4% 
Terminal Rates 0/33 (0%) 
Life Table Tests P=0.038 
Incidental Tumor Tests P=0.411 

FEMALE 

Clitoral Gland: Adenoma 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

1/50 (2%) 
2.5% 
1/40 (3%) 
P=0.459 
P = 0.459 

Clitoral Gland: Adenoma or Squamous Cell Carcinoma (a) 
Overall Rates 1/50 (2%) 
Adjusted Rates 2.5% 
Terminal Rates 1/40 (3%) 
Life Table Tests P=0.387 
Incidental Tumor Tests P=0.387 

1/50 (2%) 
5.3% 
0/13 (0%) 
P=0.675 
P = 0.600N 

4/50 (8%) 
14.3% 
4/28 (14%) 
P=O.O88 
P = 0.088 

5/50 (10%) 
17.9% 
5/28 (18%) 
P=0.040 
P=0.040 

3/50 (6%) 
20.9% 
015 (0%) 
P=0.082 
P=0.637 

0149 (0%) 
0.0% 
0113 (0%) 
P=0.723N 
P =  0.723N 

0149 (0%) 
0 0% 
0113 (0%) 
P=0.723N 
P=0.723N 

(a) Historical incidence a t  study laboratory (mean): 4/150 (2.7%); range: 160-2/50; historical incidence in NTP studies: 
24/1,147 (2.1%); range: 0/52-3/48 

Forestomach: Epithelial hyperplasia of the fore- 
stomach was observed a t  greater incidences in 
dosed groups than in the vehicle controls (male: 
vehicle control, 1/50; low dose, 3/50; high dose, 
5/47; female: vehicle control, 0149; low dose, 
2/50; high dose, 2/48). For male rats that sur- 
vived beyond week 93, this late-appearing lesion 
occurred a t  a significantly increased  r a t e  
(P<O.Ol by the Fisher exact test) in the high 
dose group relative to the vehicle controls (ve- 
hicle control, 1/35, 3%; low dose, 3/22, 14%; high 
dose, 4/11,36%). 

Cataracts and Retinal Atrophy: The dose- 
related decrease in incidences of ocular patho- 
logic effects in male rats (cataracts: vehicle con- 
trol, 11/50; low dose, 4/50; high dose, 2/50; 
retinal atrophy: vehicle control, 9/50; low dose, 

39 

5/50; high dose, 2/50) probably reflects the place- 
ment of cages in racks and the absence of cage 
rotation, resulting in differences in light expo- 
sure among groups. Presumably, this arrange- 
ment also accounts for the increased incidences 
of these lesions in dosed female rats (cataracts: 
vehicle control, 0150; low dose, 5/50; high dose, 
4/49; retinal atrophy: vehicle control, 0150; low 
dose, 5/50; high dose, 5/49). This explanation 
cannot be verified in the present studies because 
information indicating the precise placement of 
cages for the various rat  groups is unavailable, 
but similar observations have been made in 
other NTP studies conducted before cages were 
routinely rotated in which differences in ocular 
pathologic effects were related to specific cage 
placement relative to the light source. 
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III. RESULTS: MICE 

FOURTEEN-DAY STUDIES 

All the mice that received 2,500 or 5,000 mg/kg 
and 3/5 males that received 1,250 mg/kg 4-vinyl- 
cyclohexene died before the end of the studies 
(Table 13). Tremors and inactivity were ob- 
served in the animals that died. Both vehicle 
control groups and all dosed groups, except the 
300 mg/kg group of females, lost weight (4.0%- 
11.5%) during the studies. No compound-related 
gross changes were noted a t  necropsy. Histolog- 
ic examination was limited to the stomach, as it 
was previously identified as the target organ; no 
microscopic lesions were detected in this organ. 

Based on the mortality observed in these studies 
a t  4-vinylcyclohexene doses of 1,250 mg/kg or 
higher, doses of 0, 75, 150, 300, 600, and 1,200 
mg/kg were selected for the 13-week studies. 

THIRTEEN-WEEK STUDIES 

Nine of 10 male and 5/10 female mice that re- 
ceived 1,200 mg/kg and 2/10 female mice that 
received 300 mg/kg 4-vinylcyclohexene died be- 
fore the end of the studies (Table 14). All other 
deaths and one of the deaths in the female 1,200 

mg/kg group were considered to be due to gavage 
error based on tissue injury in the trachea and/or 
suppurative inflammation in the mediastinum. 
The sole surviving male receiving 1,200 mg/kg 
weighed 6% less than the vehicle controls, and 
females receiving 600 mg/kg weighed 5% less 
than  the vehicle controls. The final body 
weights of the other dosed groups were not 
markedly different from those of the vehicle 
controls. 

Mild, acute inflammation of the stomach was 
seen in the 1,200 mg/kg groups in three males 
that died before the end of the study and in one 
female that lived to the end of the study. In ad- 
dition, histologic reexamination of the ovaries of 
the high dose female mice revealed that in all 10 
animals, whether they died before or a t  the end 
of the study, there  was a reduction in  the 
number of primary follicles and mature graafian 
follicles (the ovaries of female mice receiving 
lower doses were not similarly examined). No 
other compound-related clinical signs or histo- 
pathologic effects were observed in mice that 
died or were killed (moribund) during the stud- 
ies or in mice killed at the end of the studies. 

TABLE 13. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE FOURTEEN-DAY GAVAGE 
STUDIES OF 4-VINYLCYCLOHEXENE 

Mean Body Weights (grams) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(mg/kg) (percent) 

MALE 
_ _  0 515 26.0 f 0.9 24.4 * 0.7 - 1.6 f 0.4 

300 515 25.2 f 1.0 23.6 f 0.6 - 1.6 f 0.5 96.7 
600 515 25.8 f 1.0 24.0 f 0.5 - 1.8 f 0.5 98.4 

1,250 
2,500 
5,000 

FEMALE 

0 
300 
600 

(d) 215 
(e)  015 
(g) 015 

26.0 f 0.9 22.5 f 1.5 -2.0 k 1 
25.2 f 0.8 (0 (D 
25.2 f 1.1 (D (D 

92.2 
(D 
(D 

515 
515 
515 

19.4 f 0.2 18.0 f 0.3 -1.4 f 0.2 
18.8 f 0.4 19.4 f 0.2 +0.6 f 0.6 
19.6 f 0.4 18.2 f 0.4 -1.4 f 0.2 

_ _  
107.8 
101.1 

1,250 515 18.6 f 0.7 17.2 f 0.5 - 1.4 f 0.2 95.5 
2,500 (e) 015 19.2 f 0.8 (D (D 
5,000 ( g) 015 18.8 f 0.7 (D cn 

(a) Number surviving/number in group 
(b) Initial group body weight f standard error of the mean. Subsequent calculations are based on those animals surviving to 
the end of the study. 
(c) Mean body weight change of the survivors f standard error of the mean 
(d) Day of death: 2,3,7 
(e) Day of death: all 2 
(D No data are reported due to  the 100% mortality in this group. 
(g) Day of death: all 1 
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TABLE 14. SURVIVAL AND MEAN BODY WEIGHTS OF MICE IN THE THIRTEEN-WEEK GAVAGE 
STUDIES OF 4-VINYLCYCLOHEXENE 

Mean Body Weights (prams) Final Weight Relative 
Dose Survival (a) Initial (b) Final Change (c) to Vehicle Controls 

(mg/kg) (percent) 

MALE 

0 
75 

150 
300 
600 

1,200 

FEMALE 

0 
75 

150 
300 
600 

1,200 

~~~~ 

10/10 
10/10 
10110 
10110 
10/10 

(d) 1/10 

10110 
10110 

(e) 9/10 
(0 8/10 
(e) 8/10 
(g) 5/10 

26.3 f 0.5 32.4 k 0.5 +6.1 f 0.3 
25.6 f 0.9 33.2 f 0.8 +7.6 f 1 0  
26.7 f 0.7 33.6 f 1.1 +6.9 f 0.8 
25.7 f 0.9 32.5 f 1 0  +6.8 f 0.5 
25.4 f 0.9 31.6 f 0.9 +6.2 f 0.6 
26.2 f 0.6 30.4 +3.3 

19.5 f 0.5 24.6 f 0.6 +5.1 f 0.4 
18.9 f 0.5 24.9 f 0.7 +6.0 f 0.4 
18.8 f 0.4 25.4 f 0.6 +6.4 f 0.5 
19.1 f 0.5 24.8 k 0.6 +5.7 f 0.6 
18.8 f 0.3 23.3 k 0.4 +4.6 f 0.2 
19.1 f 0.5 24.2 k 0.8 +5.1 f 0.6 

_ _  
102.5 
103.7 
100.3 
97.5 
93.8 

_ _  
101.2 
103.3 
100.8 
94.7 
98.4 

~~~~~~ ____ ~~ ~ ~ ~ ~ 

(a )  Number surviving/number in group 
(b) Initial group body weight _+ standard error of the mean. Subsequent calculations are based on those animals surviving to 
the end of the study. 
( c )  Mean body weight change of the survivors k standard error of the mean 
(d) Week ofdeath: 1,1,2,4,4,4,9,9,9 
(e) Death judged accidental 
(f, Week of death: 12,12 
(g) Week of death: 9,9,10,12,12 (death at  week 10 judged accidental) 

Dose Selection Rationale: Based on the high 
mortality observed in female mice receiving 
1,200 mg/kg 4-vinylcyclohexene, as well as the 
marginal depression of final body weights in ani- 
mals receiving 600 mg/kg, doses of 150 and 300 
mg/kg 4-vinylcyclohexene, to be administered in 
corn oil by gavage, 5 days per week, were origi- 
nally recommended for the female mice in the 2- 
year study. For consistency, doses of 150 and 
300 mg/kg were recommended for mice of each 
sex. This recommendation was subsequently 
modified, and doses of 200 and 400 mg/kg 
4-vinylcyclohexene were chosen for the 2-year 
studies to avoid preparing different doses for 
mice and rats. These doses appeared reasonable 
a t  the time, especially for the male mice, because 
toxic effects (high mortality) were seen only a t  
the high dose (1,200 mg/kg) in the 13-week 
study. 

41 

TWO-YEAR STUDIES 

Body Weights and Clinical Signs 

Mean body weights of high dose male mice were 
lower than those of the vehicle controls between 
weeks 8 and 76, and those of low dose male mice 
were decreased relative to the vehicle controls 
between weeks 28 and 60; however, final mean 
body weights of dosed male mice were com- 
parable to those of the vehicle controls (Table 15 
and Figure 3). Mean body weights of high dose 
female mice were slightly lower than those of 
the vehicle controls after week 20, whereas the 
mean body weights of the low dose female mice 
were generally greater than or comparable to 
those of the vehicle controls. 
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TABLE 15. MEAN BODY WEIGHTS AND SURVIVAL O F  MICE IN T H E  TWO-YEAR G A V A G E  S T U D I E S  
O F  4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 
Av. Wt. WL percent No. of Av. Wt.  W t  .(percent No. of Weeks 

on Study Av. Wt. No. of 
(grams) Survivors (grams) of cbntrols, Survivors (grams) ofcontrols) Survivors 

MALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

FEMALE 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13  
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 
56 
60 
64 
68 
72 
76 
80 
84 
88 
92 
96 

100 

24.2 
24.8 
25.7 
26.9 
28.1 
28.6 
29.4 
30.3 
31.0 
31.6 
31.9 
32.8 
32 9 
32.6 
33.8 
35.4 
35.8 
37.6 
39.0 
40.7 
42.1 
42.0 
42.7 
43.9 
43.5 
42.7 
42.4 
42.0 
42.1 
42.3 
43.6 
43.7 
43.8 
43.4 
43.4 
42.8 

19.4 
20.2 
20.6 
21.6 
22.5 
22.5 
22.9 
22.4 
23.7 
23.8 
24.3 
24.4 
24.9 
24.8 
25.8 
27.0 
27.4 
28.0 
30.2 
31.7 
33.7 
33.6 
33.3 
35.6 
34.4 
34.3 
34.6 
34.6 
34.7 
35.2 
37.2 
37 5 
38.0 
39.0 
39.1 
39.9 

24.3 
24.3 
25.6 
26.5 
28.2 
28.1 
28.6 
29.0 
29.8 
30.2 
30.9 
31.5 
31.5 
31.6 
32.9 
34.1 
34.4 
35.8 
36.2 
38.9 
39.5 
40.1 
41.0 
41.0 
40.8 
40.2 
40.8 
40.7 
40.6 
40.5 
41.9 
42.7 
43.2 
42.3 
42.1 
41.5 

19.8 
20.1 
20.6 
21.6 
22.3 
22.3 
22.5 
23.1 
23.3 
23.9 
24.0 
24.4 
24.1 
24.0 
25.2 
25.8 
26.3 
27.1 
28.7 
30.5 
32.9 
33.2 
34.4 
35.9 
35.7 
36.4 
37.2 
37.3 
36.9 
37.4 
38.7 
38.5 
39.6 
39.7 
39.2 
37 3 

100 
98 

100 
99 

100 
98 
97 
96 
96 
96 
97 
96 
96 
97 
97 
96 
96 
95 
93 
96 
94 
95 
96 
93 
94 
94 
96 
97 
96 
96 
96 
98 
99 
97 
97 
97 

102 
100 
100 
100 
99 
99 
98 

103 
98 

100 
99 

100 
97 
97 
98 
96 
96 
97 
95 
96 
98 
99 

103 
101 
104 
106 
108 
108 
106 
106 
104 
103 
104 
102 
100 
93 

50 
50 
50 
50 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
47 
47 
47 
47 
46 
45 
45 
44 
44 
41 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
49 
49 
49 
49 
48 
48 
48 
48 
48 
48 
47 
47 
4.4 
4.4 
41 

23.7 
24.7 
25.0 
26.4 
27.6 
27.7 
28.2 
28.5 
29.3 
29.8 
30.2 
30.8 
30.9 
30.4 
31.8 
32.9 
33.0 
34.2 
35.2 
37.4 
37.5 
37.5 
38.3 
38.1 
38.3 
37.9 
38.6 
38.2 
38.7 
39.0 
41.3 
41.6 
42.0 
42.0 
42.4 
42.8 

19.4 
20.0 
20.9 
21.1 
21.8 
21.9 
22.2 
22.7 
22.6 
23.3 
23.3 
23.8 
23.9 
23.7 
24.4 
25.3 
25.3 
26.4 
28.2 
30.1 
31.3 
31.3 
32.7 
32.7 
32.6 
32.9 
32.7 
32.8 
32.6 
32.7 
34.7 
34.7 
35.9 
35.9 
35.8 
35.1 

98 
100 
97 
98 
98 
97 
96 
94 
95 
94 
95 
94 
94 
93 
94 
93 
92 
91 
90 
92 
89 
89 
90 
87 
88 
89 
91 
91 
92 
92 
95 
95 
96 
97 
98 

100 

100 
99 

101 
98 
97 
97 
97 

101 
95 
98 
96 
98 
96 
96 
95 
94 
92 
94 
93 
95 
93 
93 
98 
92 
95 
96 
95 
95 
94 
93 
93 
93 
94 
92 
92 
88 

50 
50 
50 
50 
50 
50 
50 
50 
50 
48 
48  
48  
48  
48  
48 
47 
47 
47 
35 
35 
35 
35 
35 
33 
32 
32 
32 
31 
31 
18 
18 
17 
17 
8 
8 
8 

50 
49 
49 
49 
48  
48 
48 
48  
48  
48 
48 
48 
48 
48 
48 
47 
47 
47 
40 
40 
40 
40 
40 
40 
38 
37 
37 
37 
37 
36 
36 
35 
34 
20 
18 
17 
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III. RESULTS: MICE 

Survival 

Estimates of the probabilities of survival for 
male and female mice receiving 4-vinylcyclo- 
hexene a t  the doses used in these studies and for 
vehicle controls are  shown in the Kaplan and 
Meier curves in Figure 4. The survival of the 
high dose group of male mice was significantly 
lower than that  of the vehicle controls after 
week 29; the survival of the female high dose 
group was significantly reduced after week 32 
(Table 16). The survival of both high dose 
groups was significantly lower than that of their 
respective low dose groups (P O.OOl) ,  whereas 
the survival of the low dose groups was com- 
parable to that of the vehicle controls. Neither 
gross observations nor histopathologic evalua- 
tions revealed a specific cause of death in any of 
the dosed mouse groups. 

Pathology a n d  Statistical Analyses of 
Results 

This section describes the significant or note- 
worthy changes in the incidences of mice with 
neoplastic or nonneoplastic lesions of the ovary, 
lung, hematopoietic system, adrenal gland, fore- 
stomach, and liver. Histopathologic findings on 
neoplasms in mice are summarized in Appendix 
B (Tables B1 and B2); Appendix B (Tables B3 
and B4) also gives the survival and tumor status 
for individual male and female mice. Findings 
on nonneoplastic lesions are summarized in Ap- 
pendix D (Tables D1  and D2). Appendix E 
(Tables E3 and E4) contains the statistical anal- 
yses of those primary tumors that occurred with 
an incidence of a t  least 5% in one of the three 
groups. The statistical analyses used are dis- 
cussed in Chapter II (Statistical Methods) and 
Appendix E (footnotes). Historical incidences of 
tumors in corn oil vehicle control animals a re  
listed in Appendix F. 

TABLE 16. SURVIVAL OF MICE IN THE TWO-YEAR GAVAGE STUDIES OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 

MALE (a) 

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

FEMALE (a) 

Animals initially in study 
Nonaccidental deaths before termination (b) 
Animals missing 
Withdrawn, pregnant 
Killed a t  termination 
Survival P values (c) 

50 
9 
4 
37 
<0.001 

50 
10 
0 
0 

40 
<0.001 

50 
11 
0 
39 

0.938 

50 
1 1  
0 
0 
39 
0.846 

50 
41 

2 
7 

<0.001 

50 
31 

1 
1 

17 
<0.001 

(a) Terminal-kill period: week 104 
(b) Includes animals killed in a moribund condition 
(c) The result of the life table trend test is in the vehicle control column, and the results of the life table pairwise comparisons 
with the vehicle controls are in the dosed columns. 
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FIGURE 4. KAPLAN-MEIER SURVIVAL CURVES FOR MICE ADMINISTERED 
4-VINYLCYCLOHEXENE IN CORN OIL BY GAVAGE FOR TWO YEARS 
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III. RESULTS: MICE 

Ovary: Mixed benign tumors, granulosa cell 
tumors, and granulosa cell tumors or carcinomas 
(combined) occurred in female mice with sig- 
nificant positive trends, and the incidences in 
both dosed groups were significantly greater 
than those in the vehicle controls (Table 17). 
Many ovarian neoplasms were not observed 
grossly. When observed a t  necropsy, the neo- 
plasms were usually described as yellow or tan 
nodules, either solitary or multiple, up to 1 cm in 
diameter. The ovaries of a few animals were 
completely replaced by large, red cystic masses 
measuring as much as 1.5 cm in diameter. 

The ovarian neoplasms of many mice were bi- 
lateral and were of the same or different histo- 
pathologic types. Tubular cell hyperplasia and 
granulosa cell hyperplasia were also observed a t  
increased incidences in dosed mice (Table 18). 

Pathologic descriptions of major ovarian neo- 
plasms and related lesions are as follows: 

Mixed tumors, benign a re  noninvasive, non- 
metastasizing neoplasms composed of mixtures 
of proliferating germinal epithelial cells and 
granulosa cells. 

Granulosa cell neoplasms are proliferations of 
granulosa cells in patterns that can be described 
as follicular, trabecular, tubular, solid, or adeno- 
matous, although a single pattern generally pre- 
dominates in an individual tumor. The majority 
of the tumors observed in mice in these studies 
were characterized by follicular or solid pat- 
terns. The few that were characterized by the 
trabecular pattern could be distinguished from 
mixed tumors by the fact that the tubules were 
lined with granulosa cells. The cells of the gran- 
ulosa cell tumors were morphologically similar 
to those present in granulosa cell hyperplasia, 

although in some animals they were slightly 
larger than normal granulosa cells and had 
scan t ,  c l e a r  cytoplasm. Those neoplasms 
designated “granulosa cell carcinoma” had re- 
placed the entire ovary and were described 
grossly as cystic and hemorrhagic, and all had 
metastasized to the lungs. (The granulosa cell 
lesions a r e  a continuum of hyperplastic to 
benign and malignant neoplastic proliferations, 
a distinction tha t  is  sometimes difficult to 
make.) 

Tubular adenomas are an advanced degree of 
tubular cell hyperplasia and are part of a con- 
tinuum of proliferative lesions originating in the 
germinal epithelium on the outer surface of the 
ovary; this distinction between neoplastic and 
nonneoplastic lesions is not always clear. These 
hyperplastic cells invade the underlying stroma 
of the ovary-forming tubules and cleft-like 
spaces lined by cuboidal or low columnar epi- 
thelium. The cells of the hyperplastic and neo- 
plastic lesions in the mice of this study had small 
round nuclei  with moderately condensed 
chromatin and small amounts of amphophilic 
cytoplasm (stainable with either acidic or basic 
dyes). The term “tubular adenoma” designated 
those neoplasms in which the entire ovary was 
replaced by proliferating tubules. 

Luteomas are proliferations of large polyhedral 
cells with abundant eosinophilic cytoplasm that 
frequently exhibits a foamy appearance because 
of lipid droplets. 

Papil lary adenomas a r e  prol i ferat ions of 
cuboidal or columnar epithelium, which form 
frond-like projections, t h e  cores of which 
resemble normal stroma. When forming mucin 
in cyst-like spaces, these neoplasms are desig- 
nated as cystadenomas. 
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TABLE 17. ANALYSIS OF OVARIAN TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE
STUDY OF 4-VINYLCYCLOHEXENE (a)

Vehicle Control 200 mg/kg 400 mg/kg

Mixed Tumor, Benign (b)
Overall Rates 0/49(0%) 25/48(52%) 11/47(23%)
Adjusted Rates 00% 64.1% 43.3%
Terminal Rates 0/39(0%) 24/38(63%) 4/16(25%)
Life Table Tests P<0.001 P<0.001 P<0.001
Incidental Tumor Tests P<0.001 P<0.001 P<0.001

Granulosa Cell Tumor
Overall Rates 1/49(2%) 9/48(19%) 11/47(23%)
Adjusted Rates 2.6% 23.7% 47.3%
Terminal Rates 1/39(3%) 9/38(24%) 6/16(38%)
Life Table Tests P<0.001 P = 0.008 P<0.001
Incidental Tumor Tests P<0 001 P = 0.008 P<0.001

Granulosa Cell Tumor or Carcinoma (c)
Overall Rates 1/49(2%) 10/48(21%) 13/47(28%)
Adjusted Rates 2.6% 25.5% 54.9%
Terminal Rates 1/39(3%) 9/38(24%) 7/16(44%)
Life Table Tests P<0.001 P = 0.005 P<0.001
Incidental Tumor Tests P<0001 P = 0.006 P<0.001

(a) The statistical analyses used are discussed in Chapter II (Statistical Methods) and Appendix E (footnotes).
(b) This tumor has not been observed in 1,028 vehicle controls in NTP studies.
(c) One granulosa cell carcinoma and two granulosa cell tumors have been observed among 1,028 vehicle control animals in
NTP studies; none of these was observed at the study laboratory.

TABLE 18. NUMBER OF FEMALE MICE WITH OVARIAN LESIONS IN THE TWO-YEAR GAVAGE
STUDY OF 4-VINYLCYCLOHEXENE

Lesion Vehicle Control 200 mg/kg 400 mg/kg

Number of mice examined 49 48 47

Mixed tumor, benign 0 25 11

Tubular adenoma 0 2 1
Tubular cell hyperplasia 1 10 13

Granulosa cell tumor 1 9 11
Granulosa cell carcinoma 0 1 2
Granulosa cell hyperplasia 0 5 1

Luteoma 0 2 0

Papillary adenoma
Papillary cystadenoma
Papillary hyperplasia

Teratoma

Stromal hyperplasia

1
0
0

1

1

1
0
0

0

0

0
1
2

0

0

47 4-Vinylcyclohexene, NTP TR 303



III. RESULTS: MICE 

Lung: Congestion was observed at increased in- 
cidences in high dose mice (male: vehicle con- 
trol, 2/49, 4%; low dose, 2/50, 4%; high dose, 
36/50, 72%; female: vehicle control, 0150; low 
dose, 1/49, 2%; high dose, 19/48, 40%). In male 
mice, alveolarhronchiolar adenomas occurred 
with a significant positive trend, and the inci- 
dence in the high dose group was significantly 
greater than that in the vehicle controls by the 
life table test (Table 19). The incidences of ade- 
nomas or carcinomas (combined) in dosed female 
mice were not increased: vehicle control, 6/50 
(12%); low dose, 1/49 (2%); high dose, 4/48 (8%). 

Hematopoietic System: Atrophy of the splenic 
red pulp was observed at increased incidence in 
high dose male mice (vehicle control, 0149; low 
dose, 0149; high dose, 10146, 22%). Lymphomas 
in male mice occurred with a significant positive 
trend (Table 20). Although the overall incidence 
in the high dose group was similar to that in the 
vehicle controls, pairwise comparisons incor- 
porating survival adjustments indicated a sig- 
nificantly greater occurrence of lymphomas in 
high dose males (terminal rates: vehicle control, 
3/37, 8%; low dose, 5/39, 13%; high dose, 417, 
57%). 

TABLE 19. ANALYSIS OF LUNG TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY OF 
4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 

Hyperplasia 

AlveolarBronchiolar Adenoma 

Overall Rates 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

Alveolar/Bronchiolar Carcinoma 

0149 (0%) 

1/49 (2%) 
2.7% 
1/37 (3%) 
P=0.014 
P = 0.095 

3/49 (6%) 
7.8% 
2/37 (5%) 
P=0.234 
P=0.229 

AlveolarBronchiolar Adenoma or Carcinoma (a) 
Overall Rates 4/49 (8%) 
Adjusted Rates 10.4% 
Terminal Rates 3/37 (8%) 
Life Table Tests P=O.O11 
Incidental Tumor Tests P = 0.047 

0150 (0%) 2/50 (4%) 

4/50 (8%) 3/50 (6%) 
9.7% 30.9% 
3/39 (8%) 217 (29%) 
P=O.199 P=0.021 
P=0.236 P=0.051 

7/50 (14%) 1/50 (2%) 
17.3% 14.3% 
6/39 (15%) 117 (14%) 
P=0.185 P =0.579 
P=0.177 P = 0.579 

11/50 (22%) 4/50 ( 8% ) 
26.5% 44.7% 
9/39 (23%) 317 (43%) 
P=0.062 P=0.030 
P=0.068 P=0.065 

( a )  Historical incidence a t  study laboratory (mean k SD): 141150 (9.3% f 5.0%); historical incidence in NTP studies: 
155/1,082 (14.3% k 6.3%) 

TABLE 20. ANALYSIS OF HEMATOPOIETIC SYSTEM TUMORS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 

Lymphoma, All Malignant (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

4/50 (8%) 
10.5% 
3/37 (8%) 
P=0.007 
P=0.013 

7/50 (14%) 5/50 (10%) 
16.7% 62.5% 
5/39 (13%) 417 (57%) 
P = 0.30 1 P = 0.002 
P = 0.340 P = 0.001 

(a) Historical incidence a t  study laboratory (mean k SD): 19/150 (12.7% f 1.1%); historical incidence in NTP studies: 
126/1,090(11.6% f 5.6%) 
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III. RESULTS: MICE 

Adrenal Gland: The incidences of cytologic al- 
teration of the adrenal cortex (subcapsular cell 
hyperplasia, Type B cells) and of congestion of 
the adrenal gland were increased in dosed fe- 
male mice (cytologic alteration: vehicle control, 
0/50; low dose, 24149,49%; high dose, 14148,29%; 
congestion: vehicle control, 0150; low dose, 0149; 
high dose, 8/48, 17%). In female mice, capsular 
adenomas occurred with a significant positive 
trend, and the incidence in the high dose group 
was greater than that in the vehicle controls by 
the life table test (Table 21). However, it is not 
clear that the occurrence of these neoplasms is 
related to compound administration, primarily 
because the criteria for diagnosis of benign 
adrenal gland tumors are controversial. 

In the present studies, adrenal capsular adeno- 
ma refers to a focal collection of type A cells as 
described by Dunn (1979). Type A cells are fusi- 
form lipid-free cells that appear to arise beneath 
the adrenal capsule. Cytologic alteration of the 
adrenal cortex refers to the proliferation of type 

B cells (polygonal cells containing highly vacuo- 
lated cytoplasm) in association with type A cells. 
The adrenal gland lesions seen in female mice in 
the present study consisted of clusters of B-cell 
nests, each nest surrounded by one or two layers 
of type A spindle cells. The B-cells had abun- 
dant clear or vacuolated, sometimes faintly 
granular ,  pale, eosinophilic cytoplasm and 
round, central or slightly eccentrically located 
vesicular nuclei. These clusters occurred either 
focally or multifocally in the subcapsular area of 
the adrenal gland and extended downward into 
the cortex. In several animals, this proliferation 
was quite extensive, causing bulging of the cap- 
sule and extending down to the medulla. Al- 
though the diagnosis was somewhat contro- 
versial, the PWG generally considered this pro- 
liferation to be severe hyperplasia of the B-cells. 
Most female mice also had mild diffuse subcap- 
sular type A proliferation that was considered to 
be within the normal range for aged female mice 
and was not diagnosed. 

TABLE 21. ANALYSIS OF CORTICAL OR CAPSULAR ADRENAL GLAND LESIONS IN FEMALE MICE 
IN THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 

Hyperplasia 
Overall Rates 

Adenoma (a) 
Overall Rates 
Adjusted Rates 
Terminal Rates 
Life Table Tests 
Incidental Tumor Tests 

0/50 (0%) 4/49 (8%) 2/48 (4%) 

0 6 0  (0%) 3/49 (6%) 4/48 (8%) 
0 0% 7.7% 18.3% 
0/40 (0%) 3/39 (8%) 2/17 (12%) 
P=0.005 P=0.117 P=O.O11 
P = 0.027 P=0.117 P = 0.056 

(a)  Historical incidence (includes adrenal adenoma and adrenal cortical adenoma) at study laboratory (mean * SD): 0/139; 
historical incidence in NTP studies: 711,056 (0.7% k 1.2%) 

49 4-Vinylcyclohexene, NTP TR 303 



III. RESULTS: MICE 

Forestomach: Ulcers, mild inflammation, and polymorphonuclear leukocytes i n  t h e  sub- 
epithelial hyperplasia were observed a t  in- 
creased incidences in dosed mice of each sex, es- 
pecially in males (Table 22). The inflammation 
of the forestomach was generally not observed 
grossly; microscopic analysis revealed focal or 
multifocal acute inflammation with erosions of 
the squamous epithelium and accumulations of 

mucosa. 

Liver: The incidence of centrilobular congestion 
was increased in high dose male mice (vehicle 
control, 0149; low dose, 0/50; high dose, 7/50, 
14%); congestion was not observed in any of the 
female mice. 

TABLE 22. NUMBER OF MICE WITH LESIONS OF THE FORESTOMACH IN THE TWO-YEAR GAVAGE 
STUDIES OF 4-VINYLCYCLOHEXENE 

Lesion Vehicle Control 200 mg/kg 400 mg/kg 

MALE 

Number of mice examined 

Ulcer 
Inflammation 
Epithelial hyperplasia 
Hyperkeratosis 
Papilloma 

FEMALE 

Number of mice examined 

Ulcer 
Inflammation 
Epithelial hyperplasia 
Papilloma 

47 

49 

50 

49 

46 

7 
16 
7 
1 
0 

45 

4 
10 
4 
0 
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IV. DISCUSSION AND CONCLUSIONS 

4-Vinylcyclohexene was studied for toxic and 
carcinogenic potential in  male and female 
F344/N rats and B6C3F1 mice that received the 
compound by oral administration in corn oil. 
The doses in the 14-day studies were 0 (vehicle 
control), 300, 600, 1,250, 2,500, or 5,000 mg/kg 
administered by gavage for 14 consecutive days. 
In the 13-week studies, the doses were 0 (vehicle 
control), 50, 100, 200, 400, or 800 mg/kg per day 
for rats and 0 (vehicle control), 75, 150, 300, 600, 
or 1,200 mg/kg per day for mice, 5 days per week 
(gavage). The doses for the 2-year studies, based 
on survival, body weight gains, and histo- 
pathologic effects observed during the 14-day 
and 13-week studies, were 0 (vehicle control), 
200, or 400 mg/kg per day, administered 5 days 
per week (gavage) for 103 weeks to rats and mice 
of each sex. 

Since many animals died in the 14-day and 13- 
week studies a t  doses higher than or equal to 
1,200 mg/kg, a relatively cautious approach was 
attempted in selecting doses for the 2-year stud- 
ies. Nevertheless, in the 2-year studies, survival 
of low dose and high dose rats and high dose 
mice was significantly decreased, including the 
unexpected deaths within 13 weeks a t  or below 
doses that were not lethal in the 13-week stud- 
ies. Twenty-five of 100 high dose rats were dead 
by week 13 of the 2-year studies, although only 
2/40 rats receiving 400 or 800 mg/kg 4-vinyl- 
cyclohexene in the 13-week studies died before 
the terminal kill. In addition, the major nonneo- 
plastic lesion identified in male rats in the 13- 
week study, hyaline droplet degeneration of the 
proximal convoluted tubule of the kidney, was 
not observed in male rats either dying early or 
killed a t  2 years, and neither gross observations 
nor histopathologic evaluations revealed a spe- 
cific cause of death in the dosed rat  groups. 
Similarly, no consistent histopathologic lesions 
were observed in mice dying before the end of 
the 2-year studies; thus, the cause of these early 
deaths is also undetermined. 

A slightly greater incidence of epithelial hyper- 
plasia was noted in the forestomachs of dosed 
rats as compared with that in the vehicle con- 
trols. Nonneoplastic effects observed in dosed 
mice included mild, acute inflammatory lesions 
of the forestomach, especially in males, lung con- 
gestion in high dose males and females, splenic 
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red pulp atrophy in high dose males,  and  
congestion or cytologic alteration of the adrenal 
cortex in females. However, it is doubtful that 
these usually nonlethal effects were related to 
the dbserved decreased survival. 

The increased mortality of dosed animals af- 
fected the interpretation of the increased inci- 
dences of various neoplastic lesions, especially in 
rats. Because o f  the marked decrease in survival 
observed in both dosed male and female rats, the 
biologic significance of the altered incidences of 
several neoplasms is uncertain. These neo- 
plasms include squamous cell papillomas or car- 
cinomas (combined) of the skin in  high dose 
males, pheochromocytomas of the adrenal gland 
and interstitial cell tumors of the testis in low 
dose and high dose males, and adenomas or car- 
cinomas (combined) of the anterior pituitary 
gland and of the clitoral gland in low dose fe- 
males. It is most likely that the apparent sig- 
nificance of some of these generally nonlethal 
neoplasms reflects the earlier detection of these 
tumors in dosed rats dying of unrelated (and un- 
defined) causes, rather than shorter tumor la- 
tency or increased tumor frequency. Conversely, 
the poor survival of dosed rats may have ar-  
tifactually reduced the incidences of some late- 
developing neoplasms in these studies. 

One animal in each dosed female r a t  group 
developed a urinary bladder neoplasm (a transi- 
tional cell carcinoma in a low dose female and a n  
adenocarcinoma in a high dose female); al- 
though the significance of this finding is un- 
clear, these are uncommon tumors in untreated 
or corn oil vehicle control F344/N female rats 
(Haseman et al., 1984). In summary, because of 
the severe mortality unrelated to neoplasia that 
occurred at  both doses, the present 2-year 
gavage studies of 4-vinylcyclohexene in F344/N 
rats are considered inadequate for determining 
the presence or absence of a carcinogenic 
response. 

In B6C3F1 mice, administration of 4-vinylcyclo- 
hexene for 2 years resulted in a significant in- 
crease in the incidence of uncommon ovarian 
neoplasms in both groups of dosed females (Ta- 
ble 23). This effect was statistically significant 
( P < O . O l )  whether the results were analyzed by 
survival-adjusted or unadjusted analyses; thus, 



TABLE 23. INCIDENCE OF OVARIAN LESIONS IN FEMALE B6C3F1 MICE IN THE PRESENT STUDY 
AND IN VEHICLE CONTROL GROUPS IN NTP STUDIES OF 104 WEEKS 

4-Vinylcyclohexene Historical Controls 
Tumor Type Vehicle Control 200 mg/kg 400 mg/kg Same Laboratory All Laboratories 

Tubular cell or 1/49 (2%) (a)  15/48 (31%) (a)  14/47 (30%) 
granulosa cell 
hyperplasia 

Mixed tumor, benign 0/49 (0%) (a) 25/48 (52%) (a )  11/47 (23%) 01141 (0%) 0/1,028 (0%) 

Granulosa cell tumor 1/49 (2%) (a) 9/48 (19%) ( a )  11/47 (23%) 01141 (0%) 2/1,028 (0.2%) 

Granulosa cell tumor 
or carcinoma 1/49 (2%) (a) 10i48 (21%) (a) 13/47(28%) 0/141 (0%) 3/1,028 (0.3%) 

(a) Significant (PCO.01) relative to vehicle control 

compound-related effects on survival, which 
were seen only in high dose mice, did not influ- 
ence the interpretation of the results in females. 
Several types of histologically distinct ovarian 
neoplasms were seen a t  increased incidences, in- 
cluding granulosa cell tumors, granulosa cell tu- 
mors or carcinomas (combined), and those classi- 
fied as “mixed tumor, benign.” Dosed female 
mice also had increased incidences of tubular 
cell or granulosa cell hyperplasia. 

Adrenal gland adenomas in female mice oc- 
curred with a significant positive trend by the 
life table test, and the incidences a t  both doses 
substantially exceeded that of the historical ve- 
hicle controls (see Table 21). However, i t  is un- 
clear whether the increased occurrence of this 
lesion is a direct effect of compound administra- 
tion or is secondary to the ovarian effects. Stud- 
ies have demonstrated the induction by ovariec- 
tomy of similar adrenal gland lesions in which 
type A cells proliferate, followed by type B cells 
(Dunn, 1979). This process continues until  
nodular masses of type A and type B cells fill the 
cortex. Since these subcapsular changes are  
found spontaneously in aged female mice as 
ovarian function is decreasing, the proliferation 
of type A and type B cells in the adrenal cortex of 
dosed female mice in the present study may have 
been secondary to the effect of 4-vinylcyclo- 
hexene on the ovary. 

The early deaths of most high dose male mice 
complicated interpretation of the increased inci- 
dences of malignant lymphomas and alveolar/ 

bronchiolar adenomas or carcinomas (combined) 
in the few survivors. Low dose mice, whose sur- 
vival was similar to that of the vehicle controls, 
did not demonstrate significantly increased inci- 
dences of any neoplastic lesions. These consid- 
erations lead to the conclusion that, as in the 
case of the F344/N rats, the 2-year study in male 
B6C3F1 mice was inadequate for determining 
the presence or absence of a carcinogenic 
response. 

Long-term administration of 4-vinylcyclohexene 
to B6C3F1 mice increased the incidences of a 
variety of nonneoplastic lesions, including ul- 
cers, inflammation, and epithelial hyperplasia of 
the forestomach in males and females, cytologic 
alteration of the adrenal cortex in high dose and 
low dose females, congestion of the lung in high 
dose males and females and of the adrenal gland 
in high dose females, and splenic red pulp atro- 
phy in high dose males. However, it is unlikely 
that these nonneoplastic lesions contributed to 
the large number of deaths in high dose mice of 
each sex in these studies, since these lesions are 
generally considered to be nonlethal. 

Several in vivo and in vitro studies support the, 
hypothesis that 4-vinylcyclohexene may be me- 
tabolized in vivo to yield mutagenic/carcinogenic 
derivatives. The NTP found that 4-vinylcyclo- 
hexene was not mutagenic in Salmonella typhi- 
murium strains TA100, TA1535, TA1537, or 
TA98 in the presence or absence of Aroclor 1254- 
induced male Sprague-Dawley rat or male Sy- 
rian hamster liver S9 (Appendix G). In contrast, 
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a number of metabolites of 4-vinylcyclohexene, 
especially its diepoxide, have been shown to be 
highly mutagenic. (Figure 5 presents the struc- 
tural relationships between 4-vinylcyclohexene 
and some of its derivatives.) 4-Vinylcyclohexene 
diepoxide was mutagenic in Salmonella typhi - 
murium strains TA100 and TA1535 both in the 
presence and absence of S9 (Murray and Cum- 
mins, 1979; El-Tantawy and Hammock, 1980; 
Simmon and Baden, 1980; Frantz  and Sin- 
sheimer, 1981; Turchi et al., 1981; Watabe et al., 
1981); it was also mutagenic in Klebsiella pneu- 
rnoniae (Voogd et al., 1981). In Salmonella, this 
compound is a direct-acting, base-pair substitu- 
tion mutagen. In addition, the diepoxide was 
mutagenic a t  the HGPRT locus in V79 Chinese 
hamster lung cells and induced chromosomal ab- 
normalities (anaphase bridges) in these cells 
(Turchi et al., 1981). Turchi and coworkers also 
compared the genetic effects of the diepoxide 
with a number of other epoxide derivatives of 
4-vinylcyclohexene, including 4-vinyl- 1,2-epoxy- 
cyclohexane and 4-epoxyethyl- 1 ,Z-dihydroxy- 
cyclohexane, and found that the diepoxide was 
most active. These investigators concluded that 
the degree of genotoxicity was directly related to 
the alkylating properties of the epoxides. Recent 
studies have confirmed the mutagenicity of 
4-vinylcyclohexene diepoxide in several strains 
of Salmonella in the presence and absence of S9, 
as well as its S9-independent ability to induce 
sister-chromatid exchanges and chromosomal 
aberrations in Chinese hamster ovary cells (E. 
Zeiger, NTP, unpublished data). 

4-Vinylcyclohexene diepoxide has  also been 
shown to be carcinogenic in long-term dermal 
studies in Swiss-Millerton mice (Van Duuren et 
al., 1963,1967), and a threshold limit value of 10 
ppm has been established (ACGIH, 1983). Fur- 
thermore, the current NTP 2-year dermal stud- 
ies of 4-vinylcyclohexene diepoxide in B6C3F1 
mice indicate the induction of papillomas and 
squamous cell carcinomas of the skin by week 
65; a variety of neoplastic and nonneoplastic 
ovarian lesions were also observed in dosed fe- 
male mice (R. Chhabra, NTP, unpublished data). 

Theoretically, mutagenic metabolites of 4-vinyl- 
cyclohexene could be hydrolyzed to diols or con- 
jugated with reduced glutathione. Consistent 
with the latter pathway, both the diepoxideof 

4-vinylcyclohexene and 4-vinyl-1,2-epoxycyclo- 
hexane have been shown to be substrates for glu- 
tathione S-transferase (Boyland and Williams, 
1965; Hayakawa e t  al., 1975). Furthermore, 
intraperitoneal administration of 500 mg/kg 
4-vinylcyclohexene or i ts  monoxide to male 
Swiss mice induced a number of hepatic xeno- 
biotic biotransforming enzymes involved in the 
metabolism of these compounds, including cyto- 
chromes P-450 and b5, NADPH-cytochrome c 
reductase, aminopyrine-N-demethylase, and 
epoxide hydrolase (Giannarini e t  a l . ,  1981). 
(Note that NADPH-cytochrome c reductase is in- 
volved in the conversion of 4-vinylcyclohexene to 
i ts  mutageniclcarcinogenic diepoxide deriva- 
tive.) Intraperitoneal administration of 4-vinyl- 
cyclohexene rapidly depleted hepatic reduced 
glutathione. Thus, 4-vinylcyclohexene is prob- 
ably converted to mono- and diepoxide deriva- 
tives, which in tu rn  a r e  detoxified to the  
respective glycols by epoxide hydrolase and glu- 
tathione (Figure 6). As expected, the epoxide 
derivatives of 4-vinylcyclohexene a r e  mu ta- 
genic, whereas the glycol derivatives a re  not 
(Turchi et  al., 1981). 

The induction of uncommon ovarian neoplasms 
in female mice may indicate that hormonal in- 
fluences a re  involved in the carcinogenic re- 
sponse to 4-vinylcyclohexene. It is of particular 
interest that long-term inhalation testing of 1,3- 
butadiene, from which 4-vinylcyclohexene forms 
via dimerization (Rappaport and Fraser, 19761, 
also has revealed the induction of high inci- 
dences of ovarian neoplasms in B6C3F1 mice, 
especially granulosa cell tumors (NTP, 1984; 
Huff et  al., 1985). 

The inhalation route of exposure would appear 
to be most appropriate for further safety assess- 
ment studies of 4-vinylcyclohexene. In addition, 
pharmacokinetic studies may contribute to a n  
understanding of the mechanism(s) responsible 
for the targeting of the ovary in female mice by 
this compound. It should be noted that the doses 
used in the present gavage studies, converted to 
inhaled concentrations according to the proce- 
dure of Alarie (19821, correspond to exposure 
concentrations of approximately 300-400 ppm, 
similar to the suggested vapor concentration 
limit for 4-vinylcyclohexene in the workplace 
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IV. DISCUSSION AND CONCLUSIONS 

environment of 100 ppm (Sandmeyer, 1981). For 
comparison, the reported LC50 values of 4-vinyl- 
cyclohexene are 6,095 ppm in rats and 10,610 
ppm in mice (IARC, 1976). 

Conclusions: 4-Vinylcyclohexene was adminis- 
tered by gavage in corn oil to F344/N rats and 
B6C3F1 mice of each sex a t  doses of 200 or 400 
mg/kg for 103 weeks. Under these conditions, 
the 2-year gavage studies of 4-vinylcyclohexene 
in male and female rats and male mice were 

considered inadequate studies of carcinogenicity* 
because of extensive and early mortality a t  the 
high dose or a t  both doses and the lack of conclu- 
sive evidence of a carcinogenic effect. There was 
clear evidence of carcinogenicity of 4-vinylcyclo- 
hexene for female mice, as shown by markedly 
increased incidences of uncommon ovarian neo- 
plasms a t  both doses. In addition, the increased 
incidence of adrenal gland adenomas in high 
dose female mice may have been related to the 
administration of 4-vinylcyclohexene. 

'Categories of evidence o f  carcinogenicity are defined in the Nota to the Reader on page 2. The public discussion regarding 
the interpretative conclusions is summarized on pages 13 and 14. 
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APPENDIX A 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 

IN RATS IN THE TWO-YEAR GAVAGE STUDIES 

OF 4-VINYLCYCLOHEXENE 
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TABLE Al.  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN  THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 

Squamous cell papilloma 
Squamous cell carcinoma 
Basal cell tumor 
Keratoacanthoma 

*Subcutaneous tissue 
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Neurofibroma 

*Skin (50) (50) (50) 
1 (2%) 3 (6%) 

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

1 (2%) 

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

1 (2%) 
1 (2%) 

(50) (50) (50) 

RESPIRATORY SYSTEM 
#Lung 

Alveolar/bronchiolar carcinoma 
Sarcoma, NOS, metastatic 

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

1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Spleen 
Leukemia, mononuclear cell 

Leiomyoma 
Leukemia, mononuclear cell 

(50) (50) (50) 

(50) (49) (46) 
14 (28%) 7 (14%) 1 (2%) 

1 (2%) 
1 (2%) 

CIRCULATORY SYSTEM 
#Heart (50) (49) (50) 

Sarcoma, NOS, metastatic 1 (2%) 

DIGESTIVE SYSTEM 
#Salivary gland (50) (49) (50) 

#Liver (50) (50) (50) 
Adenoma, NOS 1 (2%) 

Neoplastic nodule 1 (2%) 
Hepatocellular carcinoma 1 (2%) 

Adenoma, NOS 1 (2%) 

Adenocarcinoma, NOS 1 (2%) 

Sarcoma, NOS, metastatic 1 (2%) 

#Pancreas (50) (50) (46) 

#Jejunum (47) (48) (40) 

#Colon (48) (49) (44) 

URINARY SYSTEM 
#Kidney 

Tubular cell adenoma 
Sarcoma, NOS, metastatic 
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TABLE A l .  SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Anterior pituitary 

#Adrenal 

#Adrenal medulla 

#Thyroid 

Adenoma, NOS 

Pheochromocytoma 

Pheochromocytoma 

Follicular cell adenoma 
C-cell adenoma 

#Pancreatic islets 
Islet cell carcinoma 

(50) 

(50) 

(50) 

(48) 

15 (30%) 

15 (30%) 

2 (4%) 

4 (8%) 

1 (2%) 
(50) 

(49) 

(50) 

(50) 

(50) 

11 (22%) 

14 (28%) 

2 (4%) 

1 (2%) 
5 (10%) 

1 (2%) 
(50) 

(45) 

(50) 

(50) 

(46) 

7 (16%) 

8 (16%) 

(46) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (50) 

*Preputial gland (50) (50) (50) 

#Testis (50) (50) (50) 

Fibroadenoma 1 (2%) 

Carcinoma, NOS 1 (2%) 1 (2%) 1 (2%) 
Adenoma, NOS 2 (4%) 

Interstitial cell tumor 35 (70%) 30 (60%) 29 (58%) 

NERVOUS SYSTEM 
#Brain 

Glioma, NOS 
(50) (49) (50) 

1 (2%) 1 (2%) 

SPECIAL SENSE ORGANS 
*Eye/iris 

Leiomyoma 
(50) (50) (50) 

1 (2%) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Abdominal cavity 

*Tunica vaginalis 
Paraganglioma, NOS 

Mesothelioma, NOS 

(50) 

(50) 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (50) 

Mesothelioma, NOS 1 (2%) 

ANIMAL DISPOSITION SUMMARY 
50 
32 
10 

X8. Animals initially in study 50 
Natural death 9 
Moribund sacrifice 8 14 
Terminal sacrifice 32 13 5 
Dosing accident 3 
Accidentally killed, NOS 1 
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TABLE Al. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS IN THE TWO-YEAR
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued)

CONTROL (VEH) LOW DOSE HIGH DOSE

TUMOR SUMMARY
Total animals with primary tumors** 44 37 31

Total primary tumors 98 87 56
Total animals with benign tumors 38 36 31

Total benign tumors 77 71 52
Total animals with malignant tumors 17 13 3

Total malignant tumors 17 15 4
Total animals with secondary tumors # # 1

Total secondary tumors 4
Total animals with tumors uncertain--

benign or malignant 4 1
Total uncertain tumors 4 1

# Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically.
** Primary tumors: all tumors except secondary tumors
# Number of animals examined microscopically at this site
# # Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

CONTROL (VEN) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS MISSING 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 

50 
50 

50 
1 

49 
49 

INTEGUMENTARY SYSTEM 

Squamous cell papilloma 

Undifferentiated carcinoma 
Fibroma 
Neurofibrosarcoma 

*Skin 

*Subcutaneous tissue 

(50) (50) (49) 

(50) (50) (49) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

RESPIRATORY SYSTEM 
#Lung 

Neoplasm, NOS, metastatic 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

#Spleen 

#Mandibular lym,ph node 

#Liver 

Leukemia, mononuclear cell 

Leukemia, mononuclear cell 

Neoplasm, NOS, unclear primary or metas 

Leukemia, mononuclear cell 

(50) (50) (49) 

(49) (49) (47) 

(49) (48) (46) 

(49) (50) (48) 

7 (14%) 13 (26%) 5 (10%) 

1 (2%) 

1 (2%) 

1 (2%) 

CIRCULATORY SYSTEM 
None 

DIGESTIVE SYSTEM 
*Tongue (50) (50) (49) 

#Liver (49) (50) (48) 

#Pancreas (49 ) (49) (49) 

!%pamow cell papilloma 1 (2%) 

Neoplastic nodule 1 (2%) 2 (4%) 

Sarcoma, NOS, unclear primary or metas 1 (2%) 

URINARY SYSTEM 
#Urinary bladder 

Transitional cell papilloma 
Transitional cell carcinoma 
Adenocarcinoma, NOS, invasive 

(50) (49) (47) 
1 (2%) 

1 (2%) 
1 (2%) 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Carcinoma, NOS 
Adenoma, NOS 

Pheochromocytoma 
#Adrenal 

(50) (48) (44) 

(50) (49) (49) 

1 (2%) 
19 (38%) 23 (48%) 7 (16%) 

3 (6%) 3 (6%) 1 (2%) 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM (Continued) 
#Thyroid 

Follicular cell carcinoma 
C-cell adenoma 
C-cell carcinoma 

#Pancreatic islets 
Islet cell adenoma 

(49) 

3 (6%) 4 (8%) 
2 (4%) 

2 (4%) 
(49) (49) (49) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50) (49) 

*Clitoral gland (50) (50) (49) 

#Uterus (49) (49) (47) 

Carcinoma, NOS 1 (2%) 
Fibroadenoma 7 (14%) 9 (18%) 4 (8%) 

Squamous cell carcinoma 1 (2%) 
Adenoma, NOS 1 (2%) 4 (8%) 

Adenoma, NOS 2 (4%) 
Adenocarcinoma, NOS 1 (2%) 1 (2%) 
Leiomyosarcoma 2 (4%) 
Endometrial stromal polyp 8 (16%) 9 (18%) 5 (11%) 

NERVOUS SYSTEM 
#Brain (50) (50) (49) 

Carcinoma, NOS, invasive 1 (2%) 
Glioma, NOS 1 (2%) 1 (2%) 1 (2%) 

SPECIAL SENSE ORGANS 
None 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Mediastinum 

Undiff. carcinoma, metastatic 
(50) (50) (49) 

1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs (50) 

Adenocarcinoma, NOS, metastatic 
(50) (49) 

1 (2%) 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Dosing accident 
Animal missing 

50 
4 
6 

40 

50 
10 
11 
28 
1 

50 
30 
5 

13 
1 
1 
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TABLE A2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total animals with tumors uncertain- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

benign or malignant 
Total uncertain tumors 

Total animals with tumors uncertain- 
primary or metastatic 

Total uncertain tumors 

38 
62 
33 
45 
13 
15 
1 
1 

1 
1 

1 
1 

37 
77 
33 
54 
20 
21 
2 
2 

2 
2 

18 
27 
16 
19 
7 
7 
1 
2 

1 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: VEHICLE CONTROL 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 
Basal cell tumor 

Subcutanmu tkrue 
Fibroma 

Lun and bronchi 
Tr ac%a 

Bone marrow 

St!!i%yoma 
L mphnodes 
Txymus 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder dr common bile duct 
Pancreu 

Small intestine 
Large intestine 

Kidney 

Urinary bladder 

Pituitary 
Adenoma, NOS 

Adrenal 
Phwchromocytoma 

Thyroid 
C-cell adenoma 

Parathyroid 
Pancreatic isleu 
Islet cell carcinoma 

LATORY 

Adenoma. NOS 
Hepat4cellular carcinoma 

&:!3Y 

Tubular cell adenoma 

Mammary gland 
Testir 

Interstitial cell tumor 
Proatam 
PreputiaUcIitod land 
Carcinoma, NO& 

Brain 

Peritoneum 
Paraganglioma. NOS 

Tunicava 'nab . 
~ e w e l T o m a ,  NOS 

MS 
Multiple orguu NOS 

Mesothelioma, NOS 
Leukemia, mononuclear cell 

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

0 0 1 1 1 1 1 1 1 1 1 1  

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

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

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

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

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

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

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

X X 

+ + N + + + + N + + + + + N + + + + + + N + + N +  . . . . . . . . . . . . . . . . . . . . . . . . .  
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 

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

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 

x x  x x x  x x 

+ : T k r w  Examined Microropically : No Tissue Information Submitted - : FbquiredTiuw Not Examined Microrcopically C : Necropsy, No HMtology Due To Protocol 
X : TumorIncidence A : Autolysu 
N : Necropsy, No Autolyru, No Microscopic Examination M : Animal Miuing 
S : AnimaIYLuxd B : No Necropay Performed 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS: VEHICLE 
CONTROL (Continued) 

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

WEEKSON 
STUDY 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

Basal cell tunor 
Subcutaneous tinsue 

Fibroma 

Lungs and bronchi 
Trachea 

Bone marrow 
S leen 

Leiomvoma 
L mphhodei 
T%ymur 

Heart 

Salivary gland 

Liver 

Bile duct 
Gallbladder & common bile duct 
Pancreu 

Adenoma, NOS 
Hepatoeellular carcinoma 

Large intartine 

URINARY 
Kidney 
Urinary bladder 

Pituitary 

Tubular cell adrnoma 

Adenoma. NOS 
Adrenal 

Pheochromocytoma 
Thyroid 

C-cell adenoma 
Parathyroid 
Pancreatic idetr 

Islet cell carcinoma 

Mammary gland 
Tertu 

Intaratitial cell tumor 
Proitrta 
PreputiaYclitoral land 

Carcinoma. NO# 

Brain 

Peritoneum 
Parapnglioma, NOS 

T%%xi%ms 

Multiple OrgaM NOS 
Meaorhelio~na, NOS 
Laukemia, mononuclear cell 

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

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

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

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

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

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

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

X x x x x  x x x  

+ + + N + + + N N N + + + N + N + N + + N + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x x x x x x 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  

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

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 x  x X X x x  

rOTAL 

‘ISSUES 
‘UMORS 

*50 
2 

050 
1 

50 
47 

49 
50 

1 
50 
46 

50 

50 
1 

60 
1 

50 
*50 
50 
47 
50 
41 
48 

50 
1 

49 

50 
15 
50 
17 
OB 
4 

41 
50 

1 

*50 
50 
35 
49 

*50 
1 

50 

‘50 
1 

*50 
2 

050 
1 

14 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: LOW DOSE 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ ~ ~ ~ ~ ~ ~ ~ ~  
0 2 0 1 4 1 4 0 3 0 2 3 0 0 4 4 2 4 4 3 3 3 1 3 2  

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  

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

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

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 
Squamour cell papilloma 
Basal cell tumor 
Keratoacanthoma 

Subcutanmu t m u e  
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Neurofibroma 

L u n p  and bronchi 

Trachea 

Bone marrow 

'CtZemia, mononuclear cell 

%%Yes 

Alveolar/bronchiolar carcinoma 

Salivary gland 
Liver 

Neoelutic nodule 
Bilr duct 
Gallbladder 8 common bile duct 
Pancr ru  

k%R" 
Small intmtinr 

Large intertina 

Kidney 
Urinary bladder 

Pituitary 

Adrenal 

Adenocarcinoma, NOS - 
Adenoma. NOS 

Parathyroid 
Pancreatic uletr 

Met  cell carcinoma 

Fibroadrnorm 
Tenth 

I n t e d t i d  call tumor 
R0rt.t. 
ReputiaYclitorrl land 

Carcinoma, NO# 

Brain 
Glioma. NOS 

ALL dAERspspFRs 
Multiple organa NOS 

Leukemia. mononuclear cell 

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

X 

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

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

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

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

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

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

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

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

+ + + + + + + + + + + + + + + + + + + + + + + + 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  

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

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

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

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

+ + + + + + N + + + + + + + + N + + + + + N + + +  

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

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

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 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS LOW DOSE 
(Continued) 

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  

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

WEEKS ON 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
STUDY 9 9 9 9 9 9 0 0 0 0 0 0 0 0 

0 2 2 4 4 6 0 0 0 0 1 3 4 4 4 4 4 5 5 5 5 5 5 5 5  

%%Eii 2 0 3 0 2 1 1 2 2 4 4 4 0 1 1 1 1 1 2 2 3 3 3 4 5  
TOTAL 

TISSUES 
0 0 0 0 0 0 0 0 0 0 0 TUMORS 

Skin 
Squamous cell papilloma 
Basal cell tumor 
Kerataacanthoma 

Subcutaneous t i w e  
Sarcoma, NOS 
Fibroma 
Fibrosarcoma 
Neurofibroma 

Lungs and bronchi 

Trachea 

Bone marrow 
S h e n  

Lymph nodes 
Thymus 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder & common bile duct 
Pancreaa 

Small intertine 

Large intestine 

Alveolar/bronchiolar carcinoma 

Leukemia, mononuclear cell 

M 

Neoplaetic nodule 

EI%r 
Adenocarcinoma, NOS 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
W 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 x  x x  X X X X X X X X  . . . . . . . . . . . . . . . . . . . . . . . . .  
x x  X . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

X 

+ + + N  + +  + +  + + N  + +  + +  + + N  + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  x x  X X X X X 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 x  X x x  X 

X 

X 

URINARYXYSTEM 
Kidney 

49 

49 
50 

1 
50 

*50 
50 
49 
50 
48 

1 
49 

50 
49 

49 
11 
50 
16 
50 
1 
5 

40 
50 

1 

*50 
1 

50 
30 
50 

*50 
1 

Urinary bladder 

Pituitary 
Adenoma, NOS 

Adrenal 
Pheochromocytoma 

Thyroid 
Follicular-cell adenoma 
C-cell adenoma 

Parathyrold 
Pancreatic LIEU 
Islet cell carcinoma 

Mammary gland 
Fibroadenoma 

Tertia 
Inbnt i t ia l  cell tumor 

Prortata 
PreputiaYclitaral land 

Carcinoma, NO# 

+ + + + + + + + + + + + + + + + + + + + + c + + + 1.10 

[ + + + + + + + + + + + + + + + + + + + + + + + + + 1 50 I . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

t 

47 1- 
49 
49 
1 

48 
43 

ALL 0- 

Brain 

Multiple organr NOS 

Glioma, NOS 

Leukemia, mononuclear cell x x x  

Animals Necropried 
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: HIGH DOSE 

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

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

ANIMAL 
NUMBER 

WEEKS ON 
STUDY 

Skin 
Sqrumour cell papilloma 
Sqcurnow cell carcinoma 

Lunp and bronchi 

Trachea 

Bone marrow 
Spleen 

Sarcoma, NOS, metutatic 

%2:*er 
H e a e  
Sarcoma. NOS, motutrtic 

Salivary gland 
Liver 
Bile duct 
G.llbLdder & common bile duct 
Pancreu 

Adenoma. NOS 
:E:* 
Small intestine 
Large intestine 
Sarcoma, NOS, metutat ic  

Kidney 

Unn- bladder 

Pituitvy 

Adrolul 

Tubular cell adonoam 
+rcoma, NOS, metrrtrtic 

Adenoma. NOS 
Phrochromocytoma 

Thyroid 
Parathyroid 

Mammug gland 
T e d  

I n b r u i t i d  cell tumor 
pr0rt.t. 
Paepu)irVelitonl land 
Caremnu, NO# 
Adomma. NOS 

B& 
Glioma, NOS 

ANS 

b i o m j o n u  

Multiplo organa NOS 
I~ukemi. .  mononuclear call 
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. . . . . . . . . . . . . . . . . . . . . . . . .  

~ ~~ 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  + + - + - + + + + + - + + + + - - + + + + - + - -  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
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  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
- - + - + - - - + + - e + - + + - - + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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 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 N N N N N N N N N N N N N N N N N N N N N N N  
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TABLE A3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE R A T S  HIGH DOSE 
(Continued) 

0 0 0  

ANIMAL 
NUMBER 

O O O O O O O O O O O O O O O O O O O o o ~ ~ o ~  
2 1 2 2 1 2 0 3 4 5 1 0 4 0 4 3 0 2 2 3 0 0 0 1 1  
0 6 5 3 2 2 6 7 7 0 0 1 2 9 0 8 2 9 4 9 3 5 7 3 7  

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

WEEKS ON 
STUDY 

Skin 
Squmoua cell papilloma 
Squmow cell carcinoma 

Lungr and bronchi 

Trachea 

Bone marrow 
Spleen 
L mphnodee 
T%ymu 

Heart 

Sarcoma, NOS, metutatic 

Sarcoma. NOS, metutrtic 

Salivary gland 
Liver 

stomacri 
Small intortine 
Large intertine 

Sarcoma. NOS, mrtartatic 

Kidney 

Urinary bladder 

Pituitwy 

Adrenal 

Thyroid 
Parathyroid 

Mammary gland 
Testia 

Tubular cell adenoma 
Sarcoma, NOS, metutatic 

Adenoma. NOS 
Pheochromocytoma 

lnteratitial cell tumor 
Prostate 
PreputiaYclitoral land 

Carcinoma. NO# 
Adenoma, NOS 

Brain 
Glioma. NOS 

NS 
ECiomyoma 

AUO- 
Muitiple organa NOS 
Leukemia. mononuclear a l l  

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

X 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
x x  x x  X . . . . . . . . . . . . . . . . . . . . . . . . .  
X x x  x x  x x x  . . . . . . . . . . . . . . . . . . . . . . . . .  + - + - + - + - + + - + + - - + + + + + + + + - +  

+ + + + + N + + N + + + + + + + N + + N + + + + N  . . . . . . . . . . . . . . . . . . . . . . . . .  
x x x x x x x x x x x x x x x x x x x x x x x x x  
+ + + + + + + + + + + + e + + + + + + + + + + + +  
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 

~~ -~ ~ ~~~ ~ 

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 

TOTAL 

TISSUES 
TUMORS 

'50 
3 
1 

50 
1 

47 

49 
46 
50 
36 

50 
1 

50 
50 
50 

*50 
46 

1 
49 
47 
40 
44 

1 

50 
1 
1 

47 

46 
7 

50 
8 

46 
34 

*50 
50 
29 
4s 

*50 
1 
2 

50 
1 

'50 
1 

-50 
1 

*Animab Nceropaid 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: VEHICLE CONTROL 

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

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 

Subcutaneoru tmue 
Sqrumour cell papilloma 

Fibroma 

Lung# and bronchi 

Trachea 

Bone marrow 

S t L n i a .  mononuclear cell 
L mphnodei 

Thymw 

N w p h ,  NOS. metutatic 

Lop lum,  NOS, unc prim or met. 

Salivary gland 
Liver 

No&J~ nodule 
, mononuclear cell 

Bile duct 
Gallbladder & common bile duct 
Pancreu 

Small i n m e  
large i n w  

Kidney 
Urinary bladder 

E2kY 

Fstuitary 
Adenoma. NOS 

Adrenal 
Phsoehromoc~mr 

Thyroid 
C-cell adenoma 
C-cell carcinoma 

Parathyroid 
Pancreatic uletr 

Irlet cell adenoma 

M a m ~ r y  gland 
Fibmadmom 

R e  utiaUclitord gland 
A&ooma. NOS 

Ut4.nu 
Adeaourcinanu, NOB 
hiomyourcoma 
Eodomeui.1 stromal polyp 

O V Y  

Brain 
Glioma. NOS 

L&-. mononuclear cell 
Multi 1eormnrNOS 

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

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

+ : Tirw Euminnl Mic-pially : No Tiuw Information Submittd - : Rquirrd T i w  Not Euminod Micvxopiully C : Ncropay, No HLtology DIU To Rotoeol 
X : TumorIncidona A : Autolyeu 
N : Necmpey, No Autolyib. No Microropic Examination M : Aninul M- 
S : AninulHhexed B : NoN.uop.).Performed 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE R A T S  VEHICLE 
CONTROL (Continued) 

E%&iR 
WEEKSON 
STUDY 

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

Skin 
Subcutaneow timue 

Squmow cell papilloma 

Fibroma 

M 
Lune  and bronchi 

Neoplum, NOS, metastatic 
Trachea 

Bone marrow 
S loen 

L mphnodea 
Thymw 

Heart 

Licemi. ,  mononuclear cell 

Kleop~um, NOS, unc prim or met. 

Salivary gland 
Liver 

NeoDlmtic nodule 
hukomia., mononuclear cell 

Bile duct 
Gallbladdrr 15 common bile duct 
Pancrear 

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

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

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

+ + + + + + + + e + + + + + + - + + + + + + + + +  

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

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

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

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

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

Large inteetine 

Kidney 
Urinuy bladder 

Adenoma. NOS 
Pituitary 

A d r e d  
Phrochromoqwnu 

Thyroid 
C-cell adenom 
C-cell carcinoma 

Parathyroid 
Pancreatic uletr 

Islet cell adenoma 

Mammary gland 
Fibroadenoma 

P n  uti.Yclitom1 gland 
UbN# 

Adenwrcinoms, NOS 
Laiomyourcoma 
Endometrial rtronul mlyp 

ASelIoma, NOS 

ovary 

Brain 
Glionu, NOS 

Multiple orgaar NOS 
bukemi., mononuclear cell 

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 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 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 X X 

TOTAL 1 

---I 
*so 

1 
*SA I 

1 - 

50 

50 
49 

1 
1 

49 
*so 
49 
50 
49 
49 
49 

50 
so 

50 
19 
50 
3 

49 
3 
2 

41 
49 

2 

50 
1 

47 

4a 
49 

1 
49 

1 
47 

- 

*so 
7 

*!io 
1 

49 
1 
2 
8 

49 

50 
1 

*50 
7 

Animah Nlcrop*rd 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY O F  FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: LOW DOSE 

ANIMAL 
N U M B E R  

W E E K S O N  
STUDY 

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

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

Subcutullour tirrue 
UndBerentiated carcinoma 
Neurofibrourcoma 

Lun andbronchi 
Traxea 

Thymur 

&M UU?tOW 
Spleen 
L mphnoder 

Hearr 

Salivary gland 
Liver 

Callbkdder L common bile duct 
Pancreu 

StonUe 
S d i n t e r t i n e  
Large intertine 

Kidney 
U r i ~ r f  bladder 

Pituita9 

Adrenal 

Thyroid 

Parathyroid 

Nlo luticnodule 
Bile &ct 

E=phgur 

Traritional cell carcinoma 

M 
Carcinoma, NOS 
Adenoma, N O S  

Phboekromocytoma 

Follicular cell carcinoma 
C-cell adenoma 

Mammary gland 
Carcinoma. NOS 
Fibroadenoma 

PreputLYclitoral glmd 

Ut8nU 

O v a 9  

wmour cell carcinoma 3.,,. NOS 

Adenocru,.NOS 
Endometrul at ronu l  polyp 

Brain 
Carcinoma NOS, invuive 
Glioma, NdS 

S 
MOdd*dinUl. 

UndiU. carcinoma, mehstatic 

Multipl. organa NOS 
Loukomk, mononuclear cell 
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. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

X 

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

+ + + + + + + + + + + + + + + + + + + e + + + + +  

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 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  

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 
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS: LOW DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

UnduTerentiated carcinoma
Neurofibrosarcoma

RESPIRATORY SYSTEM
Lungs and bronchi
Trachea

HEMATOPOIETIC SYSTEM
Bone marrow
Spleen
Lymph nodes
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Neoplastic nodule
Bile duct
Gallbladder & common bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

Transitional cell carcinoma

ENDOCRINE SYSTEM
Pituitary
Carcinoma, NOS
Adenoma, NOS

Adrenal
Pheochromocytoma

Thyroid
Pollicular cell carcinoma
C-cell adenoma

Parathyroid

REPRODUCTIVE SYSTEM
Mammary gland
Carcinoma, NOS
Fibroadenoma

Preputial/clitoral gland
Squamoua cell carcinoma
Adenoma, NOS

Uterus
Adenoma, NOS
Endometrial stromal polyp

Ovary

NERVOUS SYSTEM
Brain

Carcinoma, NOS, invasive
Glioma, NOS

BODY CAVITIES
Mediastinum

Undiff. carcinoma, metastatic

ALL OTHER SYSTEMS
Multiple organs NOS

Leukemia, mononuclear cell

01
0
5|

01 6
0

5| 6

01 01 0
1 1 1
3| 4| 6

01 01 01 01 0 01 01 01 01
3 3 3 3 4 4 4 4 4
5| 6| 7| 9| I 2| 3) 4| 6|

II II II II II II II II 1 1 iTi I II II II II iTiTi II II l l | l
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 4 4 4\ 41 41 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 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
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 X X X X X X X

+ + + + -t- + + + + + + + - l - - t - - t - + + + + - l - - l - - ( - - l - - l - + '50
X 1

1

+ + + + + + + + + + "t- + + -f + + + - i - - t - - t - - t - + + + -t- 50
+ -t- + + + + + -t--(- + + + -(--t- + -t- + + + + 4- + - + + 48

+ + + + + -t--t- + + -f + + + + -t- + + -(- + + + + -l-+- 47
+ + + + + -t- + -t--f + + + + + + + + + -t- + -l- + + -t-+ 49
+ + + + + + + - t - - l - - l - + + -»--t- + + + + + + + + + + + 48
+ + + + + + + - + + + + - + + + + - t - - l - - - t - + -f + + 46

+ + + + + + + -t- + + + -l--t- + + + + + + + + + + -l- + 50

+ + + + + + + + + -l--l- + + + + + + + + + -l--t- + -t- + 49
+ + + + + + + + -l- + + - l - - f - t - - l - - t - + + + + + + + + + 50

X 2
+ + + + - t - - t - - t - + + + + -f + + -t- + + + + + -t- + + + -t- 50
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 «50
•f + + + -t- + + + + + + + + + + -t- + -t- + + + + + + + 49
+ - t - - f > + + -t - - t - - t - + + + -(--(--(- + + + -f + + -f + + -t- 50
•f + -f-f + + + -f + -f + -f + - » - - f - » - + -t- + -»- + -f-f + -»- 50
+ - l - - t - - t - + + + + - l - - l - - t - + - l - - l - - ( - - t - + -f + + + - t - - t - - t - + 49
+ + + + -f + + + - t - - ( - - t - - ( - - f + -t--(- + -t- + + - ( - - t - - l - - f 49

+ + * - ( - + + - t - - l - + - l - - t - + + - f - l - - f - f + -f + + -»- + + 50
+ •*• + + + •*• + + • • » • + + + + • + • + + + + •» •+ • — + + + + 49

X 1

+ - t - - t - + + -l--l- + + + + + + + + + + 48
1

X X X X X X X X X X X X X 2 3
+ + + + + + + + + + + - t - - t - - l - + -t- + -t- + + -t- + + + + 49

X X 3
+ + + + + + + + + + + + + + + -t- + + + + + + + + + 50

1
X X X X 4

+ + + + + + - + - - f - l - - l - - l - + - l - - - + -l- + - t - - ! - + - f + 39

•h + + - f - f + - t - - f - + + -l- + - f + - + - f - t - + - ( - - ( - - f - t - - t - - ( - - h •SO
X 1

X X X X X 9
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 «50

X 1
X X X X 4
• f - t - + + + + + + + + + - f - l - - t - + + -t-- l - + + - + + - t - + 49

X X 2
X X X X X X X 9

49

50
1

X 1

TOTAL

TISSUES
TUMORS

•50
1

•50
13

' Animals Necropsied
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE RATS IN THE 
TWO-YEAR GAVAGE STUDY O F  4.VINYLCYCLOHEXENE: HIGH DOSE 

iEFtEi-i 
WEEKSON 
STUDY 

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

Lun I and bronchi 
TraAaa 

Bone marrow 
Spleen 
L mphnodrr 
Tgymw 

Heart 

Oral cavity 

Salivary gknd 

Gallbladder & common bile duct 
Pancreaa 

Squamour call papilloma 

Liver 
Bilr duct 

Sarcoma, NOS, unc prim or mota 

:2kR" 
Small inteatine 
krge  intertine 

Kidnry 
Urinary bladder 

Tmui t iomi  C d  pa i l l O n U  
Adenocarciaoma. &S, invuivr  

Pituitary 

Adrrrul 
Adenoma, NOS 
Phroehromoqbma 

Thyroid 
Parathyroid 

Mammuy gknd 
Fibroadrnoma 

Adenocarcioonu, NOS 
Endomotrid stromal polyp 

UtrrUr 

Ovary 

Brain 
Glioma. NOS 

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

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

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

N N N N N N N N N M N N N N N N N N N N N N N N N  
- + + + + + + + + M + + + + + + + + + + + + + + +  
- + + + + + + + + M + + + + + + + + + + + + + + +  
- + + + + + + + + M + + + + + + + + + + + + + + t  
N N N + N N N N N M N N N N N N N N N N N N N N N  
+ + + + + + + + + M + + + + + + + + + + + + + + +  
X 
. . . . . . . . . . . . . . . . . . . . . . . . .  
- + + + + + + + + M + + + + + + + + + + + + + + +  
- + + + + - + + - M + + + + + - + - + + + - + + +  
- + + + + - + + - M + + + + + + + + + + + + + + +  

+ + + + + + + + + M + + + + + + + + + + + + + + +  
+ + + + + + + + + M + + + + + + + + + + + + + + +  

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

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

N N + N + + + + + M N N + + + + + + + + + + + + +  
- + - + + + + + + M + + + + + + + + + + + + + + +  

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

I + + + + + + + + + M + + + + + + + + + + + + + + +  

Multiplr OWM NOS 
Adenoaminoma. NOS, mrtu&tic 
L.ukrmu. mononuclru cell 

N N N N N N N N N M N N N N N N N N N N N N N N N  
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TABLE A4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY O F  FEMALE R A T S  HIGH DOSE 
(Continued) 

0 0 0 0 0 0 0  WEEKSON 
STUDY 

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

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

M 
Lun a and bronchi 
Trac%ea 

Bone marrow 
Spleen 
Lymph node8 
Thymus 

Heart 

Oral cavity 

Salivary gland 
Liver 
Bile duct 
Gallbladder & common bile duct 
Pancrear 

M 

Squamour cell papilloma 

Sarcoma, NOS, unc prim or mota 

:::%tfu 
Small inteatine 
Large intestine 

URINARY s m  
Kidney 
Urinary bladdrr 

Transitional cell pa illoma 
Adenocarcinoma, AS, invuive 

ET~OCRINE~YRTM 
Pituitary 

Adrenal 

Thyroid 
Parathyroid 

Mammary gland 
Fibroadenoma 

Uteru 
Adenocarcinoma, NOS 
Endometrial stromal polyp 

Ovary 

Adenoma, NOS 

Pheochromocytoma 

Brain 
Glioma. NOS 

Multiple organ# NOS 
Adenocarcinoma, NOS, metastatic 
Leukemia, mononuclear cell 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
~~ ~~~~ 

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

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

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 x x x  x x  
X 

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

A 
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 

x x x  x x  

TOTAL 

rISSUES 
FUMORS 

48 
47 

48 
47 
46 
40 

41 

049 
1 
48 
48 
48 

949 
49 

1 
47 
48 
42 
46 

49 
47 

1 
1 

44 
7 

49 
1 

47 
39 

049 
4 

47 
1 
5 

4 1  

49 
1 

e49 
1 
6 

*Animala Necropried 
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APPENDIX B 

SUMMARY OF THE INCIDENCE OF NEOPLASMS 

IN MICE IN THE TWO-YEAR GAVAGE STUDIES 

OF 4-VINYLCYCLOHEXENE 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin 

Cystadenoma, NOS 
Fibroma 
Fibrosarcoma 

*Subcutaneous tissue 
Fibroma 

RESPIRATORY SYSTEM 
#Lung (49) (50) (50) 

Hepatocellular carcinoma, metastatic 2 (4%) 1 (2%) 
Alveolarhronchiolar adenoma 1 (2%) 4 (8%) 3 (6%) 
Alveolar/bronchiolar carcinoma 3 (6%) 7 (14%) 1 (2%) 

HEMATOPOIETIC SYSTEM 
'Multiple organs (50) 

Malignant lymphoma, lymphocytic type 1 (2%) 

Malignant lymphoma, mixed type 2 (4%) 

Malignant lymphoma, mixed type 1 (2%) 

Malignant lymphoma, histiocytic type 

#Spleen (49) 

#Mesenteric lymph node (31) 
Malignant lymphoma, histiocytic type 

(50)  (50) 
2 (4%) 
2 (4%) 1 (2%) 
3 (6%) 3 (6%) 

(49) (46) 

(44) (38) 
1 (3%) 

CIRCULATORY SYSTEM 

Sarcoma, NOS 
Hemangioma 

Hemangiosarcoma 

#Heart 

#Liver 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Squamous cell papilloma 
#Forestomach 

(49) (50) (50) 
7 (14%) 11 (22%) 3 (6%) 

11 (22%) 10 (20%) 3 (6%) 

2 (4%) 
(47) (50) (46) 

URINARY SYSTEM 
#Kidney 

Tubular cell adenoma 
(49) 

ENDOCRINE SYSTEM 

Cortical adenoma 

Follicular cell adenoma 

Islet cell adenoma 

#Adrenal 

#Thyroid 

#Pancreatic islets 

(50) (50) 

(47) (45) 

(49) (50) 

1 (2%) 

1 (2%) 1 (2%) 

1 (2%) 
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TABLE B1. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 

Adenoma, NOS 
*Preputial gland (50) 

NERVOUS SYSTEM 
None 

SPECIAL SENSE ORGANS 
*Harderian gland 

Papillary adenoma 
Papillary cystadenoma, NOS 

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

(50) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
None 

ALL OTHER SYSTEMS 
None 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Terminal sacrifice 
Dosing accident 
Accidentally killed, NOS 

50 
7 
2 
37 
1 
3 

50 
6 
5 
39 

50 
41 

7 

2 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors## 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

26 
32 
11 
12 
19 
20 

2 
2 

33 
48 
17 
22 
21 
26 

1 
1 

12 
18 
8 
9 
7 
9 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically a t  this site 
# #  Secondary tumors: metastatic tumors or tumors invasive into an adjacent organ 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS MISSING 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 

50 
50 

50 
1 

48 
48 

INTEGUMENTARY SYSTEM 

Trichoepithelioma 
Fibrosarcoma 

*Subcutaneous tissue 
Sarcoma, NOS 
Fibrosarcoma 

*Skin (50) (50) (48) 
1 (2%) 

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

1 (2%)  
1 (2%) 

RESPIRATORY SYSTEM 
#Lung (50) (49) (48) 

Alveolar/bronchiolar adenoma 5 (10%) 1 (2%) 3 (6%) 
Alveolar/bronchiolar carcinoma 1 (2%) 1 (2%) 
Granulosa cell carcinoma, metastatic 1 (2%) 2 (4%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs (50) (50) (48) 

Maiignant lymphoma, NOS 1 (2%) 
Malignant lymphoma, lymphocytic type 1 (2%) 4 (8%) 5 (10%) 
Malignant lymphoma, histiocytic type 3 (6%) 3 (6%) 1 (2%) 
Malignant lymphoma, mixed type 10 (20%) 4 (8%) 5 (10%) 

Malignant lymphoma, mixed type 1 (2%) 1 (2%) 

Malignant lymphoma, lymphocytic type 1 (2%) 

Malignant lymphoma, lymphocytic type 1 (2%) 

Malignant lymphoma, histiocytic type 1 (2%) 

#Spleen (50) (48) (47) 

#Mesenteric lymph node (47) (47) (38) 

#Small intestine (47) (46) (39) 

#Uterus (49) (50) (48) 

CIRCULATORY SYSTEM 

Hemangioma 

Hemangioma 

*Vagina 

#Uterus 

DIGESTIVE SYSTEM 
#Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Squamous cell papilloma 

Leiomyosarcoma 

#Forestomach 

#Jejunum 

(50)  (49) (48) 

(49) (49) (46) 

(47) (46) (39) 

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

2 (4%) 

1 (2%) 

URINARY SYSTEM 
#Kidney (50) (49) (48) 

Tubular cell adenoma 1 (2%) 
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TABLE B2. SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF 4.VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Adenoma, NOS 
Adenocarcinoma, NOS 

# Adrenallcapsule 
Adenoma, NOS 

#Adrenal medulla 
Pheochromocytoma 

#Thyroid 
Follicular cell adenoma 

(49) (49) (44) 

(50 )  (49) (48) 

(50) (49) (48) 

(47) (46) (45) 

9 (18%) 7 (14%) 3 (7%) 
1 (2%) 

3 (6%) 4 (8%) 

1 (2%) 1 (2%) 

1 (2%) 

REPRODUCTIVE SYSTEM 
*Mammary gland (50) (50)  (48) 

Adenocarcinoma, NOS 1 (2%) 1 (2%) 1 (2%) 
Adenosquamous carcinoma 1 (2%) 
Mixed tumor, malignant 1 (2%) 

Squamous cell papilloma 1 (2%) 

Papillary adenoma 1 (2%) 1 (2%) 
Papillary cystadenoma, NOS I (2%) 
Luteoma 2 (4%) 
Granulosa cell tumor 1 (2%) 9 (19%) 11 (23%) 
Granulosa cell carcinoma 1 (2%) 2 (4%) 
Tubular adenoma 2 (4%) 1 (2%) 
Mixed tumor, benign 25 (52%) 11 (23%) 
Teratoma, NOS 1 (2%) 

*Vagina (50) (50) (48) 

#Ovary (49) (48) (47) 

NERVOUS SYSTEM 
#Brain (50)  (49) (48) 

Adenocarcinoma, NOS, invasive 1 (2%) 

SPECIAL SENSE ORGANS 
*Harderian gland 

Papillary adenoma 
(50) 

MUSCULOSKELETAL SYSTEM 
*coccyx 

Osteosarcoma 
(50)  

BODY CAVITIES 
*Abdominal cavity 

Sarcoma, NOS 
(50) (50) (48) 

1 (2%) 

ALL OTHER SYSTEMS 
*Multiple organs (50) (50) (48) 

Alveolar/bronchiolar carcinoma, metastatic 1 (2%) 
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TABLE B% SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE IN THE TWO-YEAR 
GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

~ ~ ~~ __ ~~ - 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMAL DISPOSITION SUMMARY 
Animals initially in study 

Natural death 
Moribund sacrifice 
Scheduled sacrifice 
Terminal sacrifice 
Animal missing 

50 
7 
3 

40 

50 
6 
5 

39 

50 
28 
3 
1 

17 
1 

TUMOR SUMMARY 
Total animals with primary tumors** 

Total animals with benign tumors 

Total animals with malignant tumors 

Total animals with secondary tumors# # 

Total animals with tumors uncertain-- 

Total primary tumors 

Total benign tumors 

Total malignant tumors 

Total secondary tumors 

Total uncertain tumors 
benign or malignant 

28 
40 
16 
18 
20 
20 
1 
1 

2 
2 

47 
86 
33 
53 
21 
23 

2 
2 

9 
9 

30 
58 
21 
28 
16 
19 
2 
2 

1 1  
11 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
** Primary tumors: all tumors except secondary tumors 
# Number of animals examined microscopically at this site 
# # Secondary tumors: metastatic tumors or tumors invagive into an adjacent organ 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: VEHICLE CONTROL 

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

A N l M A L  
NUMBER 

0 0 0 0 0 0 0 0  
0 0 0 0 0 0 6 8  
1 1 8 9 9 9 2 4  

W E E K S O N  
STUDY 

Skin 
Fibrwrcoma 

L u n g r d  bronchi 
Hepatocellular carcinoma, metar 
AlvwLrhronchiolar adenoma 
Alvwluhronchiolar carcinoma 

Trachea 

Bone murow s Iem hip lymphoma, mixed type 
p P w d O 8  

Heart 

SI l ivav  gland 
Liver 
Hepat#.Uui.r adenoma 
HepatocellSr carcinoma 
Hemagiourcoma 

Bile dwt 
GdlbLdder L common bile duct 
Pancmr 

#E* 
Squ~oru cell papilloma 

Small intestine 
Large intmtine 

Kidnw 
U r i G  bladdrr 

Pituitary 
A d r e d  
Thyroid 
Paratbymid 

Mammy gland 
TI& 
Pr0rt.t. 

Brain 

HudrrLngLnd 
ANS 

Pmpilluy adrrronu 
Papilluy eyrtrdmoma, NOS 

M.I&. I J ~  born., lymphocytic type 
Mamnt!yrnphoma, mixed typa 

Multl l o o w  NOS 

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

+ + + A + + + + + + + + + + + + + + + + + + + + +  
X 

X 
X 

+ + + A + - + - - + + + + + + + + + + + + + + + +  

+ + + A - + + + + + + + + + + + + + + + + + + + +  
+ + + A + + + + + + + + + + + + + + + + + + + + +  

X 
+ + + A + - + - + + + - + - - - + + + - + - + + +  
+ - + A + - + + + + + - - + + + + + + + + + - + +  

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

+ + + A + - + + + + + + + + + + + + + + + + + + +  
+ + + A + + + + + + + + + + + + + + + + + + + + +  

X X x x x x  X X 

+ + + A + + + + + + + + + + + + + + + + + + + + +  
N + + N + N N + N N + + N N N + + + + + + + N + +  
+ - + A + + + + + + + + + + + + + + + + + + + + +  
+ + + A + + + + + + + + + + + + + + + + + + + + +  
- - + A + + + + + + + + + + + + + + + + + + + + +  

- + - A - - - + + + + + + + + + + + + + + + + + +  
- + + A + + + + + + + + + + + + + + + + + + + + +  

+ + + A + + + + + + + + + + + + + + + + + + + + +  
+ + + A + + + + + + + + + + - - + + + + + + + + +  

- + + A + + + + + + + - + + + + + + + - + + - + +  
- + + A + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
- + + 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 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 

+ : Tinw Examined Microscopically : N o  Thw Information Submitted - : Requind Tlvur Not Examined Micmrcopically C : Nocropry. No Hublogy Due To Protocol 
X : Tumorlncidrncr A : Aublyrir 
N : N u m ~ ,  N o  AubIJnL, No Micmropic Examination M : Aninul Miuing 
B : MmrlMturd B : NoN.empryPerformed 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: VEHICLE 
CONTROL (Continued) 

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

ANIMAL 
NUMBER 

1 1  1 1  1 1  1 1  I 1  1 1  1 1  1 1  1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

Skin 
Fibrosarcoma 

M 
Lunga and bronchi 

Hepatocellular a r c i n o m ,  me- 
Alveolarhmnchiolar adenoma 
Alvwlar~ronchiolar carcinoma 

Trachea 

Bone marrow 
S lean 

L mphnoder 
Thy m u  

Heart 

Salivary gland 
Liver 

halignant lymphoma, mixed type 

Hepabcellulu a d o v n u  
Hepatocellular carcinoma 
Hemangiorrcorna 

Bile duct 
Gallbladder & common bile duct 
Pancrru 

::::R" 
S q u m o w  coll papilloma 

Small intertino 
Large intartino 

Kidney 
Urinary bladder 

Pituitary 
Adrenal 
Thyroid 
Parathyroid 

Mammary gland 
Testis 
Prostate 

Brain 

Harderian gland 
S E m  ORGANS 

Papillary adonoma 
Papillary cystadononu. NOS 

Multiple orguu NOS 
Makg. lym horn, IpphpeVtic typo 
Malignant$mphoma, mixed type 

TISSUES 
TUMORS 

~~~ ~ ~ ~~ 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
+ - - - - + + + + + + - + - - - + + - + + + + + -  . . . . . . . . . . . . . . . . . . . . . . . . .  

*50 
1 

49 
2 
I 
3 

44 

48 
49 

1 
31 
42 

I- 

A . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

x x  

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

I 
49 

*50 
48 
49 
47 

2 
43 
48 

49 
45 

. . . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  - + - + + - - - - - + - - + + - - + + - + + - + -  

. . . . . . . . . . . . . . . . . . . . . . . . . .  41 

43 
48 
45 
24 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 

x x I I  l! 
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  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
*50 
50 
49 

I- 

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

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 
I- ~~~~ - ~ ~ 

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 

Animak Necmpaiod 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: LOW DOSE 

0 0 0 0 0 0 0 0  

ANIMAL 
NUMBER 

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

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

WEEKSON 
STUDY 

Skin 
Cyadenoma. NOS 
Fibroma 

LIM@ and bronchi 
Hepatocellular carcinoma, motu  
Alvwlulbronchiolar adenoma 
Alvwhrlbronchiolar carcinoma 

Trachea 

Bone marrow 
Spleen 

Hemandoma 

Salivary gland 
Liver 
Hepatocellular adrnoma 
Hrpatocellular carcinoma 
Hemandourcoma 

Bile duct- 
Gallbladder & common bilr duct 
Pancreu 

::%R" 
Small intestinr 
Large i n m e  

Kidney 

Urinary bladdrr 

Pituitary 
Adrenal 

Thyroid 

Parathyroid 

Mammary eknd 
TeatL 
Roetata 
Re uti.l/ditOdgtnd 
~Brnoonu NOS 

Tubular all adrnoma 

Cortical adenoma 

Follicular cell adenoma 

Brain 

Multiplr organa NOS 
Malig. I~mpbomr;. lymphocytic typo 
Malig. lym beau. hirtrocyric typo 
Malignu~tfpmpbonu, mixrd typo 

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  - + + + - + + - + - - + + + + + + + + + - + + + -  

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
N N + + + + + + N + N N N N + + + + + + + + + + N  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 
X 
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: LOW DOSE 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 
Cyetadenoma. NOS 
Fibroma 

Lungs and bronchi 
Hepatocellular urcinonu. motu 
Alvwlarhronchiolar adenoma 
Alvwlar/bronchiolu carcinoma 

Trachea 

Bone murow 
Spleen 

H a u l  
Sucoma, NOS 
Hemangioma 

Salivary gland 
Liver 

Hepatocellular adenoma 
Hepatocellular carcinoma 
Hemanmourcoma 

Bile duct- 
Gallbladder & common bile duct 
Pancreu 2::r 
Small intestine 
Large intestine 

Kidney 

Urinary bladder 
Tubular cell adenoma 

Pituitary 
A d n d  

Cortical adenoma 
Thyroid 

Parathyroid 
Folliculu cell adenoma 

M 
Mammary gland 
T e d  
Pmetaca 
R e  utirYclitora1 gknd 

d'enoma. NOS 

Bmin 

Multiple organa NOS 
Maly. Ipmphorrm. lymphocytic type 
Mal$. lym honu. Wc+c type 
Malqnant!ymphonu, mud type 

(Continued) 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3  
9 0 1 2 3 4 5 6 8 9 1 2 3 4 5 6 7 9  

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

~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  
A 

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

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

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

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

x x  X 

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + 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  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
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 

X 
x x  

POTAL 

? S U E S  
UMORS 

*so 
1 
I 

50 
1 
4 
7 

47 

50 
49 
44 
41 

M) 
1 
1 

M) 
M) 
11 
10 
1 

50 
*M) 
49 
50 
M) 
49 
49 

- 

so 
I 

49 

46 
M) 

1 
47 

1 
29 

850 
50 
49 

*M) 
1 

- 

- 

M) 

*M) 
2 
2 
3 

Animala Nocropid  
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TABLE 83. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: HIGH DOSE 

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

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

WEEKSON 
STUDY 

Subcutaneous t i r u e  
Fibroma 

Lunge and bronchi 

Trachea 

Bone marrow 
Spleen 
L m hnodea 

Thymur 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder & common bile duct 
Pancreu 

Small intestine 
Large intestine 

Kidney 
Urinary bladder 

Alveolarhonchiolar adenoma 
Alveolar/bronchiolar carcinoma 

LaEg. lymphoma. histiocytic type 

ULATORY~FREM 

Hepatocellular adenoma 
Hepatocellular carcinoma 

:EI%iY 

Pituitary 
Adrenal 
Thyroid 

Parathyroid 
Pancreatic isleta 

Follicular cell adenoma 

Islet cell adenoma 

Mammary gland 
Teatir 
Prostate 

Brain 

Multiple organs NOS 
ALL oTRFllspFlERs 

Malig. lym homa. histiocytic type 
Melignant !ymphoma, mixed type 
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. . . . . . . . . . . . . . . . . . . . . . . . .  
~~ 

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

+ + + - - - - + + + + + - - + + + + + + - + - - +  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  + + + + + + - + - + + - - + + + - + - + + + + + +  
- - - + + + - + + + + - + + + + + + + + + + + - +  

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

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
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 N N N N N N N N N N N N N  
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TABLE B3. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF MALE MICE: HIGH DOSE
(Continued)

ANIMAL
NUMBER

WEEKS ON
STUDY

INTEGUMENTARY SYSTEM
Subcutaneous tissue

Fibroma

RESPIRATORY SYSTEM
Lungs and bronchi

Alveolar/bronchiolar adenoma
Alveolar/bronchiolar carcinoma

Trachea

HEMATOPOIETiC SYSTEM
Bone marrow
Spleen
Lymph nodes

Malig. lymphoma, histiocytic type
Thymus

CIRCULATORY SYSTEM
Heart

DIGESTIVE SYSTEM
Salivary gland
Liver

Hepatocellular adenoma
Hepatocellular carcinoma

Bile duct
Gallbladder It common bile duct
Pancreas
Esophagus
Stomach
Small intestine
Large intestine

URINARY SYSTEM
Kidney
Urinary bladder

ENDOCRINE SYSTEM
Pituitary
Adrenal
Thyroid

Follicular cell adenoma
Parathyroid
Pancreatic islets

Islet cell adenoma

REPRODUCTIVE SYSTEM
Mammary gland
Testis
Prostate

NERVOUS SYSTEM
Brain

ALL OTHER SYSTEMS
Multiple organs NOS

Makg. lymphoma, histiocytic type
Malignant lymphoma, mixed type

01 0
1 1
5| 8

01 01 0 01 01 0 01 0 01 01 01 0 0 01 0| 01 0 01 0 01 01 0
2 3 3 3 2 3 4 2 3 4 0 0 2 5 \ 3 2 2 3 4 4 4 4
9| 5| 7 9| ?| 8 6| 3 4| 7J 5| 8 1 0| 2| 4J 6 3\ 2 3\ 4\ 8

01 01 0 0 01 0 0 0 01 01 0 0 01 01 01 01 11 11 11 1| 11 11 11 I
7 7 7 7 7 7 8 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0
6| 6| 6 6 6| 6 3 0 o| l| I 1 2\ 2| 2\ 2\ l\ 4| 4| 4J 4| 4| 4J 4

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

+ + + + -t- + + + + + + + + + -t- + + + - t - - l - - t - + - t - - l - - i - *50
X I

+ + -t- + + + + -t- + -t- + + + + - f + -+ + + •*• + + • * " • » • + 50
X X X 3

X 1
+ + + + + + - + + - l - - + + + -f + + + + -l- + + 4 - - l - + 39

+ + -t- + + + + + + + + + + + + -l- + + + -t- + + + - f + 48
+ -f + + + + + + + + + 'f + + + + + + -f + + + + + ' ' f 46
+ - + + + - + + -- + -I-- + + + - + + + + + + + + 38

X 1
+ - + -l- + + -t- + + + + + + + + -l- + + + - f - l - + + - t - + 43

+ + + + + + + + -I- + + + + + + + + + + + + + + + + 50

+ + + -t- + + + - l - - t - + + -l- + + + - + -(- + + + + -l- + + 49
+ + + + + + + + - l - - t - + + + + + + + - t - - l - + + + -l- + + 50

X X X 3
X X 3

+ + + -t- + + + + + + -!- + + -t- + -!- + + + + - t - - t - - t - + -f 50
•50

+ + + + + + + + + + + + + + + •»• + + + + + + + + + 50
+ + + + + + + + + + + + + + + + + + + -t--f + + + + 50
+ + + + + + -t- + + + + + + + + -(- + + + -t- + + -(--l- + 46
+ + + — + + — +• + +• + + + + + + +• + + + + + + + + 35
+ + + + + +• + •*• — + + + + "l- + + + + + + + -t--f + -f 46

+ + + + + + + + -f + + -t- + + + + + + + -l- + + - l - - l - + 50
+ + + -t-- + -t- + -t- + + -(- + + + -f + -(--l--i- + 4--(- - f - f 47

+ + + + + + + + + + - + + + + -l- + -t- + + - l - + + + + 47
+ + + + + + + + + + + + + + + + + + + + + + + + + 50
-t- + + ' > ' t - - f - f - f + - f - f ' f - f - f + + -f-f + + - f - f - f - f + 45

X 1
15

+ + + + + + + + + + + + -l- + + + + + + -t- + + - i - - f - t - 50
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 *50
50
48

50

TOTAL

TISSUES
TUMORS

•50
1
3

•Animals Necropsied
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY O F  4-VINYLCYCLOHEXENE: VEHICLE CONTROL 

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

ANIMAL 
NLMBER 

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

WEEKSON 
STUDY 

M 
Skin 

Trichoepithelioma 
Subcutaneous tissue 

Sarcoma, NOS 

Lungs and bronchi 

Trachea 

Bone marrow 
Spleen 

Lymph nodes 
Thymus 

Heart 

Salivary gland 
h v e r  

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small inbstine 
Large intestine 

Kidney 
Urinary bladder 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

HEMATOWIETR~SPSPFM 

Malignant lymphoma, mixed type 

Hepatocellular adenoma 

:i%%Y 

M 
PltUltary 

Adrenal 
Thyroid 
Parathyroid 

Mammary gland 

Uterus 

Ovary 

Adenoma, NOS 

REPRODUCTIVEXSTFM 

Adenocarcinoma. NOS 
Mired tumor, malignant 

HemanIpoma 

Papillary adenoma 
Granulosa cell tumor 
Teratoma, NOS 

Brain 

Multiple organa NOS 
S 

Alveolar/bronchiolar ca, metaat 
Malignant lymphoma, NOS 
Malig lymphoma, lymphocytic type 
Malig lym homa. histiocytic type 
Malignant yymphoma. mixed type 

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

X 

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

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

~~ ~~ ~ 

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ N + + N N + N N N + + + + + + + + + N + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  + - - - - + - - + - - - + + + + + + + + + + + - -  

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 

X 

+ : Tiasw Examined Microscopically : No T i r u e  Information Submitted - : Required Tiaaue Not Examined Microscopically C : Necropsy, No Histology Due To Protocol 
X : TumorIncidence A : AutolyrL 
N : Necropsy, No Aublyau. No Microscopic Examination M : Animal Mir ing 
S : AnimalMhexed B : NoNecropsyPerformed 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY O F  FEMALE M I C E  VEHICLE 
CONTROL (Continued) 

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 
Trichoepithelioma 

Subcutanmu t h u e  
Sarcoma, NOS 

Lunp and bronchi 

Trachea 

Bone marrow 

~k&m~~ymphoma,  mixed type 

Thymu 

Alvmlar/bronchiol.r admoma 
Alvwlartbronchiolar carcinoma 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder L common bile duct 
Pancreu 

Small intertino 
Large intestine 

Kidney 
Urinary bladder 

Pituitary 

Adrenal 
Thyroid 
Parathyroid 

Mammary gland 

Uterur 

ovary 

HepatoceUuhr adenoma 

:t%!r 

Adenoma. NOS 

Adenocarcinoma. NOS 
Mixed tumor. malignant 

Hemangioma 

Papillary adenoma 
Granulou cell tumor 
Teratoma, NOS 

Brain 

Multiple organa NOS 
Alvwlartbronchiolar Q. metest 
Malignant lymphoma, NOS 
Malig. lymphoma. lymphocytic type 
Matig. lym homa, hhocyt ic  type 
Malignant !ymphom. mirod type 

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

~ ~ ~~ 

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

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

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

x x  X X X 

TOTAL 

rISSUES 
rUMORS 

*50 
1 

*50 
1 

50 
5 
1 

49 

50 
50 

1 
47 
46 

50 

49 
50 

1 
50 

*50 
50 
50 
49 
41 
49 

50 
46 

49 
9 

50 
47 
30 

*50 
1 
1 

49 
1 

49 
1 
1 
1 

50 

*50 
1 
1 
1 
3 

10 

AninuL Nocropid  
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE: LOW DOSE 

O O O O O O O O O O O O O O O O O O O O O O O O ~  
4 3 1 2 3 3 0 0 2 2 2 0 0 0 0 0 0 0 1 1 1 1 1 1 1  
8 3 5 1 8 1 7 4 7 5 0 1 2 3 5 6 8 9 0 1 2 3 4 6 7  
0 0 0 0  0 0 0  0 0 1  l l l l l l l l l l l l l l l  
4 6 8 8 8 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 0 2 9 9 2 8 9 9 0 1 4 4 4 4 4 4 4 4 4 4 4 4  

WEEKSO" 
STbDY 

4 

Subcutaneous timue 
Fibrosarcoma 

Lungs and bronchi 

Trachea 

Bone marrow 
S lean 
Lymph nodes 
Thymu 

Alveolarhronchiolar adenoma 
Cranuloaa cell carcinoma. metm 

halignant lymphoma. mired type 

Yalig. lymphoma. lymphocytic type 

Heal? 
M 

Salivary gland 
Liver 

Bile duct 
Gallbladder & common bile duct 
Pancreai 

Hepatocellular adenoma 
Hepatocellular carcinoma 

::::R" 
Squmoua cell papilloma 
Leiomyourcoma 
Malig. lymphoma. lymphocytic type 

Small inteatine 

Large inteatino 

Kidney 
Tubular cell adenoma 

Urinary bladdrr 

Pituitary 

Adrenal 

Thymid 
Parathyroid 

Mammary gland 
Adenwarcinoma. NOS 

Vagina 
Hemandoma 

Utanv 

Adenoma. NOS 
Adenocarcinoma. NOS 
Adenoma, NOS 
Pheochromocytoma 
Follicular cell adenoma 

Malig. lymphoma, histiocytic type 

PaDillan adenoma 
Ovary 

L u h m a  
Grandom cell tumor 
Cranulou cell carcinoma 
Tubular adenoma 
Mired tumor. benign 

Brain 
Adenocarcinoma. NOS. invasive 

ORGANS 
Harderian gland 

Papillary admonu 

Bane 
Oatwmrcoma 

S 
Peritoneum 

Sarcoma, NOS 

s 
Multiple organa NOS 

Malig. lymphoma. lymphocytic type 
MaIig. lym homa. hutiocytic type 
MaIignant!ympboma, mixed type 

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

~~~ ~~ ~ ~ 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
A 

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

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

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

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

N + N N N + + + N + + + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

X 

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

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

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

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

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

B . . . . . . . . . . . . . . . . . . . . . . . . .  
- + - - - - + + + + - + - + + + + + + - - + + + i  

+ + + + N + + + + + + + + + + + + + + + + + + + i  

N N N N N N N N N N N N N N N N N N N N N N ~ N ~  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  

Y 

X 
X X 

x 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 

X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: LOW DOSE 
(Continued) 

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

WEEKS ON 
STUDY 

Subcutaneous tiuue 
Fibrosarcoma 

Lungs and bronchi 

Trachea 

Bone marrow 

'$? nant lymphoma, mixed type 
L m ffnodes 
Thymus 

Alveolar/bronchiolar adenoma 
Cranulou cell carcinoma. me- 

La&. lymphoma, lymphocytic type 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder dr common bile duct 
Pancrew 
Esophagus 
Stomach 

Small intestine 

Large intestine 

Kidney 
Urinary bladdrr 

Pituitay 

Adrenal 

Thyroid 

Parathyroid 

Mammary gland 
Adenocarcinoma, NOS 

Vagina 
Hemangioma 

Uterus 
Malig. Iymphonu. histiocytic type 

Ovary 
Papillary adenoma 
Lut .om 
Cranulou cell tumor 
Cnnulou cell carcinoma 
Tubular adenoma 
Mirod tumor, benign 

Hepatocellular adenoma 
Hepatocellular carcinoma 

Sqrumouscell papilloma 

Leiomyourcoma 
Maliq. lymphoma. lymphocytic type 

Tubular cell adenoma 

Adenoma, NOS 
Adenocarcinoma. NOS 
Adenoma. NOS 
Pheochromocytoma 
Follicular cell adenoma 

Brain 
Adenocarcinoma. NOS, invaiivr 

S P E C I A L S E ~ N S  
Harderun gland 

Papillary adenoma 

Bone 
Osbourmma 

Peritonow 

ALL 0- 
Multiple organa NOS 

Sarcoma. NOS 

Malig. lymphoma, lymphocytic type 
Malig. lym homa. hutiocytic type 
Malignant!ymphomr, m u d  type 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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 N N N N  

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

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

X 

X 

X 

X 

X X X X X  x 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 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 x  

x 

rOTAL 

:ISSUES 
:UMORS 

*50 
I 

49 
I 
1 

47 

48 
48 

I 
41 

1 
45 

50 

48 
49 

2 
I 

49 
*50 
48 
49 
49 

2 
46 

I 
I 

48 

49 
I 

49 

49 
7 
I 

49 
3 
1 
46 

I 
29 

*so 
1 

050 
1 

50 
1 

48 
1 
2 
9 
1 
2 

25 

49 
1 

050 
4 

-50 
I 

050 
1 

-50 
4 
3 
4 

Animala Nscropiiod 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE IN THE 
TWO-YEAR GAVAGE STUDY O F  4-VINYLCYCLOHEXENE: HIGH DOSE 

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

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

ANIMAL 
NUMBER 

WEEKSON 
STUDY 

Skin 
Fibrosarcoma 

Lungs and bronchi 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Granulosa cell carcinoma. metan 

Trachea 

Bone marrow 
Spleen 
Lymph nodes 
Thymue 

Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder & common bile duct 
Pancreas 

Small intestine 
Large intestme 

Kidney 
Urinary bladder 

Pituitary 

A d r e ~ l  

Thyroid 
Parathyroid 

Mammary gland 

Vagina 

Utarw 

Hepatocellular adenoma 
Hrpetocellular carcinoma 

:t%:fY 

M 

Adenoma. NOS 
Adenoma, NOS 
Pheochromocytoma 

Adenocarcinoma. NOS 
Adenoquamou carcinoma 

Squamous cell papilloma 

Hemangioma 

Papdhry cystadenoma. NOS 
( ~ I W ~ O M  cell tumor 
Gnrnulou cell carcinoma 
Tubular adenoma 
M u d  tumor, benign 

Ovary 

Brain 

Multiple OrgaN N08 
M&. lymphoma. lymphocyt~c type 
Malig. lym homa. hkttocytrc type 
Malignant pymphoma. m i d  type 

+ B M + + + + + + + + + + + + + + + + + + + + + +  
X 

+ B M + + + + + + + + + + + + + + + + + + + + + +  
X 

+ B M - - - + + + + + + - + + - - + + + + + + + +  

+ E M + + + + + + + + + + + + + + + + + + + + + +  

+ E M + - + - + - + - - + + + + + + - + - - - + +  
+ E M + + + - + + + + + + + + + + + - + - + - + +  

+ E M - + + + + + + + + + + + + + + + + + + + + +  

~~ 

+ E M + + + + + + + + + + + + + + + + + + + + + +  

. . . . . . . . . . . . . . . . . . . . . . . . .  
+ B M + + + + + + + + + + + + + + + + + + + + + +  

+ B M + + + + + + + + + + + + + + + + + + + + + +  
N B M + + N N + + + N + N + N N N + N N + + + N N  
+ E M + + + + + + + + + + + + + + + + + + + + + +  
+ E M + + + + + + + + + + + + + + + + - + + + + +  

- E M + + + - - - - - + + + + - - + + + + + + + +  
- E M + + + + + - + + + + + + + + + + + + + + + +  

+ E M + + + - + + - + + + + + + + + + + + + + + +  

+ E M + + + + + + + + + + + + + + + + + + + + + +  
+ E M + + + - + + + + + + + + + + + + + + + + + +  

+ E M + + + + + - + + + + + + + + + + + + + + + +  

+ E M + + + + + + + + + + + + + + + + + + + + + +  
X 

+ E M + + + + + + + + + + + + + + + + + + + + + +  
X 

N B M N N N N N N N N N N N N N N N N N N N N N N  
+ B r a + + + + + + + + + + + + + + + + + + + + + +  

+ E M + + + + + + + + + + + + + + + + + + + + + +  
X 

X x x  

X X X X 

+ E M + + + + + + + + + + + + + + + + + + + + + +  

N B M N N N N N N N N N N N N N N N N N N N N N N  
X X 
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TABLE B4. INDIVIDUAL ANIMAL TUMOR PATHOLOGY OF FEMALE MICE: HIGH DOSE 
(Continued) 

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

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 1 1 2 2 4 4 9 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

ANIMAL 
NUMBER 

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  I X X X 

WEEKS ON 
STUDY 

ALL OTRERspSTEHs 
Multiple organa NOS 

Malig. lymphoma, lymphocytic type 
Malig. lym honu. histmytic typo 
Malignant!yrnphoum. mixed type 1 

Skin 
Fibromrcomr 

Lungs and bronchi 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Cranulou cell carcinoma. metar 

Trachea 

Bone marrow 
Spleen 
L mphnoder 
Thymw 

CTACULATORVSPFlEhc 
Heart 

Salivary gland 
Liver 

Bile duct 
Gallbladder 8 common bile duct 
Pancrear 

Small intat jne 
Large intertine 

Kidney 
Urinary bladder 

Hepatocellular adenoma 
Hepatocellular carcinoma 

:z3Y 

M 
Pituitary 

Adrenal 

Thyroid 
Parathyroid 

Mammary gland 

Adenoma, NOS 

Adenoma, NOS 
Pheochromocytoma 

Adenocarcinoma. NOS 
A d e n o q w m o u  camnoma 

Sqwmou cell papilloma 

Hemangioma 

Papillary cystadenom. NOS 
Cranulou crll tumor 
Cranulou crll arcinom. 
Tubular adenoma 
Mixed tumor, benign 

VagiM 

Uwrw 

Ovary 

Brain 

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

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

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

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

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

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

X X . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + N + + + + + + + + + + + + + +  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

X 

x x  x x x  X x x  
X X 

X x x  X X x x x  

rOTAL 

'ISSUES 
'UMORS 

*48 
1 

48 
3 
1 
2 
42 

48 
47 
38 
41 

48 

47 
48 
2 
2 
48 

048 
48 
47 
4s 
39 
46 

48 
46 

44 
3 
48 
4 
1 
45 
19 

*48 
1 
1 

a 4 8  
1 
48 

1 
47 
1 

I 1  
2 
1 

II 

48 

a 4 8  
5 
1 
5 

~~ ~ 

Animala Necropeied 
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APPENDIX C 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN RATS IN THE TWO-YEAR GAVAGE STUDIES 

OF 4-VINYLCYCLOHEXENE 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
50 

INTEGUMENTARY SYSTEM 
*Skin (50) 

Abscess, NOS 4 (8%) 
Inflammation, chronic focal 3 (6%) 
Inflammation, chronic suppurative 

Edema, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, chronic 

*Subcutaneous tissue (50) 

Granuloma, NOS 1 (2%) 

RESPIRATORY SYSTEM 
*Nasal cavity 

*Maxillary sinus 

#Lung 

Inflammation, suppurative 

Inflammation, suppurative 

Congestion, NOS 
Edema, NOS 
Bronchopneumonia, NOS 
Inflammation, acute focal 
Abscess, NOS 
Pneumonia, interstitial chronic 
Inflammation, granulomatous focal 
Hyperplasia, alveolar epithelium 

HEMATOPOIETIC SYSTEM 
#Bone marrow 

Histiocytosis 
Myelofibrosis 
Myelosclerosis 

Congestion, NOS 
Fibrosis, focal 
Fibrosis, diffuse 
Hemosiderosis 
Atrophy, focal 
Hematopoiesis 

Edema, NOS 

Hemorrhage 
Plasmacytosis 

#Renal lymph node 
Hemorrhage 

#Inguinal lymph node 
Plasmacytosis 

#Liver 
Hematopoiesis 

#Thymus 
Cyst, NOS 

#Spleen 

#Mandibular lymph node 

#Mediastinal lymph node 

(50) 

(50) 

(50) 

4 (8%) 

1 (2%) 

1 (2%) 

1 (2%) 
7 (14%) 
2 (4%) 

1 (2%) 

1 (2%) 

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

1 (2%) 

1 (2%) 

1 (2%) 

(49) (49) 

1 (2%) 

(49) 
1 (2%) 

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

1 (2%) 
(48) 

(48) 

(46) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

CIRCULATORY SYSTEM 
+Multiple organs 

Periarteritis 
*Mediastinum 

Periarteritis 
*Subcutaneous tissue 

Lymphangiectasis 
#Spleen 

Arteriosclerosis, NOS 
#Heart 

Inflammation, chronic focal 
Periarteritis 

#Heart/atrium 
Thrombosis, NOS 

#Myocardium 
Degeneration, NOS 

#Cardiac valve 
Thrombosis, NOS 

*Pulmonary artery 
Inflammation, chronic 

#Pancreas 
Periarteritis 
Arteriosclerosis, NOS 

*Mesentery 
Periarteritis 

#Urinary bladder 
Periarteritis 

#Testis 
Periarteritis 

#Thymus 
Periarteritis 

DIGESTIVE SYSTEM 
*Hard palate 

Abscess, NOS 
#Salivary gland 

Edema, NOS 
Inflammation, acute 

Mineralization 
Hernia, NOS 
Congestion, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 
Inflammation, granulomatous focal 
Inflammation, pyogranulomatous 
Adhesion, NOS 
Degeneration, mucoid 
Cytoplasmic vacuolization 
Basophilic cyto change 
Eosinophilic cyto change 
Angiectasis 

#Hepatic capsule 
Mineralization 
Fibrosis, focal 

#Liver/centrilobular 
Congestion, NOS 
Degeneration, NOS 
Necrosis, NOS 
Necrosis, coagulative 
Cytoplasmic vacuolization 

#Liver 

1 (2%) 
10 (20%) 
4 (8%) 
7 (14%) 
1 (2%) 

(50) 

(50) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
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TABLE Cl. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Liver/periportal 

Cytoplasmic vacuolization 
XLiverhepatocytes 

Atrophy, diffuse 
#Bile duct 

Hyperplasia, NOS 
#Pancreas 

Inflammation, chronic 
Atrophy, NOS 
Hyperplasia, focal 

#Esophageal adventiti 
Vegetable foreign body 
Inflammation, suppurative 
Inflammation, fibrinous 

#Glandular stomach 
Lymphocytic inflammatory infiltrate 

#Forestomach 
Edema, NOS 
Ulcer, NOS 
Inflammation, chronic 
Perforation, inflammatory 
Adhesion, NOS 
Hyperplasia, epithelial 

#Duodenum 
Inflammation, suppurative 

#Colon 
Parasitism 

#Colonic mucosa 
Mineralization 

*Rectal mucosa 
Mineralization 

*Rectal muscularis propria 
Mineralization 

(50) 

(50) 

(50) 

(50) 
42 (84%) 

8 (16%) 
11 (22%) 

(47) 

1 (2%) 
(47) 

(48) 

(48) 

(50) 

(50) 

3 (6%) 

1 (2%) 

11 (22%) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

31 (62%) 

1 (2%) 
10 (20%) 
4 (8%) 

(49) 

(50) 

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

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

(48) 

(49) 

(49) 

(50)  

(50) 

2 (4%) 

4 (8%) 

(50) 

(50) 

(50) 

(46) 
17 (34%) 

3 (7%) 
1 (2%) 

1 (2%) 
2 (4%) 

(49) 

(47) 

(47) 
1 (2%) 

4 (9%) 
1 (2%) 

URINARY SYSTEM 

Mineralization 
Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Fibrosis, focal 
Nephropathy 
Necrosis, coagulative 
Hemosiderosis 
Hyperplasia, tubular cell 

Pigmentation, NOS 
Inclusion, cytoplasmic 

#Kidney/pelvis 
Inflammation chronic suppurative 
Hyperplasia, epithelial 

#Urinary bladder 
Calculus, gross observation only 
Mineralization 
Lymphocytic inflammatory infiltrate 
Inflammation, acute focal 
Hyperplasia, epithelial 

#Kidney 

#Kidney/tubule 

60) 

1 (2%) 
1 (2%) 

40 (80%) 

1 (2%) 

3 (6%) 
1 (2%) 

1 (2%) 
1 (2%) 

2 (4%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

(49) 

(50) 
1 (2%) 

40 (80%) 
1 (2%) 

(50) 
1 (2%) 

1 (2%) 
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TABLE C l ,  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Cyst, NOS 
Cytoplasmic vacuolization 
Focal cellular change 
Hypertrophy, focal 
Hyperplasia, focal 
Angiectasis 

#Adrenal 
Angiectasis 

#Adrenal cortex 
Cyst, NOS 
Lipoidosis 

#Adrenal medulla 
Hyperplasia, focal 

#Thyroid 
Inflammation, suppurative 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

#Thyroid follicle 
Hypertrophy, focal 

#Parathyroid 
Atrophy, NOS 
Hyperplasia, NOS 

#Pancreatic islets 
Hyperplasia, focal 

7 (14%) 
1 (2%) 

1 (2%) 
(50) 

(50) 

1 (2%) 

9 (18%) 

1 (2%) 
31 (65%) 

(50) 

(48) 

(48) 

(41) 

1 (2%) 
(50) 

(49) 
3 (6%) 

1 (2%) 
7 (14%) 
1 (2%) 

(50) 

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

9 (18%) 
(50 ) 

(50) 

16 (32%) 

(50) 

(40) 

2 (5%) 

2 (4%) 
(50) 

(50) 

1 (2%) 

4 (8%) 
(50) 

(46) 

17 (37%) 
1 (2%) 

1 (2%) 

1 (3%) 
2 (6%) 

1 (2%) 

(46) 

(34) 

(46) 

REPRODUCTIVE SYSTEM 

Dilatatiodducts 
Inflammation, granulomatous 
Hyperplasia, focal 

Dilatatiodducts 
Inflammation, suppurative 
Inflammation, chronic 
Inflammation chronic suppurative 
Inflammation, granulomatous 

Inflammation, chronic 
Inflammation chronic suppurative 
Inflammation, granulomatous 
Fibrosis, focal 
Atrophy, NOS 
Hypertrophy, focal 
Hyperplasia, focal 

Spermatocele 
Atrophy, NOS 
Hyperplasia, interstitial cell 

Inflammation, chronic 
Inflammation, granulomatous 

Necrosis, fat 

"Mammary gland 

"Preputial gland 

#Prostate 

#Testis 

*Epididymis 

"Scrotum 

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

1 (2%) 
2 (4%) 
8 (16%) 
2 (4%) 
3 (6%) 

3 (6%) 

1 (2%) 

1 (2%) 
15 (31%) 
4 (8%) 

1 (2%) 

10 (20%) 

1 (2%) 

(50) 

(49) 

(50) 

(50) 

(50) 
1 (2%) 

12 (24%) 
4 (8%) 

(50) 

2 (4%) 
11 (22%) 

1 (2%) 

(50) 

(50) 

(50) 

1 
(50) 

3 

1 
(49) 

3 
4 

1 

8 
1 

(50) 

3 
4 

(50) 

(50) 

(2%) 

(6%) 

(2%) 

(6%) 
(8%) 

(2%) 

(16%) 
(2%) 

(6%) 
(8%) 
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TABLE C l .  SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS IN THE 
TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

HIGH DOSE CONTROL (VEH) LOW DOSE 

NERVOUS SYSTEM 

Mineralization 
Hemorrhage 
Inflammation, suppurative 

Mineralization 

#Brain 

#Cerebellum 

(50) 

(50) 

SPECIAL SENSE ORGANS 
*Eye 

Cataract 
*Eye/cornea 

Vascularization 
*Eye/retina 

Atrophy, NOS 
*External ear 

Inflammation, suppurative 

(50) (50) (50) 

(50) (50) (50) 

(50) (50) (50) 

(50) (50) (50) 

11 (22%) 4 (8%) 2 (4%) 

1 (2%) 

9 (18%) 5 (10%) 2 (4%) 

1 (2%) 

MUSCULOSKELETAL SYSTEM 
*Skull 

*Sternum 
Fibrous osteodystrophy 

Fibrous osteodystrophy 
Osteosclerosis 

*Skeletal muscle 
Inflammation, acute 

(50) 

(50) 

(50) 

(50) 

(50) 
1 (2%) 

2 (4%) 
1 (2%) 

1 (2%) 
(50) 

BODY CAVITIES 
*Thoracic cavity 

Ectopia 
*Mediastinum 

Hemorrhage 
Inflammation, suppurative 
Inflammation, chronic 
Granuloma, NOS 

*Abdominal cavity 
Necrosis, fat 

*Pleura 
Inflammation, fibrinous 
Fibrosis 

*Pericardium 
Inflammation, suppurative 
Inflammation chronic suppurative 

Inflammation, chronic 
*Mesentery 

(50) 

(50) 
1 (2%) 

1 (2%) 

(50) 
1 (2%) 

(50) 

1 (2%) 
1 (2%) 

(50) 

(50) 

(2%) 

(2%) 
(50) 

1 (2%) 
(50) 

(2%) 

ALL OTHER SYSTEMS 
*Multiple organs 

Adipose tissue 
Calcification, metastatic 

Necrosis, fat 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 1 4 1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

- ~~ 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 50 50 

49 
ANIMALS NECROPSIED 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 50 

ANIMALS MISSING 1 
50 50 49 

INTEGUMENTARY SYSTEM 
*Skin (50) (50) (49) 

Epidermal inclusion cyst 1 (2%) 
4 (8%) 3 (6%) Abscess, NOS 

Inflammation, chronic focal 2 (4%) 3 (6%) 
Inflammation, pyogranuiomatous 1 (2%) 

Granuloma, foreign body 1 (2%) 

1 (2%) 

*Subcutaneous tissue (50)  (50) (49) 

RESPIRATORY SYSTEM 
*Nasal cavity (50) (50) (49) 

*Maxillary sinus (50) (50) (49) 

Inflammation, suppurative 3 (6%) 3 (6%) 
Inflammation, chronic suppurative 1 (2%) 

Inflammation, suppurative 1 (2%) 

Bronchopneumonia, NOS 1 (2%) 

Hyperplasia, alveolar epithelium 1 (2%) 

#Lung (50) (50) (48) 

Inflammation, granulomatous focal 18 (36%) 8 (16%) 4 (8%) 

HEMATOPOIETIC SYSTEM 

Hypoplasia, NOS 
Histiocytosis 
Myelofibrosis 
Myelosclerosis 
Myelopoiesis 

Necrosis, focal 
Hemosiderosis 
Depletion, lymphoid 
Erythrophagocytosis 
Hyperplasia, lymphoid 
Hematopoiesis 

#Mandibular lymph node 
Abscess, NOS 

#Mediastinal lymph node 
Hemorrhage 
Hemosiderosis 
Plasmacytosis 

Hemorrhage 
Depletion, lymphoid 

#Renal lymph node 
Histiocytosis 

#Thymus 
Fibrosis, focal 
Necrosis, focal 
Myelopoiesis 

#Bone marrow 

#Spleen 

#Mesenteric lymph node 

(48) 

2 (4%) 

5 (10%) 
1 (2%) 

(49) 

1 (2%) 

1 (2%) 
1 (2%) 

(49) 

(49) 

1 (2%) 
(49) 

(49) 

(47) 

1 (2%) 

(47) 
1 (2%) 
1 (2%) 
1 (2%) 

(49) 

3 (6%) 

2 (4%) 
(48) 

(48) 

1 (2%) 

(48) 

(48) 

(46) 
1 (2%) 
1 (2%) 

(48) 
1 (2%) 
1 (2%) 
1 (2%) 

(47) 
1 (2%) 
3 (6%) 
1 (2%) 
1 (2%) 

(46) 

(46) 
1 (2%) 

1 (2%) 

(46) 
1 (2%) 
1 (2%) 

1 (2%) 
(46) 

(40) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

CIRCULATORY SYSTEM 
#Heart 

Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 

Inflammation, suppurative 
Degeneration, NOS 

Periarteritis 

Periarteritis 

#Myocardium 

#Pancreas 

#Uterus 

(50) (50) 
1 (2%) 

(50) (50) 

(49) (49) 

(49) (49) 

9 (18%) 9 (18%) 

1 (2%) 

1 (2%) 

(47) 

3 (6%) 

1 (2%) 
6 (13%) 

(47) 

(49) 

(47) 

DIGESTIVE SYSTEM 
#Salivary gland 

Atrophy, focal 
#Liver 

Hernia, NOS 
Congestion, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, suppurative 
Inflammation, chronic focal 
Inflammation, granulomatous focal 
Degeneration, NOS 
Necrosis, focal 
Cytoplasmic vacuolization 
Basophilic cyto change 
Eosinophilic cyto change 
Hepatocytomegaly 
Angiectasis 

WLiverlcentrilobular 
Degeneration, NOS 
Necrosis, NOS 
Cytoplasmic vacuolization 

# Liver/periportal 
Cytoplasmic vacuolization 

#Liverkupffer cell 
Hyperplasia, NOS 

bliverhepatocytes 
Hypertrophy, NOS 
Hypertrophy, diffuse 

#Bile duct 
Hyperplasia, NOS 

#Pancreas 
Ectopia 
Lymphocytic inflammatory infiltrate 
Atrophy, NOS 
Hyperplasia, focal 

#Esophagus 
Hemorrhage 

#Esophageal adventiti 
Granuloma, foreign body 

#Stomach 
Edema, NOS 

#Glandular stomach 
Mineralization 

#Forestomach 
Ulcer, NOS 
Inflammation, acute 
Hyperplasia, epithelial 

4-Vinylcyclohexene, NTP TR 303 

(50) 

(49) 
6 (12%) 

4 '(8%) 
2 (4%) 

22 (45%) 

2 (4%) 
13 (27%) 
30 (61%) 

2 (4%) 

1 (2%) 

1 (2%) 
1 (2%) 

(49) 

(49) 

(49) 

(49) 

110 

(49) 

(50) 
1 (2%) 

6 (12%) 
1 (2%) 
5 (10%) 

2 (4%) 
15 (30%) 

1 (2%) 
4 (8%) 

18 (36%) 
1 (2%) 
1 (2%) 

1 (2%) 
(50) 

(50) 

(50) 

(50) 

(50) 

(49) 

1 (2%) 
1 (2%) 

25 (50%) 

1 (2%) 
4 (8%) 

(50) 

(50) 

(50) 

(50) 

(50) 

1 (2%) 

1 (2%) 

1 (2%) 

2 (4%) 

(48) 

(48) 
6 (13%) 

1 (2%) 

12 (25%) 
1 (2%) 
3 (6%) 
2 (4%) 

10 (21%) 
4 (8%) 

1 (2%) 
(48) 

1 (2%) 

1 (2%) 

1 (2%) 

(48) 

(48) 

(48) 

1 (2%) 

10 (21%) 

1 (2%) 
6 (12%) 
1 (2%) 

(48) 

(49) 

(47) 

(47) 

(48) 

(48) 

(48) 

2 (4%) 



TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Small intestine 

Parasitism 
#Colon 

Parasitism 
#Colonic mucosa 

Mineralization 
*Rectum 

Parasitism 
*Rectal mucosa 

Mineralization 

(49) (49) (42) 
1 (2%) 

4 (8%) 4 (8%) 1 (2%) 
(49) (49) (46) 

(49 ) 

(50) (50) (49) 

(50) (50) (49) 
1 (2%) 

16 (32%) 7 (14%) 1 (2%) 

URINARY SYSTEM 

Mineralization 
Hydronephrosis 
Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Nephropathy 
Nephrosis, NOS 
Infarct, focal 
Atrophy, focal 

AcKidneykubule 
Pigmentation, NOS 

# Kidney/pelvis 
Hyperplasia, epithelial 

#Urinary bladder 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Hyperplasia, epithelial 

#Kidney 

ENDOCRINE SYSTEM 
#Anterior pituitary 

Cyst, NOS 
Hemorrhage 
Necrosis, focal 
Hyperplasia, focal 
Angiectasis 

#Adrenal cortex 
Congestion, NOS 
Lipoidosis 
Cytoplasmic vacuolization 
Focal cellular change 
Hypertrophy, focal 
Hyperplasia, focal 
Angiectasis 

#Adrenal medulla 
Hyperplasia, focal 

#Thyroid 
Thyroglossal duct cyst 
Hyperplasia, C-cell 
Hyperplasia, follicular cell 

Hyperplasia, focal 
#Pancreatic islets 

(50) (50) (49) 
6 (12%) 6 (12%) 2 (4%) 
2 (4%) 
1 (2%) 1 (2%) 
5 (10%) 2 (4%) 

11 (22%) 16 (32%) 12 (24%) 
1 (2%) 

1 (2%) 
1 (2%) 

(50) (50) (49) 

(50) (50) (49) 

(50) (49) (47) 

43 (86%) 33 (66%) 15 (31%) 

1 (2%) 

2 (4%) 

1 (2%) 
1 (2%) 

(50) (48) (44) 
21 (42%) 15 (31%) 12 (27%) 

1 (2%) 
11 (22%) 3 (6%) 7 (16%) 

1 (2%) 

10 (20%) 2 (4%) 5 (11%) 

7 (14%) 5 (10%) 1 (2%) 

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

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

(50) (49) (49) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

3 (6%) 3 (6%) 

1 (2%) 
28 (57%) 30 (60%) 17 (36%) 

1 (2%) 

1 (2%) 

(49) (49) 

(49) (50) (47) 
1 (2%) 

(50) 

(49) (49) (49) 

(49) 
REPRODUCTIVE SYSTEM 

Dilatatiodducts 
Galactocele 

+Mammary gland (50) (50) 
2 (4%) 

1 (2%) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

LO W DOSE HIGH DOSE CONTROL (VEH) 

REPRODUCTIVE SYSTEM 
*Mammary gland (Continued) 

Inflammation, granulomatous 
Hyperplasia, NOS 

*Clitoral gland 
Dilatatiodducts 
Cystic ducts 
Inflammation, suppurative 
Inflammation, acute/chronic 
Inflammation, chronic 

Prolapse 
Inflammation, suppurative 

Hydrometra 
Cyst, NOS 
Inflammation, suppurative 
Hemosiderosis 

#Cervix uteri 
Epidermal inclusion cyst 

#Uterus/endometrium 
Cyst, NOS 
Hyperplasia, cystic 

Cyst, NOS 

V a g i n a  

#Uterus 

#Ovary 

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

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

(50) 

(50) 

(49) 

1 (2%) 

1 (2%) 

2 (4%) 
3 (6%) 

3 (6%) 

(49) 

(49) 

(49) 

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

(49) 

2 (4%) 

2 (4%) 
(49) 

(49) 

(49) 
2 (4%) 

2 (4%) 

(49) 

(49) 

2 (4%) 
(49) 

(47) 
1 (2%) 
1 (2%) 

(47) 

(47 1 
1 (2%) 

2 (4%) 

(47) 
3 (6%) 

NERVOUS SYSTEM 
#Cerebellum 

Mineralization 
(50) (49) 

3 (6%) 

SPECIAL SENSE ORGANS 
*Eye 

Cataract 
Phthisis bulbi 

*E yelretina 
Atrophy, NOS 

(50) 

(50) 

(50) (49) 
5 (10%) 4 (8%) 
1 (2%) 

5 (10%) 5 (10%) 
(50) (49) 

MUSCULOSKELETAL SYSTEM 
None 

BODY CAVITIES 
*Mediastinum (50) (50) (49) 

Vegetable foreign body 1 (2%) 
Hemorrhage 1 (2%) 
Inflammation, suppurative 1 (2%) 
Abscess, NOS 1 (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, granulomatous 1 (2%) 2 (4%) 
Foreign material, NOS 1 (2%) 

Necrosis, fat 1 (2%) 2 (4%) 1 (2%) 

Inflammation, chronic 1 (2%) 
Granuloma, foreign body 1 (2%) 
Inflammation, pyogranulomatous 1 (2%) 
Hemosiderosis 1 (2%) 

*Abdominal cavity (50) (50) (49) 

*Pleura (50) (50) (49) 
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TABLE C2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

~~ 

CONTROL (VEH) LOW DOSE HIGH DOSE 

BODY CAVITIES (Continued) 
*Pericardium 

Vegetable foreign body 
Inflammation, suppurative 
Inflammation, granulomatous 
Granuloma, foreign body 
Inflammation, pyogranulomatous 
Fibrosis 

(50) (50) (49) 
1 (2%) 1 (2%) 

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

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

ALL OTHER SYSTEMS 

Necrosis, fat 
Adipose tissue 

1 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 
Animal missingho necropsy 

3 14 
1 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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APPENDIX D 

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC 

LESIONS IN MICE IN THE TWO-YEAR GAVAGE STUDIES 

OF 4-VINYLCYCLOHEXENE 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 
50 
50 

50 
50 
60 

INTEGUMENTARY SYSTEM 
*Skin 

Inflammation, acute focal 
Abscess, NOS 
Inflammation, active chronic 
Inflammation, pyogranulomatous 
Hyperplasia, NOS 
Hyperplasia, focal 
Metaplasia, osseous 

*Subcutaneous tissue 
Inflammation, acute 
Inflammation, granulomatous 

RESPI RAT0 RY SYSTEM 
*Nasal cavity 

Inflammation, suppurative 
#Bronchial mucous gland 

Dilatation, NOS 
Inflammation, acute 

#Lung 
Congestion, NOS 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Inflammation, chronic focal 
Calcification, focal 
Hyperplasia, adenomatous 
Histiocytosis 

HEMATOPOIETIC SYSTEM 

Lymphocytosis 
Hyperplasia, granulocytic 

#Spleen 
Hyperplasia, lymphoid 
Hematopoiesis 

#Splenic red pulp 
Atrophy, NOS 
Atrophy, focal 

#Mandibular lymph node 
Granuloma, NOS 
Multinucleate giant cell 

#Thoracic lymph node 
Hyperplasia, lymphoid 

#Mediastinal lymph node 
Hyperplasia, lymphoid 

#Mesenteric lymph node 
Congestion, NOS 
Hemorrhage 
Necrosis, NOS 
Angiectasis 
Hyperplasia, lymphoid 
Hematopoiesis 

#Inguinal lymph node 
Plasmacytosis 

#Bone marrow 

4-Vinylcyclohexene, NTP TR 303 

(50) (50) 

(49) (50) 
1 (2%) 
1 (2%) 

2 (4%) 2 (4%) 
1 (2%) 3 (6%) 
3 (6%) 1 (2%) 
2 (4%) 1 (2%) 

2 (4%) 
1 (2%) 

(49) (50) 

(48) (50) 
1 (2%) 
2 (4%) 1 (2%) 

5 (10%) 4 (8%) 
6 (12%) 5 (10%) 

(49) (49) 

(49) (49) 

(31) (44) 

(31) (44) 

(31) (44) 

(31) (44) 

1 (2%) 

1 (3%) 

1 (2%) 
1 (3%) 4 (9%) 

1 (2%) 
3 (7%) 

1 (2%) 

1 (2%) 

1 (3%) 

(31) (44) 
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(50) 
36 (72%) 

3 (6%) 

1 (2%) 

(48) 

(38) 



TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

HEMATOPOIETIC SYSTEM (Continued) 
#Thymus (42) (41) 

Cyst, NOS 1 (2%) 
Inflammation, acute/chronic 

Necrosis, NOS 
#Thymic lymphocytes (42 ) (41) 

~~ 

CIRCULATORY SYSTEM 
+Skin 

Lymphangiectasis 
#Mesenteric lymph node 

Thrombosis, NOS 
#Lung 

Perivasculitis 
#Heart 

Periarteritis 
Calcification, NOS 
Hyperplasia, NOS 

Thrombosis, NOS 
Inflammation, acute 

Inflammation, chronic 
Calcification, focal 

+Pulmonary artery 
Thrombosis, NOS 

*Testicular artery 
Necrosis, fibrinoid 

+Superior mesentric vein 
Thrombosis, NOS 

#Kidney 
Periarteritis 

#Kidney/glomerulus 
Embolus, septic 

#Heart/atrium 

#Myocardium 

DIGESTIVE SYSTEM 
*Oral cavity 

*Periodontal tissues 
Inflammation, pyogranulomatous 

Inflammation, active chronic 

Inflammation, chronic focal 
Calcification, focal 
Atrophy, NOS 
Atrophy, focal 

Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, acute/chronic 
Inflammation, chronic focal 
Inflammation, pyogranulomatous 
Necrosis, NOS 
Necrosis, focal 
Infarct, NOS 
Metamorphosis, fatty 
Calcification, focal 
Basophilic cyto change 
Cytologic alteration, NOS 
Multinucleate giant cell 

#Salivary gland 

#Liver 

(50) 

(31 J 
1 (2%) 

(50) 

(50) 

(47) 
1 (2%) 
1 (2%) 
1 (2%) 
I (2%) 

(49) 

3 (6%) 
2 (4%) 

2 (4%) 
1 (2%) 
1 (2%) 
7 (14%) 

1 (2%) 
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(50) 

(44) 

(50) 

(50 J 

1 (2%) 

1 (2%) 
(50) 

(50) 

(50) 

1 (2%) 
3 (6%) 
1 (2%) 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

DIGESTIVE SYSTEM (Continued) 
#Hepatic capsule 

Inflammation, acutehhronic 
#Liver/centrilobular 

Congestion, NOS 
Metamorphosis, fatty 

Metamorphosis, fatty 
Cytoplasmic vacuolization 

Hyperplasia, NOS 
Hyperplasia, focal 

Multinucleate giant cell 

Hyperplasia, epithelial 

Hyperplasia, NOS 
Hyperplasia, focal 

Necrosis, fat 

Inflammation, suppurative 
Inflammation, acute 
Inflammation, active chronic 
Inflammation, acutekhronic 

Hemorrhage 

Edema, NOS 
Calcification, NOS 

#Gastric serosa 
Inflammation, acute/chronic 

#Forestomach 
Ulcer, NOS 
Inflammation, acute 
Inflammation, acute focal 
Inflammation, acutekhronic 
Hyperplasia, epithelial 
Hyperkeratosis 

Hyperplasia, NOS 

#Liver/periportal 

#Liver/kupffer cell 

#Liver/hepatocytes 

*Gallbladder 

#Bile duct 

#Peripancreatic tissue 

#Esophagus 

#Periesophageal tissue 

#Stomach 

#Peyers patch 

(49) 

(49) 

(49) 

(49) 

(49) 

(50) 

(49) 
1 (2%) 

1 (2%) 

1 (2%) 

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

1 (2%) 

(48) 

(49) 

(49) 

(47) 

(47) 

(47) 
1 (2%) 

(43) 

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

(50) 

(50) 

(50) 

(50) 
1 (2%) 

(50) 

(50) 
3 (6%) 
1 (2%) 
2 (4%) 
4 (8%) 
7 (14%) 

(49) 
7 (14%) 

(50) 

(50) 

(50) 

2 (4%) 

(50) 

(50) 

1 (2%) 
(50) 

(46) 

1 (2%) 
(46) 

(46) 
7 (15%) 
5 (11%) 
6 (13%) 
5 (11%) 
7 (15%) 
1 (2%) 

2 (6%) 
(35) 

URINARY SYSTEM 
#Kidney 

Hydronephrosis 
Polycystic kidney 
Lymphocytic inflammatory infiltrate 
Glomerulonephritis, chronic 
Hyperplasia, tubular cell 

Inflammation, chronic 
Inflammation, chronic focal 

# Kidneyhortex 
Cyst, NOS 

#Kidney/glomerulus 
Amyloidosis 

#Kidney/tubule 
Atrophy, focal 

#Kidney/interstitium 

4-Vinylcyclohexene, NTP TR 303 

(49) 
1 (2%) 

17 (35%) 

(49) 
1 (2%) 
1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

(49) 

(49) 

(49) 
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(50) (50) 
1 (2%) 
1 (2%) 
13 (26%) 2 (4%) 
2 (4%) 
1 (2%) 1 (2%) 

1 (2%) 
(50) (50) 

(50) (50) 

(50) (50) 

(50) (50) 



TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

URINARY SYSTEM (Continued) 
#Urinary bladder (45) (49) (47) 

Calculus, gross observation only 1 (2%) 
Cast, NOS 1 (2%) 1 (2%) 1 (2%) 
Lymphocytic inflammatory infiltrate 4 (9%) 2 (4%) 

~ 

ENDOCRINE SYSTEM 
#Adrenal 

Congestion, NOS 
# AdrenaYcapsule 

Hyperplasia, NOS 
#Adrenal cortex 

Cyst, NOS 
Cytologic alteration, NOS 
Hyperplasia, focal 

Hyperplasia, focal 

Follicular cyst, NOS 
Cholesterol deposit 

#Thyroid follicle 
Atrophy, focal 

#Parathyroid 
Ectopia 

#Adrenal medulla 

#Thyroid 

REPRODUCTIVE SYSTEM 
*Preputial gland 

Dilatatiodducta 
Cyst, NOS 
Abscess, NOS 
Inflammation chronic suppurative 

Lymphocytic inflammatory infiltrate 
Calcification, NOS 
Calcification, focal 
Atrophy, NOS 
Metaplasia, squamous 

Calcification. focal 
Atrophy, focal 

Granuloma, spermatic 
Calcification, focal 

#Testis 

#Testidtubule 

*Epididymis 

(48) 

(45) 

(45 1 

(24) 

1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 
1 (2%) 

6 (12%) 
1 (2%) 

(50) 

9 (18%) 

1 (2%) 
(50) 

NERVOUS SYSTEM 
#Brain 

Hydrocephalus, NOS 
Calcification, focal 

(50) (50) (60) 
1 (2%) 
25 (50%) 23 (46%) 15 (30%) 

SPECIAL SENSE ORGANS 
None 
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TABLE D1. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

MUSCULOSKELETAL SYSTEM 
*Maxilla 

*Tarsal joint 
Inflammation, active chronic 

Dysplasia, NOS 

(50) 

(50) 

BODY CAVITIES 
*Thoracic cavity 

Hemothorax 
*Mediastinum 

Vegetable foreign body 
Hemorrhage 
Inflammation, suppurative 
Inflammation, fibrinous 

Necrosis, fat 

Inflammation, suppurative 
Inflammation, acutekhronic 

Inflammation, suppurative 

*Inguinal region 

*Pleura 

*Pericardium 

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

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

ALL OTHERSYSTEMS 
Adipose tissue 

Inflammation, granulomatous 
Infarct, NOS 

Perihepatic region 
Necrosis, fat 

1 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 
Autolnecropsykisto perf 

2 
1 

* Number of animals receiving complete necropsy examination; al! gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ANIMALS INITIALLY IN STUDY 50 
ANIMALS MISSING 
ANIMALS NECROPSIED 50 
ANIMALS EXAMINED HISTOPATHOLOGICALLY 50 

50 

50 
50 

50 
1 

48 
48 

INTEGUMENTARY SYSTEM 
+Skin (50) (50) (48) 

Epidermal inclusion cyst 1 (2%) 
Edema, NOS 1 (2%) 
Lymphocytic inflammatory infiltrate 1 (2%) 

Inflammation, calc granulomatous 1 (2%) 
*Subcutaneous tissue (50) (50) (48) 

RESPIRATORY SYSTEM 
+Nasal cavity 

Cyst, NOS 
Inflammation, acute 
Inflammation, acute suppurative 

Hyperplasia, epithelial 

Atelectasis 
Congestion, NOS 
Hemorrhage 
Lymphocytic inflammatory infiltrate 
Inflammation, acute/chronic 
Inflammation, chronic focal 
Hyperplasia, adenomatous 
Histiocytosis 

#Lung/bronchiole 

#Lung 

(50) 

(50) 

(50)  

1 (2%) 
3 (6%) 
1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

(48) 

(48) 
1 (2%) 

1 (2%) 
19 (40%) 
1 (2%) 
2 (4%) 
1 (2%) 

1 (2%) 

HEMATOPOIETIC SYSTEM 
*Multiple organs 

Myeloproliferative disorder 
Leukemoid reaction 

Myelosclerosis 
Hyperplasia. granulocytic 

Infarct, NOS 
Hyperplasia, lymphoid 
Hematopoiesis 

#Mandibular lymph node 
Inflammation, granulomatous 
Hyperplasia, lymphoid 
Mastocytosis 

#Mediastinal lymph node 
Amyloidosis 
Hyperplasia, lymphoid 

#Mesenteric lymph node 
Congestion, NOS 
Hemorrhage 
Hyperplasia, lymphoid 

Hematopoiesis 

Mastocytosis 

Hemorrhage 

#Bone marrow 

#Spleen 

#Liver 

#Forestomach 

#Thymus 

(50) 

1 (2%) 
(50) 

(50) 
2 (4%) 

12 (24%) 
4 (8%) 

(47) 

3 (6%) 

(47) 

2 (4%) 

1 (2%) 
(47) 

(50) 

(48) 

1 (2%) 
(48) 

5 (10%) 
6 (13%) 

1 (2%) 

1 (2%) 

1 (2%) 

(47) 

(47) 

(47) 

2 (4%) 
1 (2%) 

(49) 

(49) 

(45) 
1 (2%) 

(38) 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

CIRCULATORY SYSTEM 
#Spleen 

Thrombosis, NOS 
#Mesenteric lymph node 

Lymphangiectasis 

Perivasculitis 

Thrombosis, NOS 
Fibrosis, focal 
Periarteritis 
Degeneration, NOS 
Calcification, focal 
Hyperplasia, NOS 

Calcification, focal 

Thrombosis, NOS 

Thrombosis, NOS 

Thrombosis, NOS 

Thrombosis, NOS 

Thrombosis, NOS 

Thrombus, organized 

Dilatation, NOS 

Perivasculitis 

Perivasculitis 

#Lung 

#Heart 

#Myocardium 

#Cardiac valve 

+Ovarian artery 

"Renal vein 

+Ovarian vein 

*Splenic vein 

#Liver 

#Hepatic sinusoid 

#Urinary bladder 

#Uterus 

(50) 

(47) 

(50) 

(50) 

1 (2%) 

1 (2%) 

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

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(50) 

(46) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

DIGESTIVE SYSTEM 
#Salivary gland 

Cystic ducta 
#Liver 

Cyst, NOS 
Lymphocytic inflammatory infiltrate 
Inflammation, acute focal 
Inflammation, acute necrotizing 
Inflammation, active chronic 
Inflammation, acute/chronic 
Inflammation chronic necrotizing 
Necrosis, NOS 
Necrosis, focal 
Metamorphosis, fatty 
Cytoplasmic vacuolization 
Basophilic cyto change 

Lymphocytic inflammatory infiltrate 

Lymphocytic inflammatory infiltrate 

Dilatatiodductr 
Cyitic ductr 
Inflammation, a c u h  
Inflammation, acutdchronic 
C ytoplaemic vacuolization 

#Hepatic capsule 

*Gallbladder 

#Panorear 
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(49) 

(50) 

2 (4%) 

1 (2%) 

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

(50) 

(60) 

(50) 

122 

(48) 

(49) 
1 (2%) 
4 (8%) 

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

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

(47) 

(48) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
1 (2%) 

1 (2%) 
2 (4%) 



TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

~ ~~~ ~ ~~ ~~~ ~ ~ ~ 

CONTROL (VEH) LOW DOSE HIGH DOSE 
~ 

DIGESTIVE SYSTEM (Continued) 
#Pancreatic acinus 

Atrophy, NOS 
#Pancreadinterstitiu 

Inflammation, acute 
Inflammation, acute/chronic 

#Periesophageal tissue 
Inflammation, chronic 

#Stomach 
Ulcer, acute 
Inflammation, acutekhronic 
Erosion 
Calcification, focal 

#Gastric mucosa 
Cyst, NOS 

#Forestomach 
Cyst, NOS 
Ulcer, NOS 
Inflammation, acute 
Ulcer, acute 
Inflammation, acute focal 
Inflammation, active chronic 
Inflammation, acutekhronic 
Inflammation, chronic 
Hyperplasia, epithelial 

Hyperplasia, NOS 
#Peyers patch 

(50) 
1 

(50) 

(50) 
1 

(49) 
1 

1 
(49) 

2 
(49) 

1 
1 

(47) 

(2%) 

(2%) 

(2%) 

(4%) 

(2%) 
(2%) 

(48) 

(48) 

(47) 

(45) 

(45) 

(45) 
1 (2%) 
3 (7%) 
2 (4%) 
1 (2%) 
2 (4%) 
1 (2%) 
4 (9%) 
1 (2%) 
4 (9%) 

2 (5%) 
(39) 

URINARY SYSTEM 
#Kidney 

Lymphocytic inflammatory infiltrate 
Glomerulonephritis, chronic 
Infarct, NOS 
calcification, NOS 
Hyperplasia, tubular cell 

Lymphocytic inflammatory infiltrate 

Inflammation, chronic 

Scar 

Pigmentation, NOS 
Atrophy, focal 

Calcification, focal 

Lymphocytic inflammatory infiltrate 

Lymphocytic inflammatory infiltrate 
Inflammation, acutehhronic 

# Kidney/capsule 

# Kidneylinterstitium 

# Kidneylcortex 

#Kidney/tubule 

#Kidney/pelvis 

*Ureter 

#Urinary bladder 

(49) 
15 (31%) 

(48) 
6 (13%) 

ENDOCRINE SYSTEM 
#Pituitary 

Angiectasis 
#Anterior pituitary 

Dilatationhinus 
Cyst, NOS 
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TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

~~ ~ _______ 

CONTROL (VEH) LOW DOSE HIGH DOSE 

ENDOCRINE SYSTEM 

Hemorrhage 
Hyperplasia, NOS 
Hyperplasia, focal 
Angiectasis 

Congestion, NOS 
Hemorrhage 
Degeneration, lipoid 
Cytologic alteration, NOS 

# AdrenaYcapsule 
Hyperplasia, NOS 

#Adrenal cortex 
Accessory structure 
Cyst, NOS 
Degeneration, lipoid 
Cytoplasmic vacuolization 
Cytologic alteration, NOS 
Hypertrophy, focal 
Hyperplasia, NOS 

Hyperplasia, focal 

Follicular cyst, NOS 
Inflammation, chronic 
Hyperplasia, follicular cell 

#Thyroid follicle 
Hyperplasia, papillary 

#Parathyroid 
Ectopia 

#Anterior pituitary (Continued) 

#Adrenal 

#Adrenal medulla 

#Thyroid 

(50) 

(50) 

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

1 (2%) 
2 (4%) 

(47) 

(30) 

(49) 

1 (2%) 

3 (6%) 
(49) 

1 (2%) 

(49) 

(49) 
4 (8%) 

1 (2%) 

24 (49%) 

(49) 

(46) 
2 (4%) 

3 (7%) 
1 (2%) 

(46) 

(29) 
1 (2%) 

(44) 
1 (2%) 

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

(48) 

(45) 

(45) 

(19) 
1 (5%) 

REPRODUCTIVE SYSTEM 

Dilatatiodducts 

Hyperplasia, NOS 

Hydrometra 
Hematoma, NOS 
Lymphocytic inflammatory infiltrate 
Pyometra 
Calcification, focal 

#Cervix uteri 
Cyst, NOS 
Inflammation, acute 

#Uterus/endometrium 
Cyst, NOS 
Hematoma, NOS 
Hyperplasia, cystic 

#Fallopian tube 
Cyst, NOS 

#Ovary 
Cyst, NOS 
Hematoma, NOS 
Hemorrhagic cyst 
Abscess, NOS 
Inflammation, chronic 
Infarct, NOS 
Hyperplasia, tubular cell 

*Mammary gland 

*Mammary lobule 

#Uterus 
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(49) 
1 (2%) 

(49) 
6 (12%) 

35 (71%) 

1 (2%) 

19 (39%) 

(49) 

(49) 

1 (2%) 

1 (2%) 

124 

1 (2%) 

1 (2%) 

(50) 

(50) 
2 (4%) 

40 (80%) 
(50) 

(48) 
16 (33%) 

1 (2%) 

10 (21%) 

1 (2%) 
(48) 

1 (2%) 

2 (4%) 
1 (2%) 

28 (58%) 

(48) 

(48) 

(47) 
11 (23%) 
1 (2%) 
1 (2%) 

1 (2%) 
13 (28%) 



TABLE D2. SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE IN 
THE TWO-YEAR GAVAGE STUDY OF 4-VINYLCYCLOHEXENE (Continued) 

CONTROL (VEH) LOW DOSE HIGH DOSE 

REPRODUCTIVE SYSTEM 
#Ovary (Continued) 

HyperpIasia, granulosa cell 
Hyperplasia, papillary 
Hyperplasia, stromal 

5 (10%) 

1 (2%) 

1 (2%) 
2 (4%) 

NERVOUS SYSTEM 
#Brain (50)  (49) (48) 

Hemorrhage 1 (2%) 
Lymphocytic inflammatory infiltrate 1 (2%) 
Calcification, focal 27 (54%) 16 (33%) 10 (21%) 

SPECIAL SENSE ORGANS 
+E yekornea 

Inflammation, acute 
Inflammation, chronic 

Inflammation, acute 
+Nasolacrimal duct 

(50)  

(50) 

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

2 (4%) 
(50)  (48) 

MUSCULOSKELETAL SYSTEM 
"Sternum 

Fibrous osteodystrophy 
Cytologic alteration, NOS 
Osteosclerosis 

(50) 
40 (80%) 

2 (4%) 

(50) 
40 (80%) 

1 (2%) 

~~ ~ 

(48) 
27 (56%) 
1 (2%) 
1 (2%) 

BODY CAVITIES 
+Mediastinum (50) (50) (48) 

*Mesentery (50) (50) (48) 
Lymphocytic inflammatory infiltrate 1 (2%) 

Steatitis 1 (2%) 
Inflammation, granulomatous 1 (2%) 
Necrosis, fat 1 (2%) 
Infarct, NOS 1 (2%) 

ALL OTHER SYSTEMS 
"Multiple organs 

Inflammation, acutehhronic 
(50) 

SPECIAL MORPHOLOGY SUMMARY 
No lesion reported 
Animal missingho necropsy 
No necropsy performed 

1 
1 
1 

~~ ~~~~~ ~~ 

* Number of animals receiving complete necropsy examination; all gross lesions including masses examined microscopically. 
# Number of animals examined microscopically a t  this site 
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APPENDIX E

ANALYSES OF PRIMARY TUMORS IN RATS AND MICE

IN THE TWO-YEAR GAVAGE STUDIES OF

4-VINYLCYCLOHEXENE
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TABLE El. ANALYSIS O F  PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400mg/kg 

Skin: Squamous Cell Papilloma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Skin: Squamous Cell Papilloma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

0150 (0%) 1/50 (2%) 3/50 (6%) 
0.0% 3.6% 31.9% 
0/33 (0%) 0113 (0%) 115 (20%) 

P = 0.004 P=0.450 P = 0.006 
P = 0.052 P=0.718 P=0.102 
P = 0.060 

P = 0.500 P=0.121 

88 80 

0150 (0%) 1/50 (2%) 4/50 (8%) 
0.0% 3.6% 37.5% 
0133 (0%) 0113 (0%) 1/5 (20%) 

P < 0.00 1 P=0.450 P=O.OOl 
P = 0.024 P =  0.718 P = 0.070 
P=0.026 

P=0.500 P=0.059 

88 80 

Subcutaneous Tissue: Fibroma or Neurofibroma 
0/50 (0%) Overall Rates (a) 1/50 (2%) 3/50 (6%) 

Terminal Rates (c) 1/33 (3%) 1/13 (8%) 0/5 (0%) 
Week of First Observation 104 82 
Life Table Tests (d) P=0.435 P=0.116 P=0.862N 
Incidental Tumor Tests (d) P = 0.523N P=0.310 P = 0.862N 
Cochran-Armitage Trend Test (d) P=0.378N 
Fisher Exact Test (d) P=0.309 P = 0.500N 

Adjusted Rates (b) 3.0% 15.2% 0.0% 

Subcutaneous Tissue: Fibroma or Fibrosarcoma 
0/50 (0%) Overall Rates (a) 1/50 (2%) 3/50 (6%) 

Terminal Rates (c) 1/33 (3%) 1/13 (8%) 0/5 (0%) 
Week of First Observation 104 56 
Life Table Tests (d) P=0.529 P=0.145 P = 0.862N 
Incidental Tumor Tests (d) P=0.552N P = 0.254 P=0.862N 
Cochran-Armitage Trend Test (d) P=0.378N 
Fisher Exact Test (d) P=0.309 P = 0.500N 

Adjusted Rates (b) 3.0% 12.8% 0.0% 

Subcutaneous Tissue: Fibroma, Neurofibroma, or Fibrosarcoma 
0150 (0%) Overall Rates (a) 1/50 (2%) 4/50 (8%) 

015 (0%) Terminal Rates (c) 1/33 (3%) 1/13 (8%) 
Week of First Observation 104 56 

P=0.862N Life Table Tests (d) P = 0.413 P = 0.060 
Incidental Tumor Tests (d) P=0.493N P = 0.199 P=0.862N 
Cochran-Armitage Trend Test (d) 

P = 0.500N Fisher Exact Test (d) 

Adjusted Rates (b) 3.0% 17.4% 0.0% 

P = 0.390N 
P = 0.181 

Hematopoietic System: Mononuclear Cell Leukemia 
Overall Rates (a) 14/50 (28%) 8/50 (16%) 1/50 (2%) 

Terminal Rates (c) 8/33 (24%) 3/13 (23%) 
Week of First Observation 49 81 98 
Life Table Tests (d) P=0.189N P = 0.522 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adjusted Rates (b) 35.0% 40.4% 11.1% 
015 (0%) 

P=0.109N 
P < 0.00 1 N P =  O.081N P <0.001 N 
P < 0.00 1 N 

P =  0.1 14N P < 0.00 1 N 
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TABLE El .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE (Continued) 

-~ 

Vehicle Control 2 o o m ? h  400 mg/kg 

Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-Cell Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week ofFirst Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Testis: Interstitial Cell Tumor 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observatim 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Preputial Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

All Sites: Mesothelioma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

15/50 (30%) 
44.1% 
14/33 (42%) 
100 
P=0.071 
P = 0.369N 
P = 0.060N 

17/50 (34%) 
48.6% 
1 e133 (45%) 
I J 0  
P =  0.001 
P = 0.204 
P=0.028N 

4/48 (8%) 
11.5% 
3/33 (9%) 
86 
P=0.552N 
P=0.097N 
P = 0.075N 

35/50 (70%) 
89.7% 
29/33 (88%) 
80 
P<O.OOl 
P = 0.0 10 
P=0.128N 

1/50 (2%) 
2.4% 
0/33 (0%) 
70 
P = 0.038 
P =  0.41 1 
P = 0.202 

3/50 (6%) 
7.4% 
1/33 (3%) 
34 
P = 0.100N 
P = 0.014N 
P=0.037N 
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11/49 (22%) 
45.1% 
3/13 (23%) 
82 
P=0.164 
P =  0.488N 

P =0.266N 

16/50 (32%) 
83.0% 
10/13 (77%) 
90 
P = 0.003 
P=O.O9l 

P = 0.500N 

5/50 (10%) 
24.9% 
1/13 (8%) 
82 
P = 0.157 
P = 0.61 9 

P =  0.526 

30/50 (60%) 
96.5% 
12/13 (92%) 
68 
P <  0.001 
P=0.398 

P = 0.201 N 

1/50 (2%) 
5.3% 
0113 (0%) 
100 
P=0.675 
P=0.600N 

P=0.753 

Ob0 (0%) 
0.0% 
0/13 (0%) 

P = 0.189N 
P-0.068N 

P = 0.121 N 

7/45 (16%) 
43.1% 
115 (20%) 
67 
P=0.071 
P =  0.515 

P =0.077N 

8/50 (16%) 
73.0% 
3/5 (60%) 
84 
P=0.014 
P=0.490 

P = 0.032N 

0146 (0%) 
0.0% 
015 (0%) 

P =  0.365N 
P=0.184N 

P = 0.064N 

29/50 (58%) 
100.0% 
515 (100%) 
47 
P <  0.001 
P=0.027 

P=0.149N 

3/50 (6%) 
20.9% 
015 (0%) 
80 
P = 0.082 
P=0.637 

P = 0.309 

0/50 (0%) 
0.0% 
015 (0%) 

P = 0.297N 
P=0.042N 

P =  0.121N 
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TABLE E l .  ANALYSIS OF PRIMARY TUMORS IN MALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE (Continued) 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidencs are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life hble aMlyrU 
regards tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE Ea. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS I N  THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 m g k g  

~vera ' l l  Rates 6 )  
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary G l a n d  Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adrenal Gland: Pheochromocytoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid Gland: C-cel l  Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Thyroid G l a n d  C-cell Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 

Hematoooietic Svs tem Mononuclear Cell Leukemia 

Fisher Exact Test (d) 

9/50 (18%) 
20.0% 
5/40 (13%) 
68 
P = 0.125 
P=0.336 
P=0.193N 

19/50 (38%) 
44.9% 
17/40 (43%) 
68 
P=0.212 
P = 0.522 
P = 0.020N 

19/50 (38%) 
44.9% 
17/40 (43%) 
68 
P=0.195 
P=0.516 
P =  0.021N 

3/50 (6%) 
7.5% 
3/40 (7%) 
104 
P-0.541 
P = 0.564N 
P = 0.246N 

3/49 (6%) 
7.7% 
3/39 (8%) 
104 
P = 0.452N 
P = 0.452N 
P=0.125N 

5/49 (10%) 
12.4% 
4/39 (10%) 
103 
P = 0.231N 
P=0.192N 
P = 0.032N 
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13/50 (26%) 
39.8% 
9/28 (32%) 
81 
P=0.074 
P = 0.233 

P=0.235 

23/48 (48%) 
65.0% 
15/27 (56%) 
85 
P=0.022 
P=0.095 

P=0.216 

24/48 (50%) 
66.0% 
15/27 (56%) 
85 
P10.014 
PzO.073 

P =  0.160 

3/49 (6%) 
10.0% 
W28 (7%) 
100 
P = 0.502 
P = 0.577 

P=0.651 

4/50 (8%) 
14.3% 
4/28 (14%) 
104 
P=0.322 
P=0.322 

P=0.511 

4/50 (8%) 
14.3% 
4/28 (14%) 
104 
P=0.673 
P = 0.637N 

P = 0.487N 

5/49 (10%) 
3 1.2% 
2/13 (15%) 
94 
P=0.277 
P = 0.599 

P =  0.205N 

7/44 (16%) 
39.9% 
3/13 (23%) 
66 
P=0.512 
P = 0.444N 

P=0.015N 

7/44 (16%) 
39.9% 
3/13 (23%) 
66 
P = 0.512 
P=0.444N 

P = 0.0 15N 

1/49 (2%) 
7.1% 
0113 (0%) 
95 
P=0.715 
P =0.648N 

P = 0.3 16N 

0147 (0%) 
0.0% 
0113 (0%) 

P=O.367N 
P=0.367N 

P=0.129N 

0147 (0%) 
0.0% 
0113 (0%) 

P =0.216N 
P = 0.170N 

P = 0.031N 
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TABLE E2. ANALYSIS O F  PRIMARY TUMORS IN FEMALE RATS IN THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE (Continued) 

Vehicle Control 200 mgkg 400 mg/kg 

Mammary Gland: Fibroadenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Clitoral Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b)  
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d)  
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

7/50 (14%) 
17.5% 
7/40 (18%) 
104 
P = 0.177 
P=0.432 
P=0.243N 

1/50 (2%) 
2.5% 
1/40 (3%) 
104 
P = 0.459 
P = 0.459 
P=0.397N 

Clitoral Gland: Adenoma or  Squamous Cell Carcinoma 
Overall Rates (a, 1/50 (2%) 
Adjusted Rates (b) 2.5% 
Terminal Rates (c) 1/40 (3%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.387 
Incidental Tumor Tests (d) P=0.387 
Cochran-Armitage Trend Test (d) P=0.407N 
Fisher Exact Test (d) 

Uterus: Endometrial Stromal Polyp 
Overall Rates (a) 8/49 (16%) 
Adjusted Rates (b) 19.8% 
Terminal Rates (c) 7/39 (18%) 
Week of First Observation 94 
Life Table Tests (d) P=0.120 
Incidental Tumor Tests (d) P = 0.173 
Cochran-Armitage Trend Test (d) P = 0.266N 
Fisher Exact Test (d) 

9/50 (18%) 
27.2% 
5/28 (18%) 
87 
P = 0.163 
P=0.310 

P = 0.393 

4/50 (8%) 
14.3% 
4/28 (14%) 
104 
P = 0.088 
P = 0.088 

P=O.l8l 

5/50 (10%) 
17.9% 
5/28 (18%) 
104 
P = 0.040 
P = 0.040 

P = 0.102 

9/49 (18%) 
30.4% 
7/27 (26%) 
91 
P=0.216 
P = 0.336 

P=0.500 

4/49 (8%) 
24.0% 
2/13 (15%) 
51 
P=0.301 
P = 0.553 

P =0.274N 

0149 (0%) 
0.0% 
0113 (0%) 

P = 0.723N 
P=0.723N 

P =0.505N 

0149 (0%) 
0.0% 
0113 (0%) 

P=0.723N 
P = 0.723N 

P = 0.505N 

5/47 (11%) 
38.5% 
5/13 (38%) 
105 
P=0.189 
P = 0.225 

P = 0.304N 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier tumor incidences a t  the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE E3. ANALYSIS O F  PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mwkg 

Lung: AlveolarlBronc hiolar Adenoma 
Overall Rates (a) 1/49 (2%) 

Terminal Rates (c) 1/37 (3%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.014 
Incidental Tumor Tests (d) P = 0.095 
Cochran-Armitage Trend Test (d) P=0.259 
Fisher Exact Test (d) 

Adjusted Rates (b) 2.7% 

Lung: AlveolarAronchiolar Carcinoma 
Overall Rates (a) 3/49 (6%) 
Adjusted Rates (b) 7.8% 
Terminal Rates (c) 2/37 (5%) 
Week of First Observation 99 
Life Table Tests (d) P = 0.234 
Incidental Tumor Tests (d) P = 0.229 
Cochran-Armitage Trend Test (d) P=0.273N 
Fisher Exact Test (d) 

Overall Rates (a) 4/49 (8%) 
Adjusted Rates (b) 10.4% 
Terminal Rates (c) 3/37 (8%) 
Week of First Observation 99 
Life Table Tests (d) P=0.011 
Incidental Tumor Tests (d) P = 0.047 
Cochran-Armitage Trend Test (d) P=0.545N 
Fisher Exact Test (d) 

Lung: AlveolarlBronchiolar Adenoma or Carcinoma 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 8.1% 
Terminal Rates (c) 3/37 (8%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.063 
Incidental Tumor Tests (d) P = 0.063 
Cochran-Armitage Trend Test (d) P = 0.583 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 4/50 (8%) 
Adjusted Rates (b) 10.5% 
Terminal Rates (c) 3/37 (8%) 
Week of First Observation 102 
Life Table Tests (d) P = 0.007 
Incidental Tumor Tests (d) P =0.013 
Cochran-Armitage Trend Test (d) P = 0.436 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

7/49 (14%) 
18.9% 
7/37 (19%) 
104 
P=0.133 
P=0.217 
P =  0.146N 
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4/50 (8%) 
9.7% 
3/39 (8%) 
91 
P=O.199 
P=0.236 

P =  0.187 

7/50 (14%) 
17.3% 
6/39 (15%) 
97 
P =  0.185 
P=0.177 

P= 0.167 

11/50 (22%) 
26.5% 

91 
P=0.062 
P = 0.068 

P=0.049 

9/39 (23%) 

3/50 (6%) 
7.7% 
3/39 (8%) 
104 
P = 0.639N 
P = 0.639N 

P = 0.661N 

7/50 ( 14% ) 
16.7% 
5/39 (13%) 
63 
P=0.301 
P = 0.340 

P = 0.262 

11/50 (22%) 
27.3% 
10/39 (26%) 
97 
P = 0.253 
P=0.250 

P=0.232 

3/50 (6%) 
30.9% 
2/7(29%) 
76 
P=O.O21 
P=0.051 

P.cO.316 

1/50 (2%) 
14.3% 
1Pr (14%) 
104 
P = 0.579 
P = 0.579 

P =0.301N 

4/50 (8%) 
44.7% 
3R(43%) 
76 
P=0.030 
P = 0.065 

P = 0.63 1 N 

3/50 (6%) 
42.9% 
3R (43%) 
104 
P = 0.033 
P = 0.033 

P =0.661N 

5/50 (10%) 
62.5% 
4Pr (57%) 
101 
P = 0.002 
P=O.OOl 

P=0.500 

3/50 (6%) 
29.4% 
117 (14%) 
90 
P=0.246 
P=0.443 

P=0.151N 
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TABLE E3. ANALYSIS OF PRIMARY TUMORS IN MALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE (Continued) 

Vehicle Control 200 mg/kg 

Liver: Hepatocellular Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Testa (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

11/49 (22%) 10/50 (20%) 
26.3% 21.4% 
7/37 (19%) 3/39 (8%) 
62 62 
P = 0.500N P=0.441N 
P = 0.023N P=0.251N 
P =0.018N 

P=0.479N 

400 mg/kg 

3/50 (6%) 
30.9% 
2/7 (29%) 
76 
P ~ 0 . 6 0 7  
P =  0.187N 

P = 0.019N 

18/49 (37%) 20150 (40%) 6/50 (12%) 
43.5% 43.2% 54.5% 
14/37 (38%) 13/39 (33%) 3/7 (43%) 
62 62 76 
P10.291 P=0.508 P=0.296 
P= 0.170N P =0.510N P = 0.388N 
P= O.OO5N 

P = 0.449 P = 0.004N 

(a) Number of tumor-bearing animals/number of animals examined at the site 
(b) Kaplan-Meier tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence a t  terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill a s  being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact testa compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
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TABLE E4. ANALYSIS OF PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE 

Vehicle Control 200 mg/kg 400 mg/kg 

Lung: Alveolar/Bronc hiolar Adenoma 
Overall Rates (a) 5/50 (10%) 
Adjusted Rates (b) 11.7% 
Terminal Rates (c) 3/40 (7%) 
Week of First Observation 92 
Life Table Testa (d) P=0.584N 
Incidental Tumor Tests (d) P =  0.329N 
Cochran-Armitage Trend Test (d) P=0.281N 
Fisher Exact Test (d) 

Lung: AlveolarlJ3ronchiolar Adenoma or Carcinoma 
Overall Rates (a) 6/50 (12%) 
Adjusted Rates (b) 14.1% 
Terminal Rates (c) 4/40 (10%) 
Week of First Observation 92 
Life Table Tests (d) P =  0.5 12 
Incidental Tumor Testa (d) P=0.379N 
Cochran-Armitage Trend Test (d) P = 0.302N 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Lymphocytic Type 
Overall Rates (a) 1/50 (2%) 

Terminal Rates (c) 0140 (0%) 
Week of First Observation 88 
Life Table Tests (d) P = 0.012 
Incidental Tumor Tests (d) P=0.146 
Cochran-Armitage Trend Test (d) P=0.088 
Fisher Exact Test (d) 

Adjusted Rates (b) 2.1% 

Hematopoietic System: Malignant Lymphoma, Histiocytic Type 
Overall Rates (a) 3/50 (6%) 
Adjusted Rates (b) 6.3% 
Terminal Rates (c) 0140 (0%) 
Week of First Observation 55 
Life Table Tests (d) P- 0.488N 
Incidental Tumor Testa (d) P = 0.067N 
Cochran-Armitage Trend Test (d) P=0.267N 
Fisher Exact Test (d) 

Hematopoietic System: Malignant Lymphoma, Mixed Type 
Overall Rates (a) 11/50 (22%) 
Adjusted Rates (b) 26.0% 
Terminal Rates (c) 9/40 (23%) 
Week of First Observation 89 
Life Table Tests (d) P = 0.419N 
Incidental Tumor Tests (d) P=0.273N 
Cochran-Armitage Trend Test (d) P = 0.065N 
Fisher Exact Test (d) 

Hematopoietic System: Lymphoma, All Malignant 
Overall Rates (a) 16/50 (32%) 

Terminal Rates (c) 10/40 (25%) 
Week of First Observation 55 
Life Table Testa (d) P=0.224 
Incidental Tumor Tests (d) P=0.225N 
Cochran-Armitage Trend Test (d) P=0.189N 
Fisher Exact Test (d) 

Adjusted Rates (b) 34.3% 
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1/49 (2%) 
2.6% 
1/39 (3%) 
104 
P =  0.109N 
P = 0.109N 

P=0.107N 

1/49 (2%) 
2.6% 
1/39 (3%) 
104 
P -0.064N 
P=0.063N 

P=0.059N 

6/50 (12%) 
14.2% 
4/39 (10%) 
60 
P=0.061 
P = 0.066 

P = 0.056 

4/50 (8%) 
8.9% 
1/39 (3%) 
82 
P = 0.505 
P = 0.525 

P=0.500 

5/50 (10%) 
12.5% 
4/39 (10%) 
101 
P=0.097N 
P=0.078N 

P=0.086N 

15/50 (30%) 
33.0% 
9/39 (23%) 
60 
P=0.513N 
P-0.459N 

P=O.SOON 

3/48 (6%) 
14.5% 
2/17(12%) 
90 
P=0.516 
P = 0.495N 

P=0.381N 

4/48 (8%) 
19.3% 
2/17 (12%) 
90 
P=0.405 
P = 0.554N 

P=0.397N 

5/48 (10%) 
21.4% 
2/17 (12%) 
90 
P = 0.020 
P=O.199 

P = 0.093 

1/48 (2%) 
5.6% 
0117 (0%) 
99 
P=0.518N 
P = 0.064N 

P = 0.324N 

5/48 (10%) 
27.4% 
4/17 (24%) 
94 
P=0.598 
P = 0.466N 

P =0.100N 

11/48 (23%) 
48.3% 
6/17 (35%) 
90 
P = 0.222 
P= 0.324N 

P = 0.218N 
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TABLE E4. ANALYSIS O F  PRIMARY TUMORS I N  FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
O F  4-VINYLCYCLOHEXENE (Continued) 

Vehicle Control 200 mg/kg 400 mg/kg 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall Rates (a) 1/50 (2%) 
Adjusted Rates (b) 2.5% 
Terminal Rates (c) 1/40 (3%) 
Week of First Observation 104 
Life Table Tests (d) P = 0.049 
Incidental Tumor Tests (d) P = 0.099 
Cochran-Armitage Trend Test (d) P = 0.225 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Pituitary Gland: Adenoma or Adenocarcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Adrenal Gland Capsule o r  Cortex: Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Ovary: Mixed Tumor, Benign 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Ovary: Granulosa Cell Tumor 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

4-Vinylcyclohexene, NTP TR 303 

9/49 (18%) 
21.4% 
7/40 (18%) 
94 
P = 0.425N 
P = 0.370N 
P = 0.070N 

9/49 (18%) 
21.4% 
7/40 (18%) 
94 
P=0.459N 
P=0.384N 
P =  0.076N 

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

P = 0.005 
P = 0.027 
P=0.044 

0149 (0%) 
0.0% 
0139 (0%) 

P<O.OOl 
P<O.OOl 
P = 0.005 

1/49 (2%) 
2.6% 
1/39 (3%) 
104 
P < 0.00 1 
P<O.Ool 
P=0.002 
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3/49 (6%) 
7.7% 
3/39 (8%) 
104 
P=0.296 
P=0.296 

P=0.301 

7/49 ( 14%) 
17.4% 
6/39 (15%) 
99 
P = 0.408N 
P = 0.330N 

P =0.393N 

8/49 (16%) 
19.4% 
6/39 (15%) 
99 
P=0.513N 
P = 0.409N 

P =  0.500N 

3/49 (6%) 
7.7% 
3/39 (8%) 
104 
P=0.117 
P=0.117 

P=0.117 

25/48 (52%) 
64.1% 
24/38 (63%) 
100 
P < 0.001 
P<O.OOl 

P < 0.001 

9/48 (19%) 
23.7% 
9/38 (24%) 
104 
P = 0.008 
P = 0.008 

P=0.007 

3/48 (6%) 
15.8% 
2/17 (12%) 
92 
P=0.081 
P=0.171 

P = 0.293 

3/44 (7%) 
20.0% 
3/15 (20%) 
104 
P =  0.545N 
P=0.492N 

P =  0.087N 

3/44 (7%) 
20.0% 
3/15 (20%) 
104 
P=0.545N 
P=0.492N 

P=O.O87N 

4/48 (8%) 
18.3% 
2/17 (12%) 
89 
P = 0.01 1 
P=0.056 

P=0.054 

11/47 (23%) 
43.3% 
4/16 (25%) 
82 
P<O.OOl 
P < 0.00 1 

P<  0.001 

11/47 (23%) 
47.3% 
6/16 (38%) 
85 
P < 0.001 
P <  0.001 

P=O.OOl 



TABLE E4. ANALYSIS O F  PRIMARY TUMORS IN FEMALE MICE IN THE TWO-YEAR GAVAGE STUDY 
OF 4-VINYLCYCLOHEXENE (Continued) 

Vehicle Control 200mg/kg 400 mgkg 

Ovary: Granulosa Cell Tumor or Carcinoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Tests (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

Harderian Gland: Papillary Adenoma 
Overall Rates (a) 
Adjusted Rates (b) 
Terminal Rates (c) 
Week of First Observation 
Life Table Tests (d) 
Incidental Tumor Testa (d) 
Cochran-Armitage Trend Test (d) 
Fisher Exact Test (d) 

1/49 (2%) 
2.6% 
1/39 (3%) 
104 
P< 0.001 
P<O.OOl 
P<O.OOl 

0/50 (0%) 
0.0% 
0140 (0%) 

P=0.375 
P = 0.375 
P = 0.609 

10/48 (21%) 
25.6% 
9/38 (24%) 
99 
P=0.005 
P=0.006 

P = 0.003 

4/50 (8%) 
10.3% 
4/39 (10%) 
104 
P = 0.060 
P = 0.060 

P=0.059 

13/47 (28%) 
54.9% 
7/16 (44%) 
85 
P < 0.00 1 
P <  0.001 

P < 0.00 1 

0148 (0%) 
0.0% 
0/17 (0%) 

(e) 
(e) 

(e) 

(a) Number of tumor-bearing animals/number of animals examined a t  the site 
(b) Kaplan-Meier tumor incidences at the end of the study after adjusting for intercurrent mortality 
(c) Observed tumor incidence at terminal kill 
(d) Beneath the vehicle control incidence are the P values associated with the trend test. Beneath the dosed group incidence are 
the P values corresponding to pairwise comparisons between that dosed group and the vehicle controls. The life table analysis 
regards tumors in animals dying prior to terminal kill as  being (directly or indirectly) the cause of death. The incidental tumor 
test regards these lesions a s  nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence 
rates. A negative trend or lower incidence in a dosed group is indicated by (N). 
(e) No P value is reported because no tumors were observed in the 400 mg/kg and vehicle control groups. 
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APPENDIX F 

HISTORICAL INCIDENCES OF TUMORS 

IN F344/N RATS AND B6C3F1 MICE 

ADMINISTERED CORN OIL BY GAVAGE 
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TABLE F1. HISTORICAL INCIDENCE OF INTEGUMENTARY SYSTEM SQUAMOUS CELL TUMORS I N  
MALE F344/N RATS ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
Incidence in Vehicle Controls 

Papilloma Carcinoma Papilloma or Carcinoma 

Historical Incidence at Litton Bionetics, Inc. 

Dially lphthalate 
Tris(2-ethylhexy1)phosphate 
2,4-Toluene diisocyanate 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
LOW 

0150 
1150 
1150 

21150 (1.3%) 
1.15% 

1150 
0150 

1211,094(1.1%) 
1.72% 

3150 
0150 

0150 
0150 
0150 

01150 (0.0%) 
0.00% 

0150 
0150 

911,094 (0.8%) 
1.47% 

3150 
0150 

0150 
1150 
1150 

21150(1.3%) 
1.15% 

1150 
0150 

2111,094 (1.9%) 
2.65% 

5150 
0150 

(a) Data as of March 16,1983, for studies of a t  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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TABLE F2. HISTORICAL INCIDENCE OF MESOTHELIOMAS IN MALE F344/N RATS ADMINISTERED
CORN OIL BY GAVAGE (a)

Study
No. of Animals No. of Tumors

Examined in Vehicle Controls Site Diagnosis

Historical Incidence at Litton Bionetics, Inc.

Diallylphthalate
Tris(2-ethylhexyl)phosphate
2,4-Toluene diisocyanate

TOTAL

Overall Historical Incidence

50
50
50

150

TOTAL 1,146

1
2
1
1
2
1
1
1

15
1
4
1

23 NOS
8 Malignant

Multiple organs
Tunica vaginalis
Testis

Testis
Testis
Body cavities, NOS
Peritoneum
Peritoneum
Pleura
Mesentery
Mesentery
Tunica vaginalis
Tunica vaginalis
Multiple organs
Multiple organs

NOS
NOS
NOS

NOS
Malignant
NOS
NOS
Malignant
Malignant
NOS
Malignant
NOS
Malignant
NOS
Malignant

(a) Data as of March 16,1983, for studies of at least 104 weeks

TABLE F3. HISTORICAL INCIDENCE OF URINARY BLADDER TUMORS IN FEMALE F344/N RATS
ADMINISTERED CORN OIL BY GAVAGE (a)

No. of Animals
Examined

No. of Tumors
in Vehicle Controls Diagnosis

Historical Incidence at Litton Bionetics, Inc.

149

Overall Historical Incidence

1,084

TOTAL

1
1
1

3(0.3%)

Papilloma, NOS
Transitional cell papilloma
Transitional cell carcinoma

(a) Data as of March 16,1983, for studies of at least 104 weeks
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TABLE F4. HISTORICAL INCIDENCE OF PREPUTIAL/CLITORAL GLAND TUMORS IN F344/N RATS
ADMINISTERED CORN OIL BY GAVAGE (a)

Study
No. of Animals

Examined
No. of Tumors

in Vehicle Controls Diagnosis

Historical Incidence at Litton Bionetics, Inc.

MALE

Diallylphthalate
Tris(2-ethylhexyl)phosphate
2,4-Toluene diisocyanate

TOTAL

FEMALE

Diallylphthalate

Tris(2-ethylhexyl)phosphate
2,4-Toluene diisocyanate

TOTAL

Overall Historical Incidence

MALE (b)

50
50
50

150

50

50
50

150

1
0
7

8 (5.3%)

1
1
1
1

4(2.7%)

Carcinoma, NOS

Adenoma, NOS

Adenoma, NOS
Carcinoma, NOS
Adenoma, NOS
Carcinoma, NOS

19
13
2
7

TOTAL 1,146 41 (3.6%)

FEMALE (c)

6
14
4

TOTAL 1,147 24(2.1%)

Adenoma, NOS
Carcinoma, NOS
Squamous cell carcinoma
Adenocarcinoma, NOS

Adenoma, NOS
Carcinoma, NOS
Adenocarcinoma, NOS

(a) Data as of March 16,1983, for studies of at least 104 weeks
(b) Greatest observed incidence of combined tumor types: 7/50
(c) Greatest observed incidence of combined tumor types: 3/48
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TABLE K, HISTORICAL INCIDENCE OF PITUITARY GLAND TUMORS IN FEMALE F344/N RATS
ADMINISTERED CORN OIL BY GAY AGE (a)

Incidence in Vehicle Controls
Study Adenoma (b) Carcinoma (c) Adenoma or Carcinoma

Historical Incidence at Litton Bionetics, Inc.

Diallylphthalate
TrM2-«thylhesyl)phosphate
2,4-Toluene diisocyanate

TOTAL
8D(d)

Range (e)
High
Low

Overall Historical Incidence

TOTAL
SD(d)

Range (e)
High
Low

23/49
18/50
25/50

66/149(44.3%)
7.36%

25/50
18/50

(0410/1,092(37.5%)
10.22%

28/50
8/46

0/49
1/50
2/50

3/149 (2.0%)
2.00%

2/50
0/49

(g) 41/1,092 (3.8%)
3.56%

6/46
0/49

23/49
19/50
27/50

69/149(46.3%)
8.02%

27/50
19/50

451/1,092(41.3%)
9.28%

30/50
13/48

(a) Data as of March 16,1983, for studies of at least 104 weeks
(b) Include* adenomas designated NOS, chromophobe, or acidophil
(c) Include* adenocarcinoma, NOS, and carcinomas designated NOS or chromophobe
(d) Standard deviation
(e) Range and 3D are presented for groups of 35 or more animals.
(ft Includes 16 adenomas, NOS, of the anterior pituitary in one vehicle control group
(g) Includes two carcinomas, NOS, of the anterior pituitary
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TABLE F8. HISTORICAL INCIDENCE OF OVARIAN TUMORS IN FEMALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 
No. of Animals No. of Tumors 

Examined in Vehicle Controls Diagnosis 

Historical Incidence at Litton Bionetics, Inc. 

2,CToluene diisocyanate 47 
Diallylphthalate 46 

Tris(2-ethylhexy1)phosphate 49 

TOTAL 141 3 (2.1%) 

Overall Historial Incidence (b) 

TOTAL 1,028 

1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

12 (1.2%) 

Papillary adenoma 
Teratoma, benign 
Teratoma, NOS 

Adenoma, NOS 
Papillary adenoma 
Cystadenoma, NOS 
Luteoma 
Sertoli cell tumor 
Teratoma, benign 
Granulosa cell tumor 
Teratoma, NOS 
Adenocarcinoma, NOS 
Granulosa cell carcinoma 
Teratoma, malignant 

~~ -~ -~ ~ ~ ~ 

(a) Data as  of March 16,1983, for studies of at least 104 weeks 
(b) No more than two ovarian tumors were observed in any vehicle control group. 
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TABLE F7. HISTORICAL INCIDENCE O F  ALVEOLAR/BRONCHIOLAR TUMORS IN MALE B6C3F1 
MICE ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Adenoma Carcinoma Adenoma or Carcinoma Study 

Historical Incidence a t  Litton Bionetics, Inc. 

2,4-Toluene diisocyanate 1150 
Diallylphthalate 3/50 
Tris(2-ethylhexyl) phosphate 5/50 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

1/50 
2/50 
2/50 

2/50 
5/50 
7/50 

91150 (6.0%) 51150 (3.3%) 14/150 (9.3%) 
4.00% 1.15% 5.03% 

5/50 
1/50 

2/50 
1/50 

7/50 
2/50 

99/1,082 (9.1%) (d) 58/1,082 (5.4%) (d) 155/1,082(14.3%) 
4.77% 4.13% 6.31% 

Range (c) 
High 10150 
Low 0147 

7/50 
0150 

13/50 
1/50 

(a) Data as  of March 16,1983, for studies of at least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
(d) Includes one adenocarcinoma, unclear primary or metastatic 
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TABLE F8. HISTORICAL INCIDENCE O F  HEMATOPOIETIC SYSTEM TUMORS IN MALE B6C3F1 
MICE ADMINISTERED CORN OIL BY GAVAGE (a) 

Incidence in Vehicle Controls 
Study Lymphoma Leukemia Leukemia or Lymphoma 

Historical Incidence a t  Litton Bionetics, Inc. 

2,4-Toluene diisocyanate 6/50 
Diallylphthalate 6/50 
Tris(2~ethylhexyl) phosphate 7/50 

TOTAL 
SD (b) 

Range ( c )  
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range ( c )  
High 
Low 

19/150 (12.7%) 
1.15% 

7/50 
6/50 

126/1,090 (1 1.6%) 
5.63% 

11/50 
0/50 

0150 
015 0 
0150 

01150 (0.0%) 
0.00% 

0150 
0150 

6/1,090 (0.6%) 
2.24% 

5/48 
0150 

6/50 
6/50 
7/50 

191150 (12.7%) 
1.15% 

7/50 
6/50 

13211,090 (12.1%) 
6.35% 

13/48 
0150 

(a) Data as  of March 16,1983, for studies of a t  least 104 weeks 
(b) Standard deviation 
( c )  Range and SD are presented for groups of 35 or more animals. 

4-Vinylcyclohexene, NTP TR 303 146 



TABLE F9, HISTORICAL INCIDENCE OF ADRENAL GLAND TUMORS IN FEMALE B6C3F1 MICE 
ADMINISTERED CORN OIL BY GAVAGE (a) 

Study 

Incidence in Vehicle Controls 
Adenoma Cortical Adenoma Adenoma or 

Cortical Adenoma 

Historical Incidence at Litton Bionetics, Inc. 

2,CToluene diisocyanate 
Diallylphthalate 
Tris(2-ethylhexyl) phosphate 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

Overall Historical Incidence 

TOTAL 
SD (b) 

Range (c) 
High 
Low 

0147 
0148 
0144 

0147 
0148 
0144 

0147 
OM8 
0144 

01139 (0.0%) 01139 (0.0%) 0/139 (0.0%) 
0.00% 0.00% 0.00% 

0148 
0148 

0148 
0148 

0148 
0148 

211,056 (0.2%) 511,056 (0.5%) 711,056 (0.7%) 
0.91% 0.94% 1.23% 

2/47 
0/50 

1/36 
0150 

2/47 
0150 

(a)  Data as of March 16,1983, for studies ofat  least 104 weeks 
(b) Standard deviation 
(c) Range and SD are presented for groups of 35 or more animals. 
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APPENDIX G 

GENETIC TOXICOLOGY OF 4-VINYLCYCLOHEXENE 
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TABLE Cl. MUTAGENICITY OF 4-VINYLCYCLOHEXENE IN SALMONELLA TYPHlMURlUM 

Revertantslplate (a,b) 
Strain Dose - s 9  + S9 (rat)  + 59 (hamster) 

(ydplate)  

TA1535 

TA98 

TA100 0 

10 
33 

100 
333 

1,000 

0 
3.3 

10 
33 

100 
333 

1,000 

TA1537 0 

10 
33 

100 
333 

1,000 

0 
3.3 

10 
33 

100 
333 

1,000 

3.3 

3.3 

90 f 6.5 
71 f 7.8 
59 f 0.0 
71 f 1.9 
64 f 2.6 
62 f 4.1 

8 f 0.3 
3 f 0.9 
3 f 0.9 
3 f 0.6 
4 f 0.9 
2 f 0.6 

2 f 0.9 
2 f 0.3 
1 It 0.3 
2 & 0.0 
2 f 0.0 
2 f 0.6 _ _  

13 f 3.8 
13 f 2.1 
12 f 1.2 
13 f 3.0 
12 f 1.0 
18 f 2.3 _ _  

81 f 3.2 

66 f 5.9 
84 f 5.6 
84 f 6.0 
80 f 2.4 

Toxic 

6 f 1.3 
9 f 1.0 
9 It 2.5 
8 k 1.7 

--_ 

5 f 0.0 
10 It 2.1 _ _  
6 & 1.2 

5 f 0.6 
6 f 1.5 
5 f 0.7 
5 f 0.9 
4 f 0.9 

20 f 5.8 

19 f 3.5 
18 f 1.0 
20 f 3.0 
17 f 3.2 
13 f 1.8 

_- 

-_ 

77 f 4.2 

84 f 2.4 
94 f 12.1 
90 f 5.7 
87 f 8.8 
52 f 14.0 

7 k 1.5 

5 k 1.3 
7 f 2.6 
7 f 2.0 
7 f 1.2 
4 f 4.0 

_-- 

-- 

6 f 0.9 

4 f 0.7 
5 f 0.9 
5 k 0.7 
3 f 0.9 
1 k 0.3 

20 f 3.2 

15 k 2.6 
19 f 2.9 
13 f 1.2 
11 f 2.4 
15 f 0.5 

_ _  

_ _  

(a) The S9 fractions were prepared from the livers of Aroclor 1254-induced male Sprague-Dawley rats and male Syrian 
hamsters. Cells and study compound or solvent (DMSO) were incubated for 20 minutes a t  37" C in the presence of either S9 or 
buffer. ARer the addition of soft agar, the contents of each tube was poured onto minimal medium, and the plates were 
incubated at 37°C for 48 hours (Haworth et al., 1983). The experiment was performed twice, each in triplicate; because the 
results were similar, data from only one experiment are shown. 
(b) Mean rt standard error 
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APPENDIX H 

CHEMICAL CHARACTERIZATION 

OF 4-VINYLCYCLOHEXENE 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

I. Identity and Purity Determinations Performed by the Analytical Chemistry Laboratory 

A. Lot No. Cl592777 

1. Physical Properties 

a. Appearance: 

b. Boiling Point: 

c. Density: 

2. Spectral Data 

a. Infrared 

(1) Instrument: 

(2) Cell: 

(3) Results: 

b. UltravioletJVisible 

(1) Instrument: 

(2) Solvent: 

(3) Results: 

4-Vinylcyclohexene, NTP TR 303 

Clear, colorless liquid 

Determined Literature Values 

131" C (visual micro- 
boiling point), (CRC, 1972) 

d20: 0.82928 -fr O.O0017(S) 

128.9" C (760 mm Hg) 

d2': 0.8299 (CRC, 1972) 
22 4 

Determined Literature Values 

Beckman IR- 12 

Thin film between 
silver chloride plates 

See Figure 7 Consisten, with spec ,rum 
obtained from literature 
(Sadtler Standard Spectra) 

Determined 

Cary 118 

95% Ethanol 

No absorbance was seen in 
the visible region a t  a con- 
centration of 1%. No ab- 
sorbance maximum was ob- 
served in the ultraviolet 
region. 

152 

Literature Values 

No literature reference found. 
Spectrum consistent with 
that expected for the 
structure. 



153 
4-V

inylcyclohexene, NTP TR 303 



APPENDIX H. CHEMICAL CHARACTERIZATION 

c. Nuclear Magnetic Resonance 

Determined 

(1) Instrument: Varian EM360A 

(2) Solvent: Deuterated methanol 
with internal 
tetramethylsilane 

(3) Assignments: See Figure 8 

(4) Chemical Shift (6): a 0.87-2.45 ppm 
b 4.86ppm 
c 5.00ppm 
d 5.62ppm 
e 5.80ppm 

(5) Integration Ratios: 

a 7.05 

} 1.93 
C 

e )3.02 

3. Water Analysis (Karl Fischer): 0.012% k 0.002(6)% 

4. Elemental Analysis 

Element C H 

Theory (T) 

Determined (D) 

Percent DiT 

4-Vinylcyclohexene, NTP TR 303 

88.82 11.18 

88.70 11.20 
88.80 11.11 

99.92 99.78 

154 

Literature Values 

Spectrum is consistent 
with literature 
spectrum (Sadtler 
Standard Spectra) 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

5. Chromatographic Analysis 

a. Gas Chromatography 

(1) Instrument: VA3700 
(2) Detector: Flame ionization 
(3) Inlet temperature: 200" C 
(4) Detector temperature: 250" C 
(5) Carrier gas: Nitrogen 
(6) Carrier flow rate: 70 ml/min 

System 1 

(a) Column: GP 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 
1.8 m X 4 mm ID, glass 
(b) Oven temperature program: 5 minutes a t  50" C, then 50"-170" C a t  10" C/minute 
(c) Samples injected: 8 p1 neat liquid and solutions of 0.5% and 0.25% (v/v) 
4-vinylcyclohexene in methylene chloride to quantitate the major peak and check for 
overloading 

(d) Results: Major peak and four impurities. Three impurities had retention times shorter 
than that of the major peak, and one eluted after the major peak. The combined areas of 
the impurity peaks totaled 0.22% that  of the major peak area. 

Retention Time Area 
Re ten tion Relative to (percent of 

Peak No. Time (min) Maior Peak major peak) 

1 7.4 
2 8.4 
3 9.9 
4 10.4 
5 11.3 

0.71 
0.81 
0.95 
1.00 
1.09 

0.02 
0.04 
0.07 

0.09 
100. 

System 2 

(a) Column: 10% Carbowax ZOM-TPA on 80/100 Chromosorb W(AW) 
(b) Carrier flow rate: 70 mYmin 
(c) Oven temperature program: 5 minutes at 50" Cl then 50"-200" C at 10" C/minute 
(d) Samples injected: 5 p1 neat liquid and 1.0% and 0.5% 4-vinylcyclohexene in 
methylene chloride to quantitate the major peak and check for overloading 

(e) Results: Major peak and four impurities. The four impurities all eluted before the 
major peak and had a combined area that totaled 0.15% of the major peak. 

Retention Time Area 
Retention Relative to (percent of 

Peak No. Time (min) Maior Peak ma-ior peak) 

1 1.14 
2 2.43 
3 3.00 
4 3.50 
5 4.81 

0.24 
0.51 

0.02 
0.05 

0.62 (unresolved) 0.02 
0.73 0.06 
i .oO 100 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

6. Conclusions: The results of elemental analysis for carbon and hydrogen were in agreement 
with the theoretical values. Titration with Kar l  Fischer Reagent indicated 0.012% 
f 0.002(6)% water. Gas chromatography with a 20% SP2100/0.1% Carbowax 1500 column in- 
dicated four impurities, three before and one after the major peak with a combined area of 
0.22% that of the major peak area. A second gas chromatographic system with a 10% Car- 
bowax 2OM-TPA column indicated four impurities, all before the major peak, with a combined 
area of 0.15% that  of the major peak area. The infrared, ultraviolet/visible, and the nuclear 
magnetic resonance spectra were consistent with the structure of 4-vinylcyclohexene, 

The compound was identified as  4-vinylcyclohexene by spectral analysis. Gas chrbmatography 
and water analysis indicated less than 0.5% impurities. \ \  
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APPENDIX H. CHEMICAL CHARACTERIZATION 

B. Lot No. A061181 

1. Appearance: 

2. Spectral Data 

a. Infrared 

(1) Instrument: 

(2) Phase: 

(3) Results: 

b. UltravioleUVisible 

(1) Instrument: 

(2) Solvent: 

(3) Results: 

4-Vinylcyclohexene, NTP TR 303 

Clear, colorless liquid 

Determined 

Perkin-Elmer 283 

Thin film between 
silver chloride plates 

See Figure 9 

Determined 

Cary 219 

Literature Values 

Spectrum consistent with 
literature reference 
(Sadtler Standard Spectra) 

Literature Values 

95% Ethanol 

No absorbance from 
800 to 350 nm at a con- 
centration of 1% (v/v). 
No absorbance was seen 4-vinylcyclohexene. 
in the ultraviolet region. 

No literature reference found. 
Spectrum consistent with 
that expected for structure of 
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APPENDIX H. CHEMICAL CHARACTERIZATION

c. Nuclear Magnetic
Resonance

(1) Instrument:

(2) Solvent:

(3) Assignments:

(4) Chemical Shift (8):

Determined

Varian EM360A

Deuterated methanol
with internal
tetramethylsilane

See Figure 10

a m of m, 0.92-2.60 ppm
b m, 4.88 ppm
c m, 4.93 ppm
d m, 5.65 ppm
e m, 5.83 ppm

Literature Values

(5) Coupling Constant: Jb-e = 10 Hz
Jb-e = 18 Hz

(6) Integration Ratios:

3. Water Analysis
(Karl Fischer):

4. Elemental Analysis

Element

Theory (T)

Determined (D)

Percent D/T

b
c

d
e

7.03

1.99

2.99

88.82

89.02
89.19

100.32

H

11.18

11.23
11.20

100.31

Spectrum consistent with
literature reference (Sadtler
Standard Spectra).
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APPENDIX H. CHEMICAL CHARACTERIZATION 

5. Gas Chromatographic Analysis 

(1) Instrument: VA3700 
(2) Detector: Flame ionization 
(3) Inlet temperature: 200" C 
(4) Detector temperature: 250" C 
( 5 )  Carrier gas: Nitrogen 
(6) Carrier flow rate: 70 ml/min 

System 1 

(a) Column: GP 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 
1.8 m X 4 mm ID, glass 
(b) Oven temperature program: 5 minutes a t  50" C, then 50"-170" C a t  10" C/minute 
(c) Samples injected: 4 p1 neat liquid and solutions of 1% and 0.5% (v/v) 
4-vinylcyclohexene in methylene chloride to detect impurities, quantitate the major peak, 
and check for overloading 

(d) Results: Major peak and two impurities before the major peak; one impurity and one 
group of unresolved impurities after the major peak. The impurities had a combined area 
of 0.69% relative to the major peak area. 

Retention Time Area 
Retention Relative to (percent of 

Peak No. Time (min) Maior Peak major peak) 

0.08 
0.96 

1 9.2 
2 9.4 
3 9.8 1 .oo 
4 10.5 1.07 0.30 
5 (a) 14.1-15.5 1.58 0.31 

100 

~~~ ~~ ~ 

(a) Group of unresolved peaks. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

System 2 

(a) Column: 10% Carbowax 2OM-TPA on 80/100 Chromosorb W(AW) 
(b) Oven temperature program: 5 minutes at 50" C, then 50"-200" C at 10" C/minute 
(c) Samples injected: 4 pl neat liquid and solutions of 1.0% and 0.5% (v/v) 
4-vinylcyclohexene in methylene chloride to detect impurities, quantitate the major 
peak, and check for overloading 

(d) Results: Major peak, and one impurity after the major peak, and two groups of 
unresolved impurities, one before and one after the major peak. The impurity peaks had 
a combined area of 1.1% relative to the major peak area. 

Retention Time Area 
Retention Relative to (percent  of 

Peak No. Time (min) Maior Peak ma-ior Peak) 

2.1 d ]a 2.6 2.8 

4 3.1 
5 3.7 
6 4.6 
7 8.4 
8. 16.0-19.1 

ii!! } 0.51 
0.67 
0.80 
1.00 100 
1.83 0.31 
3.48-4.15 0.32 

(a) Group of unresolved peaks 

6. Conclusion: The results of elemental analysis for carbon and nitrogen were in agree- 
ment with the theoretical values. Karl Fischer analysis indicated 0.07% * 0.00 (61% water. 
Gas chromatography with a 20% SP2100/0.1% Carbowax 1500 column indicated a major 
peak, two impurities before the major peak, and one impurity and one group of unresolved 
impurities after the major peak. The impurities had a combined area of 0.69% relative to the 
major peak area. A second gas chromatographic system with a 10% Carbowax 2OM-TPA 
column indicated a major peak, one impurity after the peak, and two groups of unresolved 
impurities (one before and one after the major peak). The impurities had a combined area of 
1.1% relative to the major peak area. The infrared and nuclear magnetic resonance spectra 
were consistent with the structure of 4-vinylcyclohexene. The ultraviolet/visible spectrum 
varied slightly from that obtained from lot no. 0592777, but the only absorbances observed 
in both are  probably due to impurities; therefore, neither spectrum is believed inconsistent 
with the structure of 4-vinylcyclohexene. 

The compound was identified as 4-vinylcyclohexene by spectroscopy. The material con- 
tained 0.07% .t O.OO(S)% water. Gas chromatography by two systems indicated impurities 
totaling 0.69% and 1.1% relative to the major peak, respectively. The data indicate that this 
batch of 4-vinylcyclohexene is slightly less pure than lot no. C592777. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

II. Chemical Stability Study Performed by the Analytical Chemistry Laboratory 

A. Sample Preparation and Storage: Samples were stored in glass vials with Teflon@-lined 
screw caps for 2 weeks at - 20", 5", 25", and 60°C. 

B. Analytical Method: Samples from each storage temperature were dissolved in chloroform 
containing 0.5% octane as  an internal standard. The samples, analyzed on the gas chroma- 
tographic system described below, were compared with the internal standard peak. The recovery 
of 4-vinylcyclohexene for each sample was compared with the recovery for the - 20" C sample. 

(1) Instrument: Varian 3700 with autoinjector 
(2) Detector: Flame ionization 
(3) Inlet temperature: 200" C 
(4) Detector temperature: 250" C 
(5) Oven temperature: 100" C (isothermal) 
(6) Carrier gas: Nitrogen, 70 ml/min 
(7) Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 1.8 m X 4 mm ID, 
glass 
(8) Sample injected: From each storage temperature solutions (3.5 pl) of 4-vinylcyclohexene 
(0.5%) in chloroform containing 0.5% octane internal standard 
(9) Retention times: 4-Vinylcyclohexene--3.5 min 

Octane (Internal standard)--2.8 min 

C. Results 

Storage Temperature Percent Purity 

-20" c 
5" c 

25" C 
60" C 

100.0 f 0.1 (6) 
100.0 f 0.1 (6) 
99.9 f 0.1 (6) 
99.6 f 0.1 (6) 

D. Conclusion: 4-Vinylcyclohexene is stable as  the bulk chemical when stored for 2 weeks a t  
temperatures of up to 25°C. There may have been slight decomposition in the sample stored for 2 
weeks a t  60" C. 
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APPENDIX H. CHEMICAL CHARACTERIZATION 

III. Chemical Stability Study at the Study Laboratory 

A. Storage Conditions: The reference samples were stored a t  - 20" C and the bulk chemical at 
4"-5" c .  

B. Analytical Method: 

1. Purity Determination: Gas chromatographic analyses were performed by the system 
described below. 

(a) Instrument: Shimadzu GC Mini-2 with C-R1A Chromatopac integrator 
(b) Detector: Flame ionization 
(c) Inlet temperature: 225' C 
(d) Detector temperature: 225" C 
(e) Oven temperature program: 50" C for 5 minutes, then 50"-170° C a t  10" Clminute 
(0 Carrier gas: Nitrogen, 70 ml/min 
(g) Column: 20% SP2100/0.1% Carbowax 1500 on lOOl120 Supelcoport, 
1.8 m X 2.6 mm ID, glass, silanized 
(h) Sample injected: Neat liquid and 1% and 0.5% dilution of study material in methylene 
chloride to quantitate the major peak and check column and detector for overloading 

2. Identity Determination: The infrared absorption spectra of the sample was obtained as 
potassium bromide disks using a Perkin-Elmer 283B. 

C. Results 

1. Purity 

Area of the Major Peak 
Date of (percent total area) Percent 

Analysis Lot No. Bulk (a) Reference (a) Purity (b) 

0 1/07/79 
02/18/80 
06/23/80 
10/03/80 
0211 2/81 
06/09/8 1 

0111 2/82 

09/24/82 

09102ia 1 

051131a2 

C592777 
C592777 
C592777 
C592777 
C592777 
(2592777 
A061181 
A061181 
A061181 
A061181 

98.90 (7) 
99.95 (2) 
99.65 (4) 
99.77 (4) 
99.72 (4) 
99.74 (4) 
99.67 (6) 
99.44 (8) 
99.50 (7) 
99.37 (6) 

-- 
99.88 (3) 
99.65 (4) 
99.75 (4) 
99.71 (4) 
99.73 (4) 

99.43 (8) 
99.50 (8) 
99.39 (6 )  

-- 

-- 
99.92 

100.00 
99.98 
99.99 
99.99 

99.99 
100.00 
100.02 

-- 

(a) Number of impurities is in parenthesis 
(b) Purity of material stored at 5" C relative to reference standard stored at - 20" C. 

2. Identity: All spectra were consistent with the original spectra supplied by the analytical 
laboratory. 

D. Conclusion: No notable degradation of 4-vinylcyclohexene occurred during the studies. 
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APPENDIX I 

PREPARATION AND CHARACTERIZATION 

OF DOSE MIXTURES 
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APPENDIX I. PREPARATION AND CHARACTERIZATION 

I. Studies  Conducted at the Analytical Chemistry Laboratory 

A. Sample Preparat ion a n d  Storage: 4-Vinylcyclohexene was weighed to the nearest 0.001 g 
into a 50-ml volumetric flask and diluted to volume with corn oil with frequent mixing. The 
concentration of 4-vinylcyclohexene was 52.4 mg/ml (5.24% w/v). 

The solution described above was sampled on days 0, 1, 4, 5 ,  6, and 7 in duplicate by weighing 
approximately 1.51-g aliquots to the nearest 0.1 mg into separate 8.5-ml septum vials. The total 
weight of the stock mixture described above was 45.74 g; therefore, the concentration of the 4- 
vinylcyclohexene in the aliquot was 57.3 mglg or 86.52 mg/corn oil aliquot. 

B. Extraction a n d  Analysis: Storage samples were extracted by pipetting 2 ml of a solution of 
n-octane in methanol (40.52 mg/ml) into each septum vial, shaking vigorously in a vortex mixer 
for 1 minute, and then sonicating in an ultrasonic bath for an  additional 30 seconds. The top 
(methanol) layer was sampled by 10-pl syringe and analyzed by the gas chromatographic system 
described below. 

(a) Instrument: Tracor MT-220 
(b) Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport, 
1.8 m X 4 mm ID, glass 
(c) Detection: Flame ionization 
(d) Temperatures: Injector--125" C 

Oven--67" C, isothermal 
Detector--207" C 

(e) Carrier gas: Nitrogen, 25 mVmin 
(f) Retention times: 4-Vinylcyclohexene--9.0 minutes 

Internal standard--7.5 minutes 

C. Quality Control: Analyses were carried out by making duplicate injections of duplicate 
extractions on all sample and recovery determinations. Results were related to an  internal 
standard incorporated in each extract. Recovery studies were conducted with study material a t  
the same concentrations a s  samples. 

D. Results 

Storage Time Average Percent (w/w) Chemical Found in 
[days) ChemicaWehic le  Mixtures (a,b) 

(c) 5.7 f 0.1 
5.6 f 0.1 
5.7 * 0.1 
5.6 f 0.1 
5.6 f 0.1 
5.6 f 0.1 

(a) Corrected for zero-time recovery yield of 32% f 1% 
(b) Target concentration ofchemical in corn oil--5.73% f 0.01% w/w 
(c) Mean k instrumental error 

E. Conclusion 

4-Vinylcyclohexene is stable when dissolved in corn oil a t  a concentration of 5.2% w/v and 
stored a t  room temperature for 7 days. 
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APPENDIX I. PREPARATION AND CHARACTERIZATION 

II. Studies Conducted at the Study Laboratory 

A 23-day stability study was performed to determine the stability of 4-vinylcyclohexene/corn oil 
mixtures a t  room temperature. The amount of 4-vinylcyclohexene in the samples stored for 23 days 
was 94.6%-94.9% that found in the samples analyzed after 3 days (regularly scheduled analysis). 

A. Preparation: 4-Vinylcyclohexene standards were prepared in undosed corn oil to give 
concentrations of 42-140 mg/ml. 

B. Extraction and Analysis: One-milliliter aliquots of the standards and the samples were ex- 
tracted in duplicate in 2 ml methanol containing n-octane (approximately 40 mg/ml) as internal 
standard. The tubes were vortexed for 1 minute followed by sonication for 30 seconds. The con- 
centration of the chemical in the methanol layer was determined by the gas chromatographic sys- 
tem described below. 

(1) Instrument: Shimadzu GC Mini-2 with C-R1A Chromatopac 
(2) Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 mesh Supelcoport, 
1.8 m X 2 mm ID, glass, silanized 
(3) Detection: Flame ionization 
(4) Temperatures: InjectiodDetector: 125" C 

(5) Carrier gas: Nitrogen, 43 mllminute 
(6) Retention times: 4-Vinylcyclohexene--8.5 minutes 

Oven: 67" C isothermal 

Internal standard--6.9 minutes 

C. Results 

Target Concentration Concentration Stabilitv Analysis 100 
Date Date Concentration Found Concentration Original Analysis 

Mixed Analvzed ~rnglrnl~ (mg/ml) Ipercent) 

5/1/81 5/04/81 60.1 60.7 
5/27/81 57.6 

5/1/81 5/04/81 120.1 120.5 
512718 1 114.0 

-- 
94.9 

-_ 
94.6 
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METHODS OF ANALYSIS OF DOSE MIXTURES 
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APPENDIX J. METHODS OF ANALYSIS 

The analytical procedures used by the study and referee laboratories were similar. Both used an  
octane-in-methanol extraction procedure and a gas chromatographic quantitation step. 

I. Study Laboratory 

A. preparation: 4-Vinylcyclohexene standards were prepared in undosed corn oil to give con- 
centrations of 42-140 mg/ml. 

B. Extraction and Analysis: One-milliliter aliquots of the standards and the samples were ex- 
tracted in duplicate in 2 ml methanol containing n-octane (approximately 40 mg/ml) as internal 
standard. The tubes were vortexed for 1 minute followed by sonication for 30 seconds. The con- 
centration of the chemical in the methanol layer was determined by the gas chromatographic sys- 
tem described below. 

(1) Instrument: Shimadzu GC Mini-2 with C-R1A Chromatopac 
(2) Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 mesh Supelcoport, 
1.8 m X 2 mm ID, glass, silanized 

(3) Detection: Flame ionization 
(4) Temperatures: InjectiodDetector: 125' C 

( 5 )  Carrier gas: Nitrogen, 43 ml/minute 
(6) Retention times: 4-Vinylcyclohexene--8.5 minutes 

Oven: 67°C 

Internal standard--6.9 minutes 
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APPENDIX J. METHODS OF ANALYSIS

II. Analytical Chemistry Laboratory

A. Procedure

1. Preparation of Spiked Corn Oil Standards: Two standard solutions of 4-vinyl-
cyclohexene were prepared independently in methanol. These solutions were diluted with
methanol to make a total of six standards. Twenty-milliliter aliquots of the six standard solu-
tions were pipetted into individual 35-ml septum vials containing 2 g of undosed corn oil to
make spiked corn oil samples bracketing the specified dose range. One 35-ml centrifuge bottle
containing 2 g of undosed corn oil was treated with 20 ml of methanol for use as a blank. The
spiked corn oil mixtures and the corn oil blank were sealed and analyzed by the following anal-
ytical procedure.

2. Preparation of Dosed (Referee) Corn Oil Sample: Triplicate weights of the dosed corn
oil sample (approximately 2 g weighed to the nearest 0.001 g) were transferred to individual
35-ml septum vials. Twenty milliliters of methanol was pipetted into each sample; then the
vials were sealed and analyzed by the following procedure.

3. Analysis: Vials containing the samples, standards, and the blank were agitated for 10
seconds on a vortex mixer and then shaken at maximum stroke for 15 minutes on a wrist-
action shaker. After the extraction mixtures were centrifuged for 3 minutes, a 5-ml aliquot of
the methanol layer from each vial was mixed with 5 ml of internal standard solution (isooctane
in methanol, 4.5 mg/ml) and diluted to 25 ml with methanol. The solutions were mixed and
analyzed by the gas chromatographic system described below.

(a) Instrument: Varian 3700 Gas Chromatograph with Autosampler and Varian
CDS 111-C integrator
(b) Column: 20% SP2100/0.1% Carbowax 1500 on 100/120 Supelcoport,
1.8 m X 4 mm ID, glass, silanized
(c) Detection: Flame ionization
(d) Temperatures: Inlet-200° C

Oven-80° C, isothermal
Detector-250° C

(e) Carrier gas: Nitrogen, 30 ml/min
(f) Volume of solution injected: 3 ul

The amount of 4-vinylcyclohexene in the referee corn oil samples was determined from the
linear regression equation computed from the standard data. The regression equation was ob-
tained by dividing the peak area of each spiked corn oil standard by the peak area of the cor-
responding internal standard and relating the quotient to the amount of chemical in that
standard.

B. Quality Assurance Measures

The referee corn oil sample was analyzed in triplicate, and the undosed corn oil sample was
analyzed once. For calibration, six spiked corn oil standards bracketing the specified dose
range of the referee sample were made with two independently prepared standard solutions.
Triplicate injections of each standard and sample were made into the gas chromatograph in a
randomized order. All determinations were related to an internal standard incorporated into
the sample solutions.
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RESULTS OF ANALYSIS OF DOSE MIXTURES 
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APPENDIX K. RESULTS OF ANALYSIS 

I. Thirteen-Week Studies: Dose mixtures were analyzed once during the 13-week studies. The 
high concentration dose mixtures were diluted with corn oil to a range of 15-20 mg/ml before analysis. 
All samples were within k 10% of the target concentrations. 

Target Nominal Concentration Determined 
Concentration of the Diluted Mixture Concentration 

[mg/ml) (.mg/ml) (mg/ml) 

22.5 
45 
90 

180 
360 

15 
30 
60 

120 
240 

22.5 
22.5 
22.5 
18 
18 
15 
15 
15 
15 
15 

23.75 
23.7 
22.8 
18.0 
18.4 
16.2 
16.1 
16.0 
16.5 
16.0 

II. Two-year Studies: Samples of dose mixtures were analyzed weekly initially and then every 
eight mixes. Only two of the analyzed mixtures were out of tolerance during the 2-year studies, one of 
which was remixed (Table Kl) .  It is assumed that the number of remixes required reflects the 
number of mixes out of specification (f 10%) of the target concentrations. The mixes were out of 
specification 6% of the time. The mixes ranged from 82.7% to 110.1% of the 60.1 mg/ml target 
concentration. The high dose mixes ranged from 91.6% to 105.7% of the target concentration. 

Split sample analyses were performed by the study and analytical (referee) laboratories to verify 
analytical procedures. The analyses by both laboratories were within 10% of the target concen- 
trations. The interlaboratory values were within 10% of each other (98.7%-108.5% agreement) 
(Table K2). 

Animal room samples taken after dosing showed good agreement with the corresponding preparation 
room samples--98.7-104.0% (Table K3). 
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TABLE K1. CONCENTRATIONS OF 4-VINYLCYCLOHEXENE IN CORN OIL IN THE TWO-YEAR GAVAGE 
STUDIES (a) 

Date Mixed 
Determined Concentration for Target Concentration of 

60.1 mg/ml 120.1 mg/ml 

11/07/80 
11/14/80 
11/21/80 
11/30/80 
12/05/80 
12/12/80 
0 1/09/8 1 
03/06/81 
05/01/8 1 
0612618 1 
08/20/81 
1011 618 1 
1012018 1 
12/11/8 1 
02/05/82 
04/02/82 
05/28/82 
07/23/82 

60.0 
58.8 
60.0 
61.6 
60.6 
60.6 
57.4 

tb) 66.2 
60.7 
57.4 
61.4 

(c) 49.7 
(d) 58.2 

63.6 
55.9 
57.1 
58.2 
58.4 

111.0 
114.5 
117.4 
118.0 
117.1 
117.8 
110.0 
124.5 
120.5 
113.5 
111.5 
117.5 

126.9 
122.5 
119.5 
117.5 
118.0 

Mean (mg/ml) 
Standard deviation 
Coefficient of variation (percent) 
Range (mg/ml) 
Number of samples 

59.3 117.5 
3.54 4.58 
6.0 3.9 
49.7-66.2 110.0-126.9 
17 17 

(a) Results of duplicate analysis 
(b) Out of tolerance; not remixed. 
(c) Out of tolerance; not used in study. 
(d) Remix. Not included in total. 
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TABLE K2. RESULTS OF REFEREE ANALYSIS IN THE TWO-YEAR GAVAGE STUDIES 
OF 4-VINYLCYCLOHEXENE 

Target 
Concentration 

Date Mixed (mg/ml) 

Determined Concentration 
Study Analytical 

Laboratory Laboratory 

11/07/80 
05/01/81 
1 211 118 1 
05/28/82 
07/23/82 

60.1 
120.1 
60.1 

120.1 
60.1 

60.0 
120.5 
63.6 

117.5 
58.4 

57.2 
117.2 
58.6 

119.0 
56.5 

TABLE K3. ANIMAL ROOM SAMPLE DATA IN THE TWO-YEAR GAVAGE STUDIES OF 
4-VINYLCYCLOHEXENE 

Target Determined Concentration 
Concentration Preparation Animal 

Date Mixed Date Analyzed (a) (mg/ml) Room Room 

06/12/81 06/29/81 120.1 
04/09/82 04/28/82 120.1 

115.5 114 
123.5 128.5 

(a) Date of analysis of animal room sample 
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SENTINEL ANIMAL PROGRAM 
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APPENDIX L. SENTINEL ANIMAL PROGRAM 

I. Methods 

Rodents used in the Carcinogenesis Program of the National Toxicology Program are produced in 
optimally clean facilities to eliminate potential pathogens that may affect study results. The Sentinel 
Animal Program is part of the periodic monitoring of animal health that occurs during the toxicologic 
evaluation of chemical compounds. Under this program, the disease state of the rodents is monitored 
via viral serology on sera from extra (sentinel) animals in the study rooms. These animals are un- 
treated, and these animals and the study animals are both subject to identical environmental condi- 
tions. The sentinel animals come from the same production source and weanling groups a s  the 
animals used for the studies of chemical compounds. 

Fifteen B6C3F1 mice and 15 F344/N rats of each sex are selected a t  the time of randomization and 
allocation of the animals to the various study groups. Five animals of each designated sentinel group 
are killed at 6, 12, and 18 months on study. Data from animals surviving 24 months are collected 
from 5/50 randomly selected vehicle control animals of each sex and species. The blood from each 
animal is collected and clotted, and the serum is separated. The serum is cooled on ice and shipped to 
Microbiological Associates’ Comprehensive Animal Diagnostic Service for determination of the viral 
antibody titers. The following tests are performed: 

Hemagglutination 
Inhibition 

Complement 
Fixation ELISA 

Mice PVM (pneumonia virus of mice) M.Ad. (mouse adenovirus) MHV (mouse 
Reo 3 (reovirus type 3) LCM (lymphocytic hepatitis virus) 

GDVII (Theiler’s Sendai (24 mo) 
encephalomyelitis virus) 

Poly (polyoma virus) 
MVM (minute virus of mice) 
Ectro (infectious ectromelia) 
MHV(6mo) 
Sendai (6,12,18 mo) 

choriomeningitis virus) (12,18,24 mo) 

Rats PVM 
Sendai (6,12,18,24 mo) 
KRV (Kilham rat  virus) 
H-1 (Toolan’s H-1 virus) 

II. Results 

Results are  presented in  Table L1, 
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TABLE LI. MUMNE VIRUS ANTIBODY DETERMINATIONS FOR RATS AND MICE IN THE
TWO-YEAR GAVAGE STUDIES (a) OF 4-VINLYCYCLOHEXENE

No. of
Interval Animals
(months)

RATS

6

12

18 1/9

24

MICE

6

12 5/10

18 4/10

24 3/8
4/10

Positive Serologic
Reaction for

None positive

None positive

RCV

None positive

None positive

MHV

MHV

Sendai
MHV

(a) Blood samples were taken from sentinel animals at 6,12, and 18 months after the start of dosing and from the vehicle control
animals just before they were killed; samples were sent to Microbiological Associates, Inc. (Bethesda, MD) for the Animal
Disease Screening Program.
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APPENDIX M 

INGREDIENTS, NUTRIENT COMPOSITION, AND 

CONTAMINANT LEVELS IN NIH 07 

RAT AND MOUSE RATION 

Pelleted Diet: September 1980 to October 1982 

(Manufactured by Zeigler Bros., Inc., Gardners, PA) 
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TABLE M l .  INGREDIENTS OF NIH 07 RAT AND MOUSE RATION (a) 

Ingredients (b) Percent  by Weight 

Ground #2 yellow shelled corn 
Ground hard winter wheat 
Soybean meal (49% protein) 
Fish meal (60% protein) 
Wheat middlings 
Dried skim milk 
Alfalfa meal (dehydrated, 17% protein) 
Corn gluten meal (60% protein) 
Soy oil 
Brewer’s dried yeast 
Dry molasses 
Dicalcium phosphate 
Ground limestone 
Salt 
Premixes (vitamin and mineral) 

24.50 
23.00 
12.00 
10.00 
10.00 
5.00 
4.00 
3.00 
2.50 
2.00 
1.50 
1.25 
0.50 
0.50 
0.25 

(a) NIH, 1978; NCI, 1976 
(b) Ingredients should be ground to pass through a U.S. Standard Screen No. 16 before being mixed. 

TABLE M2. VITAMINS AND MINERALS IN NIH 07 RAT AND MOUSE RATION (a) 

Amount Source 

Vitamins 

A 5,500,000 IU 
D3 4,600,000 IU 
K3 2.8 g 
d-a-Tocopheryl acetate 20,000 IU 
Choline 560.0 g 
Folic acid 2.2 g 
Niacin 30.0 g 
d-Pantothenic acid 18.0 g 
Riboflavin 3.4 g 
Thiamine 10.0 g 
B12 4,000 pg 
Pyridoxine 1.7 g 
Biotin 140.0 mg 

Minerals 

Iron 
Manganese 
Zinc 
Copper 
Iodine 
Cobalt 

120.0 g 
60.0 g 
16.0 g 
4.0 g 
1.4 g 
0.4 g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione activity 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrochloride 
d-Biotin 

Iron sulfate 
Manganous oxide 
Zinc oxide 
Copper sulfate 
Calcium iodate 
Cobalt carbonate 

(a) Per ton (2,000 lb) of finished product 
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TABLE M3. NUTRIENT COMPOSITION OF NIH 07 RAT AND MOUSE RATION (a) 

Nutrient Mean f Standard Range Number of Samples 
Deviation 

Crude protein (percentby weight) 
Crude fat (percent by weight) 
Crude fiber (percent by weight) 
Ash (percent by weight) 

23.91 f 0.79 
4.99 f. 0.43 
3.32 * 0.23 
6.49 k 0.47 

Essential Amino Acids (percent of total diet) 

Arginine 
Cystine 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanin 
Threonine 
Tryptophan 
Tyrosine 
Valine 

Essential Fatty Acids (percent of total diet) 

Linoleic 
Linolenic 
Arachidonic 

Vitamins 

Vitamin A (IUkg) 
Vitamin D (IUkg) 
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm) 
Folic acid (ppm) 
Biotin (ppm) 
Vitamin B,, (ppb) 
Choline (ppm) 

Minerals 

Calcium (percent) 
Phosphorus (percent) 
Potassium (percent) 
Chloride (percent) 
Sodium (percent) 
Magnesium (percent) 
Sulfur (percent) 
Iron (ppm) 
Manganese (ppm) 
Zinc (ppm) 
Copper (ppm) 
Iodine (ppm) 
Chromium (ppm) 
Cobalt (ppm) 

1.260 
0.395 
1.175 
0.553 
0.908 
1.905 
1.250 
0.3 10 
0.967 
0.834 
0.175 
0.587 
1.085 

2.37 
0.308 
0.008 

10.920 f 1,824 
6,300 
37.6 

17.2 f 1.8 
6.9 
75 

30.2 
7.2 
2.1 

0.24 
12.8 

3,315 

1.28 f 0.18 
0.99 f 0.06 

0.809 
0.557 
0.304 
0.172 
0.278 
418 
90.8 
55.1 
12.68 
2.58 
1.86 
0.57 

22.7-25.3 
4.2-5.7 
2.9-3.8 

5.7-7.43 

1.21-1.3 1 
0.39-0.40 
1.15-1.20 

0.530-0.576 
0.881-0.934 

1.85-1.96 
1.20- 1.30 

0.306-0.314 
0.960-0.974 
0.827-0.840 
0.171 -0.178 
0.566-0.607 

1.05-1.12 

8,300-15,000 

3 1.1-44.0 
14.0-2 1.0 
6.1-7.4 
65-85 

29.8-30.5 
5.6-8.8 
1.8-2.4 

0.21-0.27 

3,200-3,430 
10.6- 15.0 

1.08-1.69 
0.88-1.10 

0.772-0.846 
0.479-0.635 
0.258-0.349 
0.166-0.177 
0.270-0.285 

409-426 
86.0-95.5 
54.2-56.0 

9.65-15.70 
1.52-3.64 
1.79-1.93 
0.49-0.65 

24 
24 
24 
24 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 

24 
1 
2 

(b) 23 
2 
2 
2 
2 
2 
2 
2 
2 

24 
24 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

(a) One or two batches of feed analyzed for nutrients reported in this table were manufactured in January and/or April 1983. 
(b) One batch (7/!22/81) was not analyzed for thiamine. 
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TABLE M4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION 

Contaminant 

~~ ~~ 

Mean ? Standard 
Deviation Range Number of Samples 

Arsenic (ppm) 
Cadmium (ppm) (a) 
Lead (ppm) 
Mercury (ppm) (a) 
Selenium (ppm) 

Aflatoxins (ppb) (a,b) 

Nitrate nitrogen (ppm) (c) 
Nitrite nitrogen (ppm) (d) 
BHA (ppm) (d,e) 
BHT (ppm) (d) 

Aerobic plate count (CFUlg) 
Coliform (MPN/g) (0 
Coliform (MPN/g) (g) 
E. Coli (MPN/g) (h) 

Total nitrosamines (ppb) ( i i )  
Total nitrosamines (ppb) (i,k) 
N-Nitrosodimethylamine (ppb) (i j) 
N-Nitrosodimethylamine (ppb) (i,k) 
N-Nitrosopyrrolidine (ppb) 

Pesticides (ppm) 

a-BHC (a.1) 
B-BHC (a) 
y-BHC-Lindane (a)  
8-BHC (a) 
Heptachlor (a) 
Aldrin (a) 
Heptachlor epoxide (a)  
DDE (a) 
DDD (a) 
DDT (a) 
HCB (a) 
Mirex (a) 
Methoxychlor (a ,  m) 
Dieldrin (a) 
Endrin (a) 
Telodrin (a) 
Chlordane (a) 
Toxaphene (a) 
Estimated PCB’s (a) 
Ronnel (a) 
Ethion (a) 
Trithion (a) 
Diazinon (a,m) 
Methyl parathion (a) 
Ethyl parathion (a) 
Malathion (n) 
Endosulfan I (a) 
Endorulfan II (a) 
Endorulfan sulfate (a) 

4-Vinylcyclohexene, NTP TR 303 

0.44 f 0.19 
c 0.10 

1.00 f 0.73 
< 0.05 

0.31 f 0.07 

< 10 

8.70 f 3.67 
2.20 f 1.59 
6.02 f 4.57 
3.03 f 1.82 

35,950 ?r 27,857 
27.4 f 52.6 

90.0 f 237.9 
c 3  

6.48 f 5.82 
28.76 f 64.88 
5.24 k 5.66 

27.29 f 64.45 
1.23 f 0.79 

co.01 
<0.02 
<0.01 
<0.01 
co.01 
CO.01 
<0.01 
<0.01 
<0.01 
<0.01 
co.01 
<0.01 
C0.05 
<0.01 
<0.01 
<0.01 
<0.05 
<0.1 
<0.2 
<0.01 
c0.02 
eo.05 
CO.1 
e0.02 
<0.02 

0.09 f 0.06 
c 0.0 1 
<0.01 
C0.03 

186 

<0.05-1.06 

0.42-3.37 

0.14-0.52 

< 5.0-< 10.0 

2.1-17.0 
0.4-6.9 

C0.5-16.0 
0.8-7.0 

4,900-88,000 
<3-240 

<3-1 .lo0 

C 0.8- 18.5 
C 0.8-273.2 
<0.8- 16.5 
<0.8-272 
CO.3-3.5 

0.09 (8/26/81) 

0.2 (4/27/81) 

40.05-0.27 

24 
24 
24 

24 

24 

24 
24 
24 
24 

24 
22 
24 
24 

21 
24 
21 
24 
24 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 



TABLE M4. CONTAMINANT LEVELS IN NIH 07 RAT AND MOUSE RATION (Continued) 

(a )  All values were less than the detection limit, given in the table as the mean. 
(b) Detection limit reduced from 10 ppb to 5 ppb after 7/81 
(c) Source ofcontamination: alfalfa, grains, and fish meal 
(d) Source of contamination: soy oil and fish meal 
(e) Two batches contained less than 0.5 ppm. 
(0 Excludes one very high value of 1,100 obtained in the batch produced on 12/16/80, and one high value of 460 obtained in the 
batch produced on 9/23/82. 
( g )  Includes the high values listed in footnote (0 
(h) All values were less than 3 MPNIg (MPN=most probable number). 
(i) All values were corrected for percent recovery. 
Cj) Mean, standard deviation, and range exclude three very high values in the range of 115-273.2 ppb in batches produced on 
1/26/81,2/23/81,and 4/27/81. 
(k) Mean, standard deviation, and range include the very high values given in footnote cj) .  
(1) BHC = hexachlorocyclohexane or benzene hexachloride 
(m) There was one observation above the detection limit; the value and the date it was obtained are given under the range. 
(n) Ten batches contained more than 0.05 ppm. 
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APPENDIX N. DATA AUDIT SUMMARY 

An audit was conducted on the archival data and pathology materials for the 2-year toxicology and 
carcinogenesis studies of 4-vinylcyclohexene in rats and mice. These studies were performed a t  
Litton Bionetics, Inc., Kensington, Maryland, under a subcontract with Tracor Jitco, Inc., from the 
National Cancer Institute. The studies were conducted from November 1980 to November 1982 and 
were begun before the requirement of compliance to Good Laboratory Practice standards was ini- 
tiated by the NTP in October 1981. The audit was conducted at the NTP Archives, Rockville, Mary- 
land, by the following personnel from Dynamac Corporation: Chris Dippel, M.Phi1.; Floris Garner, 
D.V.M.; James Konz, MS. ;  James Plautz, M.S.; Ronald Ramsey, B.S.; Ronald Schueler, D.V.M.; 
Christine Sexsmith, B.S.; and Paul Wennerberg, D.V.M. The full audit report is on file a t  the 
National Toxicology Program, Research Triangle Park, North Carolina. 

The audit consisted of an  indepth review of the data and pathology materials collected during the con- 
duct of the studies as well a s  a review of the correspondence (e.g., protocol and amendments) and 
short-term studies. For the inlife toxicology data, all records on animal receipt and husbandry, mor- 
tality, environmental conditions, sentinel animals, and dosing were examined. Body weight and 
clinical observation data for 10% of the animals were examined. Review of the inlife toxicology data 
identified no outstanding problems that would adversely affect the interpretation of the results of the 
studies. High mortality was noted and reported for the high dose male animals of both species and for 
the high dose female rats. No explanation or contributing factor for this mortality was found in the 
inlife data. Several minor discrepancies were noted in the records of clinical observations and mor- 
tality. In the clinical observation data, eight rats and six mice had inguinal or abdominal masses less 
than 1 cm in size which were recorded in the inlife data but not found a t  necropsy. It is possible these 
masses were structures, such as  swollen lymph nodes or preputial glands, which would not be ex- 
pected to be seen a t  necropsy; review of the wet tissues for these animals found no corresponding tis- 
sue masses. In the mortality records, several animals were lacking disposition coding (i.e., whether 
found dead or killed in a moribund condition) and two instances of misidentification were found. 

In the review of the chemistry portion of the studies, all of the records were examined pertaining to 
receipt and use of the study chemical, analysis of the bulk chemical and dose solutions by the contract 
laboratory, and characterization of the bulk chemical and analysis of the dose solutions by the 
reference laboratory. A complete review of the available analytical chemistry raw data showed no 
problems that would compromise the conclusions of the studies. The only deficiency in the data was 
the lack of a chemical-use log, but the dose formulation and chemicalhehicle analysis records sub- 
stantiated that sufficient bulk chemical was available for use during the studies. 

The audit of the pathology materials included review of all Individual Animal Data Records (IADRs) 
for correlation between gross and microscopic diagnoses and clerical errors, examination of the wet 
tissues of 10% of the animals for unidentified lesions and correct identification, correlation of slides 
and tissue blocks for six of eight sex groups, and verification of the reported pathology on a 10% 
sample of the animals. No significant problems or discrepancies were found in the review of the 
pathology records and materials. Minor discrepancies were found but were determined not to affect 
the interpretation of the results of the studies. A number of gross observations did not have cor- 
responding microscopic diagnoses, and liver nodules or masses were found in a vehicle control male 
and low dose female mouse (one in each). Although high mortality occurred in both species, no con- 
sistent pathologic changes were found in these animals which identified a cause of death. The inci- 
dence of suspected or probable gavage death was greatest in the high dose male rats (8/50). Several 
errors were found in the designation of tissues examined in the final pathology tables. 

Overall, the audit identified no substantive problems that would have a n  adverse effect on the 
studies. Although some problems and discrepancies were identified as  discussed in the audit report, 
these were adequately resolved or were determined not to have affected the outcome of the studies. In 
conclusion, the data examined in this audit are considered adequate to meet the objectives of the 
studies. 
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