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FOREWORD 

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of 
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health; 
the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health; the 
National Center for Toxicological Research (NCTR), Food and Drug Administration; and the National 
Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control. In July 1981, the 
Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP coordinates the 
relevant programs, staff, and resources from these Public Health Service agencies relating to basic and 
applied research and to biological assay development and validation. 

The NTPdevelops, evaluates, and disseminates scientific information about potentially toxic and hazardous 
chemicals. This knowledge is used for protecting the health of the American people and for the primary 
prevention of disease. 

The studies described in this Technical Report were performed under the direction of the NIEHS and 
were conducted in compliance with NTP laboratory health and safety requirements and must meet or 
exceed all applicable federal, state, and local health and safety regulations. Animal care and use were in 
accordance with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic 
and chronic studies were conducted in compliance with Food and Drug Administration (FDA) Good 
Laboratory Practice Regulations, and all aspects of the chronic studies were subjected to retrospective 
quality assurance audits before being presented for public review. 

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including 
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice). 
Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of 
human exposure, level of production, and chemical structure. Selection p e r  se is not an indicator of a 
chemical's carcinogenic potential. 

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 while supplies last from NTP Central Data 
Management, NIEHS~ P.O. Box 12233, MD A0-01, Research Triangle Park, NC 27709 (919-541-1371). 

. .  
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3~4-DIIIHI~rD~GCGUI~AII~dIN 

CAS No. 119-84-6 

Chemical Formula: CgHaO z Molecular Weight: 148.17 

Synonyms: 1,2-benzodihydropyrone, 2H-l-benzopyran-2-one, 2-chromanone, 3,4-dihydro-2H-l-benzopyran-2-one, dihydrrocoumarin, 
hydrocoumarin, o-hydroxycinnamic acid, delta-lactone-hydrocinnamic acid, melilotin, melilotine, melilotol, 2-oxochroman 

3,4-Dihydrocoumarin was nominated by the Food and 
Drug Administration and the National Cancer 
Institute for study because of its widespread use as a 
flavoring agent in beverages, gelatins, puddings, 
candy, and other food items; as a fragrance in per- 
fumes, creams, and cosmetics; and because of interest 
in the structure-activity relationships of the coumarin 
derivatives. 

Toxicity and carcinogenicity studies were conducted 
by administering 3,4-dihydrocoumarin (99% pure) in 
corn oil by ravage to groups of male and female 
F344/N rats and B6C3F 1 mice for 16 days, 13 weeks, 
and 2 years. Genetic toxicology studies were con- 
ducted in Salmonella typhimurium, cultured Chineese 
hamster ovary cells, and peripheral blood cells of 
mice. 

 6oDg'  
Groups of five male and five female rats received 
3,4-dihydrocoumarin in corn oil by ravage at doses of 
0, 190, 375, 750, 1,500, or 3,0t30 mg/kg body weight 
5 days per week for a total of 12 doses in a 16-day 
period. All male and female rats given 3,000 mg/kg, 
and four male rats and five female rats given 
1,5@ mg/kg died. Body weight gains and final mean 
body weights of rats receiving 190, 375, or 750 mg/kg 
were similar to those of the controls. There were no 
clinical findings of organ-specific toxicity or evidence 
of impaired blood coagulation. 

 6-DA'  
Groups of five male and five female mice received 
3,4-dihydrocoumarin in corn oil by gavage at doses of 
0, 1~0, 280, 560, 1,125, or 2,250 mg/kg body weight 
5 days per week for a total of 12 doses in a 16-day 
period. All mice given 2,250 mg/kg died. Body 
weight gains and final mean body weights of mice 
receiving 140, 280, 560, and 1,125 mg/kg were similar 
to those of the controls. There were no clinical 
findings of organ-specific toxicity or evidence of 
impaired blood coagulation. 

~.~o~r~EE~K ~TUDY IIN ]I~ATS 
Groups of 10 male and 10 female rats received 
3,4-dihydrocoumarin in corn oil by garage at doses of 
0, 75, 150, 3@, 6@, or 1,2@ mg/kg body weight 
5 days per week for 13 weeks. Two male rats and 
five female rats given 1,2@ mg/kg died. The body 
weight gain and final mean body weight of male rats 
that received 1,2@ mg/kg were significantly lower 
than those of the controls, but the final mean body 
weights of other dosed groups of male rats and all 
dosed groups of female rats were similar to or slightly 
greater than those of the controls. Platelet counts 
were significantly lower in males and females receiv- 
ing 6@ and 1,200 mg/~g and in females receiving 
3@ mg/kg. Hemoglobin and hematocrit values and 
erythrocyte counts were significantly lower in males 
that received 300 mg/kg or more. The absolute and 
relative liver and kidney weights of males and females 
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receiving 600 and 1,200 mg/kg were significantly 
greater than those of the controls. Hepatocellular 
hypertrophy was observed in rats given 300, 600, and 
1,200 mg/kg. The high dose selected for the 2-year 
study was 600 mg/kg, which was below the level at 
which mortality, lower final mean body weights, and 
treatment-related liver lesions were observed. 

1 3 - W E E K  STUDY IN M I C E  
Groups of 10 male and 10 female mice received 
3,4-dihydrocoumarin in corn oil by gavage at doses of 
0, 100, 200, 400, 800, or 1,600 mg/kg body weight 
5 days per week for 13 weeks. Eight male and five 
female-mice receiving 1,600 mg/kg died. Deaths in 
other groups were attributed to dosing accidents. 
Final mean body weights of dosed male and female 
mice were similar to those of the controls, and there 
were no treatment-related changes in any hemato- 
logic parameters. The absolute and relativeliver 
weights of males and females that received 
1,600 mg/kg and the relative kidney weight of males 
that received 1,600 mg/kg were significantly greater 
than those of the controls. No treatment-related 
lesions were noted. The high dose selected for the 
2-year study was 600 mg/kg, which was below the 
level at which mortality, lower final mean body 
weights, and treatment-related liver lesions were 
observed. 

2 - Y E A R  STUDY IN RATS 
Groups of 60 male and 60 female rats received 
3,4-dihydrocoumarin in corn oil by gavage at doses of 
0, 150, 300, or 600 mg/kg body weight. After 
15 months, up to 10 animals from each group were 
evaluated. .. ...... 

Survival, Body Weights, anil Clinical Findings 
Survival rates of dosed male rats were lower than that 
of the controls (0 mg/kg, 28/51; I50 mg/kg, 12/50; 
300 mg/kg, 8/50; 600 mg/kg, 2/50) but survival rates of 
dosed female rats were similar to that of the controls 
(31/50, 21/51, 26/50, 23/51). The decreased survival in 
dosed male rats was attributed to a chemical-related 
increase in the severity of nephropathy. The final 
mean body weight of male rats receiving 600 mg/kg 
was lower than that of the controls, but the final 
mean body weights of other dosed groups of male 
rats and all dosed groups of female rats were similar 
to those of the controls. No clinical findings related 
to chemical administration were observed. 

Hematology and Clinical Chemistry . 
At the 15-month interim evaluation, the hemoglobin 
concentrations, mean e~ythrocyte volumes, or mean 
erythrocyte hemoglobin concentrations in the 300 and 
600 mg/kg female rats were slightly, but significantly, 
lower than those of the controls. In males, only the 
hemoglobin concentration in the 600 mg/kg group 
was significantly lower. Serum levels of alkaline 
phosphatase, alanine aminotransferase, sorbitol 
dehydrogenase, or ¥-glutamyltransferase in the 300 
and 600 mg/kg male rats were significantly higher 
than those in the controls. In females,.alkaline phos- 
phatase and ¥-glutamyltransferase levels were signif- 
icantly higher,in the 600 mg/kg group. 

Pathology Findings 
The principal lesions associated with the admin- 
istration of 3,4-dihydrocoumarin to rats occurred in 
the kidney and forestomach. There was a chemical- 
related increase in the severity of nephropathy in all 
dosed male rats and in 300 and 600 mg/kg female 
rats. There was a corresponding increased incidence 
of parathyroid gland hyperplasia, probably as a result 
of compromised renal function. In the standard 
evaluation o f  single kidney Sections, renal tubule 
adenomas wer.e observed, in one 150 and two 
600..mg/kg males and ,one each in the contr61, !50, 
and 300 mg/kg females. Transitional cell carcinomas 
were also observed in two 600 mg/kg male rats. 
However, an extended evaluation of step sections 
identified significantly higher incidences of focal 
hyperplasia and adenoma .in the 600 mg/kg males 
than in controls (hyperplasia: 0/50, 5/48, 6/47, 8/50; 
adenoma: 1/50, 1/48, 3/47, 6/50). " 

The inciden.ce of forestomach ulcers in all groups of 
dos~xl m~ile rats was significantly greater than that of 
the controls (4/47, 14/48, 20/50, 16/46).. 

. 

S T O P - E X P O S U R E  EVALUATION ' 
A group of 40 male rats received 600 mg/kg 3,4-dihy- 
drocoumarin in corn oil by gavage for. 9 months, 
when 20 of the animals Were necropsied and  
evaluated. The remainder of the male rats received 
only the corn oil vehicle until they died or until the 
end of the study. Similarly, a group of 30 male rats 
received 600 mg/kg 3,4-dihydrocoumarin in corn oil 
by gavage for !5  months, when ~0 of the rats were 
necropsied and evaluated. The remaining 20 rats 
received only corn oil until the end of the study. A 
group of 20 vehicle control male rats was necropsied 
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at 9 months, and another 10 vehicle control male rats 
were necropsied at 15 months. 

The severity of nephropathy in male rats of the 
stop-exposure groups was significantly greater than 
that of males examined at the 9- and 15-month 
interim evaluations. This was expected because 
nephropathy is a progressive degenerative disease 
that naturally increases in severity with age. 

2 - ~ A ~  ~'rzr~v ~N IV~CE 
Groups of 70 male and 70 female mice received 
3,4-dihydrocoumarin in corn oil by gavage at doses of 
0, 200, 400, or 800 mg/kg body weight. After 
15 months, five to 10 animals from each group were 
evaluated. Additional groups of 8 to 10 animals were 
evaluated for clinical pathology after 15 months. 

S~ ,e2 ,  ~¢dy Weights, a~d C~inlcM Findings 
Survival rates of dosed male and female mice were 
similar to those of the controls (males: 0 mg/kg, 
42/50; 200 mg/kg, 39/51; 400 mg/kg, 34/51; 800 mg/kg, 
38/50; females: 36/51, 39/50, 41/50, 28/52). Final 
mean body weights of dosed male and female mice 
were similar to those of the controls. No clinical 
findings were noted that were related to chemical 
administration. 

Yffemat~k~gy and Clinical Chemistry 
There were no differences in hematology or clinical 
chemistry parameters that were considered to be 
chemical related. 

P~w~ Findings 
The principal neoplasms associated with the admin- 
istration of 3,4-dihydrocoumarin to mice.occurred in 
the liver. There were significantly increased inci- 
dences of hepatocellular adenomas in all groups of 
dosed female mice. Further, the incidences of 
multiple hepatocellular adenomas in dosed female 
mice were greater than that of the controls (control, 
0/51; 200 mg/kg, 6/50; 400 mg/kg, 9/50; 800 mg/kg, 
9/52). However, there was no corresponding 
increased incidence of hepatocellular carcinoma in 
dosed female mice (3/51, 2/50, 4/50, 6/52), and the 
incidences of hepatocellular adenoma or carcinoma 
were similar between dosed and control male groups 
(adenoma: 29/50, 23/51, 36/51, 31/50; carcinoma: 
11/50, 11/51, 11/51, 6/50). 

The incidence of alveolar/bronchiolar adenoma in the 
200 and 400 mg/kg male mice was marginally greater 
than that of the controls (8/50, 15/50, 15/51, 10/50). 
However, these neoplasms were not considered 
chemical related because the increased incidence was 
slight and there was no corresponding increased 
incidence in the 800 mg/kg group. The incidence of 
alveolar/bronchiolar neoplasms in female mice was 
similar between the dosed and control groups 
(adenoma: 2/51, 5/50, 1/48, 3/51; carcinoma: 0/51, 
1/50, 0/48, 0/51). 

In the standard evaluation of single sections of 
kidney, focal hyperplasia and adenoma or carcinoma 
of the renal tubule were identified in several dosed 
male mice, but not in controls [adenoma or carci- 
noma (ccombined): 0/50, 1/51, 2/51, 1/49; hyperplasia: 
2/50, 2/51, 5/51, 2/49]. In an extended evaluation of 
step sections, a few additional males with focal 
hyperplasia or renal tubule adenomas were identified 
in the dosed groups. However, the incidences of 
these lesions in dosed groups of male mice were not 
significantly greater than those of the controls, and 
did not increase with dose (hyperplasia: 0/50, 1/51, 
3/51, 1/49; renal tubule adenoma: 0/50, 0/51, 2/51, 
1/49). Therefore, the low number of renal tubule 
neoplasms in male mice was not considered to be 
chemical related. 

GENE'EIC ~ O ~ I C O L ~ G ' Y  
3,4-Dihydrocoumarin did not induce gene mutations 
in Salmonella typhimurium strains TA98, TA100, 
TA1535, or TA1537 with or without exogenous meta- 
bolic activation ($9). It induced sister chromatid 
exchanges but not chromosomal aberrations in 
cultured Chinese hamster ovary cells, with and 
without $9. No induction of micronuclei was noted 
in peripheral blood erythrocyte samples obtained 
from male and female B6C3F 1 mice at the end of the 
13-week toxicology study. 

CONCLUS~ONS 
Under the conditions of these 2-year gavage studies, 
there was some evidence of carcinogenic activity* of 
3,4-dihydrocoumarin in male F344/N rats based on 
increased incidences of renal tubule adenomas and 
focal hyperplasia. The transitional cell carcinomas in 
two 600 mg/kg males may also have been chemical 
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related. There  was no evidence of  carcinogenic activity 
of  3,4-dihydrocoumarin in female F344/N rats 
receiving 150, 300, or  600 mg/kg. There  was no 
evidence of  carcinogenic activity of  3,4-dihydro- 
coumarin in male B6C3F1 mice receiving 200, 400, or  
800 mg/kg. There  was some evidence of  carcinogenic 
activity in female B6C3F 1 mice based on increased 

incidences of  hepatocellular adenoma and hepato- 
cellular adenoma or carcinoma (combined). 

3,4-Dihydrocoumarin caused ulcers, hyperplasia, and 
inflammation of  the fore.stomach, parathyroid gland 
hyperplasia, and increased severity of  nephropathy in 
male rats. 

* Explanation of Levels of Evidence of Carcinogenic Activity appears on page 10. A summary of Technical Reports Review 
Subcommittee comments and public discussion on this Technical Report appears on page 12. 
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S~n~ary  o~' the ~-Year Carc~n~enes~s an~ Genetic To~co~o~, Stu~es o~ 3,~-D~hy~rocoumar~n 

Male Female  Male  Female  
F3~,~/N ~,ats F3,~/N ~ a t s  B6C3F t Micce B6C3F t Mice 

Doses 
0, 150, 300, or 600 mg/kg in 
corn oil by gavage 

~¢~:ly weights 
High-dose group lower than 
controls 

2-Year survivaB ra~as 
28/51, 12/50, 8/50, 2/50 

Nonneoplas~ic e~ects  
Forestomach: ulcer (4/47, None 
14/48, 20/50, 16/46); 
hyperplasia (3/47, 11148, 
14/50, 11/46); inflammation 
(3/47, 8/48, 15/50, 8/46) 
Parathyroid gland: 
hyperplasia (0/47, 15/41, 
26/48, 19/41) 
Kidney: renal tubule 
hyperplasia - single sections 
(0/50, 3/48, 0/47, 3/50); step 
sections (O/50, 3/48, 6/47, 
6/50); nephropathy severity 
grades (2.2, 2.9, 3.2, 3.2) 

Neoplastic e~Tects 
Kidney: renal tubule None 
adenoma - single sections 
(0/50, 1/48, 0/47, 2/50); step 
sections (1/50, 0/48, 3/47, 
5/50) 

0, 150, 300, or 600 mg/kg in 
corn oil by gavage 

O, 200, 400, or 800 mglkg in 
corn oil by gavage 

0, 200, 400, or 800 mg/kg in 
corn oil by gavage 

Uncertain findings 
Kidney: transitional cell None 
carcinoma (0/50, 0/48, 0/47, 
2/50) 

Level of  evidence of  carcinogenic activity 
Some evidence No evidence 

Gene~ic toxicoBogy 
Salmonella typhimurium gene mutation: 

Sister chromatid exchanges 
Chinese hamster ovary cells/n vitro: 

Chromosomal aberrations 
Chinese hamster ovary cells/n vitro: 

Micronucleated erythrocytes 
B6C3F 1 mouse peripheral blood: 

Dosed groups similar to Dosed groups similar to Dosed groups similar to 
controls controls controls 

31/50, 21/51, 26/50, 23/51 42/50, 39/51, 34151, 38150 36/51, 39/50, 41/50, 28/52 

None None 

None Liver: hepatocellular 
adenoma (10/51, 20/50, 
22/50, 20/52); hepatocellular 
adenoma or carcinoma 
(combined) (13/51, 21/50, 
25/50, 24/52) 

None None 

No evidence Some evidence 

Negative with and without $9 in strains TA98, TA100, TA1535, and 
TA1537 

Positive without $9; weakly positive with $9 

Negative with and without $9 

Negative at 13 weeks 
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY 

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

Five categories of evidence of carcinogenic activity are used in the Technical Report  series to summarize the strength of  the evidence 
observed in each experiment: two categories for positive results ( d e a r  evidence and some evidence); one category for uncertain 
findings (equivocal evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be 
evaluated because of  major flaws (inadequate study). These categories of  interpretative conclusions were first adopted in June 1983 
and then revised in March 1986 for use in the Technical Report  series to incorporate more specifically the concept of  actual weight of  
evidence of  carcinogenic activity. For  each separate experiment (male rats, female rats, male mice, female mice), one of  the following 
free categories is selected to describe the findings. These categories refer to the strength of  the experimental evidence and not to 
potency or  mechanism. 

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

• Some evidence of  carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related 
increased incidence of  neoplasms (malignant, benign, or combined) in which the strength of the response is less than 
that required for clear evidence. 

• Equivocal evidence of  carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal 
increase of  neoplasms that may be chemical related. 

• No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemi~l-re la ted .. 
increases in malignant or benign neoplasms. 

• Inadequate sludy of carcinogenic activity is demonstrated by studies that, because of  major qualitative or  quantitative 
limitations, cannot be interpreted as valid for showing either the presence or  absence of carcinogenic activity. 

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

• adequacy of  the experimental design and conduct; .  . 
• 

• occurrence of common versus uncommon neoplasia; 
• progression (or lack thereof) from benign to malignant neopiasia as well as from preneoplastic to neoplastic lesions; 
• some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, 

it is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent 
course is to assume that benign neoplasms of those types have the potential to become malignant; 

• combining benign and m~alignant ~umor incidence known or  thought to represent stages of  progression in the same 
organ or  tissuei . . . . . . . . .  

• latency in tumor induction; 
• multiplicity in site-specific neoplasia; 
• metastases; 
• supporting information from proliferative lesions (hyperplasia) in the same site of  neoplasia or  in other  experiments 

(same lesion in another sex or species); 
• presence or  absence of  dose relationships; 
• statistical significance of the observed tumor increase; 
• concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasmi 
• survival-adjusted analyses and false positive or  false negative concerns; 
• structure-activity correlations; and 
• in some cases, genetic toxicology. 
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The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on 3,4-dihydrocoumarin 
on June 23, 1992, are listed below. Subcommittee members serve as independent scientists, not as representatives of any institution, 
company, or governmental agency. In this capacity, subcommittee members have l'we major responsibilities in reviewing NTP studies: 

* to ascertain that all relevant literature data have teen adequately cited and interpreted, 
o to determine if the design and conditions of the NTP studies were appropriate, 
o to ensure that the Technical Report presents the experimental results and conclusions fully and dearly, 
o to judge the significance of the experimental results by scientific criteria, and 
o to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses. 
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S U M M A R Y  O F  T E C H N I C A L  R E P O R T S  R E V I E W  S U B C O M M I T T E E  C O M M E N T S  

On June 23, 1992, the draft Technical Report on the 
toxicology and carcinogenesis studies of 3,4-dihydro- 
coumarin received public review by the National 
Toxicology Program Board of Scientific Counselors 
Technical Reports Review Subcommittee. The 
review meeting was held at the National Institute of 
Environmental Health Sciences, Research Triangle 
Park, NC. 

Dr. J.K. Dunnick, NIEHS, introduced the toxicology 
and carcinogenesis studies of 3,4-dihydrocoumarin by 
discussing the uses and rationale for the study, 
describing the experimental design including the addi- 
tional 2-year stop-exposure evaluation in rats, 
reporting on survival and body weight effects, and 
commenting on compound-related-neoplasms and 
nonneoplastic lesions in rats and mice. She noted 
that additional step-sections of the kidney of male 
and female rats and male mice were examined. 

The proposed conclusions were some evidence of 
carcinogenic activity of 3,4-dihydrocoumarin in male 
F344/N rats, no evidence of Carcinogenic activity in 
female F344/N rats, no evidence of carcinogenic 
activity in maleB6C3F 1 mice, and some evidence of 
carcinogenic activity in female B6C3F1 mice. 

' . - 

DL Dunnick presented a brief comparison of the 
toxic effects of coumarin and 3,4-dihydrocoumarin in 
2-year studies. She noted that: (1) coumarin and 
3,4-dihydr0coumarin caused increases in nephropathy 
and kidney neoplasms in male rats; (2) coumarin, but 
not 3,4-dihydrocoumarin, caused liver toxicity in rats 
and mice; (3) coumarin and 3,4-dihydrocoumarin 
caused treatment:related hepatoCellular neoplasms in 

female mice; and (4)  SignifiCant treatment-related 
" lungles!ons were observed ~fter coumarin treatment, 
~but not after treatment'with 3;4-dihydrocoumarin. 

Dr. Davidson, a principal reviewer, agreed with the 
proposed conclusions. She asked about the appor- 
tionment of the additional controls used for the stop- 
exposure evaluation. (All additional controls were 
sacrificed at the 9- and 15-month evaluations.) 

Dr~ Hayden, the second principal reviewer, agreed 
with the proposed conclusions. He thought the mice 
might have been able to tolerate higher doses. He 
asked if there was an explanation for the significant 
reduction in cholinesterase values in male and female 
rats. Dr. Dunnick said there was not an apparent 
biological explanation for these reductions. 

Dr. Bailey, the third principal reviewer, agreed with 
the proposed conclusions. He also thought that male 
and female mice might have tolerated higher doses. 
Dr. Dunnick said there was treatment-related mortal- 
ity at 1,600 mg/kg in the 13-week study mice but not 
at 800 mg/kg,, which was the rationale for selecting 
the high dose. .. 

Dr. Zeise noted the occurrence of rare neoplasms, 
~hepatoblastomas, in male mice, .and asked forcom- 
ment~ Dr. S.L. Eustis; NIEHS, explained .that hepa- 
toblastomas are hepatocellular carcinomas with a 
clonal proliferation o f  cells which are similar to 
embryonic hepatoblasts and should not be considered 
separately from carcinomas. 

Dr. Hayden moved that t he  Technical"Report on 
3,4-dihydrocoumarin be accepted with: the revisions 
discussed and with the conclusions as written for 
male rats and female mice, some evidence of carcino- 
genic activity,' and for female rafs and male mice, no 
evidence of carcinogenic activity. Dr. B~iile~ Seconded 
the motion, which was accepted unanimously with 
eight votes. " " 

. 

, .  
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3~4-DIHYD~OCOUI~IL49dIN 

CAS No. 119-8~-6 

Chemical Formula: C9H802 Molecular Weight: 148.17 

Sy~moayms: 1,2-benzodihydropyrone, 2H-l-benzopyran-2-one, 2-chromanone, 3,4.dihydro-2H-l-benzopyran-2-one, dihydrocoumarin, 
hydrocoumarin, o-hydroxTcinnamic acid, delta-lactone-hydrocinnamic acid, melilotin, melilotine, meliiotol, 2-oxochroman 

C H E M I C A L  AND ~]HVgS]ICAL ~OPEI~TIES 
3,4-Dihydrocoumarin B a ~lofl~s liquM ~th a 
swa t  ~ o r .  It ~ imoluble in ~ t e r ,  but solubM in 
al~hol,  chlorofo~,  and ether. ~ e  melting ~ i n t  of 
3,4-dihydr~umarin ~ ~ o  C and the ~i l ing  ~ i n t  ~ 
272 ° C. 3,4-Dihydr~umafin has an ~ o r  similar to 
~ u m a ~ n  ~nd ~ s ~ t h ~ i ~  by. the r~uct ion of 
~umar in  under pr~sure in tbe p r ~ e n ~  of nickel at 
15~ m 2 ~  C ~awley,  1~7; ~ k . ~ h m ~ ,  1~8). 

and puddings (10 ppm), candy (44 ppm), and chewing 
gum (78 ppm). It is also used as a fragrance in 
perfumes, creams, lotions, soaps, and detergents 
(Fenaroli's, 1971; Opdyke, 1974). The United States 
annual production of 3,4-dihydrocoumarin is 
estimated to be 14 metric tons (girlc-Othmer, 1978). 

The National Institute for Occupational Safety and 
Health estimated that approximately 2,054 workers 
are potentially exposed to 3,4-dihydrocoumarin 
(NIOSH, 1990). 

USE AND ~MAN ]EX~'OSUI~E 
3,4-Dihydrocoumarin is not on the Food and Drug 
Administration lists of synthetic or natural food 
flavoring substances that are generally recognized as 
safe, nor is it regulated as a food additive. However, 
it is generally recognized as safe by the Flavor and 
Extract Manufacturers' Association for use as a 
synthetic flavoring ingredient in food, and it has been 
used as a component of artificial flavors in food; the 
FDA has no objection to such use now. 3,4-Dihydro- 
coumarin is used as a flavoring agent to give a sweet 
caramel-like taste to beverages (7.8 ppm), frozen 
desserts (21 ppm), baked goods (28 ppm), gelatins 

. ,~ISOI.YIIIOI~ ]]])ISTII.IIUTION~ 
I/JlzI' .AIOLISII~ ,~2~ID ~ I I I I . I T I O N  

~ . . ~ e m , ~ . ~  Anima l s  
Although studies on the metabolism of 3,4-dihydro- 
coumarin have not been reported in the literature, 
the metabolism and excretion of coumarin have been 
studied in several different species including humans. 
As a basis for comparison, the probable pathways for 
the metabolism of coumarin are shown in Figure 1, 
and the metabolites identified and the percentages of 
dose excreted in the urine and feces for the rat, 
rabbit, and human are shown in Table 1. 
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C o ~ m ~ n  M e ~ l l ~ t e s  ~enfif ie~ in the U~ne  and ~eces o~ V~r~o~ S~l~ec~es a 

~,~bbRb ~,~b Mnnc 

Metabolites in Urine 
d Coumarin, Unchanged 12.3-16.7 3.1-7.4 - 

3-Hydroxycoumarin 18.1-28.2 1.7-1.8 - 
4-Hydroxycoumarin 0.3--0.9 0.0-0.5 - 
5-Hydroxycoumarin 0.3.-.0.5 - - 
6-Hydroxycoumarin 2.0-4.7 0.3 - 
7-Hydroxycoumarin 10.0-16.0 0.3-0.5 68-92 
8-Hydroxycoumarin 1.3-2.5 0.3-0.5 - 
o-CCoumaric Trace Trace - 
o -Hydroxyphenyilactic acid 2.6-3.5 0.6-0.9 - 
o-Hydroxyphenylacetic acid 18.1-22.1 12.5-27.2 1-6 
o-Hydroxyphenylpropionic acid Trace Trace - 

Total in Urine 80.3-92.4 4%0-60.5 80-..100 
Total in Feces 0.2-0.7 32.4-38.8 - 

a Expressed as percent of dose administered 
b From Kaighen and Williams (1961) 
¢ From Shilling et al. (1969) 
d Metabolite not measured for this species. 

Coumarin is rapidly absorbed from the intestinal tract 
after oral administration. In rats given a single oral 
dose of [3-14C]-coumarin, 14C appeared in the serum, 
liver, and kidney within 5 minutes and attained a 
maximum concentration after 45 to 60 minutes 
(Feuer et aL, 1966). Within 48 hours, 70% of  the 
oral dose was eliminated in the urine and 10% was 
eliminated in the feces. Similarly, in a group of four 
men and two women given 0.857 mg/kg coumarin 
orally, the parent compound and its major metabo- 
lite, 7-hydroxycoumarin, were detected in the blood 
within minutes while peak concentrations were 
reached in about 10 to 20 minutes (Ritschel et al., 
1977). Over 80% of  the administered dose was 
excreted in the urine within 24 hours. 

Coumarin and its metabolites do not accumulate to 
a significant extent in any tissues following oral 
administration to rats (Kaighen and Williams, 1961; 
Feuer et aL, 1966) or rabbits (Kaighen and Williams, 
1961), or following intraperitoneal administration to 
rats (van Sumere and Teuchy, 1971). Following the 
administration of  a single intraperitoneal dose of  
[3-t4C]-coumarin, 14C was detected in various organs, 
particularly the liver and kidneys, at levels much 
higher than that in the blood at any given period 
(Piller, 1977). The blood and tissue levels declined 

steadily over a post-administration period of 
100 hours with a half-life of approximately 43 hours. 
Ritschel et al. (1977) reported a half-life of  about 
1.5 hours in the blood of  humans given intravenous 
doses of  0.125 to 0.25 mg/kg. 

Coumarin is metabolized primarily in the liver by 
microsomal enzymes associated with the endoplasmic 
reticulum (Feuer et aL, 1966; ~Feuer, 1974; Peters 
et al., 1991). Coumarin is first metabolized by 
cytochrome P-450 enzymes resulting in hydroxylation 
prior to conjugation with glucuronide. Hydroxyiation 
occurs primarily at positions 3 and 7 to yield 
3-hydroxycoumarin and 7-hydroxycoumarin, respec- 
tively. 3-Hydroxycoumarin can be further metabo- 
lized by nonenzymat ic  ring opening to form 
o-hydroxyphenylacetic acid and o-hydroxyphenyllactic 
acid. 3,4-Dihydrocoumarin may also undergo ring 
opening to form o-hydroxyphenyllactic acid as shown 
in Figure 1. 

There are substantial qualitative differences in the 
metabolism of coumarin among various species. 
Studies with rat hepatic microsomes have found that 
coumarin is metabolized by isoenzymes of  the cyto- 
chrome P-450 IA and liB subfamilies, resulting in 
hydroxylation primarily at position 3 with subsequent 
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ring opening and further metabolism to o-hydroxy- 
phenylacetic acid and o-hydroxyphenyllactic acid 
(Feuer, 1970a,b; Lake, 1984; Peters et aL, 1991). 
During this process, reactive metabolites are 
generated which covalently bind to microsomal 
proteins and glutathione (Peters et aL, 1991). Based 
on these studies, Peters et aL (1991) postulated that 
a coumarin 3,4-epoxide intermediate is formed which 
may rearrange to 3-hydroxycoumarin with subsequent 
ring opening, or form a glutathione conjugate. While 
hydroxylation of coumarin apparently also occurs at 
other ring positions, the extent of activity at positions 
4, 5, 6, 7, or 8 is low in rats. 

In contrast to rats, metabolism of coumarin in 
humans results primarily in hydroxylation at the 
7 position with the formation of 7-hydroxycoumarin 
and 7-hydroxycoumarin glucuronide (Ritschel et al., 
1977). Further, Miles et al. (1990) have shown that 
the isoenzyme responsible for most, if not all, the 
coumarin 7-hydroxylase activity in the human liver 
belongs to the cytochrome P-450 IIA subfamily. 

The differences in metabolism of coumarin among 
various species are largely reflected by the quanti- 
tative differences in hydroxylation at the 3 and 7 
positions. Gangolli et al. (1974) found that the 
fraction of coumarin found as 7-hydroxycoumarin in 
the urine of various species was 1% in the squirrel 
monkey, ferret, and guinea pig; 3% in the mouse and 
dog; 5% in the hamster; 12% in the pig; 19% in the 
cat; and 60% in the baboon. 

The metabolites of coumarin identified in various 
speciesare shown in Table 1. In rats, the metabolites 
are excreted in significant amounts in both the urine 
and feces. Following the oral administration of 
[3-14C]-coumarin to rats, the amount of labeled 
metabolites in the urine varied from 47% to 60% of 
the administered dose, while that in the feces varied 
from 32% to 38% (Kaighen and Williams, 1961). 
Although some of the orally administered coumarin 
may be metabolized by intestinal microflora 
(Scheline, 1968), the significant level of metabolites 
found in the feces may reflect the high level of biliary 
excretion observed in the rat. Within 24 hours of an 
oral or intraperitoneal dose of 50 mg/kg, about 50% 
of the dose was excreted in the bile of rats as un- 
identified ring-opened compounds (Williams et aL, 
1965). By contrast, in humans more than 80% of the 
metabolites of eoumarin are found in the urine, 
suggesting that enterohepatic circulation of coumarin 
in humans is substantially less than that in rats. 

Humans 
No information on the absorption, distribution, 
metabolism, or excretion of 3,4-dihydrocoumarin in " 
humans has been reported. 

TOXICITY ~: 

E x p e r i m e n t a l  A n i m a l s  
The oral LD~o for 3,4-dihydrocoumarin in rats was 
reported as 1,460 mg/kg (Jenner et al., 1964): The 
LD~o value for the structurally related chemical; 
coumarin, in rats was reported as 292 mg/kg to 
680 mg/kg (Hazleton et al., 1956). The oral LD~o for 
coumarin was reported as 420 mg/kg in C3H/HeJ 
mice and 780 mg/kg in DBA/2J mice (Endell and 
Seidel, 1978). ~ 

• • . 

There is little published information on the toxicity 
of 3,4-dihydrocoumarin. Most of the studies in the 
literature deal with the toxicity of coumarin where 
liver is reported as the primary target organ .in 
animals. 

. ~  

Osborne-Mendel rats fed coumarin in the diet at a 
level of 1,000 ppm for up to 4 weeks showed no 
evidence of toxicity, while rats fed coumarin at a level 
of 10,000 ppm for 4 weeks or 2,500 ppm for 29 weeks 
had growth retardation and liver alterations char- 
acterized as slight midzonal fatty change (Hagan 
et al., 1967). In Sprague-Dawley rats given a single 
oral dose of 125 to 500 mg/kg coumarin, hepatotoxic 
changes consisting of~entrilobularhepatie necrosis 
occurred within 24 hours (Lake, 1984). The mech- 
anism for liver toxicity is thought  to be due to the 
production of one or more coumarin metabolites b y  
cytochrome P=450-dependent mixed-function oxidase 
enzymes. It has been hypothesized that a 3,4,epoxide 
intermediate may be responsible for coumarin- 
induced hepatotoxicity in the rat. 3,4-Dihydro-~ 
coumarin, which lacks the 3,4-double bond, does not 
produceliver toxicity when given to Sprague-Dawley 
rats intraperitoneally at doses of 127 Or 254 mg/kg, 
although coumarin at these doses does produce 
hepatotoxicity (Lake et al., 1989). 

In another study, Sprague-Dawley rats were fed either 
a control diet or a diet containing 5,000 ppm 
coumarin for 1, 3, 6, 9, 12, or" 18 months with 
estimated coumarin intakes of 50 mg/kg per day for 
2 weeks, 360 mg/kg per day for 3 months; and 
200 mg/kg per day for 1 year. After one month the 
liver showed extensive vacuolation of hepatocytes 
with some necrosis; the effect was diffuse and affected 



]MCrc~t~uefion ~., 17 

all lobes. After 3 months the bile duct proliferation. 
was more extensive. After 9 or more months of 
coumarin treatment there were large areas of fibrosis 
in the liver. In addition, there were irregular ducts 
formed of pale staining cells in a heavy fibrous 
stroma. There was no evidence of local invasion or 
metastasis (Evans et al., 1989). 

H ~  

NO information concerning the toxic effects of 
3,4Ldihydr0eoumarin in humans is available. 

~ o D u c ~ r ~ v x  ~ D  I~VXLO?M~AL 
T o x a c a ~  
~E.z~er~memM AMmMs 
No malformations were found in the offspring of 
mice fed diets containing 500 to 2,500 ppm coumarin 
on days 6 through 17 of gestation, but increased 
numbers of stillbirths and delayed ossification were 
seen at the 2,500 ppm level, and increased mortality 
up to 3 weeks of age was observed at all levels (Roll 
and B~tr, 1967). The purity of the coumarin used in 
these studies was not given. 

ffff~ff~.d~g~.$ ~"~ 
No information on reproductive ordevelopmental 
toxicity in humans has been reported; 

CAz~CIINOGEFI~C~TY 

~.~er~men,~td AMma/s  
No neoplasms were found in a study of 3,4-dihydro- 
coumarin, administered by subcutaneous injection 
twice a week for 51 or 57 weeks at a dose of 0.5 mg 
to mice and 2 mg to rats. Only a few animals were 
included in each treatment group (Dickens and 
Waynforth, 1968). In addition, no neoplasms were 
observed in dogs administered 3,4-dihydrocoumarin 
orally at a dose of 150 mg/kg per day for 2 years 
(Hagan et al., 1967). • 

Coumarin administered at a dietary level of 
5,~3t30 ppm to six male and six female Osborne- 
Mendel rats for 2 years caused liver damage charac- 
terized as focal proliferation of bile ducts with 
cholangiofibrosis, fatty metamorphosis, and focal 
necrosis, but produced no carcinogenic effect (Hagan 
et al., 1967). In addition, Evans et al. (1989) reported 
that long-term administration of coumarin at dietary 
levels of 5,000 ppm produced cholangiofibrosis in 

Sprague-Dawley rats, but no treatment-related 
neoplasms. Groups of Syrian golden hamsters fed 
diets containing 0, 1,0130, or 5,000 ppm coumarin for 
up to 2 years showed no evidence of hepatoto~dcity or 
hepatocarcinogenicity (Ueno and Hirono, 1981). 
Baboons fed diets which delivered doses of 0, 2.5, 7.5, 
22.5, or 67.5 mg/kg coumarin for 16 or 24 months 
showed no evidence of dose-related neoplasms. Liver 
toxicity was observed at the high dose and was 
characterized as dilatation of the endoplasmic 
reticulum (Evans et al., 1979). 

Bar and Griepentrog (1967) and Griepentrog (1973) 
characterized liver lesions in rats after long-term 
administration of coumarin as bile duct carcinomas. 
In these studies five groups of rats were fed diets 
containing 1,0t30 to 6,000 ppm coumarin for up to 
2 years. Of the animals surviving to the end of the 
studies, 12 rats that received 5,000 ppm and five rats 
that received 6,000 ppm developed bile duct car- 
cinomas. No carcinomas were observed in the rats 
fed 1,1300 or 2,500ppm coumarin (Bar and 
Griepentrog, 1967; Griepentrog, 1973).  Cohen 
(1979) reported that a review of the bile duct 
carcinomas in the Griepentrog study showed that the 
cytologic changes in the bile duct were more con- 
sistent with fatty degeneration, necrosis, and prolifer- 
ation than with the original diagnosis of carcinoma. 
These studies provided little information on the 
purity of the coumarin used, and little consistent 
information on other toxic endpoints such as clinical 
findings and body weights. 

No neoplasms were observed in a study in which 
Osborne-Mendel rats received diets containing 500 to 
15,000 ppm 6-methylcoumarin for up to 2 years 
(Hagan et al., 1967). 

~ r ~ a ~ $  

No published information is available on the carcino- 
genicity of 3,4-dihydrocoumarin in humans. 

G E N E T I C  ~OXTCOL~3GY 
Published genotoxicity data for 3,4-dihydrocoumarin 
are limited to two Salmonella typhimurium gene 
mutation tests conducted with and without $9. 
Results from both studies were negative (Prival et al., 
1982; Haworth et al., 1983). 

The structural analogue and metabolic precursor, 
coumarin, induced gene mutations in Salmonella 
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typhimurium strain TA100 with S9; no mutagenic 
activity was noted in any other tester strains with or 
without $9 (Stoltz and Scott, 1980; Norman and 
Wood, 1981; Haworth et al., 1983; NTP, 1993). 
Coumarin did not induce sex-linked recessive lethal 
mutations in germ cells of male Drosophila melano- 
gaster (Yoon et al., 1985; Valencia et al., 1989; NTP, 
1993), and no increase in unscheduled DNA synthesis 
was reported in rat tracheal epithelium cultures 
treated with coumarin in the absence of $9 (Ide et al., 
1981). Chromosomal effect s (breakage, sister chrom- 
arid exchanges, mitotic inhibition) have been reported 
in mammalian cells (Galloway et al., 1987; NTP, 

~ 1993)~an, d plants (D'Amato and D'Amat0-Avanzi, 
.!954i Riley and H0ff, 1960; Sarma and Tripathi, 

1976) following treatment with coumarin. No 
increases in micronucleated normochromatic ery- 
throcytes were observed in a study of mice adminis- 
tered coumarin by gavage for 13 weeks (NTP, 1993). 

STUDY RATIONALE 
3,4-Dihydrocoumarin was nominated by the FDA and 
NCI for toxicity and carcinogenicity studies because 
it is widely distributed in perfumes, soaps , other 
common household, products, and foods. The oral 
route of exposure was used to. mimic exposure in 
foods. Because of minimal solubility in water and 
unpalatability in feed, the chemical was administered 
by oral gavage in corn oil. 

" * ~  • r . , . ~  
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METH© S 

~ R O C U ~ / ~ E N T  
~ N D  C ~ L ~ A C T E ~ A T ~ O N  
OY ~ o ~ D R O C O U ~ L ~ R ~ N  
3,4-Dihydrocoumarin was obtained from Givaudan 
Corporation (Clifton, NJ) in two lots (lot 57599 and 
lot ~981).  Lot 57599 was used throughout the 
16-day and 13-week studies and lot 44981 was used 
throughout the 2-year studies. Identity, purity, and 
stability analyses were performed by the analytical 
chemistry laboratory, Midwest Research Institute 
(Kansas City, MO). 

Both lots of the chemical, a colorless liquid, were 
identified as 3,4-dihydrocoumarin by infrared, ultra- 
violet/visible, and nuclear magnetic resonance spec- 
troscopy. The purity of both lots was approximately 
99% as determined by elemental analyses, Karl 
Fischer water analysis, lactone titration, thin-layer 
chromatography, and gas chromatography. The 
purity of lot 44981 was also evaluated for free ~acid 
content. For both lots, elemental analyses for carbon 
and hydrogen were in agreement with the theoretical 
values for 3,4-dihydrocoumarin. Karl Fischer water 
analysis indicated less than 0.05% water. The purity 
by lactone titration was approximately 100%. Thin- 
layer chromatography indicated two trace impurities. 
Gas chromatography analyses indicated a major peak 
and seven impurities totaling 0.8% in lot 57599 and 
two impurities totaling 0.5% in lot 44981. The free 
acid content was low (0.04 mEq/g). 

Stability studies were performed at the analytical 
chemistry laboratory utilizing gas chromatography. 
These studies indicated that 3,4-dihydrocoumarin was 
stable as a bulk chemical for at least 2 weeks when 
stored protected from light at temperatures up to 
60 ° C. Throughout the studies the bulk chemical was 
stored protected from light at room temperature. 
The stability of the bulk chemical was monitored 
periodically at the study laboratory with infrared 
spectroscopy, gas chromatography, and free acid 
titration methods. No degradation of the chemical 
was observed. 

~ A ~ A T ~ O N  A N D  A N A L ~ S ~  
OF ~I~)O~E ~ O ~ U ~ A T ~ O N ~  
The dose formulation solutions were prepared by 

. mixing 3,4-dihydrocoumarin and corn oil (Table I1). 
Stability studies conducted by the analytical chemistry 
laboratory using gas chromatography confirmed that 
the solutions were stable for at least 3 weeks at room 
temperature. During the studies the formulations 
were prepared once for the 16-day studies, every 
2 weeks during the 13-week studies, and weekly then 
every 2 weeks for the 2-year studies. Formulations 
were discarded 21 days after the date of preparation. 

To verify dose concentration, the formulations were 
periodically analyzed by the study laboratory prior to 
administration and from animal room samples after 
dose administration. The concentrations of 
3,4-dihydrocoumarin were determined using an 
ultraviolet spectrophotometric method (Tables 12, 13, 
and 14). During the 2-year studies, all dose formula- 
tions were within 10% of the target concentrations. 
Results of the periodic referee analyses performed by 
the analytical chemistry laboratory indicated good 
agreement with the results obtained by the study 
laboratory (Table 15). Monthly peroxide analyses of 
the corn oil vehicle by the study laboratory indicated 
that the peroxide levels were within the limit set for 
the studies (< 10 mEq/kg). 

~ o ~ A ~  ~TUD~ES 
Male and female F344/N rats and B6C3F1 mice were 
obtained from Charles River Breeding Laboratories, 
Inc. (Wilmington, MA); at receipt, the rats were 
29 days old and mice were 28 days old. The animals 
were quarantined for 16 days before dosing began. 
During this time, five male and five female rats and 
mice were randomly selected for necropsy. All 
organs appeared normal and there was no evidence of 
disease. 

Groups of five male and five female rats received 
3,4-dihydrocoumarin in corn oil by gavage at doses of 
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0, 190, 375, 750, 1,500, or 3,000 mg/kg body weight. 
Groups of five male and five female mice received 
3,4-dihydrocoumarin in corn oil by gavage at doses of 
0, 140, 280, 560, 1,125, or 2,250 mg/kg body weight. 
All doses were given daily 5 days per week for 
12 dose days, not including weekends. Animals were 
housed five per cage; water and feed were available 
ad libitum. Clinical findings were recorded daily and 
the health status of the animals was observed on days 
6, 10, and 14. The animals were weighed at the 
beginning of the study, on days 7 and 14, and at the 
end of the study. Details of study design and animal 
maintenance are summarized in Table 2. 

At the end of the 16-day studies, blood was collected 
from the orbital sinuses of all animals for clinical 
pathology analyses; the clinical pathology parameters 
measured are listed in Table 2. A necropsy was 
performed on all animals. 

at the first of each week, and at the end of the study. 
Further details of study design and animal main- 
tenance are summarized in Table 2. 

At the end of the studies, blood samples were 
collected from the orbital sinuses of all surviving 
animals for clinical pathology analyses. The clinical 
pathology parameters measured are listed in Table 2. 
Necropsies were performed on all animals. The 
brain, lungs, heart, thymus, liver, right kidney, and 
right testis of all animals were weighed. Additionally, 
the epididymis of rats was weighed. The tissues and 
organs listed in Table 2 were examined/n s/tu, then 
removed from the carcass, reexamined, and fixed in 
10% buffered formalin. Formalin-fixed, hematoxylin- 
eosin stained sections of tissues of all animals.which 
died or were killed moribund during the studies, all 
rats reeceiving 1,200 mg/kg, and. all mice receiving 
1,600 mg/kg were examined microscopically. In 
addition, the livers of all rats were examined. • 

1 3 - W E E K  STUDIES 
The 13-week studies were conducted to evaluate the 
cumulative toxic effects of repeated exposure to 
3,4-dihydrocoumarin and to determine the appro- 
priate doses to be used in the 2-year studies. 

Male and female F344/N rats (6 to 7 weeks old) and 
B6C3F i mice (7 to 8 weeks old) were obtained from 
Charles River Breeding Laboratories, Inc. 
(Wilmington, MA). The animals were quarantined 
for 15 or 16 days before dosing began. One day prior 
to the beginning of the. studies, five male and five 
female rats and mice were randomly selected and 
examined by a pathologist for disease and parasites. 
Gross necropsies were performed and special atten- 
tion was given to the liver, lungs, kidneys, and the 
entire intestinal tract. These animals were found to 
be disease- and parasite-free. • 

Groups of 10 male and 10 female rats received 
3,4-dihydrocoumarin in corn oil by gavage at doses of 
0, 75, 150, 300, 600, or 1,200 mg/kg body weight 
5 days a week for 13 weeks. Groups of 10 male and 
10female mice received 3,4-dihydrocoumarin in corn 
oil by gavage at doses of 0, 100, 200, 400, 800, or 
1,600 mg/kg body weight 5 days a week for 13 weeks. 
Animals were housed five per cage; water and feed 
were available ad libitum. The health status of the 
animals was monitored on 13 occasions (at least once 
per week) after the studies began. Individual animal 
weights were recorded at the beginning of the studies, 

2-YEAR STUDIES 
Study  D e s i g n  
Groups of 60 male and 60 female rats received 
3,4-dihydrocoumarin in corn oil by gavage at doses of 
0, 150, 300, or600 mg/kg body weight for 103 weeks. 
Ten rats per dose group were designated for an 
interim evaluation after 15 months of chemical 
administration. Groups of  70 male and 70 female 
mice received 3,4-dihydrocoumarin in corn oil by 
gavage at doses of 0, 200, 400, or 800 mg/kg body 
weight for 103 weeks. Ten mice per dose group were 
designated for an interim evaluation after 15 months. 
In addition~ up to 10 mice per group were selected 
for clinical pathology evaluation at 15 months. 

Stop-Exposure Evaluation 
Groups of male rats receiving 600 mg/kg 3,4-dihydro- 
coumarin for 9 or 15 months followed by a recovery 
period were evaluated to assess the potential for 
3,4-dihydrocoumarin-induced lesions to progress or 
regress following cessation of exposure. 

A group of 40 male rats received 600 mg/kg 
3,4-dihydrocoumarin in corn o i l  by gavage for 
9 months, when 20 of the animals were necropsied 
and evaluated. The remainder of the male rats 
received only the corn oil vehicle until they died or 
until the end of the study. Similarly, a group of 
30 male rats received 600 mg/kg 3,4-dihydrocoumarin 
in corn oil by gavage for 15 months, when 10 of the 
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rats were necropsied and evaluated. The remaining 
20 rats received only corn oil until the end of the 
study. A group of 20 vehicle control male rats were 
necropsied at 9 months, and another 10vehicle 
control male rats were necropsied at 15 months for 
comparison with stop-exposure rats. The incidences 
of lesions in male rats receiving 3,4-dihydrocoumarin 
and evaluated at 9 or 15 months were compared with 
those in male rats receiving 3,4-dihydrocoumarin for 
9 or 15 months, respectively, followed by the recovery 
period. 

~ r c e  a ~  S]~ci~cat~o~ o~ A ~ a ~ s  
Male and female F3~/N rats and B6C3F I mice were 
obtained from Frederick Cancer Research Center 
(Frederick, MD). The animals were quarantined for 
13 to 15 days before the  beginning of the studies. 
Five male and female rats ~and mice were selected for 
necropsy. All organs appeared normal and there was 
no evidence of disease. The animals were 42 or 
43 days old when the studies began. The health of 
the animals was monitored during the studies accord- 
ing to the protocols of the NTP Sentinel Animal 
Program (Appendix K). 

A ~ a l l  l ~ , ' ~ a ~ a ~ a c e  
Rats were housed five per cage; mice were housed 
individually. Feed and water were available 
ad libitum. Cages were rotated every 2 weeks. 
Further details of animal maintenance are given in 
Table 2. Information on feed composition and 
contaminants is provided in Appendix J. 

C ~ n ~ c ~  Ezan~inat~ans  a n d  l?atho~agy 
All animals were weighed and observed for clinical 
signs of toxicity weekly for the first 13 weeks and 
monthly thereafter. Blood was collected by cardiac 
puncture from all rats at the 9- and 15-month interim 
• evaluations to determine hematology and clinical 
chemistry parameters. An additional 8 to 10 mice 
per group were examined at 15 months for clinical 
pathology. The hematology and clinical chemistry 
parameters measured are listed in Table 2. The 
brain, kidney, and liver of all animals scheduled for 9- 
or 15-month interim evaluations were weighed at 
necropsy. 

A complete necropsy was performed on all animals. 
At necropsy, all organs and tissues were examined for 
gross lesions, and all major tissues were fixed and 
preserved in 10% neutral buffered formalin, 
processed and trimmed, embedded in paraffin, 

sectioned, and stained with hematoxylin and eosin for 
microscopic examination. Histopathologic examina- 
tions were performed on all tissues with gross lesions. 
Tissues examined are listed in Table 2. 

Microscopic evaluations were completed by the study 
laboratory pathologist, and the pathology data were 
entered into the Toxicology Data Management 
System. The microscopic slides, paraffin blocks, and 
residual wet tissues were sent to the NTP Archive for 
inventory, slide/block match, and wet tissue audit. 
The slides, individual animal data records, and 
pathology tables were evaluated by an independent 
quality assessment laboratory. The individual animal 
records and tables were compared for accuracy, the 
slide and tissue counts were verified, and the histo- 
technique was evaluated. A quality assessment 
pathologist reviewed the following organs for 
accuracy and consistency of lesion diagnoses: the 
kidney, stomach, and parathyroid gland of male and 
female rats; the lung, liver, forestomach, and kidney 
of male mice; and the liver, forestomach, lung, and 
pituitary gland of female mice. 

The quality assessment report and slides were sub- 
mitted to the NTP Pathology Working Group (PWG) 
chair, who reviewed the selected tissues for which 
there was a disagreement in diagnosis between the 
laboratory and quality assessment pathologists. The 
PWG reviewed kidneys of male and female rats and 
mice, stomachs of male rats, adrenal glands of female 
rats, livers of male and female mice, and lungs, small 
and large intestines, forestomachs, and glandular 
stomachs of male mice. Representative histo- 
pathology slides containing examples of lesions 
related to chemical administration, examples of 
disagreements in diagnoses between the laboratory 
and quality assessment pathologist, or lesions of 
general interest were presented by the chair to the 
PWG for review. The PWG consisted of the quality 
assessment pathologist and other pathologists ex- 
perienced in rodent toxicologic pathology. This 
group examined the tissues without any knowledge of 
dose groups or previously rendered diagnoses. When 
the consensus opinion of the PWG differed from that 
of the laboratory pathologist, the diagnosis was 
changed. Thus, the final diagnoses represent a 
consensus of contractor pathologists and the PWG. 
Details of these review procedures have been 
described, in part, by Maronpot and Boorman (1982) 
and Boorman et al. (1985). For subsequent analyses 
of the pathology data, the diagnosed lesions for each 
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tissue type were evaluated separately-or combined 
according to the guidelines of McConnell et al. 
(1986). 

S t a t i s t i ca l  M e t h o d s  
Survival Analyses 
The probability of survival was estimated by the 
product-limit procedure of Kaplan andMeier (1958) 
and is presented in the form of graphs. Animals 
were censored from the survival analyses if they were 
found dead of other than natural causes; animals 
dying from natural causes were not censored. 
Statistical analyses for possible dose-related effects on 
survival used Cox's (1972) method for testing two 
groups for equality and Tarone's (1975) life table test 
to identify dose-related trends. All reported P values 
for the survival analyses are two sided. 

Calculation of  Incidence 
The incidences of neoplasms or nonneoplastic lesions 
as presented in Tables A1, A5, B1, B5, C1, C5, D1, 
D5, El,  and E4 are given as the number of animals 
bearing such lesions at a specific anatomic site and 
the number of animals with that site examined micro- 
scopically. For calculation of statistical significance, 
the incidences of most neoplasms (Tables A3, B3, C3, 
D3, and E3) and all nonneoplastic lesions are given 
as the ratio of the number of affected animals to  the 
number of animals with the site examined micro- 
scopically. However, when macroscopic examination 
was required to detect neoplasms in certain tissues 
(e.g., skin, intestine, harderian gland, and mammary 
gland) before microscopic evaluation, Or when 
neoplasms had multiple potential, sites of occurrence 

.(e.g., leukemia or lymphoma), the denominators 
consist of the number ofanimals on which a necropsy 
was performed. 

Analysis of  Neoplasm Incidences . 
The majority of neoplasms in these studies were con- 
sidered to be incidental to the cause of death or. not 
rapidly lethal. Thus, the primary statistical method 
used was logistic regression analysis, which assumed 
that the diagnosed neoplasms were discovered as the 
result of death from an unrelated cause and thus did 
not affect the risk of death. In this approach, neo- 
plasm prevalence was modeled as a logistic function 
of chemical exposure and time. Both linear and 
quadratic terms in time were incorporated initially, 
and the quadratic term was eliminated if it did not 
significantly enhance the fit of the model. The dosed 

and control groups were compared on the basis of 
the likelihood score test for the regression coefficient 
of dose. This method of adjusting for intercurrent 
mortality is the prevalence analysis of Dinse and 
Lagakos (1983), further described and illustrated by 
Dinse and Haseman (1986). When neoplasms are 
incidental, this comparison of the time-specific 
neoplasm prevalences also provides a comparison of 
the time-specific neoplasm incidences (McKnight and 
Crowley, 1984) . . . .  

In addition to logistic regression, other methods of 
statistical analysis were used, and the results of these 
tests are summarized in the appendixes~ These 
include the life table test (Cox, 1972; Tarone, 1975), 
appropriate for rapidly lethal neoplasms, and .the 
Fisher exact test and the Cochran-Armitage trend test 
(Armitage, 1971; Gartet  al., 1979), procedures based 
on the overall proportion of neoplasm-bearing 
animals. 

Tests of significance included pairwise comparisons of 
each dosed group with controls and a test for .an 
overall dose-response trend. Continuity-corrected 
tests were used in the analysis of neoplasm incidence, 
and reported P values are one sided. The procedures 
described, in the preceding paragraphs were also used 
to evaluate selected nonneoplastic lesions. . F o r  
further discussion of these statistical methods, refer 
to Haseman (1984). 
• 

Analysis of  Nonneoplastic Lesion Incidences 
Because all nonneoplastic lesions in this study were 
considered to be incidental to the cause of death or 
not rapidly lethal, the primary statistical analysis used 
was a logistic regression analysis in which lesion 
prevalence was modeled as a logistic function of 
chemical exposure and.time. For lesions detected at 
the interim evaluation, the Fisher exact test was used, 
a procedure based on the overall proportion of 
affected animals. 

Historical Control Data 
Although the concurrent control group is al~vays the 
first and most appropriate control group used for 
evaluation, there are certain instances in which 
historical control data can be helpful in the overall 
assessment of lesion incidence. Consequently, lesion 
incidences from the NTP historical control database 
(Haseman et al., 198A, 1985) are included in the NTP 
reports for lesions appearing to show coml~und- 
related effects. 
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~ys~ ~f C~o~z V~r~b~ez 
Two approaches were employed to assess the sig- 
nificance of pairwise comparisons between dosed and 
control groups in the analysis of continuous variables. 
Organ and body weight data, which have approx- 
imately normal distributions, were analyzed using the 
parametric multiple comparison procedures of 
Dunnett (1955) and Williams (1971, 1972). Clinical 
chemistry and hematology data, which have typically 
skewed distributions, were analyzed using the non- 
parametric multiple comparison methods of Shirley 
(1977) and Dunn (1964). Jonckheere's test 
(Jonckheere, 1954) was used to assess the significance 
of the dose-response trends and to determine whether 
a trend-sensitive test (Williams' or Shirley's test) was 
more appropriate for pairwise comparisons than a 
test that does not assume a monotonic dose-response 
trend (Dunnett's or Dunn's test). Average severity 
values were analyzed for significance using the Mann- 
Whitney U test (Hollander and Wolfe, 1973). 

Quality Assurance I~Iet~ds 
The 16-day, 13-week, and 2-year studies were con- 
ducted in compliance with Food and Drug 
Administrat ion Good  Laboratory Practice 
Regulations (21 CFR, Part 58). In addition, as 
records from the 2-year studies were submitted to the 
NTP Archives, they were audited retrospectively by 
an independent quality assurance contractor. Sepa- 
rate audits covering completeness and accuracy of the 
pathology data, pathology specimens, final pathology 
tables, and preliminary review draft of this NTP 
Technical Report were conducted. Audit procedures 
and findings are presented in the reports and are on 
file at NIEHS. The audit findings were reviewed and 
assessed by NTP staff so all discrepancies had been 
resolved or were otherwise addressed during the 
preparation of this Technical Report. 

GENETiIC ~ C O L O G ' Y  
The genetie toxicity of 3,4-dihydrocoumarin was 
assessed by testing the ability of the chemical to 
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induce mutations in various strains of Salmonella 
typhimurium, chromosome damage in cultured 
Chinese hamster ovary cells, and micronuclei in the 
peripheral blood cells of mice. The protocols for 
these studies and the results are given in Appendix F. 

The genetic toxicity studies of 3,4-dihydrocoumarin 
are part of a larger effort by the NTP to develop a 
database that would permit the evaluation of carcino- 
genieity in experimental animals from the structure of 
the chemical and its responses in short-term/n vitro 
and in vivo genetic toxicity tests. These genetic 
toxicity tests were originally developed to study 
mechanisms of chemically induced DNA damage and 
to predict carcinogenicity in animals, based on the 
electrophilic theory of chemical carcinogenesis and 
the somatic mutation theory (Miller and Miller, 1977; 
Straus, 1981; Crawford, 1985). 

There is a strong correlation between a chemical's 
potential electrophilicity (structural alert to DNA 
reactivity), mutagenicity in Salmonella, and car- 
einogenicity in rodents. The combination of electro- 
philicity and Salmonella mutagenicity is highly 
correlated with the induction of carcinogenicity in 
rats and mice and/or at multiple tissue sites (Ashby 
and Tennant, 1991). Other in vitro genetic toxicity 
tests do not correlate well with rodent carcinogenicity 
(Tennant et al., 1987;. Zeiger et al., 1990), although 
these other tests can provide information on the 
types of DNA and chromosome effects that can be 
induced by the chemical being investigated. Data 
from NTP studies show that a positive response in 
Salmonella is currently the most predictive /n vitro 
test for rodent carcinogenicity (89% of the 
Salmonella mutagens were rodent carcinogens), and 
that there is no complementarity among the in vitro 
genetic toxicity tests. That is, no battery of tests that 
included the Salmonella test improved the predicitivty 
of the Salmonella alone. The predictivity of carcino- 
genicity of a positive response in bone marrow 
chromosome aberration or micronucleus tests is not 
yet defined. 
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TABLE 2 
Experimental Design and Materials and Methods in the Gavage Studies of 3,4-Dihydrocoumarin 

16-Day Studies 13-Week Studies Stop-Exposure 
Evaluation 

2-Year Studies 

Study Laboratory 
International Research and 
Development Corporation, 
Mattawan, MI 

Strain and Species 
Rats: F344/N 
Mice: B6C3F 1 

Animal Source 
Charles River Breeding 
Laboratories, Inc., 
Wilmington, MA 

Time Held Before Studies 
16 days 

International Research and 
Development Corporation, 
Mattawan, MI 

Rats: F344/N 
Mice: B6C3F 1 

Charles River Breeding 
Laboratories, Inc., 
Wilmington, MA 

Rats: 15 days 
Mice: 16 days 

Average Age When Studies Began 
Rats: 44-51 days Rats: 43-50 days 
Mice: 51-58 days Mice: 51-58 days 

Date of First Dose 
7 January 1981 Rats: 22 April 1981 

Mice: 23 April 1981 

Duration of Dosing 
16 days Rats: 14 weeks 

Mice: 13 weeks 

Date of Last Dose 
23 January 1981 Rats: 23 July 1981 

Mice: 27 July 1981 

American Biogenics 
Corporation, Woburn, MA 

Male Rats: F344/N 

Frederick Cancer Research 
Center, Frederick, MD 

13-15 days 

42 days 

9 0 ~ o b e r l 9 M  

9-month stop-exposure 
group: 9 months followed 
by corn oil garage for 
remainder of study 

15-month stop-exposure 
group: 15 months 
followed by corn oil 
garage for remainder of 
study 

29 September 1986 

American Biogenics 
Corporation, Woburn, MA 

Rats: F344/N 
Mice: B6C3F 1 

Frederick Cancer Research 
Center, Frederick, MD 

13-15 days 

Rats: 42-43 days 
Mice: 42-43 days 

Rats: 
2 October 1984 (males) 
3 October 1984 (females) 

Mice: 
18 December 1984 (males) 
19 December 1984 (females) 

103 weeks 

Rats: 
22 September 1986 (males) 
23 September 1986 (females) 

Mice: 
8 December 1986 (males) 
9 December 1986 (females) 



: ~ . :  ~ :  : ~ - ~  . . . . . . . . . . . . . . .  

M a t e ~ a l s  a a d  Meth~:gL~ 

TABLE ~ 

E~per~men taH D e s f ~ n  a n d  M a t e r i a l s  a n d  M e t h ~ s  t n  t h e  G a r a g e  S t a ~ e s  o~ 3 , , ~ - D ~ h y ~ r ~ c ~ a ~ n  
(continued) 
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16-Day Studies  13-Week Studies  S top-Exposure  
Eva lua t ion  

~ -~ea r  S tudies  

Necropsy Da tes  
23 January 1981 Rats: 2.3 July 1981 

Mice: 27 July 1981 

Average Age a t  Necropsy 
Rats: 60-67 days 
Mice: 67-74 days 

Rats: 134-141 days 
Mice: 142-149 days 

Size of  S tudy Groups  
5 males and 5 females 10 males and 10 females 

M e t h o d  of  D~s t~bu t ion  
Animals assigned by random 
numbers; average cage 
weights were approximately 
equal 

Animals  ~er  Cage 
5 5 

Same as 16-day studies 

9-month stop-exposure: 
Interim: 9-11 July 1985 

15-month stop-exposure: 
Interim: 8 January 1986 

Terminal: 7 October 1986 

9-month interim: 46 weeks 
15omonth interim: 72 weeks 
Terminal: 111 weeks 

9-month stop.exposure: 
20 dose and 20 controls 
evaluated at 9 months; 
20 dose evaluated after 
recovery period of up to 
15 months. 

15omonth stop-exposure: 
10 dose and 10 controls 
evaluated at 15 months; 
20 dose evaluated after 
recovery period of up to 
9 months 

Same as 16-day studies 

15-month interim - 
2-3 January 1986 (males) 
6-7 January 1986 (females) 

Terminal - 
30 September-1 October 1986 

(males) 
1-7 October 1986 (females) 

Mice: 
15-month interim - 

17-20 March 1986 (males) 
18-21 March 1986 (females) 

Terminal - 
16-17 December 1986 (males) 
17-19 December 1986 
(females) 

15-month interim: 71-72 weeks 
2-year study: 111-112 weeks 

Rats: 60 males and 60 females 
Mice: 70 males and 70 females 

Same as 16-day studies 

Rats: 5 
Mice: 1 

M e t h o d  of  Animal  lldentification 
Ear tag Toe clip Toe clip Toe clip 
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TABLE 2 

E x p e r i m e n t a l  D e s i g n  a n d  M a t e r i a l s  a n d  M e t h o d s  i n  t h e  G a v a g e  S t u d i e s  o f  3 , 4 - D i h y d r o c 0 u m a r i n  
(continued) 

16-Day Studies  13-Week Studies  Stop-Exposure 
Evaluation 

2-Year S tudies  

Diet  • 
NIH-07 open formula mash 
diet (Zeig!er Bros., Inc., 
Oardners, PA), available 
ad libitum 

Same as 16~ay studies 

M a x i m u m  Storage  T ime  for  Feed 
120 days from date of Same as 16-day studies 
milling 

Water  
Automatic watering system, 
available ad libitum 

Same as 16-day studies 

Cages 
Polycarbonate, changed 
twice weekly 

Same as 16-day studies 

Bedding 
Beta-ChipS hardwood" 
laboratory bedding 
(Northeastern Products 
Corporation, Warrensburg, 
NY), changed twice weekly 

Cage Fi l ters  
Nonwoven polyester, 
changed ever 7 other week 

Racks  
Stainless steel, changed 
every other week 

Animal  Room Environment  
Temperature: 22.1 ° C 
Relative humidity: 36.6% 
Fluorescent light: 

12 hours/day 
Room air changes: not 
available 

Same as 16-day studies 

Same as 16-day studies 

Same as 16-day studies 

Temperature: 
Rats - 22.8 ° C 
Mice - 23.0 ° C 

Relative humidity: 
Rats - 53.2% 
Mice - 53.1% 

Fluorescent light: 
12 hours/day 

Room air changes: not 
available 

NIH-07 pelleted diet 
(Zeigler Bros., Inc., 
Gardners, PA), available 
ad//b/turn 

Same as 16-day studies 

Hardco Automatic Watering 
System, available ad iibimm 

Polycarbonate (Lab 
Products, Inc., Maywood, 
NJ), changed twice weekly 

Sani-chip heat-treated 
hardwood chips (Old 
Mother Hubbard, Lowell, 
MA), changed twice weekly 

Same as 16-day studies 

Same as 16-day studies 

Temperature: 
23.1 ° C ± 1.1 ° C 

Relative humidity: 
55.1% ± 7.4% 

Fluorescent light: 
12 hours/day 

Room air changes (average 
number changes/hour): 
13.7 

Same as Stop-exposure 
evaluation 

Same as 16-day studies 

Same as stop.exposure 
evaluation 

Same as stop-exposure 
evaluation 

Same as stop-exposure 
evaluation 

Same as 16.~lay studies 

Same as 16-day studies 

Temperature: 
Rats - 23.1 ° C ± 1.1 ° C 
Mice - 21.7 ° C ± 0.8 ° C 

Relative humidity: 
R a t s -  55.1% ± 7.4% 
M i c e -  55.9% ± 7.8% 

Fluorescent light: 12 hours/day 
Room air changes (average 

number changes/hour): 
Rats - 13.7 
Mice - 13.5 
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MaRtials  and Me~hods 

TABLE 2 
E,qu~r~men~R D e s i g n  s n d  Ma~ter~aRs s n d  M e t h o d s  in  Rhe G a r a g e  S~ud~es o~ 3 , ~ - D l h y d r ~ c o u ~ n a ~ n  
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16-Day Studies 13-Week Studies $~p-Ex~osure  
]Evaluation 

2-Year Studies 

DOS~L~ 
Rats: 0, 190, 375, 750, 1,500 
or 3,000 mg/kg 
3,4-dihydrocoumarin in corn 
oil by garage; once daily, 
5 days per week 
Mice: 0, 140, 280, 560, 
1,125, or 2,250 mg/kg 
3,4-dihydrocoumarin in corn 
oil by gavage; once daily, 
5 days per week 

Rats: 0, 75, 150, 300, 600 or 
1,200 mg/kg 
3,4-dihydrocoumarin in corn 
oil by gavage; once daily, 
5 days per week 
Mice: 0, 100, 200, 400, 800, 
or 1,600 mg/kg 
3,4-dihydrocoumarin in corn 
oil by gavage; once daily, 
5 days per week 

Animals observed twice daily 
for mortality and daily for 
pharmacotoxic signs; animals 
weighed initially, weekly, and 
at the end of the studies; 
health status observed on 
days 6, 10, and 14. 

Type and Frequency of  Observation 
All animals were palpitated 
once weekly for masses. 
Animals observed for 
mortality twice daily; health 
status of the animals was 
monitored on 13 occasions 
(at least once per week) 
after study initiation; animals 
weighed initially, weekly, and 
at the end of the study; 
clinical observations 
recorded weekly at the 
following intervals: pre-dose, 
30-60 minutes post-dose, and 
2 hours post-dosing. 

Method of  Sacrifice 
CCarbon dioxide asphyxiation Same as 16-day studies 

Necropsy 
Necropsy performed on all 
animals 

Necropsy performed on all 
animals; organs weighed 
included: brain, lung, heart, 
thymus, liver, right kidney, 
and right testis. The 
epididymis (tunica vaginalis 
of the testis and scrotal sac) 
was weighed for rats only. 

0 or 600 mg/kg 
3,4-dihydrocoumarin in corn 
oil by gavage; once daily, 
5 days per week for 9 or 
15 months 

Animals observed for 
mortality and morbidity 
twice daily; animal weights 
and clinical findings 
rrecorded weekly for the first 
13 weeks, and monthly 
thereafter. 

9- and 15-Month interims: 
anesthetized with an 
overdose of methoxyflurane 
followed by exsanguination 
Terminal: carbon dioxide 
asphyxiation 

Necropsy performed on all 
animals; organs weighed at 
the 9- and 15-month interim 
evaluations included: brain,- 
kidney, and liver. 

Rats: 0, 150, 300, or 600 mg/kg 
3,4-dihydrocoumarin in corn oil 
by gavage; once daily, 5 days per 
week 
Mice: 0, 200, 400, or 804) mg/kg 
3,4-dihydrocoumarin in corn oil 
by gavage; once daily, 5 days per 
week 

Same as stop-exposure 
evaluation 

15-Month interim: anesthetized 
with an overdose of 
methoxyflurane followed by 
cxsanguination 
Terminal sacrifice animals: 
carbon dioxide asphyxiation 

Necropsy performed on all 
animals; organs weighed at the 
15.-month interim evaluations 
included: brain, kidney, and 
liver. 
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TABLE 2 
E x p e r i m e n t a l  D e s i g n  a n d  M a t e r i a l s  a n d  M e t h o d s  in  t he  G a r a g e  S t u d i e s  of  3 , 4 - D i h y d r o c o u m a r i n  
(continued) 

16-Day Studies 13-Week Studies Stop-Exposure 
Evaluation 

2-Year Studies 

Clinical Pathology 
Blood samples were 
collected from the orbital 
sinuses of all sm~,~ving 
animals at necropsy 
H ~  clotting time~ 
fibrinogen (rats), activated 
partial thromboplastin time 
(rats), prothrombin time 
(rats), platelet count 

HistopathololD, 
None 

Blood was collected frrom 
the orbital sinus of all 
su~ving animals 
Hcnuua/oD,: hemoglobin, 
hematocrit, erythrocytes, 
leukocyte count and 
differential, platelet count, 
mean cell volume, mean cell 
hemoglobin, mean cell 
hemoglobin concentration, 
prothrombin time (mice 
only), capillary clotting time 
(mice only) 
O i n / e a / ~  Rats 
only: sodium, potassium, 
chloride, calcium, 
phosphorus, blood urea 
nitrogen, creatinine, total 
bilirubin, aspartate 
aminotransferase, alanine 
aminotransferase, lactic 
dehydrogenase, total protein, 
albumin, cholinesterase, 
ornithine carbamyl 
transferase, sorbitol 
dehydrogenase 

Complete histopathologic 
examinations were 
performed on all controls, 
rats receiving 1,200 mg/kg, 
mice receiving 1,600 mg/kg, 
and all animals that died 
before the end of the 
studies. In addition to gross 
lesions and tissue masses, 
the tissues examined 
included: adrenal gland, 
brain, clitoral gland (rats), 
esophagus, gallbladder 
(mice), heart, kidney, large 
intestine (colon, cecum, 
(continued) 

Blood samples were 
collected by cardiac 
puncture from all sun, iving 
animals at the 9- and 
15-month interim 
evaluations 
Hcmato/ogy: hemoglobin, 
hematocrit, mean cell 
hemoglobin, mean cell 
hemoglobin concentration, 
mean cell volume, 
erythrocytes, nucleated 
erythrocytes, platelets, 
leukocyte count and 
differential, activated partial 
thromboplastin time, 
thromboplastin time 
~ C~n/stry: alkaline 
phosphatase, alanine 
aminotransferase, calcium, 
sorbitol dehydrogenase, 
v-glutamyltransferase 

Complete histopathologic 
examinations were 
performed on all animals. In 
addition to gross lesions and 
tissue masses, the tissues 
examined included: adrenal 
gland, brain, epididymis, 
esophagus, femur (including 
marrow), heart, kidney, large 
intestine (cecum, colon, 
rectum), liver, lung, 
mammary gland, mandibular 
and mesenteric lymph nodes, 
nose, pancreas, parathyroid 
gland, pituitary gland, 
preputial gland, (continued) 

Blood samples were collected by 
cardiac puncture from all 
sut~,iving core study rats and 
mice at the 15-month interim 
evaluation and from the 
additional groups of mice slated 
for clinical pathology analyses 
only 
Hemato/o~,: hematocrit, 
hemoglobin, mean cell 
hemoglobin, mean cell volume, 
mean cell hemoglobin 
concentration, erythrocytes, 
nucleated erythrocytes, platelets, 
reticuiocytes, atypical 
lymphocytes, leukocyte count 
and differential, activated partial 
thromboplastin time (rats only) 
C / i n / c a / ~  alkaline 
phosphatase, alanine 
aminotransferase, 
y -glutamyltransferase, sorbitol 
dehydrogenase, calcium (rats 
only) 

Complete histopathoiogic 
examinations were performed on 
all animals. In addition to gross 
lesions and tissue masses, the 
tissues examined included: 
adrenal gland, brain, clitoral 
gland (rats), epididymis, 
esophagus, gallbladder (mice), 
heart, kidney, large intestine 
(cecum, colon, rectum), liver, 
lung, mammary gland, 
mandibular and mesenteric 
lymph nodes, nose, ovary, 
pancreas, parathyroid gland, 
pituitary gland, preputial gland, 
(continued) 
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TABLE ~ 
E~e~enta~ Design and  Mater ia ls  and  Method, s ~n the Garage  Studies o~' 3 ,~-Dihydrocoumar~n 
(continued) 

~.6-Day S ~ e d ~  13-Week Studies S~p-Exposure 
Evaluation 

2-~'ear Studies 

H~.opatho~o~gy (continued) 
rectum), liver, lung, 
mammary gland, mesenteric 
lymph node, nose, ovary, 
pancreas, parathyroid gland 
(rats), pituitary gland, 
preputial gland (rats) 
prostate gland, salivary 
gland, small intestine 
(duodenum, jejunum, ileum), 
spleen, sternum (including 
marrow), stomach, testis, 
thymus, thyroid gland, 
trachea, urinary bladder, and 
uterus. In addition, the liver 
of all rats was examined. 

prostate gland, salivary 
glands, seminal vesicle, small 
intestine (duodenum, 
jejunum, ileum), spleen, 
stomach, testis, thymus, 
thyroid gland, trachea, and 
urinary bladder. 

prostate gland, salivary glands, 
seminal vesicle, small intestine 
(duodenum, ileum, jejunum), 
spleen, stomach (forestomach 
and glandular), testis, thymus, 
thyroid gland, trachea, urinary 
bladder, and uterus. 
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 EgULTg 

All male and female rats receiving 3,000 mg/kg died 
w i t h i n  t h e  f i r s t  t w o  days  o f  d o s i n g ,  a n d  f o u r  m a l e  ra t s  

and all female rats receiving 1,500 mg/kg died within 
in the first four days of dosing (Table 3). The death 
of one male rat administered 375 mg/kg was con- 
sidered to be a gavage accident. The body weight 

gains and final mean body weights of male and 
female rats that received 190, 375, and 750 mg/kg 
were similar to those of the controls. There were no 
treatment-related lesions noted at necropsy, no 
changes in any hematologic parameters (Table H1), 
and no treatment-related clinical findings of toxicity. 
The high dose selected for the 13-week study was 
1,200 mg/kg, which was just below the dose where 
mortality was observed in the 16-day study. 

TAI~LE 3 

S~r~,~v~H ~n~  ] ~ n  ~,o~y W e ~ h ~  o~ R~I..~ t n  ~he ~ - D ~ y  G~v~Se S~u~y o~ 3~,~-D~hy~rocoun~r~n 

1~,an Sodv Weights  b (~) Final Weigh¢ 
Dome Survival a ~ni~iaR FinaR Change Relative to Controls  

(~/~.~) (%) 

M a l e  

0 

190 
375 
750 

1,500 
3 ,~0  

5/5 153 ± 8 

5/5 148 ± 7 
4/5 c 158 ± 10 

5/5 154 ± 12 
1/5 d 154 ± 9 

0/5 e 151 ± 7 

1 9 6 ± 8  4 3 ± 3  
202 ± 7 54 ± 3 103 
2O7 ± 9 50 ± 4 106 
2 0 5 ± 9  5 1 ± 3  105 
167 37 85 

~ ~ _ 

F e l i n e  

0 5/5 117 ± 2 141 ± 4 24 ± 1 
190 5/5 112 ± 5 i40 ± 6 27 ± 1 99 
375 5/5 115 ± 3 141 ± 2 2,6 ± 2 100 
750 5/5 116 ± 2 142 ± 2 26 ± 1 99 

1,500 0/5 e 116 ± 3 - - - 
3,0~0 0/5 f 115 ± 4 - - - 

a Number of rats surviving at 16 days/number initially in group 
b Weights given as mean ± standard error. Subsequent calculations arc based on rats surviving to the end of the study. Differences 

from the control group arc not significant by DunncU's test. 
c Death attributed to gavagc accident 
d Day of death: 2, 3, 4, 4 
e Day of death: 1, 2, 2, 2 ,2 
f Day of death: 1, 1, 2, 2 ,2 
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1 3 - W E E K  S T U D Y  
Two males and four females receiving 1,200 mg/kg 
died during the first week of treatment and one 
female receiving 1,200 mg/kg died during week 12 
(Table 4). The death of one control male rat was 
due to a garage accident. The final mean body 
weight and body weight gain of males that received 
1,200 mg/kg were significantly lower than those of the 
controls, but the final mean body weights of other 
dosed groups of male rats and all dosed groups of 
female rats were similar to or slightly greater than 
those of the controls. No treatment-related clinical 
findings of toxicity were noted. 

The platelet counts of male rats receiving 600 and 
1,200 mg/kg and the hematocrit, erythrocyte counts, 
and hemoglobin concentrations of, males receiving 

300 to 1,200 mg/kg were significantly lower than 
those of the controls (Table H2). While not 
clinically important, these findings are consistent with 
blood loss and platelet consumption associated with 
an anticoagulant effect of 3,4-dihydrocoumarin. The 
platelet counts of females that received 300 to 
1,200 mg/kg were also significantly lower than those 
of controls, but the percent hematocrit, erythrocyte 
counts, and hemoglobin concentrations were not 
significantly different from those of the controls. 

The partial thromboplastin time in males receiving 
300, 600, and 1,200 mg/kg and in females receiving 
600 and 1,200 mg/kg were significantly lower than 
those of controls. The reason for this difference is 
unknown. Partial thromboplastin time is usually 
normal with acute hemorrhage or prolonged with 
hypoprothrombinemia or hemophilia. 

TABLE 4 
. 

Survival and Mean Body Weights of Rats in the 13-Week Gavage Study of 3,4-Dihydrocoumarin 

Mean B o d y  W e i e h t s  b (g) F i n a l  W e i g h t  

D o s e  S u r v i v a l  a I n i t i a l  F i n a l  C h a n g e  R e l a t i v e  to  C o n t r o l s  

(mg /kg )  (%) 

M a l e  

0 
75 

150 
300 
600 

1,200 

Female 

9/10 ¢ 143 ± 5 331 ± 8 190 _+ 4 
10/10 145 ± 4 338 _+ 2 193 ± 4 102 
10/10 144 ± 5 334 _+ 6 190 ± 5 101 
10/10 1,44 ± 4 335 ± 9 191 _+ 5 101 
10/10 144 ± 4 325 _+ 6 181 -+ 5 98 

8/10 d 145 ± 4 282 ± 7** 140 ± 6** 85 

0 10/10 111 ± 2 196 ± 2 85 ± 2 
75 10/10 111 ± 3 202 _+ 4 91 ± 2 103 

150 10/10 115 ± 2 209 ± 2" 93 ± 2* 106 
300 10/10 111 _+ 2 203 _+ 3* 92 ± 2* 103 
600 10/10 110 ± 2 2 0 3 ±  3* 93 ± 3* 104 

1,200 5/10 e 113 +_ 3 205 _+ 4 95 ± 5* 104 

* Significantly different (P_~0.05) from the control group by Williams' or  Dunnet t ' s  test 
** P_~0.01 
s Number  of  rats surviving/number initially in group. 
b Weights  and weight changes are given as mean _+ standard error. Subsequent  calculations are based on rats surviving to the  end of  

the study. 
c Death  attributed to gavage accident 
d Week of  death: 1, 1 
e Week  of  death: 1, 1, 1, 1, 12 
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A number of constituents of the blood plasma were 
significantly elevated or decreased in dosed male or 
female rats; the cause and biological significance of 
these effects are uncertain. The blood urea nitrogen 
concentration in males that received 1,200 mg/kg was 
significantly, greater than controls, while the 
creatinine concentration was significantly lower. 
Since there was no histologic evidence of renal 
disease, the slight increase in urea nitrogen is pre- 
renal in origin and possibly related to dehydration or 
increased muscle catabolism that occurs with a 
negative nitrogen balance. Serum levels of creatinine, 
the end product of muscle metabolism, are related to 
total muscle mass and muscular conditioning. Thus, 
the. slightly lower creatinine concentration may be 
related to the significantly lower mean body weight 
gain of this dose group. 

The albumin levels in male rats that received 600 and 
1,2GO mg/kg and in all dosed groups of females were 
significantly greater than those of the controls. In 
females, this was accompanied by an elevation in 
total protein in .the 3430, 6~0, and 1,2(~0 mg/kg dose 
grouPs . . Increased albumin production has not been 
known to occur in animals, and elevated levels of 
serum albumin are usually attributed to dehydration. 

Serum levels of aspartate aminotransferase, lactate 
dehydrogenase, and sorbitol dehydrogenase in males 
receiving 1,2~30 mg/kg were significantly lower than 

those of controls, while the sorbitol dehydrogenase 
activity in 1,200 mg/kg females was significantly 
greater than that in controls. While statistically 
significant, these differences were slight and have no 
obvious explanation. The depressed enzyme levels in 
male rats may be related to the lower body weight 
gain in the 1,200 mg/kg group. 

Cholinesterase values in males receiving 300, 6~10, and 
1,2l~0 mg/kg and in females receiving 600 and 
1,200 mg/kg were significantly lower than those of 
controls (Table H2). 

The absolute and relative liver and ~idney weights of 
male and female rats that received 600 and 
1,2(~0 mr/St were significantly greater than those of 
the controls (Table G1). Consistent with this obser- 
vation, centrilobular hepatocellular hypertrophy was 
observed in male and female rats receiving 300 mg/kg 
or more (Table 5). The lesions ranged in severity 
from minimal to mild and consisted of slight hepato- 
cyte enlargement, sometimes accompanied by slight 
nuclear enlargement of the cells surrounding the 
central vein. 

Dose Selection Rationale: Because of mortality in 
both sexes and the lower mean body weight gain of 
males receiving 1,200 mg/kg, the high dose selected 
for the 2-year study was 6~30 mg/kg. 

T~L~ ~ 
Liver Lesions of~ ~e~s in the ~.3-Week G~v~Se St~n~y o~ 3~-Di~y~r~co~ar~n 

Dose 0 mg/V~ 7S ~ 1 ~  m ~  3¢0 mg/V~ 600 mg/M 1,ZO¢ mg/M 

Mlzn, 

Live# 10 10 " 10 10 10 10 
Hepatocellular Hypertrophy b 0 0 0 10°°(1.3) c 10° °(1.0) 10°°(1.2) 

~mn~ 

Liver 10 10 10 10 10 9 
Hepatocellular Hypertrophy 0 1 0 10°°(1.0) 10°°(1.0) 9°°(1.0) 

oo Significantly different (P¢_0.01) from the control group by the Fisher egact test 
a Number of rats with organ egamined microscopically. 
b Numt~r of rats with lesion. 
¢ Average severity grade of lesion in affected rats: lffiminimal, 2ffimild, 3ffimoderate, 4ffimarked 
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2-YEAR STUDY 
Survival 
Estimates of survival probabilities for male and 
female rats are shown in Table 6 and in the Kaplan- 
Meier curves in Figure 2. Survival of dosed female 
rats was similar to that of the controls. In contrast, 
the number of male rats surviving until the end of 
the study decreased with increasing dose, and the 
survival of each group of dosed males was signif- 
icantly lower than that of controls. However, in each 
of the male dose groups, survival was greater than 
50% until week 92. The reduced survival of dosed 

males was attributed to a chemical-related increased 
severity of nephropathy and renal failure. 

Body Weights and Clinical Findings 
Mean body weights of high-dose male rats were 
consistently about 5% to 10% lower than those of 
the controls after week 6. Body weights of other 
male dose groups and dosed female rats were similar 
to those of the controls (Tables7 and 8, and 
Figure 3). Although there were no clinical findings 
attributed to chemical administration, the male rats 
resisted the daily gavage procedure. 

T~a~t£ 6 
Survival o f  Rats in the 2.Year Gavage Study of 3,4-Dihydrocoumarin 

• ~ Vehicle  Control  150 mg/kg 3 0 0  m g / k g  " 6 0 0  mg/kg 

Male  

Animals initially in s tudy  

15-Month interim evalnation a 
M o r i b u n d  
Accidental deaths a 
Natural deaths ~. 
Animals surviving to study termination : 
Percent probability of suvTival at end of Study b 
M e a n  survival  (days)  c 

Survival analysis d 

Female  

Animals initially in s tudy  

15-Month interim evaluation a 
M o r i b u n d  

Accidental deaths a 
Natural deaths 
Animals surviving to study termination 
Percen t  probability of survival at end of s tudy  

M e a n  survival  (days)  

9 
{ 1 2  

2 
10 • 
27 

57 
64o 

P< 0 .001  

10 
13 

2 
4 

31 
6 5  

649 

P = 0 . 2 1 3  

~ ~0 10 

2,4 26 
1 1 

13 15 
12 8 

27 16 
611 633 

, .  

Pffi0.004 P < 0 . 0 0 1  

10 
2 0  

0 . . 

4 

26 

. . . . . .  52~  

65O 

9 
17 

5 
8 

21 
• • 4 6  

~600 

P- -0 .106  Survival analysis P =0 .300  

10 
17 

2 

29 
2 

4 
5.81 

P < 0 . 0 0 1  

. .  

9 
19 

4 
• " 5 

23 

5O 

610 

P- -0 .134  

a C e n s o r e d  from sun~ival ana lyses  
b Kaplan-Mci©r determinations 
c M e a n  of all deaths (uncensored, censored, and terminal sacrifice). 
d The  result of the life table trend test (Taronc ,  1975) is in the control column, and the results of the l!fc table pairwise comparisons 

(Cox,  1972)  with the controls are in the dosed columns.  ~ - ' ~ ~ ~ . . . . . . . .  
e Inc ludes  one rat that died the last week of s tudy  ~ " ~, '~ : : .  " . . .... ~ ~ : ,  • : , 



~ : - - : ~ : ~  ~ . ~ . _  ~ - - - -  ~ . . . . . . . . .  . . . . . . .  

~ u 8 ~  

o 

- - I  

o 

o 

1 . 0 '  }. --"~ . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . .  -. . . . . . . . . . . . . . . . . .  

0 . 8 "  r 

• 

0 . 7 -  

0 . 6 -  .o 

0 ° 5  . . . . . . . . . . . . . . . . .  -~ . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . .  .~ . . . . . . . . . . . . . . . . .  "; . . . . . . . . . . . . . . . .  .~ . . . . . . . . . . . . . . . . .  ; . . . . . .  -~ . . . . . . . . . . . . . . . . .  

0 . 4 -  

::t °~ ......... I °°'°~°°'° '~"'~'~''~ ~ _ ~ ~ _  ~ ~ ~ ................ 
.... ~ ~ " ~ t ~  . . . . . . . . . . . . . . . . .  , . ,  . . . . . . . . .  ~ ~ . ~  ~ ~ ~ ~ ~ 

......... ~ - ~  ........... ~. ................ ~ ................ ~ ................. ~ ......... . ~  

~ ~ ~ ~ ~ ~ ~ ~ ~ 
W ~ K S  O N  S ~ D Y  

0.9- 

0.8- 

0 . 7 -  

0.6- 

0.55- ! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ............... 

0 o , ~  . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . .  o .  . . . . . . . . . . . . . . . .  

: 
; 

. . . . . . . . .  . . . . . . . . . . .  i. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

~'a~ ......... I ~ ~ ~ ........... 4 ................. ~ ................ ~ ................. i ................ ~ ................. 
/ I ~ ~o~ .~o  

0 ~  . . . . .  I ~  ~ o o ~ o  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ . ~  ~ 
o ~ !o ~ ~o 7s ~o m5 ~2o 

W ~ K S  O N  S ~ D Y  

~ u ~ :  ,~ 

~ F ~ n o ~ e ~ e r  ~ r ~ v ~  C ~ r ~ e ~  ~ ~ e  ~ F e ~ e  ~ A ~ n ~ s ~ e ~  3 ~ - D ~ y ~ ~ n  
~n C o ~  D ~  ~ y  G a r a g e  ~or  ~ Y ~  



36 3,4-Dihydrocoumarin,  NTP TR 423 

TABLE 7 . r "  

Mean Body Weights and Survival of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin 

Week Vehicle Control I.~0 mg/kg . 300 m~kg 600 mg/kg 
o n  Av. Wt. N o . o f  . Av. WL W t . ( % o f  N o . o f  Av. WL W t ( % o f  No. of  Av. W t  W t  (%of  N o . o f  

Study (g) Survivors. (g) controls) Survivors (10 controls) Survivors (g) controls) Survivors 

1 128 60 
2 184 60 

• 

3 229 60 
4 250 60 
5 267 60 

6 284 60 
7 297 59 
8 313 59 
9 323 59 

10 330 59 
11 339 59 
12 349 59 
13 358 59 
17 382 59 
21 397 59 
25 424 59 
29 437 59 
33 452 59 
37 465 59 
41 474 59 

~ 45 483 59 
49 500 59 
53 5O7 59 
57 517 58 
61 521 58 
65 520 58 
• 69 a 529 49 
73 529 49 
77 517 47 
81 522 45 
85 510 45 
90 494 43 
93 480 39 
97 471 33 

102 459 30 
103 459 28 

125 
181 
226 
247 
264 
28O 
293 
3O9 
323 
331 
34O 
352 
362 
385 
397 
426 
44O 
456 
466 
477 
490 
500 
515 
523 
527 
534 
541 
552 
54O 
539 
543 
540 
526 
5O3 
49O 
486 

Mean for weeks 
1-13 281 279 

14-52 446 449 
53-103 503 526 

98 60 
99 60 
99 60 
99 60 
99 60 
99 60 
99 60 
99 60 

100 60 
100 60 
100 60 
101 60 
101 60 
101 60 
100 60 
101 60 
101 60 
101 60 
I00 59 
101 59 
101 59 
100 59 
101 59 
101 59-  
101 59 
103 58 
102 46 
104 46 
104 46 
103 40 
107 35 
109 32 
110 30 
107 23 
107 16 
106 13 

99 
101 
105 

129 101 60 125 98 60 
185 101 60 182 99 60 
231 101 60 226 99 60 

252 
284 
298 
311 
321 
332 
339 
351 
36O 
381 
387 
414 
426 
438 
450 
459 
470 
478 
490 
494 
502 
5O3 
516 
522 
513 
526 
511 
516 
502 
487 
471 
471 

283 
434 
502 

94 
100 
100 
99 
99 

101 
100 
101 
101 
100 
97 
98 
98 
97 
97 
97 
97 
96 
97 
96 
97 
97 
98 
99 
99 

101 
100 
105 
104 
104 
103 
103 

101 
97 

100 

60 239 90 
60 270 95 
60 279 94 
60 293 94 
60 307 95 
60 316 96 
60 324 96 
60 337 96 
60 344 96 
60 361 95 
60 366 92 
60 395 93 
60 402 92 
60 413 . 91 
60 420 90 
60 426 .90 
60 435 90 
60 440 88 
60 451 89 
60 . 459 89 
60 468 90 
60 462 89 
~0 468 89 
49 475 90 
47 467 90 
46 481 92 
45 476 .93 
39 471 95 
36 455 95 
26 454 96 
15 436 95 
10 414 90 

270 96 
406 91 
460 91 

60 
60 
58 
58 
58 
58 
58 
58 
58 
58 
58 
58 
,58 
58 

58 
58 
58 
58 
57 

, 57 
57 
56 
46 
44 
42 
40 
36 
28 
24 
13 
6 
2 

a Interim evaluation occurred during week 65. 
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T~U~L~ g 
~ ~ y  We~lh~ en~l Surv~v~ og ~e~e]e 11~,~ ~n~ ~he ~o'y~r Geve~e S~u~y o~r 3,,~-D~hy~n'ceo~maH~ 

W~I~ 'YehkM Corn.tea ~.~ ~ ~ ~ 6C~ ~ 
o= Av. W~. Ne. of Av. W~. WL (% off' Ne. of Av. W~ WL (% of No. of Av.' WL WL (% of No. of 

~u~t~y (~) S~rv~vo~s (8) con~rob) S~rv~vo~a (~0 controls) Survivors ~ control)  Sm'v~vors 

1 103 60 105 103 60 104 101 
2 130 60 132 102 59 133 103 
3 148 60 148 100 59 151 102 
4 156 60 159 102 59 160 103 
5 166 60 169 102 59 171 103 
6 172 60 174 101 59 176 102 
7 176 60 179 101 59 182 103 
8 184 60 185 101 58 188 102 
9 187 60 189 101 58 192 103 

10 192 60 195 101 58 196 102 
11 195 60 197 101 57 202 104 
13 199 60 204 103 57 207 104 
14 201 60 208 103 57 211 105 
17 209 60 215 103 57 214 103 
21 208 60 215 103 57 216 104 
25 216 60 222 103 57 224 103 
29 228 60 234 103 57 234 103 
33 231 60 240 104 57 241 104 
37 238 60 249 105 57 247 104 
41 245 60 256 104 57 253 103 
45 251 60 262 105 56 262 105 
49 259 60 274 106 56 265 102 

~ 53 267 60 283 106 : 55 280 105 
57 276 59 293 106 55 290 105 
61 283 59 299 106 55 300 106 
65 291 59 307 106 54 308 106 
69 a 297 48 317 107 44 317 107 
73 296 47 316 107 43 325 110 
77 304 46 324 106 41 328 108 
81 304 45 327 108 40 334 110 
85 313 43 334 107 37 343 110 
89 313 42 333 106 35 337 108 
93 316 40 335 106 34 346 110 
97 319 38 332 104 31 343 108 

102 320 34 327 102 29 357 112 
103 323 31 341 106 21 360 111 

Meen for week  
1-13 167 170 102 172 103 

14-52 229 238 104 237 103 
53-103 302 319 106 326 108 

60 102 lO0 60 
60 131 101 60 
60 150 102 60 
60 160 102 60 
60 169 102 60 
60 175 102 59 
60 181 102 59 
60 184 100 59 
60 189 101 59 
60 194 101 59 
60 201 103 59 
60 207 104 59 
60 208 103 58 
60 210 101 58 
60 215 103 58 
60 223 103 58 
6O 235 103 58 
60 240 104 58 
60 244 102 58 
60 247 101 58 
60 252 101 58 
60 256 99 ,57 
60 267 1 ~  57 
59 269 98 57 
59 278 98 57 
59 281 96 56 
49 287 97 47 
49 298 101 45 
48 299 98 • 41 
47 310 102 40 
45 311 99 38 
42 305 98 34 
39 309 98 30 
36 309 97 29 
30 314 98 28 
27 329 102 23 

1'70 102 
233 102 
298 99 

a Interim evaluation occurred during week 65. 
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FIGURE 3 " 
Growth Curves for Male and Female Rats Administered 3,4-Dihydrocoumarin 
in Corn Oil by Gavage for 2 Years 
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Heme~a,~ ~z,~d C~n~c~ C~emisezy 
At the 15-month interim evaluation, the hemoglobin 
concentrations, mean erythrocyte volumes, or mean 
e ~ h r o ~ e  hemoglobin ~n~nt ra t ions  in the 3 ~  and 
~ m e g  female rats were slightly, but signifi~ntly, 
lower than those in the ~ntrols  ffable H5). In 
reals ,  only the hemoglobin ~n~nt ra t ion  of the 
~ m ~ g  group w ~  signifi~ntly lower. ~ i l e  t h e e  
d i f f e ren~  were statisti~lly signifi~nt and possibly 
re la t~  to the anti~agulant eff~t  of 3,4-dihydro- 
~umarin,  they were not clini~lly im~rtant .  ~ e  
total l e u k ~ e  ~ u n ~  in 3 ~  and ~ m ~ g  femal~ 
were higher, p~marily b ~ e  of an incr~se in the 
n u m ~ r  of l ~ p h ~ .  ~ e  ~ e  of this eff~t  ~ 
u n ~ o ~ .  

Serum activities of alkaline phosphatase, alanine 
aminotransferase, sorbitol dehydrogenase, or 
v-glutamyltransferase were significantly higher in the 
300 and 690 mg/kg male rats than those in controls 
(Table H5). In females, only alkaline phosphatase 
and v-glutamyltransferase activities were significantly 
higher in the 600 mg/kg group. While elevated 
enzyme activities are usually associated with hepatic 
toxicity, hepatocellular degeneration or necrosis were 
not observed by light microscopy. 

P~l ,~gy  ¢~nd Seeaiseic~2 Ane.~y,~es of ~.es~de.~ 
This section describes the statistically significant or 
biologically noteworthy changes in the incidences of 
neoplasms or nonneoplastic lesions of the kidney, 
parathyroid gland, forestomach, adrenal gland, and 
pituitary gland. Summaries of the incidences of 
neoplasms and nonneoplastic lesions, individual 
animal tumor diagnoses, and statistical analyses of 
primary neoplasms that occurred at an incidence of 
at least 5% in at least one study group are presented 
in AppendL~es A for male rats and B for female rats. 

K/dney: The absolute and relative kidney weights of 
male and female rats receiving 300 and 600 mg/kg 
were significantly greater than those of controls at 
the 15-month interim evaluation (Table G4). While 
nephropathy occurred in nearly all dosed and control 
male rats, the average severity of nephropathy in each 
of the dose groups was significantly greater than that 
of controls at the 15-month interim evaluation and at 
the end of the 2-year study (Table 9). The more 
frequent occurrence of moderate or marked nephrop- 
athy in dosed males was the principal cause of 
reduced survival of these groups. 

In female rats, there was no apparent response at the 
15-month interim evaluation, but by the end of the 
study the incidences and average severities of 
nephropathy in the 3130 and 690 mg/kg females were 
significantly greater than controls (Table 10). 

Nephropathy was characterized by glomerulo- 
sclerosis, thickening of the tubule epithelium base- 
ment membrane, degeneration and atrophy of tubule 
epithelium, dilatation of tubule lumens by pale pink 
acellular material (hyaline casts), interstitial fibrosis, 
and chronic inflammation. Regeneration of tubule 
epithelium was also observed frequently, and the 
extent and severity of this process paralleled the 
overall severity of the degenerative changes. In 
general, the severity grades were based upon the 
extent of tubular and glomerular involvement: 
minimal - less than 25%; mild - 25% to 50%; 
moderate - 50% to 75%; marked - greater than 75%. 

In addition to the nephropathy described above, renal 
tubule adenomas were observed in one 150 and two 
600 mg/kg male rats, and in one control, one 150, and 
one 3130 mg/kg female rat (Tables 9, 10, A1, and B1). 
The 150 mg/kg female rat with an adenoma also had 
a renal tubule carcinoma, and an additional 
300 mg/kg female had a renal tubule carcinoma. 
While the incidences of renal tubule adenoma in the 
dosed groups of male rats were notsignificantly 
greater than that of controls, no more than one has 
been seen in any group of NTP 2-year historical 
control male rats (8/1,019, 0.8%; Table A4a). 
Similarly, the occurrence of renal tubule adenomas or 
carcinomas (combined) in two 300 mg/kg females 
contrasts with the two seen in 1,018 NTP historical 
control female rats (Table B4a). Renal tubule 
hyperplasia, a possible precursor of adenoma, 
occurred in 150 and 600 mg/kg male rats and in one 
690 mg/kg female (Tables 9, 10, A5, and B5). 
Transitional cell carcinomas of the renal pelvic 
urothelium were also observed in two 690 mg/kg male 
rats. Transitional cell carcinomas of the kidney have 
been observed in only 1 of 1,019 historical control 
male rats (Table A4b) from recent NTP studies. 

The kidneys were initially sampled for histopathology 
by preparing a single hematoxylin and eosin stained 
section of each kidney. Primarily because of the 
unusual occurrence of renal tubule adenomas in 
600 mg/kg males and 150 mg/kg females, additional 
step-sections of kidney were prepared from the 
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TABLE 9 

Incidences o f  N e o p l a s m s  a n d  N o n n e o p ~ a s t i c  L e s i o n s  o f  the Kidney o f  M a l e  R a t s  

i n  t h e  2 . Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n  

Dose Vehicle Cont ro l  150 mg/kg 300 mg/kg 600 mg/kg 

Single SecUous ( S t a n d a r d  Eva lua t ion)  

1S-Month I n t e r i m  Eva lua t ion  
Kidney a 9 10 10 10 

Nephropathy b 9 (1.0) c 10 (1.8)** 10 (1.4) 10 (1.7)** 

2-Year Study 
Kidney 50 48 47 50 

Nephropathy 50 (2.2) 47 (2.9)** 47 (3.2)** 47 (3.2)** 
Renal Tubule Hyperplasia 0 3 0 3 

Renal Tubule Adenoma d 0 1 0 2 
Transitional Cell Carcinoma e 0 0 0 2 

Step  Sect ions  (Extended  Eva lua t ion)  

IS-Month I n t e r i m  Eva lua t ion  
Kidney 9 10 10 10 

Renal Tubule Hyperplasia 0 0 0 0 

Renal Tubule Adenoma 0 1 0 0 

2-Year Study 
Kidney 50 48 47 50 

Renal Tubule Hyperplasia 0 3 6* 6** 

Renal Tubule Adenoma 1 0 3 5 *f 

Single and Step Sections Combined 

1S-Month I n t e r i m  Eva lua t ion  
Kidney 9 10 10 10 

Renal Tubule Hyperplasia 0 0 0 0 

Renal Tubule Adenoma 0 1 0 0 

2-Year Study 
Kidney 50 48 47 50 

Renal Tubule Hyperplasia 0 5* 6* 8 '*  

Renal Tubule Adenoma 1 1 3 6* 
Transitional Cell Carcinoma 0 0 0 2 

* Significantly different (P_~0.05) from the control group by the Fisher exact test (15-month interim), logistic regression test (2-year 
study), or Mann-Whitney U test (severity grades) 

** P~0.01 
a Number of rats with organ examined microscopically. 
b Number of rats with lesion. 
c Group average severity grade of lesion: 0 = normal, 1 = minimal, 2 = mild, 3 = moderate, 4 = marked 
d Historical incidence for 2-year corn oil garage studies with vehicle control groups (mean ± standard deviation): 8/1,019 

(0.8% ± 1.0%); range 0%-2% 
¢ Historical incidence: I/1,019 (0.1% ± 0.5%); range 0%-2% 
f One adenoma in the step section is the same adenoma seen in the original single section. 
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TABLE R@ 
~nc~denc~ o~ 1~pIlss~s snd l~onn~.op~ast[c Lesions o~ the ~dney o~ Female ~ets 

in the ~-Y~z G s v a ~ e  Study ot~ 3~-D~hydr~ou~na~n 

,~1 

~ Veh~cne Concron 1 ~  m a ~ g  ~0~ m~/~ ~ m~/P~ 

SinGe  ~ c t ~ o ~  ( S ~ a ~ d a ~  Evanua¢5on) 

15-I~,~on~ I~n~m ~Evaluagfion 
Kidney a 10 9 10 9 

Nephropathy b 2 (0.2) c 1 (0.1) 1 (0.1) 1 (0.1) 

~-Year Sgudy 
Kidney 50 49 49 49 

Ncphropathy 20 (0.5) 20 (0.4) 37°°(1.0) °0 31°°(0.9) °0 
Renal Tubule Hyperplasia 0 0 0 1 

Renal Tubule Adenoma 1 1 1 0 
Renal Tubule Carcinoma 0 1 1 0 
Renal Tubule Adenoma or Carcinoma d 1 1 2 0 

S ~ p  Secg[ons ~.. .~ende~ ~va~uagion) 

15-1~Iongh ~n~Hm ~Evaluagion 
Kidney 10 9 10 9 

Renal Tubule Hyl:~rplasia 0 0 0 0 

Renal Tubule Adcnoma 0 0 0 0 

2-Year S ~ d y  
Kidney 50 49 49 49 

Renal Tubule Hyp~rplasia 0 0 0 1 

Renal Tubule Adenoma I e I e I e 0 

S~nB~e a n d  S ~ p  ~ c ~ o n s  Combined  

1 5 - ~ o n ~  H n ~  ~ v ~ u a ~ o n  
Kidney 10 9 10 9 

Renal Tubule Hyperplasia 0 0 0 0 

Renal Tubule Adenoma 0 0 0 0 

~-Y~ar Sg~dy 
Kidney 50 49 49 49 

Renal Tubule Hyperplasia 0 0 0 2 

Renal Tubule Adenoma 1 1 1 0 
Renal Tubule Carcinoma 0 1 1 0 
Renal Tubule Adenoma or Carcinoma 1 1 2 0 

oo Significantly different (P~0.01) from the control group by the logistic regression test (2-year study) or Mann-Whitney U test 
(severity grades) 

a Number of rats with organ egamined microscopically. 
b Number of rats with lesion. 
c Group average severity grade of lesion: 0 = normal, 1 ffi minimal, 2 = mild, 3 = moderate, 4 = marked 
d Historical control incidence for 2-year corn oil garage studies with vehicle control groups (mean ± standard deviation): 2,/1,018 

(0.2% ± 0.6%); range 0%-2% 
• The lesion in the step section is the same lesion seen in the original single section. 
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remaining formalin-fixed tissues. Approximately six 
to eight additional sections taken at 1 mm intervals 
were prepared for each male and female rat. 

Additional• rats, primarily dosed males, with focal 
hyperplasia or adenoma were identified. The inci- 
dences of these proliferative lesions in the step 
sections and in the single and step sections combined 
are shown in Table 9. The incidences of hyperplasia 
and adenoma increased with dose, and the incidences 
in the 600 mg/kg males were significantly greater than 
those of controls. No additional transitional cell 
carcinomas were found in males. 

In female rats, renal tubule lesions occurred much 
less frequently, and the incidences in the dosed 
groups were not significantly greater than those of 
the controls (Table 10). 

Renal tubule hyperplasia, as defined in this study, was 
distinguished from the regenerative epithelial changes 
commonly seen as a part of nephropathy and was 
considered a preneoplastic lesion. Renal tubule 
hyperplasia, adenoma, and carcinoma were part of a 
morphologic continuum and occurred in the cortex Of 
the kidney. Hyperplasia of the renal tubule epithe- 
lium was characterized by single or multiple profiles 
of a single tubule partially or completely filled with 
normal or slightly enlarged epithelial cells. The renal 
tubule aden0mas were. discrete, sometimes 
multinodular masses at leeast three times greater in 
diameter than an average tubule and composed of 
somewhat pleomorphic epithelial cells arranged in 
complex tubular structures and solid clusters. The 
carcinomas were larger than the adenomas and 
exhibited cellular pleomorphism and atypia and 

• 

central necrosis... 

.ParathyrOid gland: The incidences of bilateral, diffuse 
par~.thyroid gland hyperplasia were significantly 
increas9d in dosed male rats (vehicl e control, 0/47; 
.150 ~g/kg, t5/41; 300 mg/kg, 26/48; 300 mg/kg, 19/41; 

, t .  

• . . , '  , 

Table A5); parathyroid gland hyperplasia also 
occurred in two female rats receiving 600 mg/kg 
(Table B5). Parathyroid gland hyperplasia was 
considered to be secondary to disturbances in calcium 
metabolism resulting from nephropathy and renal 
failure. The increased, incidence of parathyroid gland 
hyperplasia in male rats was related to the increased 
severity of nephropathy in these groups. 

Forestomach: There were no treatment-related in- 
creased incidences of forestomach ulcers in male or 
female rats at the 15-month interim evaluation; 
however, there was a significantly increased incidence 
of forestomach ulcers in dosed male rats at the end 
of the study (Table 11). These forestomach ulcers 
were characterized by focal necrosis of the mucosa 
and adjacent muscularis mucosa. Several of the 
forestomach ulcers had perforated the stomach wall. 
The squamous epithelium at the margin of the ulcers 
was usually thickened and hyperkeratotic (indicating 
areas of squamous hyperplasia), and the adjacent 
stomach wall was infiltrated with moderate numbers 

. of mixed inflammatory cells, often mixed with prolif- 
erating fibrous t issue. .  Squamous hyperplasia and 
chronic inflammation also occurred in dosed males.- 

. . 

A squamous cell papilloma and a squamous cell 
carcinoma of the forestomach occurred in female rats 
receiving 600 mg/kg, but none occurred in the other 
dosed female groups or in the controls (Table 11). 
There were no squamous cell papillomas or 
squamous cell carcinomas of the forestomach in 
control or dosed male rats. The incidence of 
squamous cell papilloma or carcinoma (combined) of 
the forestomach in female rats .that received 
600 mg/kg exceeded the range for these neoplasms in 
control female rats from recent NTP 2-year gavage 
studies (Table B4b). However, because of the low 
incidence of these neoplasms and the low incidence 
of focal hyperplasia, these neoplasms could not be 
attributed to chemical administration. 
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T ~ L ~  ~[  
~nc]~ences ~ Selec ted  Les~oas e~ the  F o r e s t ~ m a c h  o~ R a t s  ~ the  2 .Year  G a r a g e  S tudy  
o~ 3 ~ - D ~ h y ~ r ~ r ~ a  

1 ~  Vehicle Control 1 ~  nag/kg ~ nag/k S ~I~ nag/~ 

[~aH~ 

Forestomach a 47 48 50 46 
Ulcer b 4 14 ° 2000 16oo 
Squamons Hyperplasia 3 11 o 14 o o 110 
Inflammation, Chronic 3 8 15 °0 8 

~ m ~  

Forestomach 50 49 50 49 
Ulcer 3 1 1 1 
Squamous Hyperplasia 1 0 1 2 
Inflammation, Chronic 1 0 0 2 

Squamons Cell Papilloma or Carcinoma e 
Overall rates d 0/50 (0%) 0/f51 (0%) 0/50 (0%) 2/51 (4%) 
Logistic regression tests e P=0.037 - - P=0.175 

o Significantly different (P.~0.05) from the control group by the logistic regression test 
00 P_~0.01 
a Number of rats examined microscopically. 
b Number of rats with lesion. 
¢ Historical incidence for 2-year corn oil garage studies with vehicle control groups (mean ± standard deviation): 3/1,020 

(0.3% ± 0.7%); range 0%-2% 
d Number of rats with neoplasm per number of rats with organ examined microscopically. 
e Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values 

corresponding to paitwise comparisons between the controls and that dosed group. The logistic regression test regards these 
lesions as nonfatal. 

f Not applicable; no neoplasms in animal group 

Adrenal gland." T h e r e  was a marg ina l ly  increased  
inc idence  o f  ben ign  o r  ma l ignan t  p h e o c h r o m o c y t o m a  
( combined )  in low-dose  female  rats  (2/50, 7/51, 6/49, 
4/50; T a b l e  B3). A l l  inc idences  fell  wi th in  the  
h is tor ica l  r ange  for  con t ro l  f e m a l e ' r a t s  f rom recent  
NTP  2-year  ga r age  s tudies  ( range  0%-14%;  59/1,001, 
5.9%; Tab le  B4c), and  the  inc idence  o f  ad rena l  g land 
hyperp las ia ,  a les ion  genera l ly  cons ide red  to  b e  the  
p r ecu r so r  to  p h e o c h r o m o c y t o m a ,  was s imi lar  be tween  
con t ro l  and  female  dosed  groups  (9/50, 10/51, 8/49, 

8/50; Tab le  B5). T h e r e  was no  increased  inc idence  o f  
ben ign  o r  ma l ignan t  p h e o c h r o m o c y t o m a  ( combined )  
in ma le  rats  (18/50, 11/49, 12/49, 8/50; Tab le  A3) .  
The  s l ight ly  increased  inc idence  o f  a d r e na l  g land 
neop la sms  in d o s e d  female  ra ts  was no t  cons ide red  
to  be  chemica l  r e l a t ed  because  t he  inc idence  ~was 
wi th in  the  range  o f  h i s to r ica l  cont ro ls ,  t he  inc reased  
inc idence  was no t  dose  re la ted ,  and  the re  was 
n o  t r e a t m e n t - r e l a t e d  i n c r e a s e d  i n c i d e n c e  o f  
hyperplas ia .  
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Pituitary gland: The incidences of adenomas of the 
pituitary gland pars distalis were significantly lower in 
t h e  300  a n d  600 m g / k g  m a l e  ra ts  a n d  in  t h e  

600 m g / k g  f e m a l e  ra ts  t h a n  in  t h e  c o n t r o l  g r o u p s  

(male: 24/49, 20/47, 13/46, 9/46; female: .31/49, 21/48, 
27/49, 19/50; ~Tables A3 • and B3). While the 
consistency of this finding in both sexes suggests it is 
chemical related, a potential mechanism for the effect 
is not apparent. Lower incidences of pituitary gland 
neoplasms are associated with lower body weights as 
a result of reduced feed consumption or toxicity, but 
the body weight of 600 mg/kg female rats, unlike 
male rats, was similar to that of the controls. 

given 600mg/kg .3,4-dihydrocoumarin for 9 or 
15 months followed by. administration of only .the 
garage vehicle until the end of the study. T o  
determine progression or regression of chemical- 
related lesions during the recovery period, the 
incidences of neoplasms and nonneoplastic lesions in 
these stop-exposure groups were compared with those 
of male rats evaluated at 9 or 15 months. To provide 
an additional measure of dose response as it relates 
to duration of exposure, the incidences of neoplasms 
in rats in the 9- and 15-month stop-exposure groups 
were compared with the incidences in rats receiving 
600 mg/kg for the entire 2 years (the latter group was 
part of the regular 2-year study). 

S T O P - E X P O S U R E  EVALUATION 
Stop-exposure groups of male rats were included, in 
the NTP 2-year study to evaluate the potential for 
chemical-related liver lesions to progress or regress 
during a recovery period, based on reports that 
coumarin produced cholangiofibrosis and/or bile duct 
carcinomas in male rats (B~lr and Griepentrog, 1967; 
Griepentrog, 1973). Groups of 20 male rats were 

Survival 
Estimates of the survival probability for male rats in 
the stop-exposure groups are shown in Table 12. 
Eight males that received 600 mg/kg for 9 months 
and two males that received 600 mg/kg for 15 months 
survived until week 104. The decreased survival was 
attributed primarily to a chemical-related increase in 
the severity of renal disease. 

o 

TABLE 12 
Survival of Male Rats in the Stop-Exposure Gavage Evaluation of 3,4-Dihydrocoumarin 

~00 mg/~g 
O-month exposure) 

6oo mg/kg 
(1S-month exposure) 

Animals initially in study 

9-Month interim evaluation a 
15-Month interim evaluation a 
Natural deaths 
Moribund kills 
Accidental deaths a 
Animals surviving to study termination 
Percent probability of survqval at end of study b 
Mean sun~ival (days) c 

20 0 
0 10 
5 8 
6 10 
1 0 
8 2 

42 10 
651 617 

a Censored from survival analyses 
b Kaplan-Meier determinations 
¢ Mean of all deaths (uncensored, censored, and terminal sacrifice) 
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~ ~eig~ ~ C~i~ie~ ~ i ~  
The mean bo~y weights of male rats in the 9- and 
15-month stop-e~osure groups are compared with 
the controls of the 2-year core study in Table 13. 
The mean body weight of the 9-month stop-exposure 
group was generally 5% to 10% lower than that of 
controls until weeS z~0, when the administration of 
3,4-dihydrocoumarin to this group ceased. The b o d y  
weight gain of this group improved slightly thereafter, 
until the mean body weight was similar to controls at 
week 77. From week 90 until the end of the study 

the mean body weight of the 9-month stop-e~osure 
group decreased at a slightly faster rate than did that 
of the controls. 

The body weight gain of the 15-month stop-exposure 
group followed a similar pattern. The mean body 
weight of the 15-month stop-exposure group ranged 
from about 5% to 13% lower than that of the con- 
troll during the period that the rats received 3,4-di- 
hydrocoumarin. The final mean ~x~ly weight of this 
group was 15% lower than that of the controll. 
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TABLE 13 , .  " 

M e a n  B o d y  W e i g h t s  a n d  S u r v i v a l  o f  M a l e  R a t s  i n  t h e  9 - M o n t h  a n d  1 5 - M o n t h  
. 

S t o p - E x p o s u r e  G a v a g e  E v a l u a t i o n  o f  3 , 4 - D i h y d r o c o u m a r l n  

Weeks 
o n  

Study 

. . . .  " Vehicle Control 
Av. W t  No. of 

(g) Survivors 
• 

. 

. .  

600 nw./k~ (9-month) 
Av. Wt. W t ( % o f  No. of 

(g) controls) Sui'vivo~ 

• 600 nw./kJe ~l$-month) 
Av. Wt. Wt. (%of  No, of 

(g) " controls) Survivors 

1 1 2 8  
2 .~184 

~3 •229 
4 250 
5 " 267 

" 6  284 
7 •297 
8 . . . .  .313 
9 /  . 323 

~ .  

10 33o 
11 339 
12 349 
13 358 
17 382. 
2 1  ,397 
25 424 
29 437 
33 452 
37 465 
41 474 

. 

45 483 
4 9  500 
53 507 
57 517 
61 521 
65 520 
69 529 
73 529 
77 517 
81 522 
85 510 
89 494 
93 48O 
97 471 

101 459 
103 459 

Mean for weeks 
1-13 281 

14-52 446 
53-103 503 

59 
59 
59 
59 
59 
59 
59 
59 
59 .,. 
59 : 
59 

• 59  • ~ 
59 
59 
59 
59 
59 
58 
58 
58 
49 a 
49 
47 
45 
45 
43 
39 
33 
30 
28 

122 96 
190 103 
218 95 
237 95 
256 96 
266 94 
284 95 
301 96 
303 94 
315 96 
331 *. 98 
337 97 
354 99 
356 93 
379 95 
397 94 
403 " 92 
412 91 
416 90 
429 91 

. .  

434 90 
449 90 
468 92 
488 94 
491, 94 
502 97 
5O3 95 
507 96 
509 98 
511 98 
503 99 
486 98 
454 94 
425 90 
438 95 
422 92 

270 
408 
479 

96 

91 
95 

20 
20 
2O 
20 
20 
20 
20 
20 
19 
19  
19 , 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
16 
16 
16 
15 
11 

8 
' 8  " 

L , 

125 98 
189 103 
213 93 
233 93 

.253 95 
265 93 
281 95 
277.  95 

316 . 96 
3 2 9  97 
336 96 
351 98 
372 97 
382 96 
402 95 
417 " ~6 
417 92 
425 92 
430 91 
440 91 
432 87 
443 87 
460 " ~ 8 9  
467 90 
474  91 
487 92 
484 91 
469 91 
465.  89 
451 88 
431 87 
420 87 
396 84 
391 85 
390 85 

269 96•  
413 93 . 
445 88 

r~ 20 

'20 
20 
20 
2O 

.20  
20 

.-19 
19 
19 ~ 
18 
17 
13 
.13 . . . . .  
13 
12 
10 

7 
6 
3 

a Interim evaluation occurred during week 65. 
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~e~uA~ t~u~ S~e~c~  Aeu~yz~z ~ z~ezMez 
Summaries of the incidences of neoplasms and 
nonneoplastic lesions and the individual animal 
diagnoses for male rats of  the stop-exp0sure groups 
are shown in Appendix E. • For statistical analyses, 
the incidences of neoplasms in the stop-exposure 
groups were 'compared with the controls of the 
regular 2-year study (Table E3a) and with the group 
receiving 690 mg/kg for 2 years (Table E3b). 

z~gzesz~z~ ez ~egzesz~n 
~f C~em~C~off~ceg LesSens 
Since 3,4-dihydrocoumarin administration to F344/N 
rats failed to produce cholangiofibrosis or bile duct 
carcinomas, as suggested by reports in the literature, 
the primary purpose of the stop-exposure groups was 

~7 

largely confounded. Consistent with the findings of 
the 2-year core study in male rats,,chemical-related 

• lesions were observed in the kidney. The average 
severity of nephropathy in male' rats receiving 

.699 mg/kg for 9 or 15 months followed by the re- 
covery period was significantly greater than that of 

t h e  controls (Table 14). The severities of nephrop- 
athy in stop-exposure male rat groups at the end o f  
the recovery period were also significantly greater 
than those at the respective interim evaluations 
(Tables 15 and 16). This is expected, since nephrop- 
athy .is a progressive degenerative disease that 
naturally increases in severity with age. However, 
these findings indicate that renal damage caused by 9 
or 15 months of exposure to 3,4-dihydrocoumarin was 
largely irreversible. Consistent with the increased 
average severity of renal disease; the incidence of 

T~L~ ~4 
[nc~ences 0f H~pnas~s a~n~ Honneop~ast~c Les~ns of the ]~3~ney, Foresto~ach~ and ~ar~thya '~ G~an~ 
of t~SIa~e ~ a ~  ~n ~he Stop-E~q~tmur~ Garage Evag~a~n ~ 3~4-D~hy~recoumar~n 

Vehlc~e Control  " ~ mg/kg ~ mg/kg 
D ~  (9-month e~q~t~sure) (15-month e~Fnemre ) 

Single S e c t i o ~  ( S ~ a d a r d  Evaluation) 

9-1~Ionth ~ n ~ q m  Evahmtion 
Kidney a 

Nephropathy b 
• 

l~-l~SIonth ~n~Hna Evaluat ion d 
Kidney 

Nephropaihy 

Stop-E~q~sure Groaps  
Kidney 

Nephropathy 
Renal Tubule Hyperplasia 

Renal Tubule Adenoma 
Renal Tubule Oneocytoma 

,Parathyroid Gland 
Hyperplasia 

Forestomach 
Ulcer 

19 19 
19 (1.0) e 18 (1.o) 

19 2O 
19 (1.1) 20 (1.6) °0 

. 

50 e 2o 2o 
50 (2.2) 19 (2.9) 0* 20 (3.6)** 
0 1 2 

0 0 0 
0 0 1 

47 18 18 
" 0 6 °0 9*0 

47 19 20 
4 2 4 

(continu~) 
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TAnL~ 14 . • 

Inc idences  of  Neoplasms  and  Nonneoplas t i c  Lesions of the Kidney,  F o r e s t o m a c h ,  a n d  P a r a t hy r o i d  G l a n d  
of Male  Ra t s  in  the  S top-Exposure  Gavage Eva lua t ion  of  3 ,4 -Dihydrocoumar in  (continued) . 

Vehicle Control 600 mg/kg 600 mg/kg 
Dose (9-month exposure) (IS.month exposure) 

Step Sections (Extended Evaluation) 

15-Month Interim Evaluation 
Kidney 19 20 

Renal Tubule Hyperplasia 0 1 

Renal Tubule Adenoma 0 0 

Stop-Exposure Groups 
Kidney 50 20 20 

Renal Tubule Hyperplasla 0 0 2 

Renal Tubule Adenoma 1 3* 2 

Single and Step Sections Combined 

1S-Month Interim Evaluation 
Kidney 19 20 

Renal Tubule Hyperplasla 0 1 

Renal Tubule Adenoma 0 1 

Stop-Exposure Groups 
Kidney 50 20 20 

Renal Tubule I-lyperplasia 0 1 3* 

Renal Tubule Adenoma 1 3* 2 
. 

Renal Tubule Oncocytoma 0 0 1 

* Significantly different (P_¢0.05) from the control group by the logistic t~-ession test (stop-exix~ure groups), or Mann-Whitney U 
test (severity grades) 

** (P-¢0.01) 
a Number of rats with organ examined micr~u:opically. 
b Number of rats with lesion. 
¢ Group average severity grade of lesion: 0 ffi normal, 1 ffi minimal, 2 ffi mild, 3 ffi moderate, 4 ffi marked 
d Includes data from the 15-month interim evaluation in the 2-year core study and the 15-month interim evaluation in the 

stop-egposure evaluation. 
e For comparison the data for the vehicle control group of the regular 2-year study is included here. 
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T ~  ~5 
C o ~ i i ~ H ~ o ~  off t h e  ~- i~Io~th ~nt~Hmm E v a ~ a t ~ o a  w i t h  t h e  ~ol~Ionth S ~ p - E ~  G ~ o ~ p  

~n t h e  S t ~ p - E z ~ u ~  G a r a g e  Eva~uat~o~ off' ~ , ~ - D ~ h y ~ l ~ m ~ a H ~  

~ ( ~  ~ 
~-l~Ionth 

' ~ H ~  Evaluat ion 
~-I~]on~h 

S~op-Y~V~s~  Group 

Kidney a 19 20 
I~ephropathy b 18 (1.0) c 19 (2.9) °0 

Parathyroid Gland 15 18 
Hyperplasia 0 6 ° 

Stomach, Forestomach 19 19 
Ulcer 0 2 

~ Significantly different (P_~0.05) from the 9-month interim group by the logistic regression test (incidence data) or Mann-Whitney U 
test (severity grades) 

~ o  ( P _ ~ 0 . 0 1 )  
"a  

Number of rats with organ examined microscopically. 
b Number of rats with lesion. 
~ Group average severity grade of lesion: 0 -- normal, 1 -- minimal, 2 -- mild, 3 -- moderate, 4 = marked 

T ~ . , ~  1~$ 
C o ~ l ~ a H s o ~  off ~he ~LS-I~Ion~h ] ~ H m m  E v a ] u ~ o ~  w ~ h  ~he 1 5 - I ~ I o ~ h  S ~ o p - E ~ i ~ s u ~  G~'o~p. 

~ln t h e  S ~ p - E ~ l ~ o ~  G a v ~ e  E v ~ i o ~  off 3 ~ , ~ - D i h y ~ ' o c o ~ H ~  

~ s ~  ( ~  ~ / ~ )  
1S-I~onth 

~n~Hm ~vs lue t ion  a 
l S - l ~ I o n t ~  

S t o p - ~ v o s u ~ e  Group 

Kidney b 20 20 
Nephropathy c 20 (1.6) d 20 (3.6) °0 

Parathyroid Gland 19 18 
Hyperplasia 0 9 ° ° 

Stomach, Forestomach 19 20 
Ulcer 0 4 ° 

o Significantly different (P~O.05) from the 15-month interim grroup by the logistic regression test (incidence data) or Mann-Whitney 
U test (severity grades) 

oo (P~0.01) 
a Includes data from the 15-month interim evaluation in the 2-year core study and the 15-month interim evaluation in the 

stop-exposure evaluation. 
b Number of rats with organ examined microscopically. 
c Number of rats with lesion. 
d Group average severity grade of lesion: 0 = normal, 1 ~ minimal, 2 -- mild, 3 -- moderate, 4 -- marked 
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parathyroid gland hyperplasia was greater in the stop- 
exposure groups than in the controls. Table 17 
presents the kidney and parathyroid gland lesions in 
the stop-exposure groups and in the group receiving 
600 mg/kg 3,4-dihydrocoumarin for 2 years. 

In the standard evaluation of single sections, focal 
renal tubule hyperplasia was observed in one male in 

the 9-month stop-exposure group and in two males in 
the 15-month stop-exposure group (Table 14). While 
no renal tubule adenomas were found, an onco- 
cytoma was identified in one male in the 15-month 
stop-exposure group. Microscopic examination of  the 
additional step sections revealed additional males 
with hyperplasia and adenomas in these stop- 
exposure groups (Table 14). 

TABLE 17 

Inc idences  o f  Selected Les ions  o f  the  Kidney,  Pa ra thy ro id  Gland,  and  S tom ach  of  M a l e  Ra ts :  ~ 

C o m p a r i s o n  o f  the  9- and  15-Month  S top-Exposure  Groups  with  the  2-Year  Core  G r o u p  
in the  Gavage  Study of  3 ,4 -Dihydrocoumar in  

9-Month 15-Month 2-Year 
Dose (600 mg/kg) Stop-Exposure Stop-Exposure Core Group 

Kidney a 20 20 50 
Nephropathy b 19 (2.9) ¢ 20 (3.6) 47 
Renal Tubule Hyperplasia d 1 4 8 

Renal Tubule Adenoma d 3 2 6 
Renal Tubule Oncocytoma 0 1 0 
Transitional Cell Carcinoma 0 0 2 

Parathyroid Gland 18 18 41 
Hyperplasia 6 9 19 

Stomach, Forestomach 19 20 46 
Ulcer 2 4 16 

(3.2) 

a Number of rats with organ examined microscopically. 
b Number of rats with lesion. 
c Group average severity grade of lesion: 0 ffi normal, 1 = minimal, 2 = mild, 3 ffi moderate, 4 = marked 
d Includes standard (single section) and extended (step section) evaluations. 
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I q CE 
l o AV   ruDv 
All male and female mice receiving 2,250 mg/kg died 
during the first three days of dosing (Table 18). One 
female mouse that received 140 mg/kg died as the 
result of a gavage accident. Body weight gains and 
final mean body weights of surviving dosed male and 
female groups were similar to those of the controls. 

There were no treatment-related findings at necropsy, 
no differences in t h e  hematologic parameters 
(Table H6), and no treatment-related clinical findings 
of toxicity. The high dose selected for the 13-week 
study was 1,600 mg/kg, just below the dose in which 
mortality was observed in the 16-day study. 

T ~ . ~  [8 
Surv~vaH and I~Ie~n B~t~dy Weights ot~ I~ce in the [g-Day Garage Study off' 3,4-Dihydr~eou~aHn 

M e a n  Bo~y  W e i g h t s  b (~) F i n a l  W e i g h t  

D o s e  Sur~dval  a ~ni t la l  F ina l  C h a n g e  R e l a t i v e  ~o C o n t r o l s  
(~/~) (%) 

I~ale 

0 
140 
280 
560 

1,125 
2,250 

5/5 
5/5 
5/5 
5/5 
5/5 
0/5 c 

~ . 0 ± 0 . 9  
2 1 . 8 ± 1 . 0  
2 3 . 0 ± 1 . 2  
~ . 2 ± 0 . 7  
~ . 2 ± 0 . 4  
2 3 . 0 ± 0 . 7  

23.4 ± 1.2 1.4 ± 0.4 
23.6 ± 1.0 1.8 ± 0.2 101 
24.8 ± 1.1 1.8 ± 0.2 106 
24.2 ± 0.6 2.0 ± 0.3 103 
23.6 ± 1.3 1.4 ± 1.2 101 

- -  _ _ 

F e m a l e  

0 5/5 19.8 ± 0.7 21.0 ± 0.7 1.2 ± 0.2 
140 4/5 d 19.0 ± 0.9 20.0 ± 0.8 1.5 ± 0.5 95 
280 5/5 20.0 ± 0.5 21.2 ± 0.4 1.2 ± 0.2 101 
569 5/5 19.6 ± 0.5 20.4 ± 0.4 0.8 ± 0.2 97 

1,125 5/5 19.0 ± 0.5 20.8 ± 0.9 1.8 ± 0.7 99 
2,250 0/5 e 19.4 ± 0.5 - - - 

s Number  o f  mice surviving at 16 days/number initially in group 
b Weights  given as mean  ± standard error. Subsequent calculations based on mice surviving to tbe end of  the study. Diffcrrences 

from the control group are not significant by Dunnet t ' s  test. 
¢ Day of  death: 1, 2, 2, 2, 3 
d Death  attributed to garage accident 
e Day o[ death: 1, 2, 2, 2, 2 
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1 3 - W E E K  STUDY 
Eight males and four females receiving 1,600 mg/kg 
died during the first week of the study, and one 
female receiving 1,600 mg/kg died during week 5 
(Table 19). Deaths in the control and 100 mg/kg 
dose groups were attributed to garage accidents. No 
treatment-related clinical findings were noted. While 
the body weight gain of the two surviving 1,600 mg/kg 
male mice was significantly lower than that of the 
controls, the final mean body weights of other dosed 
groups of male and female mice were similar to those 
of the controls. No treatment-related differences in 

hematologic parameters were observed (Table H7). 
Absolute and relative liver weights of surviving male 
and female mice that received 1,600 mg/kg and the 
relative kidney weight of surviving males that received 
1,600 mg/kg were significantly greater than those of 
controls (Table G5). There were no chemical-related 
gross or microscopic lesions. 

Dose Selection Radonale: Because of mortality at the 
1,600 mg/kg dose level and the lack of a treatment- 
related response at the 800 mg/kg dose level, the high 
dose selected for the 2-year study was. 800 mg/kg. 

TABLE 19 
Survival and Mean Body Weights of Mice in the 13-Week Gavage Study of 3,4-Dihydrocoumarin 

Mean Body Weights b (8) Final Weight 
Dose Survival a Initial Final Change Relative to Controls 

(mg/kg) (%) 

Male 

0 
100 
2O0 
400 
800 

1,600 

g/lO c 

10/10 
10/10 
10/10 

2/10 e 

22.4 ± 0.6 30.9 ± 0.7 8.8 ± 0.5 
22.5 ± 0.4 29.9 ± 0.5 7.6 ± 0.3 97 
22.2 ± 0.4 30.8 ± 0.7 8.6 ± 0.7 100 
21.8 ± 0.4 29.7 ± 0.8 7.9 ± 0.5 96 
21.8 ± 0.5 30.3 ± 0.7 8.5 ± 0.5 98 
21.7 ± 0.4 27.0 ± 1.0 5.0 ± 0.0" 87 

Female 

0 
100 
200 
400 
80O 

1,600 

lO/lO 
10/10 
10/10 
10/10 
10/10 

5/10 f 

18.6 ± 0.3 25.1 ± 0.5 6.5 ± 0.4 
18.3 ± 0.5 25.5 ± 0.7 7.2 ± 0.4 102 
18.9 ± 0.5 24.7 ± 0.8 5.8 ± 0.4 98 
18.3 ± 0.4 23.9 ± 0.6 5.6 ± 0.5 95 
18.8 ± 0.6 25.8 ± 0.7 7.0 ± 0.3 103 
17.7 ± 0.5 24.4 ± 0.2 6.8 ± 0.8 97 

* Significantly different (P_~0.05) from the contrrol group by Dunnet t ' s  test 
a Number  of  mice smviving/number  initially in group. 
b Weights and weight changes are given as mean ± standard error. Subsequent  calculations are based on mice surviving to the  end 

of  the study. 
c Death attributed to gavage accident 
d Death  attributed to gavage accident 
e Week of  death: 1 , 1 , 1 , 1 , 1 , 1 , 1 , 1  
f Week of  death: 1 , 1 , 1 , 1 , 5  
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Estimates of survival probabilities for male and 
female mice are shown in Table 20 and in the 
Kaplan-Meier curves in Figure 4. Survival of dosed 
male and female mice was similar to that of the 
controls. 

$3 

~dy  ~e~gh~ a~d Clinical ~'~ndin~z 
There were no treatment-related differences in the 
body weights of dosed male and female mice 
(Figure 5 and Tables 21 and 22). There were no 
clinical findings in mice that could be related to 
chemical administration. 

T ~ L E  2~  

Sa rv~va ]  o~ l~,~Ic~ In  t ~ e  2 - Y e a r  G a r a g e  Stu~ly o~ S g ~ - D i h y ~ I r ~ c o a ~ a H n  

Vehicle Cont ro l  2 ~  mg/~g ~ mg/~g ~ mg/kg 

~ a l e  

Animals initially in study 70 70 70 70 

15-Month interim evalnation a 20 19 19 20 
Moribund 3 3 8 4 
Accidental deaths a 1 1 1 0 
Natural deaths 4 8 8 8 
Animals surviving to study termination 42 39 34 38 
Percent probability of survival at end of study b 87 79 69 77 
Mean survival (days) c 626 623 621 625 

Survival analysis d P---0.287 P =0.443 P=0.07! P=0.315 

Femane 

Animals initially in study 70 70 70 70 

15-Month interim evalnation a 19 
Moribund 5 
Accidental deaths a 2 
~latural deaths 8 
Animals surviving to study termination 36 
Percent probability of survival at end of study 74 
Mean survival (days) 612 

20 19 18 
9 4 5 
0 1 0 
2 5 19 e 

39 41 28 
79 83 57 

638 639 603 

Survival analysis P-~0.014 P=0.698N P=0.396N P=0.063 

a Censored from sun~ival analyses 
b Kaplan-Meier determinations 
¢ Mean of all deaths (uncensored, censored, and terminal sacrifice). 
d The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pair,vise comparisons 

(Cox, 1972) with the controls are in the dosed columns. A lower mortality in a dose group is indicated by N. 
e Includes one mouse that died the last week of study 
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TAm 
M e a l  

J~ 21 
~ Body Weights and Sm Mval of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin 

Wee |  
O n - .  

Study, 

VeMcle Control  
Av. Wt. No. of 

(g) Survivors 

2oo nW./k~ 400 mr4h~ ~00 m~./k~ 
Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. W t  Wt. (% of No. of 

(g) controls) Survivors (8) controls) Survivors (g) controls) Survivors 

1~ 23.1 
2, 25.8 

• 3: 26.2 
4. 27.3 
5 27.8 
6 29.1 
7 , 29.6 
8 ~ 30.3 
9 i 30.9 

10 32.4 
11 32.5 
12 32.9 
13 34.0 
17 35.2 
21 . 37.3 
25 " ~1.5 
29 ~ ~3.5 
33 4 '4.8 
38 4 6.4 
41 ~ ~.2 
45 4~ ;.6 
49 45 '.7 
53 47, ,0 
57 48: 4 
62 49., 1 
65 a 51/, T 
69 51.1 
73 51.6 
77 51.8 
81 53.1 
85 52.7 
90 53.0 ' 
93 52.2 
97 51.9 : 

101 49.4 i 
103 48.9 ~ 

70 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
64 
47 
47 
46 
46 
45 
45 
45 
44 
42 
42 

2:2.6 
7.4.9 

,'~5.4 
~ '26,7 

26.7 
28.2 
28,5 
29,6 
30.7 
32.2 
32.7 
32.7 
33.1 
35.2 
37.4 

', 40.9 
* 

,43.3 
~44.0 
,46.6 
~7.1 
~ . 0  
,~ .7  
~17.7 

~ 48.3 
4~.3 
57[.0 
5fA8 
51.9 
52.0 
52..5 
52.9 
52.(I 
52.~: 
53.6 
50.7' 
50.1 

Mean for weeks 
1-13 29.4 i 28.8 

43.0 14-52 42.9 ,. 
53-103 50.9 ~ 51.0 

98 70 22.7 98 70 22.7 98 70 
97 70 25.3 98 69 24.9 97 70 
97 70 26.0 99 69 25.3 97 70 
98 70 27.2 100 69 26.0 95 70 
96 70 27.5 99 69 27.0 97 70 
97 70 29.0 100 69 28.3 97 70 
96 70 29.7 100 69 28.8 ~ r  70 
98 70 30.4 100 69 29.1 96 70 
99 70 31.7 103 69 30.5 99 70 
99 70 33.2 103 69 31.7 98 70 

101 70 33.4 103 69 32.1 99 " 70 
99 70 33.3 101 69 32.0 97 70 
97 70 33.7 99 69 31.7 93 70 

100 69 36.4 103 69 34.4 98 70 
100 69 37.8 101 69 36.5 98 70 
99 69 41.9 101 69 39.9 96 70 

100 69 45.1 104 69 42.3 97 70 
98 69 45.8 102 69 42.8 96 70 

100 69 48.1 104 69 45.1 97 70 
102 69 47.9 104 69 44.2 96 70 
101 69 47.5 104 69 43.9 96 70 
102 69 47.6 104 69 45.3 99 70 
102 69 48.5 103 69 46.4 99 70 
100 69 50.5 104 68 48.1 99 70 

• 

98 68 49.9 102 67 48.2 98 69 
99 60 52.9 102 62 50.7 98 63 
99 47 52.0 102 48 49.3 97 47 

101 47 52.4 102 48 51.0 99 46 
100 ~ 47 51.2 99 48 51.3 99 45 
99 45 52.8 99 47 52.2 98 44 

100 44 53,0 101 46 52,9 100 44 
98 44 52.9 100 44 53.0 100 43 

101 43 52.4 100 42 53.4 102 41 
103 41 51.7 100 39 53.8 104 40 
103 41 50.0 101 38 51.6 105 40 
103 40 49.4 101 35 51.2 105 39 

98 29.5 100 28.5 97 
100 44.2 103 41.6 97 
100 51.4 101 50.9 100 

a Interim evaluation s occurred during week $ 65 and 66. 
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TA~L~ 22 
I ~ e ~  ~¢~:~y W e ~ l ~  en~l ~urv~vell o~ F e ~ e  I~lI~ee ~n ~ e  ~-~e~r G~v~e  S~u~y ~ ~' 3~,~-D~y~lrceou~er~ 

WeeP~ Ve~e~e Con~ro~ 20~ ~ ~0~ ~ ~ ~ 
on Av. We. No. of Av. We. We. (% of No. of Av. We. We. (% of No. o1~ Av. We. We. (% of No. of 

S ~ y  (~) Survivors (~) controls) Survivors (~) controls) Survivors (~) controls) Sur~vors 

• 1 17.9 70 18.4 103 70 18.0 . 101 70 18.0 101 70 
2 19.7 70 19.8 101 70 19.7 100 70 19.7 100 70 
3 21.3 69 21.3 104) 70 21.0 99 70 20.8 98 69 
4 22.3 68 22.7 102 70 21.7 97 70 22.2 100 69 
5 23.0 68 23.1 100 70 22.4 97 70 22.6 98 69 
6 23.3 68 24.0 103 70 23.3 100 70 23.5 101 69 
7 23.9 68 24.8 104 70 23.5 98 70 23.7 99 69 
8 24.3 68 25.3 104 70 24.2 100 70 24.5 101 69 
9 25.6 68 26.2 102 70 24.5 96 70 24.7 97 69 

10 26.0 68 27.2 105 70 25.6 99 70 25.8 99 69 
11 26.2 68 27.0 103 70 25.6 98 70 25.5 97 69 
12 26.1 68 27.3 105 70 25.5 98 70 26.0 100 69 
13 26.1 68 27.3 105 70 25.4 97 70 25.4 97 69 
17 29.7 67 30.0 101 70 28.8 97 70 28.7 97 69 
21 31.0 67 32.3 104 70 31.3 101 70 31.1 100 69 
25 34.3 67 36.9 108 70 35.1 102 70 35.0 102 69 
29 37.1 67 38.2 103 70 36.7 99 70 37.4 101 69 
33 37.6 67 40.1 107 70 39.1 104 70 38.1 101 69 
38 38.4 67 42.0 109 70 40.4 105 70 40.0 104 69 
41 39.3 67 41.8 106 70 40.9 104 70 40.7 104 69 
45 38.8 67 42.0 108 70 41.0 106 70 39.4 102 69 
49 38.6 67 41.4 107 70 41.3 107 70 40.9 106 69 
53 40.6 67 43.0 106 70 42.2 104 70 41.9 103 69 
57 43.2 67 45.3 105 70 44.9 104 7E~ 44.4 103 69 
62 43.3 67 45.5 105 70 45.8 106 70 45.3 105 66 ~ 
65 a 44.1 63 48.6 110 67 47.7 108 6 " 7  47.0 107 64 
69 44.0 48 47.1 107 49 46.8 106 50 46.8 106 47 
74 44.5 48 47.7 107 49 47.3 106 50 47.1 106 46 
77 46.1 48 49.3 107 49 49.6 108 ~7 47.8 104 44 
81 47.3 47 51.0 108 49 51.7 109 47 48.9 103 41 
85 48.8 46 53.4 109 47 53.3 109 47 49.8 102 38 
90 48.5 44 54.1 112 46 53.4 110 47 50.0 103 38 
93 48.7 42 54.0 111 45 52.9 109 47 51.2 105 36 
97 49.5 39 54.0 109 44 52.0 105 46 49.7 100 35 

101. 46.7 36 50.1 107 42 51.6 111 42 49.4 106 29 
103 46.4 36 51.0 110 39 51.7 111 41 48.8 105 29 

M e ~  for weel~ 

1-13 23.5 24.2 103 23.1 98 23.3 99 
14-52 36.1 38.3 106 37.2 103 36.8 102 

53-103 45.7 49.6 109 49.4 108 47.7 104 

a Interim evaluations occurred during weeks 65 and 66. 
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Hematology and Clinical l Chemistry 
There were no differences ir i hematology and clinical 
chemistry parameters at the i 15-month interim evalua- 
tion that were considered ~to be biologically signif- 
icant (Table H8). , 

Pathology and StatisticaJ ! Analyses of  Results 
This section describes the ~ ~tatistically significant or 
biologically noteworthy cha~ ages in the incidences of 
neoplasms or nonneoplastic lesions of the liver, lung, 
and kidney. Summaries ol." the incidences of non- 
neoplastic lesions and neoplasms, the individual 
animal tumor diagnoses, and the statistical analyses 
of primary neoplasms that o~;curred with an incidence 
of at least 5% in at least on.e group are presented in 
Appendix C for male mic~ and Appendix D for 
female mice. 

Liver: The relative liver weight of 800 mg/kg female 
mice was significantly greatest than that of the con- 
trois at the 15-month interim evaluation (Table G6). 
There was a significantly ilacreased incidence of 
hepatocellular adenoma in all ,~losed groups of female 
mice; the number of dosed fen~tale mice with multiple 
hepatocellular adenoma was also increased 
(Table 23). The incidence 6~f hepatocellular car- 
cinoma in dosed female micei was not significantly 
increased, but the incidenc~ of hepatocellular 
adenoma or carcinoma (combin~exl) in females receiv- 
ing 400 or 800.mg/kg was signi~cantly greater than 
that in controls (Table 23). The.re was no increased 

incidence of hepatocellular adenoma or carcinoma 
(combined) in male mice, but .the number of males 
with multiple hepatocellular adenoma was moderately 
increased in the 400 and 800 mg/kg groups. 

Hepatic foci of cytoplasmic alteration, hepatocellular 
adenoma, and hepatocellular carcinoma constitute a 
morphologic continuum. The foci generally consisted 
of enlarged cells with eosinophilic, basophilic, or 
clear cytoplasm, and were classified based on the 
predominant staining characteristics of the cytoplasm. 
The staining characteristics of the cytoplasm generally 
reflect increased amounts of smooth endoplasmie 
reticulum (eosinophilic), rough endoplasmic retic- 
ulum or ribosomes (basophilic), or glycogen (clear). 
Architecture of the hepatic plates was generally 
normalwithin loci ofcytoplasmic alteration. Hepato- 
cellular adenomas were discrete masses with distorted 
or absent lobular architecture consisting of plates one 
or two cells thick, similar to the normal liver. The 
hepatocytes often had staining properties similar to 
those found in loci of cytoplasmic alteration. ' In  
contrast to the adenomas, hepatocellular carcinomas 
had heterogeneous growth patterns with hepatocytes 
arranged in plates two to six cells thick or with 
glandular structures. Carcinomas exhibited a greater 
degr~,e of cellular pleomorphism and atypia than did 
adenomas. Hepatoblastomas usual ly consisted 
predominantly of neoplastic cells similar to  those of 
carcinomas, but with an added component of small, 
undifferentiated cells with intensely basophilic 
cytoplasm. 

- . 

? " 



11~¢~un~ 

T~L~g 2~ 
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5 9  

D o E  Vehicle Control  2~I~ ~ng/~g ~ mg/~g ~ mg/~qg 

Male 

i 

15-Month Rn~e~m Evaluat ion 
Liver a 10 7 5 

Basophilic Focus b 0 2 1 
Clear Cell Focus 1 0 0 
Mixed Cell Focus 0 0 1 

10 
0 
0 
0 

Hepatocellular Adenoma 3 4 2 3 

~.~fe~r Study 
Liver 50 51 51 50 

Basophilic Focus 3 1 4 4 
Clear Cell Focus 2 7 147". 7 
Eosinophilic Focus 9 8 13 12 
Mixed Cell Focus • 1 2 0 2 

8/50 (16%) 
Multiple Hepatoceilular Adenoma 

Overall rates c 5/51 (10%) 

23/51 (45%) 
54.6% 
2o/39 (51%) 
553 
P=0.153N 

11151 (22%) 
23.3% 
4/39 (10%) 
423 
P--0.566N 

19/51 (38%) 

36/51 (71%) 
81.6% 
26/'34 (76%) 
555 
P=0.105 

11/51 (22%) 
25.5% 
4/34 (12%) 
583 
P=0.581N 

Hepatocellular Adenoma 
Overall rates 29/50 (58%) 
Adjusted rates d 64.2% 
Terminal rates e 26/42 (62%) 
First incidence (days) 449 
Logistic regression tests f P=0.147 

. ,  

Hepatocellular Carcinoma 
Overall rates 11/50 (22%) 
Adjusted rates 24.3% 
Terminal rates 8/42 (19%) 
First incidence (days) 591 
Logistic regression tests P=0.110N 

19/50 (38%) 

31/50 (62%) 
71.8% 
26~ (6S%) 
438 
P=0.410 

6/50 (12%) 
13.4% 
238 (5%) 
477 
P=0.144N 

Hepatoblastoma 
Overall rates 0/50 (0%) 0/51 (0%) 0/51 (0%) 2/50 (4%) 
Adjusted rates 0.0% 0.0% 0.0% 5.3% 
Terminal rates 0/42 (0%) 0/39 (0%) 0/34 (0%) 2/38 (5%) 
First incidence (days) -g - - 729 (T) 
Logistic regression tests P=0.044 - - P=0.217 

Hepatocellular Adenoma, Carcinoma, or Hepatoblastoma (combined) h 
Overall rates 36/50 (72%) 
Adjusted rates 74.9% 
Terminal rates 30/42 (71%) 
First incidence (days) 449 
Logistic regression tests P=0.508N 

30/51 (59%) 
63.7% 
22/39 (56%) 
423 
P=0.125N 

40/51 (78%) 
83.3% 
26/34 (76%) 
555 
P--0.264 

34/5o (6s%) 
75.3% 
27/38 (71%) 
438 
P=O.415N 
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TAnLE 23 

I n c i d e n c e s  o f  N e o p l a s m s  a n d  N o n n e o p l a s t i c  L e s i o n s  o f  t h e  L i v e r  o f  M i c e  in  t h e  2 - Y e a r  Gavage Study 
o f  3 , 4 - D i h y d r o c o u m a r i n  (continued) , 

Dose Vehicle Control  200 mg/kg 400 mg/kg 800 mg/kg 

Female 

1S-Month Interim Evaluation 
Liver 9 10 9 9 

Basophilic Focus 0 0 1 0 

Hepatocellular Adenoma 2 0 2 2 

2-Year Study 
Lfi, er 51 50 50 52 

Basophilic Focus " 1 3 0 1 
Clear Cell Focus 0 2 2 0 
Eosinophilic Focus 8 11 9 8 
Mixed Cell Focus 1 2 2 1 

Multiple Hepatocellular Adenoma 
Overall rates 0/51 (0%) 6/50 (12%) 9/50 (18%) 9/52 (17%) 

Hepatoeellular Adenoma 
Overall rates 10/51 (20%) 20/50 (40%) 22/50 (44%) 20/52 (38%) 
Adjusted rates 27.8% 45.2% 52.4% 56.1% 
Terminal rates 10/36 (28%) 15/39 (38%) 21/41 (51%) 14/29 (48%) 
First incidence (days) 729 (T) 594 700 420 
Logistic regression tests P=0.014 P=0.038 P=0.023 P=0.012 

Hepatocellular Carcinoma 
Overall rates 3/51 (6%) 2/50 (4%) 4/50 (8%) 6/52 (12%) 
Adjusted rates 7.7% 4.8% 9.2% 15.7% 
Terminal rates 1/36 (3%) 1/39 (3%) 3/41 (7%) 2/29 (7%) 
First incidence (days) 674 685 444 504 
Logistic regression tests P=0.131 Pf0.490N P=0.470 P=0.254 

Hepatocellular Adenoma or Carcinoma (combined) i 
Overall rates 13/51 (25%) 
Adjusted rates 34.1% 
Terminal rates 11/36 (31%) 
First incidence (days) 674 
Logistic regression tests P=0.013 

21/50 (42%) 25/50 (50%) 24/52 (46%) 
46.5% 58.0% 6O.3% 
15/39 (38%) 23/41 (56%) 14/29 (48%) 
594 444 420 
P=0.100 P=0.020 P=0.014 

** Significantly different (P_<O.01) from the control group by the logistic regression test 
(T)Terminal sacrifice 
a Number of mice necropsied. 
b Number of mice with lesion. 
c Number of mice with neoplasm per number of mice with organ examined microscopically. 
d Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality. 
e Observed incidence at terminal kill 
f Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values 

corresponding to pai~vise comparisons between the controls and that dosed group. The logistic regression test regards these 
lesions as nonfatal. A negative trend or a lower incidence in a dose group is indicated by N. 

g Not applicable; no neoplasms in animal group 
h Historical incidence for 2-year corn oil garage studies with vehicle control groups (mean ± standard deviation): 370/901 

(41.1% ± 15.5%); range 14%-72% 
i Historical incidence: 129/898 (14.4% ± 8.1%); range 2%-34% 
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Lung: The incidences of alveolar/bronchiolar 
adenoma in the 200 and 400 mg/kg male mice were 
marginally greater than that of the controls 
(Table 24). The incidences of alveolar/bronchiolar 
adenoma or carcinoma (combined) in these groups 
also exceeded the range for these neoplasms in NTP 
historical controls (Table C4b). However, because 
the increased incidence of pulmonary neoplasms in 

these groups was marginal and there was no corre- 
sponding increase in the 800 mg/kg group, it was not 
considered chemical related. 

Kidney: In the standard evaluation of single sections 
of kidney, focal hyperplasia, adenoma, or carcinoma 
of the renal tubule were identified in several dosed 
male mice, but not in the controls (Table 25). 

TABLE 24 

Incidences  of NeopRasms and  NonneopRastlc Lesions of the Lurag of Mice ira the 2-Year Gavage Study 
of 3~4-Dihydrocoumarin 

Dose Vehicle Control 2~) mg/kg 400 mg/kg 8 ~  mg/kg 

Male  

15-I~lIonth Interim Evaluat ion 

Lung a 10 7 5 10 
Alveolar Epithelium Hyperplasia b 1 1 0 1 

Alveolarforonchiolar Adenoma 1 
Alveolar/bronchiolar Adenoma, Multiple 0 

~-~ear Study 

1 1 1 
0 1 0 

Alveolar/bronchiolar Adenoma 
Overall rates ¢ 8/50 (16%) 15/50 (30%) 15/51 (29%) 10/50 (20%) 
Adjusted rates d 19.0% 38.5% 41.4% 25.5% 
Terminal rates e 8/42 (19%) 15/339 (38%) 13/34 (38%) 9/38 (24%) 
First incidence (days) 729 (T) 729 (T) 679 634 
Logistic regression tests f P=0.423 P=0.047 P=0.038 P=0.345 

Alveolar/bronchiolar Carcinoma 
Overall rates 1/50 (2%) 3/50 (6%) 1/51 (2%) 3/50 (6%) 
Adjusted rates 2.3% 7.2% 2.6% 7.2% 
Terminal rates 0/42 (0%) 1./39 (3%) 0/34 (0%) 2/38 (5%) 
First incidence (days) 690 643 715 477 
Logistic regression tests P=0.313 P=0.303 P=0.762N P=0.296 

Alveolar/bronchiolar Adenoma or Carcinoma (c~mbined)g 
Overall rates 9/50 (18%) 18/50 (36%) 16/51 (31%) 13/50 (26%) 
Adjusted rates 20.9% 43.8% 43.0% 32.0% 
Terminal rates 8/42 (19%) 16/339 (41%) 13/34 (38%) 11/38 (29%) 
First incidence (days) 690 643 679 477 
Logistic regression tests P--0.327 P=0.024 P=0.047 P=0.218 

(continued) 

Lung 50 50 51 50 
Alveolar Epithelium Hyperplasia 0 3 0 1 
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TABLE 224 

Incidences of  Neoplasms and Nonneoplast ic  Lesions of  the Lung of  M i c e  i n  the 2-Year Gavage S tudy  
o f  3 , 4 - D i h y d r o c o u m a r i n  (continued) 

Dose Vehicle Control  200 mg/kg 400 mg/kg 800 mg/kg 

Female 

15-Month In ter im Evaluat ion 

Lung 9 10 9 
. . 

Alveolar Epithelium Hyperplasia 0 0 0 

Alveolar/bronchiolar Adenoma 0 0 0 0 

2-Year Study 

Lung 
Alveolar Epithelium Hyperplasia 

51 50 48 
0 0 0 

Alveolar/bronchiolar Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Logistic regression tests 

51 
1 

Alveolar/bronchiolar Carcinoma 
Overall rates 

2/51 (4%) 5/50 (10%) 1148 (2%) 3/51 (6%) 
5.6% 12.3% 2.4% 9.5% 
2/36 (6%) 4/39 (10%) 1/41 (2%) 2f28 (7%)  
729 (T) 671 729 (T) 595 
P=0.554 P=0.245 ' P=0.455N P=0.460 

0/51 (0%) 1/50 (2%) 0/48 (0%) 0/51 (0%) 

Alveolar/bronchiolar Adenoma or Carcinoma (combined) 
Overall rates 2/51 (4%) 6/50 (12%) 1/48 (2%) 
Adjusted rates 5.6% 14.1% 2.4% 
Terminal rates 2/36 (6%) 4/39 (10%) 1/41 (2%) 
First incidence (days) 729 (T) 615 729 (T) 
Logistic regression tests P=0.531N P=0.143 P=0.455N 

~3/51 (6%) 
9.5% " 
2/28 (7%) 
595 
P=0.460 

(T)Terminal sacrifice 
a Number of mice necropsied. 
b Number of mice with lesion. 
c Number of mice with neoplasms per number of mice examined microscopically. 
d Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality. 
e Observed incidence in mice surviving until the end of the study. 
f In the control column are the P valuesassociated with the trend test. In the dosed group columns are the P values corresponding 

to the paitxvise comparisons between the controls and that dosed group. The logistic regression~ test regards these lesions ~as 
nonfatal. A negative trend or lower incidence in a dose group is indicated by N. 

g Historical incidence for 2-year corn oil gavage studies with vehicle control groups (mean ± standard deviation): 166/900 
(18.4% _+ 5.9%); range 6%-28% ' 
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Results 63 

Although the incidences of  these lesions in dosed 
male mice were low, no more than one renal neo- 
plasm has been observed in a group of  50 historical 
controls. The incidence and severity of nephropathy, 
a spontaneous age-related degenerative disease, was 
similar among dosed and control mice. 

Because the incidence of  renal tubule adenoma in the 
4(~) mg/kg males exceeded the range in NTP histori- 
cal control groups, additional step sections of kidney 
were prepared from the remaining formalin-fixed 
tissue. Approximately four to six additional sections 

taken at 0.5/.~m intervals were prepared for each 
male mouse. Additional males with focal hyperplasia 
or adenoma were identified in the dosed groups. The 
incidences of these proliferative lesions in the step 
sections and in the single and step sections combined 
are shown in Table 25. While renal tubule neo- 
plasms occurred only in dosed males, the incidence in 
each of  the dose groups was not significantly greater 
than that of controls, and did not increase with dose. 
Therefore, the low number of renal tubule neoplasms 
in dosed male mice was not considered chemical 
related. 

TABLE ~5 

~nc~dences  o f  Se~ec~e~t~ L e s i o n s  o f  ~he ~3~dney o f  l V ~ e  ~ c e  ~n ~he 2 - Y e a r  G a v a g e  S t u d y  

o~ 3 , ~ - D ~ h y ~ u ~ a ~ n  

Dose Vehicle Cont ro l  2 ~  mg/kg 400 mg/kg 800 mg/kg 

Single Sect ions  ( S t a n d a r d  Eva lua t ion)  
Kidney a 50 51 51 49 

Nephrropathy b 45 (1.3) c 46 (1.2) 45 (1.4). 43 (1.1) 
Renal Tubule Hyperplasia 0 1 1 0 

Renal Tubule Adenoma d 0 0 2 0 
Renal Tubule Carcinoma e 0 1 0 1 

Step Sect ions  (Extended Eva lua t ion)  
Kidney 50 

Renal Tubule Hyperplasia 0 

Renal Tubule Adenoma 0 

51 51 49 
0 3 1 

0 1 f 1 

Single and Step Sections Combined  
Kidney 50 51 51 49 

Renal Tubule Hyperplasia 0 1 3 1 

Renal Tubule Adenoma 0 
Renal Tubule Carcinoma 0 
Renal Tubule Adenoma or Carcinoma 0 

0 2 1 
1 0 1 
1 2 2 

a Number of mice with kidney examined micrroscopically. 
b Number of mice with lesion. 
c Average severity grade of lesion in affected mice: 1=minimal, 2=mild, 3=moderate, 4=marked 
d Historical incidence for 2-year corn oil gavage studies with vehicle control groups (mean .+ standard deviation): 3/899 

(0.3% _+ 0.8%); range 0%-2% 
e Historical incidence: 0/899 
f The adenoma in the step section is the same adenoma seen in the original single section. 
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G E N E T I C  T O X I C O L O G Y  
3,4-Dihydrocoumarin (10 to 6,666 ~tg/plate) was not 
mutagenic in Salmonella typhimurium strains TA98, 
TA100, TA1535, or TA1537 when tested in a pre- 
incubation protocol with and ~without Aroclor 1254- 
induced male Sprague-Dawley rat or Syrian hamster 
liver $9 (Haworth et aL, 1983; Table F1). In cyto- 
genetic tests with Chinese hamster ovary cells, 
3,4-dihydrocoumari n (effective doses, 50 to 
300/.tg/mL) induced a dose-related increase in sister 
chromatid exchanges in .the absence of $9; with $9, a 
significant increase in sister chromatid exchanges was 
observed only at the highest doses tested (1,600 and 
2,000/~g/mL) in each of two trials (Table F2). The 
response in the second trial with $9 was dose-related. 
In the second sister chromatid exchange trial with $9, 
cytotoxicity was apparent at t he  2,000/~g/mL dose 
level and only -36 cells could be scored. 3,4-Dihydro- 

coumarin did not induce chromosomal aberrations in 
Chinese hamster ovary cells at doses up to 500/~g/mL 
without $9 or up to 1,600/.~g/mL with $9 (Table F3). 
No increases in the frequencies of micronucleated 
normochromatic erythrocytes were noted in peri- 
pheral blood samples obtained from male and female 
mice at the end of the 13-week toxicity study 
(Table F4). The elevated micronucleated erythrocyte 
frequency observed in male mice in the high-dose 
group was based on counts obtained from 0nly two. 
animals (8 out of 10 mice died at this dose). These 
data were not included in the overall analysis. 

In conclusion, 3,4-dihydrocoumarindoes not appear 
to be mutagenic and does not induce chromosomal 
damage in vitro or /n vivo..However, 3,4-dihydro- 
coumarin induced sister chromatid exchanges in. 
cultured Chinese hamster ovary cells/n vitro. 
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Coumarin is the basic structure of numerous 
naturally occurring compounds with important and 
diverse physiological activities. More than 
1,000 coumarin derivatives have been described, 
varying from simple coumarins containing alkyl and 
hydroxy side chains .to complex coumarins with 
benzoyl, furanoyl, pyranoyl, or alkylphosphorothionyl 
substituents. The NTP has previously reported on 
toxicity and carcinogenicity studies of 8-methoxy- 
psoralen (NTP, 1989a), a furanocoumarin, and 
ochratoxin A (NTP, 1989b), a dihydroisocoumarin, as 
well as quercetin (NTP, 1992), a benzo-y-pyrone 
derivative resembling the 1,2-benzopyrone moiety in 
coumarin. 

3,4-Dihydrocoumarin was nominated by the Food and 
Drug Administration and the National Cancer 
Institute for study because of its widespread use as a 
flavoring agent in beverages, gelatins, puddings, 
candy, and other food items; as a fragrance in per- 
fumes, creams, and cosmetics; and because of the 
interest in chemical structure-biologic activity rela- 
tionships of this important group of compounds. 
This Technical Report describes the findings of the 
16-day, 13-week, and 2-year toxicity and carcino- 
genicity studies of 3,4-dihydrocoumarin in F344/N 
rats and B6C3F1 mice. The results of the NTP 
toxicity and carcinogenicity studies of coumarin are 
reported separately (NTP, 1993). 

Treatment with 3,4-dihydrocoumarin resulted in an 
increase in the severity of nephropathy in dosed male 
rats at the 15-month interim evaluation, which 
progressed during the last half of the study in male 
rats from the 2-year core study and the stop-exposure 
evaluation. At the end of the 2-year study, 6130 mg/kg 
female rats also had a marginal increase in the 
severity of nephropathy. Nephropathy in the 
untreated Fischer rat is a chronic, progressive, degen- 
erative lesion with increased inflammation, degenera- 
tion and necrosis, and increased renal epithelial cell 
turnover. Changes in glomerular permeability 
resulting in proteinuria, progressive glomerular 
sclerosis, tubule damage, inflammation, and inter- 
stitial fibrosis are associated with the process of aging 
in rats. This background level of kidney disease, 
which is most severe in the male rat, may make the 

The incidence of parathyroid gland hyperplasia was 
not increased in dosed male rats at the 9- or 
15-month interim evaluations, but by the end of 
2 years the incidence was increased, an indication 
that the nephropathy was severe enough to compro- 
mise renal function. Hyperparathyroidism frequently 
accompanies severe nephropathy in rats because the 
progressive loss of renal function disrupts calcium 
and phosphorus homeostasis, which leads to pro- 
longed parathyroid gland stimulation. This results in 
hyperplasia and elevated levels of parathyroid hor- 
mone. 

Coumarin had a similar effect in the kidney of rats 
ccausing an increase in the severity of nephropathy. 
Treatment-related kidney toxicity was not observed in 
B6C3F1 mice treated with either 3,4-dihy, drocoumarin 
or coumarin. The mouse kidney has a lower back- 
ground of nephropathy and in these studies was less 
susceptible to chemical-induced nephropathy. Treat- 
merit-related kidney toxicity has not been reported in 
the previous long-term studies of coumarin in male 
rats (Osborne-Mendel or Sprague-Dawley) receiving 
coumarin at 2,500 or 5,000 ppm (Griepentrog, 1973; 
Evans et  al., 1989). Factors contributing to nephrop- 
athy in F344/N rats given 3,4-dihydrocoumarin or 
coumarin may be related to the strain of rat and the 
route of administration. 

Forestomach ulcers were observed in male rats 
receiving 3,4-dihydr0coumarin or coumarin during 
the last half of the 2~year studies. There was no 
evidence for a direct toxic effect on the forestomach 
with these chemicals in the 13-week studies even 
though higher doses of the chemicals were admin- 
istered. Male rats in the coumarin and 3,4-dihydro- 
coumarin studies resisted the daily gavage procedure 
and also had an increase in the severity of nephrop- 
athy. Studies on stress-related ulcers in rats have 
generally focused on findings in the glandular 
stomach, and findings in the forestomach have not 
been exaensively reported (Par6, 1986; Rozman and 
H~inninen, 1986; Kleiman et al, 1988). Factors 
contributing to the forestomach ulcers may include 

male rat particularly susceptible to chemical toxicity 
at this site. 
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direct toxicity of the chemical at this site after long- 
term administration or changes in the physiologic 
state of the animals due to kidney disease and/or 
stress. 

Coumarin caused toxic liver lesions after 13 weeks in 
rats receiving 150 and 300 mg/kg, and death in rats 
receiving 300 mg/kg. In contrast, no treatment- 
related toxic liver lesions were observed in rats that 
received 600 mg/kg 3,4-dihydrocoumarin. In the 
13-week mouse studies, decreased weight gain and/or 
mortality were observed in mice receiving 300 mg/kg 
coumarin, while no general toxicity was observed in 
mice that received 3,4-dihydrocoumarin at doses up 
to 800 mg/kg. In the 13-week studies of 3,4-dihydro- 
coumarin, there were increases in the absolute liver 
and kidney weights of rats, and mortality was 
observed in rats receiving 1,200 mg/kg and mice 
receiving 1,600 mg/kg. 

In the 2-year study, survival was reduced in all male 
rat dose groups as i a  result of kidney toxicity. 
Survival was greater than 50% in all dosed groups of 
male rats up to week 92 of the study, .which was 
considered to be adequate for the determination of 
the potential carcinogenicity of 3,4-dihydrocoumarin 
in rats. Survival in dosed groups of female rats was 
also somewhat reduced, but not as much as that 
observed in male rats. Body weight gain was reduced 
in the 600 mg/kg male rats. Although treatment- 
related mortality was observed in mice receiving 
1,600 mg/kg in the 13-week study, treatment with 
800 mg/kg in the 2-year study did not cause statis- 
tically significant differences in survival or body 
weights. 

3,4-Dihydrocoumarin did not cause extensive liver 
lesions as were found in the coumarin studies. The 
differences in the chemical structures and metabolism 
of 3,4-dihydrocoumarin and coumarin are probably 
the reasons for the different toxic responses in the 
liver. Lake (1984) presented supporting evidence for 
this hypothesis in a set of experiments in which 
coumarin treatment was shown to produce hepato- 
toxic changes in rats within 24 hours after adminis- 
tration, but when rats were pretreated with cobaltous 
chloride, a treatment that is reported to block cyto- 
chrome P-450-dependent biotransformations, the 
same hepatotoxic changes were not observed. 
3,4-Dihydrocoumarin, a coumarin saturated at the 
3,4-position, does not produce toxic liver lesions and 

probably cannot be metabolized at the 3,4-position to 
the metabolite responsible for liver toxicity. 

The evidence of a carcinogenic response in rats was 
seen primarily in the kidney of males. In the stan- 
dard evaluation of single sections of the kidneys from 
male rats, renal tubule adenomas were identified in 
one 150 and two 600 mg/kg animals, and transitional 
cell carcinomas were observed in two 600 mg/kg 
animals. In addition, three male rats receiving 
150 mg/kg and three male rats receiving 600 mg/kg 
had renal tubule hyperplasia. The renal tubule 
hyperplasia in this study was distinguished f rom 
background regenerative hyperplasia, which common- 
ly accompanies the degenerative tubule changes of 
age-related nephropathy, on the basis of cellular 
atypia and prominent stratification of the epithelium. 
These cytologic features suggest a loss of cell growth 
regulation and failure of cellular differentiation. This 
lesion is similar to those induced by potent renal 
carcinogens and appears to represent the early stages 
of renal tubule adenoma and carcinoma development 
(Hard, 1986; Tsuda et aL, 1986). The only kidney 
neoplasm observed in the initial evaluations of the 
stop-exposure male rats was one renal tubule onco- 
cytoma. In the original evaluation of the kidneys in 

'female rats, there was one tubule cell adenoma in 
each of the control, 150 mg/kg, and 300 mg/kg 
groups, and one renal tubule carcinoma in each of 
the 150 and 600 mg/kg groups. 

The NTP has found that multiple sectioning of the 
kidney may allow a more precise evaluation of the 
potential chemical-related induction of renal prolifer- 
ative lesions than single sectioning does. The major- 
ity of renal neoplasms in the original evaluation of 
the kidney in these 3,4-dihydrocoumarin studies were 
small and identified only by microscopic examination. 
Thus, multiple sections might be expected to increase 
the number of neeoplasms observed and allow a more 
rigorous statistical evaluation. 

Additional renal tubule proliferative lesions were 
identified by the step sections, and the majority were 
seen in the dosed male rats. The combined incidence 
of renal tubule adenomas in male rats from the 
single-section evaluation and the step-section evalua- 
tion was: controls, 1/50; 150 mg/kg, 1/48; 300 mg/kg, 
3/47; 600 mg/kg, 6/50; 9-month stop-exposure, 3/20; 
15-month stop-exposure, 2/20. Focal hyperplasia was 
also observed in dosed male rats with incidences that 
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generally paralleled the incidences of renal neo- 
plasms. 

The incidences of focal hyperplasia and renal tubule 
adenoma were significantly increased in dosed male 
rats as indicated by the incidental tumor and life 
table tests. These increased incidences were con- 
sidered to be some evidence of a carcinogenic 
response because of the statistical significance and 
because the incidence of renal tubule adenomas in all 
dosed groups of male rats exceeded the incidence of 
this neoplasm in historical controls (8/1,019). How- 
ever, this was not considered to be clear evidence of 
a carcinogenic response because there was no evi- 
dence of malignant renal tubule neoplasms, the 
incidence of renal tubule neoplasms in female rats 
was not significantly increased, and there was no 
supportive evidence for a neoplastic response in the 
step-section evaluation. 

The step-section evaluation showed no additional 
evidence for a treatment-related response in the 
transitional cells in the kidney of male rats, and the 
biological significance of the two transitional cell 
carcinomas found in the original evaluation of the 
kidneys of 600 mg/kg male rats was uncertain. 

In the original evaluations of the kidney in male mice 
there were a few renal tubule neoplasms in dosed 
animals: one tubule cell carcinoma was found in a 
200 mg/kg male mouse, two renal tubule adenomas 
were found in 400 mg/kg male mice, and one renal 
tubule carcinoma was found in a 400 mg/kg male 
mouse. The combined incidence of renal tubule 
adenoma or carcinoma (combined) in male mice from 
the original single-section analysis and the step- 
section analysis was: controls, 0/50; 200 mg/kg, 1/51; 
400 mg/kg, 2/51; 8130 mg/kg, 2/49. Because of the low 
incidence of these neoplasms and the lack of a dose- 
response trend, they were not considered to be 
related to chemical treatment. There were no kidney 
neoplasms in either control or dosed female mice. 

In female mice there was some evidence of a carcino- 
genic response in the liver based on a significantly 
increased incidence of hepatoccellular adenoma in all 
dosed groups by both the life table and incidental 
tumor tests. Dosed female mice also had increased 
incidences of multiple hepatocellular adenomas. The 
increased incidences of hepatocellular neoplasms 
were not considered to be clear evidence of a carcino- 
genic response because there was no increased 
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incidencce of malignant neoplasms of the liver. The 
incidence of hepatocellular adenomas and/or carcino- 
mas were not significantly increased in male mice. 

In male mice, there were a few more alveolar/ 
bronchiolar adenomas in the 2~30 and 400 mg/kg 
groups than in the controls; these were not con- 
sidered to be related to treatment because the 
increase was not significant by the trend test, there 
was no increased incidence in the 600 mg/kg group, 
and there was no increased incidence of alveolar/ 
bronchiolar adenoma or carcinoma (combined). In 
addition, there was no supportive evidence of a 
carcinogenic response in the lungs of dosed female 
mice. 

3,4-Dihydrocoumarin was not mutagenic in the 
Salmonella test with or without metabolic activation, 
did not induce chromosomal aberrations in cultured 
Chinese hamster ovary cells, and did not cause 
chromosomal damage (either structural alterations 
such as breaks, or aneuploidy events leading to 
genomic imbalance) in the peripheral blood samples 
obtained from mice at the end of the 13-week study. 
The only evidence for genetic toxicity of 3,4-dihydro- 
coumarin consists of positive results from an/n vivo 
sister chromatid exchange test in cultured Chinese 
hamster ovary cells, but a positive result in this test 
provides little positive predictivity for carcinogenicity 
(Tennant et al., 1987; Zeiger et aL, 1990). The 
accumulated data from in vivo mouse micronucleus 
assays have not yet been evaluated with respect to its 
sensitivity, specificity, and predictivity for carcino- 
genicity in rats and mice. The genetic toxicity data 
available for 3,4-dihydrocoumarin indicate little 
potential or direct interaction with cellular DNA. 

Coumarin, a mutagenic chemical, caused lung neo- 
plasms in female mice, while 3,4-dihydrocoumarin, a 
nonmutagenic chemical, did not increase the inci- 
dence of lung neoplasms. Ashby and Tennant (1991) 
report that most chemicals that cause a carcinogenic 
response in the lung of mice are mutagenic in the 
Salmonella test, and the lack of a carcinogenic 
response at this site with 3,4-dihydrocoumarin cor- 
related with its negative response in the Salmonella 
test. 

3,4-Dihydrocoumarin and coumarin both produced 
treatment-related preneoplastic lesions and neo- 
plasms of the renal tubule epithelium. These lesions 
were observed at coumarin doses of 25, 50, and 
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100 mg/kg, and at 3,4-dihydrocoumarin doses of 150, 
300, and 600 mg/kg. The similarity of the response 
with these two chemicals at this site suggests that the 
mechanism for the formation of these neoplasms may 
be related. Konishi and Ward (1989) have demon- 
strated increased 3H-thymidine labeling indices in the 
renal tubule epithelium with increased severity of 
nephropathy. The increased severity of nephropathy 
in male rats in both the coumarin and 3,4-dihydro- 
coumarin studies may have increased the rate of cell 
proliferation at this site. Cell proliferation is an 
essential component of the multistage process of 
carcinogenesis (Cohen and Ellwein, 1990), and may 
have played a role in the development of kidney 
neoplasms in the male rat. Other coumarin deriva- 
tions such as 8-methoxypsoralen (NTP, 1989a) 
(a furanocoumarin), ochratoxin A (NTP, 1989b) 
(a dihydrocoumarin), and quercetin (NTP, 1992) 
(a benzo-¥-pyrone derivative resembling the 
1,2-benzopyrone moiety in coumarin) were also 
nephrotoxic and produced renal tubule neoplasms. 

Both 3,4-dihydrocoumarin and coumarin produced an 
increased incidence of hepatocellular neoplasms in 
female mice. The increased incidence was observed 
in females receiving 50 and 100 mg/kg coumarin or 
400 and 800 mg/kg 3,4-dihydrocoumarin. There was 
no histologic evidence of liver toxicity to suggest that 
enhanced cell proliferation, secondary to cell injury, 

played a role in the induction of these neoplasms. 
Additional studies would help clarify the possible role 
of other mechanisms in the formation of liver neo- 
plasms such as alterations in gene expression through 
changes in DNA methylation (Goodman et al., 1991). 

C O N C L U S I O N S  
Under the conditions of these 2-year gavage studies, 
there was some evidence of  carcinogenic activity* of 
3,4-dihydrocoumarin in male F344/N rats based, on 
increased incidences of renal tubule adenomas and 
focal hyperplasia. The transitional cell carcinomas in 
two 600 mg/kg males may also have been chemical 
related. There was no evidence of  carcinogenic activity 
of 3,4-dihydrocoumarin in female F344/N rats 
receiving 150, 300, or 600 mg/kg. There was no 
evidence of  carcinogenic activity of 3,4-dihydro- 
coumarin in male B6C3F 1 mice receiving 200, 400, or 
800 mg/kg. There was some evidence of  carcinogenic 
activity in female B6C3F1 mice based on increased 
incidences of hepatocellular adenoma and hepato- 
cellular adenoma or carcinoma (combined). 

3,4-Dihydrocoumarin caused ulcers, hyperplasia, and 
inflammation of the forestomach, parathyroid gland 
hyperplasia, and increased severity of nephropathy in 
male rats. 

* Explanation of Levels of Evidence of Carcinogenic Activity appears on page 10. A summary of Technical Reports Review 
Subcommittee comments and public discussion on this Technical Report appears on page 12. 
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APPEN~Ii~ A 
gUi~II~'JIA.II~Y ©F LES]I©HS I~N I~'JIALE ~I~AFg 

I~N THE 2oYEA~ C~A~VA~E STUDY 
OF 3~4oD~I~-Y~DI~© C©Ui~IN 

T~L~  A~. 

T~L~  A~ 

TABLE A~ 

TABLE A4~ 

TABLE A4~ 

T~L~  A5 

7~ 

S a a ~ a ~  ~ * ~  a ~ c ~ c ~  o~ ~e~pnas~s a~n ~ n ~  ~ats 
~n t ~  ~ - ~  Ga~a~ Stagy of 3 ~ - D ~ h y ~ o a ~ a ~ a  . . . . . . . . . . . . . . . . . . . . . . . .  77 
~ a ~ a ~  ~ a ~  T ~ o r  P a t h o ~  o~ ~a~e ~ a ~  
~ the ~-Y~r Garage ~ t ~ y  o~ 3 , ~ - D ~ h y ~ u ~ a ~  . . . . . . . . . . . . . . . . . . . . . . . .  ~2 
S~tistica~ ~a~ysis  o~ ~ a ~  ~ p ~ a s ~ s  ~n ~a]e  ~ats 
~n ~he ~ - ~  Garage Stagy o~ 3 ~ - D ~ h y ~ o u ~ a ~ n  . . . . . . . . . . . . . . . . . . . . . . . .  I ~  
H~s~ca~ ] n c ~ e n ~  of ~ena~ Tubune ~ p ~ a s ~ s  ~n ~a~e F ~  ~ a ~  
~ e ~ a ~  C o n  O~ by Garage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H~ 
H~sto~ca~ ~nc~en~ o~ T~ns~fiona~ Ce~9 ~ p ~ a s ~ s  o~ the ~ e y  
~a ~ a ~  Y ~  ~ a ~  ~ a ~  C o ~  ~9  ~y Garage . . . . . . . . . . . . . . . . . . . . . . . .  H~ 
S a ~  o~ the ~ c ~ e a c e  o~ Nonn~p~ast~c ~s~o~s ~ Male ~ats 
fin the ~ - Y ~  Gava~ Study o~ 3,~-D~hyO~ou~a~n . . . . . . . . . . . . . . . . . . . . . . . .  H~ 
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T~L~ AI 
S u ~ a ~  o~ the ~ac~eac~  oI~ N ~  ~ a s ~ s  ~a ~ a g e  ] ~ t s  ~n t~e 2 - ~ a r  Garage Study o~ 3 ¢ ~ - D ~ h y ~ a ~ a ~ a  a 

Vehicle Control 1.~I~ mg/~g ~I~ m~/k~ ~ mS/kg 

Dgs~o~iition Summary 
Animals initially in study 60 
1 5 . - M ~  ~ ~ 9 
~ r ~  d~ths 

Moribund 12 
A~idental d~ths 2 
Natural d~ths 9 

S u ~ v o ~  
D i d  last w ~  of s tud 1 
Te~inal mcfifi~ 27 

Animals examined microscopically 

60 60 60 
10 10 10 

24 26 17 
1 1 2 

13 15 29 

12 8 2 

60 60 60 

15-Month ff~terim E~od~atio~ 
Alimeu~ry System 
Liver 

Hepatocellular adenoma 
(9) (2) (4) (10) 

1 (25%) 

Cardiovascular System 
None 

Endocrine System 
Pituitary gland 

Pars distalis, adenoma 
Pars intermedia, adenoma 

(9) 

1 (11%) 

O) (2) 0o)  
~ (1~o%) ~ (5o%) 

General ~,o~y System 
None 

Genital System 
Testes 

Interstitial cell, adenoma 
(9) 

5 (56%) 
(3) (2) 

2 (67%) 2 (100%) 
(10) 

4 (4o%) 

Hemato~o~e~c System 
None 

Integumen~ry Sy~te~ 
None 

I~lIusculoskele~i System 
None 

Ne~ous ~ys~m 
None 
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TABLE A I  
s u m m a ~  Of the  Inc idence  o f  Ne~piasms in Male R a ~  in the 2.Year  Gavage Study of  3,4-Dihydr~eoumar~n (continued) 

~ ' Vehicle Control ' 150 mg/kg 30o mg/kg 600 mg/kg 

15-Month Interim Evaluation (continued) 
Respiratory System 
None 

Special Senses System 
None ' 

U r ina ry  System .... 
None 

2.Year Study 
Alimentary System " ' 
Intestine large, cecum 
Intestine large, colon 
Intestine large,, rectum 
Intestine small, duodenum 
Intestine,small, ileum 
Intestines small, jejunum 
Liver 

Hepatocellula~ carcinoma 
Hepatocellular adenoma 
Leiomyosarcoma 

Mesentery 
' , ~Loomyosarcoma" 

Pancreas 
Adenoma 

• ~ 

Leiomyosa.r ~coma 
Acinar cell, a.dcnoma 

Salivary glands 
Stomach, forestomach 

Leiomyosafcoma, metastatic 
Stomach, glandular 

Leiomyosarc~ma 
,... Tongue 

Papilloma squamous 

Tooth 
, . 

• 

(41) 
(44) 
(44) 
(43) 
(42) 
(41) 
(49) 

(17) 

(49) 
2 (4%) 

(51) 

(47) 

(46) 

(42) 
(42) 
(44) 
(44) 
(43) " 
(42) 
(47) 

i (2%) 

(15) 
, , 

(47) 
5 (11%) 

(50) 
(45) 

(47) 
. . : 

(1) 
1 (100%) 

(41) 
(43) 
(44) 
(45) 
(42) 
(43) 
(49) 

1 (2%) 
1 (2%) 

(10) 
. . 

. 

(45) 
2 (4%) 

2 (4%) 
(47) 
(50) 

1 (2%) 
(50) 

1 (2%) 

• , 

(~4) 
(30) 
0 2 ) ,  
(33) 

(z~)  • 
(30) 
(50) 

2 (4%) 
1 (2%) 

(6) 
1 (17%) 

(35) 
2 (5%) 
1 (3,%) 

(42) 
(46) 

(43) 

(1) 
1 (lOO%) 

(1) 

Cardiovascular System 
Heart (50) (50) (50) (50) 

Endocrine System 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma complex 

...... Pheochromocytoma benign.... 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma " 

(50) 
(50) 

I (2%)• 

..... 17.(34%) 

:. (49) 
4 (8%) 

: ~ )  . . . . .  ! ~  . ~ ,  ~ .  > . . . . . . .  ~ . ,  . . . . . .  , • . , . , _ . . . .  , 

• . 

(49) 
(49) 

i (2%) 
• 10 (2o%) 

(47) 
2 (4%) 

(49) 
(49) 

(50) 
(50) 

11 (22%) 
1 (2%) 

(45) 
.4 (8%) 

8 (16%) 

(42) 
1 (2%) 
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TA~L~ A[  
S ~ a n ' y  o~ the  ]In©thence o~ Heo#asn~s  ~n MI~ne Ra t s  IM the 2 o Y ~ r  G a r a g e  Study o~ 2~0-D~hydln~co~n~a~n (continued) 

Vehicle cont~n l ~  mg/v~ 3 ~  mtg/~ ~ ~ e d ~  

2-Ye~,r SaMy (continued) 
Enc~cr~ne System (continued) 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicle, adenoma 
Follicle, carcinoma 
Follicular cell, adenocarcinoma 

(49) (47) (46) (46) 
24 (49%) 20 (43%) 13 (28%) 9 (20%) 

(50) (48) (49) (~) 
1 (2%) 1 (2%) 1 (3%) 
1 (2%) 2 (4%) I (2%) 1 (3%) 

1 (2%) 
• 1 (2%) 

General ~o~ty System 
Tissue NOS 

Fibroma 
.(1) (1) (1) 

I (lOO%) 

Genital System 
Epididymis (49) (50) (48) (47)) 
Preputial gland (47) (49) (48) (49) 

Adenocarcinoma 1 (2%) 
Adenoma 8 (17%) 1 (2%) 1 (2%) I (2%) 
Carcinoma 2 (4%) 3 (6%) 1 (2%) 

Prostate (45) (48) (46) (49) 
Seminal vesicle (49) (49) (46) (49) 
Testes (49) (49) (49) (46) 

Interstitial cell, adenoma 43 (88%) 39 (80%) 39 (80~) 42 (91%) 

Hema~o~et ic  System 
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymm 

(1) 
(47) (49) 
(51) (49) 
(51) (48) 
(5O) (49) 
(49) (48) 
(46) (47) 

(1) 
(50) 
(5o) 
(44) 
(5o) 
(45) 
(47) 

(1) 
(46) 
(48) 
(42) 
(47) 
(45) 
(45) 

Hntegumen~ry System 
Mammary gland 

Adenoma 
Fibroadenoma 

Skin 
Basosquamous tumor benign 
Fibroma 
Fibrosarcoma 
Keratoacanthoma 
Lipoma 
Neurofibroma 
Papilloma squamous 

(46) 
1 (2%) 
3 (7%) 

(51) 
1 (2%) 
I (2%) 
1 (2%) 
2 (4%) 

2 (4%) 

(46) 

2 (4%) 
(5o) 

4 (8%) 

3 (6%) 

I (2%) 
1 (2%) 

(47) 

(48) 

2 (4%) 
I (2%) 

1 (2%) 

(44) 

(49) 

~ c u n ~ n ~ n e ~ n  system 
Bone (51) (50) (50) (5o) 
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TABLE A1 
S u m m a r y  o f  the  Inc idence  o f  N e o p l a s m s  in M a l e  Ra t s  in t he  2-Year  Gavage  S tudy  of  3 , 4 - D i h y d r o c o u m a r i n  (continued) 

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg 

2-Year Study (continued) 
Nervous System 
Brain (48) (49) (46) 

Cerebrum, meningioma benign 1 (2%) 
Meninges, meningioma benign 1 (2%) 

Spinal cord (2) (4) (8) 

(47) 

(4) 

Respiratory System 
Lung (50) (50) 

Alveolar/bronchiolar adenoma 2 (4%) 1 (2%) 
Trachea (51) (50) 

(50) 
1 (2%) 

(50) 

(50) 

(4s) 

Special Senses System 
Ear 

Fibroma 
Papilloma 

Zymbars gland 
Squamous cell carcinoma 

(1) (1) 

(1) 
1 (100%) 

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

Urinary System 
Kidney 

Cortex, lipoma 
,Renal tubule, adenoma 
Transitional epithelium, carcinoma 

Urinary bladder 

(50) 

(49) 

(48) 

1 (2%) 

(48) 

(47) 

(44) 

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

(3S) 

Systemic Lesions 
Multiple organs b 

Leukemia mononuclear 
Lymphoma malignant 
Mesothelioma benign 

(51) 
10 (20%) 

(50) 
5 (lO%) 
2 (4%) 
2 (4%) 

(50) 
8 (16%) 

1 (2%) 

(50) 
4 (8%) 

Neoplasm Sununary 
Total animals with primary neoplasms c 

15-Month interim evaluation 
2-Year study 

Total primary neoplasms 
15-Month interim evaluation 
2-Year study 

Total animals with benign neoplasms 
15-Month interim evaluation 
2-Year study 

Total benign neoplasms 
15-Month interim evaluation 
2-Year study 

Total animals with malignant neoplasms 
2-Year study 

Total malignant neoplasms 
2-Year study 

6 
48 

6 
130 

6 
48 

6 
114 

16 

16 

3 
46 

3 
109 

3 
45 

3 
98 

12 

12 

4 
47 

4 
93 

4 
46 

4 
83 

11 

11 

4 
45 

4 

4 

4 
73 

10 
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T ~ L ~  A~. 
S ~ m ~ a r y  o~ the  l~©[~en~e o~ He~p]asms  In ~ a ~ e  ~ t ~  ~n the  ~oYear G a r a g e  St~n~y o~ ~ 4 - D i h y ~ r ~ c ~ u ~ a H n  (continued) 

Vehicle Control 1 ~  ~ / ~  3 ~  m g / ~  6 ~  m g / ~  

Neopk~sm $~wn~,y (continued) 
Total animals with metastatic neoplasms 

2-Year study 
Total metastatic neoplasms 

2-Year study 

a Number of animals examined microscopically at site and number of animals with l~sion 
b Number of animals with any tissue examined micr~copically 
c Primary neoplasms: all neoplasms except metastatic neoplasms 
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TABLE A~ 
Individual Animal Tumor Pathology of.Male Rats in the 2-Year Garage Study of  3,4,Dihydrocoumarin:, 
Vehicle Control .. 

Number  o f  Days  on Study 
0 3 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7  

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

Ca ,rfass ID N u m b e r  
~ .  

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

A l i m e n t a r y  System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i l e u m  
Intestine ~mall, j e junum 
Liver 
Mesentery 
Pancreas 
'i Adenoma 

Sal ivary glands 
Stomach 
Stomach, forestomach 
Stomach, g l a n d u l a r  

. ,  

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

A + + + + + + + + + A +  + + + A +  + + A A +  
A +  + + + A A +  + + A A + +  + A +  + + A A M  
A + + + + + + + + + A + + + + A + A + A A +  
A + 4. + + + + + + + A + + ÷ + M + A + A M + + 
A +  + + + + + + + + A A +  + + A +  + + A A ' +  + 
A + + + + + A + + + A A + 4 + A + + + A A + +  
A + + + + + + + + + A A + + A A + M + ~ A ' +  + 
A +  + + + A A +  + + A M +  + + A  + A + A A ~ ' +  
+ + + + + + + + + + + + + + + A +  + + + A +  

+ + +  + + + + +  + +  

A +  + + + + + + + + + + + + + A +  + + + + + 

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

+ + + + + + + + + + A +  + + + A + A +  + A +  
+ + + + ' +  + +" + ~' + A + + + + A + A + + A + 
A + +' + + + + + + + A + + + + A + A + + A : +  

: 

+ + + 
; 

+ + + 
+ + ' +  
+ + + -  

+~-  
4 - 4 .  " 
+ + 
+ + 

• # +  
4 - + +  
+ 
+ + ÷  . 

_ 
• 

• + + + 

+ 4. + • . '  
+ + + , . . 

~+ + + . . 
. ~ , 

• • . 

C a r d i o v a s c u l a r  Sys tem 
Heart  + + + + + ~ + + + + + + + + + + + + + M + ~  + + + 

E n d o c r i n e  System 
Adrenal gland 
Adrenal  gland, cortex 

, AMrenal gland, medulla . 

"Pheochromocytoma malignant 
Pheochromocytoma benign 

Is!ets, pancreatic 
Adenoma 

Parathy~.~oid gland 

p!tuitary gland 
. Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 
Follicle, adenoma 

• 

Follicular cell, adenocarcinoma 

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

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

M +  + + + + + + + + + + + + 
+ + + + + + + + + + + + + 4 .  

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

X 

+ A +  + + + + + + ~ +  
+ A +  + + + + + + + +  
+ A +  + + + + + ' +  + + 

X ' ~ ~ " 

X X : ' ~ ' X  X 
+ A + + + ' +  + " ~  ~ ~  + '  

+ + + + + + + + + + ' + "  '~'. 

+ + + A + + A + + + ~  
X X X ' X X  ' 

+ A +  + + + # ~  + + +  

¸ , .  

• . 

~ i 

General  Body Sys tem 
None 

. .  . . . .  . 

, +:  T 'mue examined micr~copica l ly  
A: Autolysis precludes examination 

M: Missing tissue 
I: Insufficient tissue 

X: Lesion present 
Blank: Not examined 
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T ~  A ~  

~ n ~ a ~ l  A n ~ a l ~  T a ~ a o r  Pat~H~y o f  M a ~  ~ a t s  ~ t h e  2 - Y e a r  G a r a g e  St~n~y o~ 3 , , ~ - D ~ y ~ r ~ o a ~ a r ~ a :  

~ e  Co~tn-oH (continued) 

I ~ u m ~ r  o~ D a y s  olin S~u~y 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0  

~ e J ~  l id  N u m ~ r  

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

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

5 3 4 5 1 4 2 4 5 3 3 4 4 2 1 3 4 3 5 2 4 1 1 1 5 3  

~o~ l  
T ~ s s u ~ /  

T u m o r  

A H m e n m r y  Sys*em 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Pancreas 

Adenoma 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

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

+ + + + + A + + + + + + + + + + + + + + + + + + + +  
+ + + + + M +  + + + + + + + + + + + + + + + + + + + 

+ + + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + + A  + + + + + + + + + + + + + + + + + + + + 
+ + + + + A  + + + + + + + + + + + + + + + + + + + + 
+ + + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + 
• 

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

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

51 
45 
41 
44 

4 

4 

43 
42 
41 
49 
17 
49 

2 
51 
47 
47 
46 

CarcR~nva~cular ~ y s m m  
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E m i e e ~ n e  S y s ~ m  

Adrenal gland 
Adrenal gland, cortex 
Adrenal  gland, medulla 

Pheochromocytoma malignant 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicle, adenoma 
Follicular cell, adenocarcinoma 

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

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

X X X X 
+ + + + + + + + + + + + + + M M + + + M + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

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

X 
X 

50 ~ 
5O ~ 
50 ~ 

1 ~ 
17 ~ 

49 i 
4 i 

47 i 
49 
24 
50 
'1 
1 
1 

GeneraH ~ x n y  Sys~en~ 

None 
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TABLE A2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 . Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

V e h i c l e  C o n t r o l  (continued) 

N u m b e r  o f  Days  on S tudy  
0 3 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7  
4 7 2 3 4 4 9 1 3 3 3 4 5 5 5 5 7 7 9 0 0 1 1 2 2  
5 9 6 4 0 1 6 9 4 7 9 8 4 4 5 6 0 8 0 4 5 1 7 9 9  

C a rca s s  ID N u m b e r  
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 0 0 0 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 0  ~ 
5 4 1 4 2 0 7 4 8 1 6 2 8 8 6 9 1 1 5 2 6 2 5 1 1  
2 1 4 2 2 3 3 4 2 2 5 1 4 5 1 2 5 4 3 4 3 1 5 2 5  

Geni ta l  Sys t em 
Coagulating gland 
~pididymis 
Preputial gland 

Adenocarcinoma 
Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

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

X 
X 

X 
+ + + + + + + + + + + + + + + M + + + + M + + M +  
+ + + + + + + + + + + + + + + M + + + + M + +  + +  
+ + + + + + + + + + + + + + + M + + + + M + + + +  

X X X X X X  X X  X X X X X  X X X X  

Hematopoie t ic  Sys t em 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

+ + + + + + + + + + A + + + + A + A + + A + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + A  + + + + + + + + ~ 
+ + + + + + + + + + + + + + + A + + + + A + + + +  
+ + + + + + + + + + + + + + + A M + + M + + + + +  

I n t e g u m e n t a r y  Sys t em 
Mamma W gland 

Adenoma 
Fibroadenoma 

Skin 
Basosquamous tumor benign 
Fibroma 
Fibro~arcoma 
Keratoacanthoma 
Papilloma squamous 

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

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

X X  

Muscu loske le ta l  Sys t em 
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

Nervous  Sys t em 
Brain 

Cerebrum, meningioma benign 
Meninges, menin~gioma benign 

Peripheral nerve 
Spinal cord 

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

+ 
+ 
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TABLE A 2  

] n ~ ] u a ~  A ~ a ~  T ~ o r  P a t h o l o g y  o~ i~,~a~e ~ a t s  fin t h e  2 - Y e a r  G a r a g e  S ~ u ~ y  o~ 3 , 4 - D ~ h y ~ r o c o ~ n n a r i m  

V ~ C ] ] e  C o ~ r o H  (continued) 
. .  

H u m b e r  o f  D a y s  on  S t ~ y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 ~ 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0  

C a N  RD H e m ~ r  

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

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

5 3 4 5 1 4 2 4 5 3 3 4 4 2 1 3 4 3 5 2 4 1 1 1 5 3  

To~al 

T i s s u e s /  

T u m o r s  

~eni~al S ~ m  
Coagulating gland 
Epididymis 
Preputial gland 

Adenocarcinoma 
Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial ~ell, adenoma 

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

X X  X X X  X X  
X 

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

X X X X X X X X X X X X X X X X X X X X X X X X X X  

2 
49 
47 
1 
8 
2 

45 
49 
49 
43 

Hemato~oBeUc S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + ÷ + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

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

47 
51 
51 
50 
49 
46 

~ n ~ e ~ m e ~ y  S y s ~  

Mamma W gland 
Adenoma 
Fibroadenoma 

S~n  
Basosquamous tumor benign 
Fibroma 
Fibrmarcoma 
Keratoacanthoma 
Papilloma squamous 

+ + + + M + + + + + + ~v~ + + + + + + + + + + + + + + 
X 

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

X 
X 

X 
X X  

46 

1 
3 

51 
1 
1 

1 .  
2 
2 

~ e s ~ e B e ~ i  S y s t e m  
Bone + + ÷ + + + + + + + + + + + + + + + + + + + + + + + 51 

H e ~ o ~  ~ y ~ e ~  
Brain 

Cerebrum, meningioma benign 
Meninges, meningioma benign 

Peripheral nerve 
Spinal cord 

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

+ 
+ 

48 
1 
1 
2 
2 



86 3 , 4 - D i h y d r o c o u m a r i n ,  N T P  T R  423 

TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

V e h i c l e  C o n t r o l  (continued) 

N u m b e r  o f  D a y s  o n  S t u d y  
0 3 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7  
4 7 2 3 4 4 9 1 3 3 3 4 5 5 5 5 7 7 9 0 0 1 1 2 2  
5 9 6 4 0 1 6 9 4 7 9 8 4 4 5 6 0 8 0 4 5 1 7 9 9  

C a r c a s s  ID N u m b e r  
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 0 0 0 1 0 1 0 0 0 0 1 1 0 1 0 0 0 0 0  
5 4 1 4 2 0 7 4 8 1 6 2 8 8 6 9 1 1 5 2 6 2 5 1 1  
2 1 4 2 2 3 3 4 2 2 5 1 4 5 1 2 5 4 3 4 3 1 5 2 5  

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Nose 
Trachea 

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

+ + + + + + A  + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Spec ia l  S e n s e s  S y s t e m  
]lye + 

U r i n a r y  S y s t e m  
Kidney 
Ureter  
Urinary bladder 

A + + + + + + + + + + + + + + + + + + + + + + + + 
+ 

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

S y s t e m i c  L e s i o n s  
Multiple organs 

Leukemia mononuclear  X X , X  X X X  X X  • 
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TABLS A~ 

] [ n ~ i , d ~ a n  A n i a a a l  T u ~ a o r  P a t h o l o g y  o f  M a n e  ~ a t s  ~n t h e  2 - ~ r  G a r a g e  S t u d y .  o~ 3 , ~ - D ~ y ~ o u ~ a H n : .  
. ~ 

Veh~cne C o t t o n  (~ntinu~) 

N u m ~ r  o~ DaYs on  S tudy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 . 3 3 3 . 3 3  
9 9 9 9 9 9 9 9 9 ' 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0  

C a r e ~ m  ~D N u m ~ r  

. .  

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

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

5 3 4 5 1 4 2 4 5 3 3 4 4 2 1 3 4 3 5 2 4 1 1 1 5 3  

T o ~ l  

T i s su e s /  

T u m o r s  

N e s p i r a ~ r y  Sys t em 
Lung 

Alveolar/bronchiolar adenoma 
Nose 
Trachea • 

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

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

. : .  

5O 
2 

5O 
,51 

Special  S e n s e s  S y s ~ m  
Eye 

U r i n a r y  S y s ~ m  
Kidney 
Ureter 
Urinary bladder 

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

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

50 
1 

49 

S y s ~ m i c  L e s i o n s  
Multiple organs 

Leukemia mononuclear 
+ + + + + + + + + + + + + + + + + + + + + + + + + +  51 

X X " 10 



88 3,4-Dihydrocoumarin, NTP TR 423 

TABLE A2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 150 mg/kg 

Number of Days on Study 
2 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6  

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

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

Carcass ID 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  

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

Alimentary System 
Esophagus  
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hcpatocellular adenoma 
Mesentery 
Pancreas  

A d e n o m a  
Salivary glands 
Stomach 
Stomach,  forestomach 
Stomach,  glandular 
Tongue  

Papi l loma squamous 

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

A A + + + A + + + + + + + + A + + + + + A + + + A  
A A + + + A A + + + + + + + A + + A +  + A + + + A  
A A + + + A A + + + + + + + A + + A + + A + + + A  

M A + + + A + + + + + + + + A + + + + + A + + + A  
A A + + + A A + + + + + +  + A + + + + + + + + + A  

A A + + + A A + + + + + + + A + + + + + + + + + A  
A A + + + A A + + + +  + + + A + + + + + A + + + A  
A A +  + + A A +  + + + + + + A +  + A +  + A +  + + A  
A A + + + + + + + + + + + + A + + +  + + + + + + +  

+ + + + +  + 

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

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

~ + + + + A ~  + + + + + + + A +  + + + + + + + 
+ + ÷ + + A + + + + + + + + A + + + + + + + - ~ .  
+ + + + + A A +  + + + + + + A +  + + + + + + + 

+ 

X 

+ 
+ + 

+ . +  
+ + 
+ + 
+ + 

Cardiovascular System 
Hear t  + + + + + + + + + + + + + + + + + + + + + + + + + 

Endocrine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

P h e o c h r o m o c y t o m a  complex 
P h e o c h r o m o c y t o m a  benign 

Islets, pancreatic 
A d c n o m a  

Para thyro id  gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-ceil, adenoma  

Follicle, a d e n o m a  
Follicle, carcinoma 

+ + + + + + + + + + + + + + A  + + + + + + + + 
+ + + + + + + + + + + + + + A  + + + + + + + + 
+ + + + + + + + + + + + + + A + + + + + + + + 

+ A + + + A + + + + + + + + A + + + + ~ + + +  
X 

i + + + +  + +  + + M + + + + A + + + M M + + +  
+ + + + +  + + + + + + + + + A + + + M + + + +  

X X X X  X • 

~ + + + + + + + + + + + + + A + + + + + A + +  

x x  
+ + 

X X  
+ + 
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TABLE A~ 

Ind~'ddl~a~ A n i ~ a ~  T u m o r  P a t h o ~ i ~ y  o?  M a l e  R a t s  ~n t h e  2 -~ fea r  G a r a g e  S t u d y  o~ 3 ~ , ~ - D ~ h y d ~ c o u m a H n :  ~.5~ m g / k g  
(continued) 

H u m O r  o f  Days  on  S*udy 

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

C a r c a s s  ~D N u m b e r  

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 1 2 1 2 1 2 2 1 2 1 1 1 1 1 1 1 2 2 2 1 1 1 2 ToM! 

8 3 8 3 6 0 5 2 1 6 2 5 3 4 4 5 7 8 2 3 4 5 7 8 1 T i s s u ~  

3 2 2 5 2 5 4 4 2 3 1 1 1 1 4 3 3 5 2 3 4 2 2 1 3 T u m o r  

Al iment~ry  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hepatoceilular adenoma 
Mesentery 
Pancrreas 

Adenoma 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + +  + + + + + + + + + + + + + + + +  + + + + + 42 
+ + + + + + + + + + + + + + + + + +  + + + + + +  + 42 
+ + + + + + + + + + + + + + + + + + + + + + + + +  44 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + +  43 
+ + + + + + + + + + + + + + + + + + + + + + + + +  42 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 

X 1 
+ +  + + +  + +  + 15.  

+ + + + + + + + + + + + + + + + + + +  + + + + + +  47 
X X X 5 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + +  47 
1 
1 

C a r d i o v a s c u l a r  Sys t em  
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma complex 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicle, adenoma 
Follicle, carcinoma 

+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
X 1 

X X X  X X X X X 10 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 

X 2 
+ M + I  + + + M + + + + + + + + + + + M + + + + +  41 
+ + + + + + + + + + M + + + + + + + + + + + + + +  47 

X X X X  X X X X  X X  X X X  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

X 1 
X X 2 

X 1 



90 3 , 4 - D ihyd r oc 6umar in ,  N T P  T R  423 

TABLE A~ 

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  ,in t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  150  m g / k g  
(continued) 

N u m b e r  o f  D a y s  on  S tudy  
2 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6  
3 5 6 7 4 4 4 5 5 5 6 7 8 8 8 9 9 2 3 4 5 6 6 6 7  
8 5 2 2 3 8 9 0 6  ~ . 7 6 4 4 8 9 9  3 4 5  7 2 8 8 3  

C a r c a s s  ID  N u m b e r  
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 1 1 2 1 1 1 1 2 1 1 2 2 1 1 2 1 2 2 1 1 1 1  
6 0 4 9 3 0 4 7 7 4 1 6 8 3 3 9 9 4 3 1 1 3 6 7 3  
1 3 5 5 3 1 3 1 4 2 1 4 4 4 1 1 2 3 5 4 5 2 5 5 4  

, . , 

Genera l  Body S y s t e m  
Tissue NOS + M 

Geni ta l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

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

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

X X X  
+ + + + + ÷ + ÷ + + + + + + A + + + + + A + + + +  
+ + + + + + + + ~ + + + + + + + + + + + A +  + + + 
+ ~ + + + + + + + + + + + + A +  + + + + + + + ~ + 

, X X X  X X  X X X X  X X  X X X X X X  

. .  

H e m a t o p o i e t i c  S y s t e m  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular. 
Lymph node, mesenteric 
Spleen 
Thymus 

+ 

+ @ + . +  + + + + + + + + + + A  + + + + + + + + + + 
+ + + + + . +  + + + + + + + + A + + + + + + + + + + 
+ +  + + + + ÷ + + + + + + + A + +  + + + M +  ~ +  + 
+ + + + + ~ + + + + + ~ + + A + + + + + ~ +  + +  + 
A +  ~ + + +  + + + + + + + + A +  + + + + + + + + + 
÷ + + + ' + + + + + + + + + + + + + + M + + M + + +  

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Fibroadenoma 
Skin 

Fibroma 
Keratoacanthoma 
Neurofibroma 
Papilloma squamous 

+ + + ÷ + M + + + M + + + + + + + + + + A + + + M  
X X 

+ + + ~ + + + + + + + + + + + + +  + + + + + + + ~ 

X 
X 

Muscu loske l e t a l  System 
Bone 
Skeletal muscle 



Les ions  in ~ a l e  ] ~ -  " 91 

TABLE A?~ 

I n ~ v ~ u a ~  A n ~  T u m o r  P a t h o l o g y  o~ I~,~a~e ~ ~n t h e  2 - 'Yea r  G a w g e  ~ t u ~ y  o~' 3 , ,~ -D~hy~r~coun~ar~n :  ~.5® ~pg/l~g 

(continued) 

N u m ~ r  o f  Days  on  S~u~ly 

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

C a r c a m  ~D N u m b e r  

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 1 2 1 2 1 2 2 1 2 1 1 1 1 1 1 1 2 2 2 1 1 1 2 T o ~ !  

8 3 8 3 6 0 5 2 1 6 2 5 3 4 4 5 7 8 2 3 4 5 7 8 1  T i m u ~  

3 2 2 5 2 5 4 4 2 3 1 1 1 1 4 3 3 5 2 3 4 2 2 1 3 T u m o r  

G e n e r ~  ]Sony S y ~ m  
Tissue NOS 

G e n R ~  S y s ~ m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

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

X 

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

X X X X X  X X X X X X X X X X X X X X  X X X  

50 
49 
1 
3 

48 
49 
49 
39 

H e m a ~ o ~ R e ~ c  S y s ~  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

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

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

1 
49 
49 
48 
49 
48 
47 

~ n t e g u m e n ~ r y  S y s t e m  
MammatT gland 

Fibroadenoma 
Skin 

Fibroma 
Keratoacanthoma 
Neurofibroma 
Papilloma squamous 

÷ ÷ ÷ + ÷ + + + ÷ + + ÷ ÷ + ÷ ÷ + ÷ ÷ ÷ ÷ + ÷ ÷ + 

÷ ÷ ÷ + + + ÷ ÷ ÷ ÷ ÷ + ÷ + + + ÷ ÷ ÷ ÷ ÷ + ÷ + + 

X X X 

XX 

X 

X 

46 

2 

50 

4 
3 

1 
1 

IV~uscuRoshe~etaR S y s ~ m  
Bone 
Skeletal muscle 

÷ ÷ ÷ ÷ ÷ + ÷ + ÷ ÷ ÷ + + + + + ÷ ÷ + + + + ÷ ÷ + 

÷ 
50 

1 



92 3,4-Dihydrocoumarin,  NTP TR 423 

TABLE A2 

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2-Year Garage Study of 3 , 4 - D i h y d r o c o u m a r i n :  150 m g / k  8 
(continued) 

Number of Days on Study 
2 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6  
3 5 6 7 4 4 4 5 5 5 6 7 8 8 8 9 9 2 3 4 5 6 6 6 7  
8 5 2 2 3 8 9 0 6 7 7 6 4 4 8 9 9 3 4 5 7 2 8 8 3  

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

Nervous System 
Brain 
Peripheral nerve 
Spinal cord 

A + + + + + + + + + + + + + + + + + + + + + + + +  

+ 

Respi ra tory  System 
Lung 

Alveolar/bronchiolar adenoma 
Nose 
Trachea 

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

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + ' +  + + + + + + + + 

Special Senses  System 
Ear 
Eye 

+ 

Urinary System 
Kidney 

Renal tubule, adenoma 
Urinary bladder 

. . . .  

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

+ + + + + + + + + + + + + + A + + + + + A ~ + + + +  

Systemic Les ions  
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant 
Mesothelioma benign 

X X X 
X X 

X 



L ~ s i o m  tn Male  ~1,~a~ 

TABLE A ~  

~ l i v ~  A n i ~  T ~ o r  P ~ h o ~ g y  o~ I ~ I ~ e  ~ i n  ~he ~ - Y e ~ r  G ~ v ~ s e  S~u~y  o1~ 3 , ~ - D i h y ~ r o c o ~ H n :  ~.$® ~ng/kg 
(continued) 

N u m b e r  o f  D a y s  on  S ~ y  
6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 3  
7 7 8 8 8 9 9 9 1 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 4  
3 7 1 1 5 4 " 5 5 8 1 1 3 9 9 9 9 9 9 9 9 9 0 0 0 0  

C a r c a s s  ~D l~lumher 
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 1 2 1 2 1  2 2 1 2 1 1 1 1 1  I I 2 2 2 1 1 1 2  T o ~ !  
8 3 8 3 6 0 5 2 1 6 2 5 3 4 4 5 7 8 2 3 4 5 7 8 1 T i ~ u ~  

3 2 2 5 2 5 4 4 2 3 1 1 1 1 4 3 3 5 2 3 4 2 2 1 3 T u m o r  

N e r v o u s  Sys t em 
Brain 
Peripheral nerve 
Spinal cord 

+ + + +  + + + + + +  + + + + + + + + + + +  + + + +  49 
+ 1 
+ + + 4 

R e s p i r a t o r y  Sys~e~n 
Lung 

Alveolar/bronchiolar adenoma 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

+ + + + + + + + + + • + + + + + + + + + + + + + + 50 
+ ~ + + + + + + + + + + + + + + + + + + + + + + + 50 

Si~ecia~ S e n s e s  S y s t e m  
Ear 
Eye 

1 
+ + 2 

U r i n a r y  S y s ~ m  
Kidney 

Renal tubule, adenoma 
Urinal T bladder 

+ + ÷ ÷ ÷ ÷ ÷ ÷ + ÷ ÷ ÷ ÷ ÷ ÷ ÷ + ÷ ÷ + ÷ + ÷ + + ~ 

1 
÷ ÷ ÷ + + ÷ ÷ ÷ + ÷ + + ÷ ÷ ÷ ÷ ÷ ÷ + ÷ + + + + ÷ ~ 

S y s ~ m i c  L e s i o n s  
Multiple organs 

Leukemia mononuclear 
Lymphoma malignant 
Mesothclioma benign 

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

X X 

X 

50 
5 
2 
2 



94 3 , 4 - D i h y d r o c o u m a r i n ,  N T P  T R  423 . 

TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 ~ D i h y d r o c o u m a r i n :  3 0 0  m g / k g  

Number  o f  Days  on Study 
4 5 5 5 5 5 6 6 6 6 6 " 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

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

C a r c a s s  ID  N u m b e r  

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

3 1 1 2 4 1 2 2 4 1 2 1 3 5 4 3 5 2 3 2 3 3 3 5 4  

A l i m e n t a r y  S y s t e m  

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 

Hepatocel lular  carcinoma 
Hepatocel lular  adenoma 

Mesentery 
Pancreas 

Adenoma 
Acinar  cell, adenoma 

Salivary glands 
Stomach 
Stomach, forestomach 

Leiomyosarcoma, metastatic 
Stomach, glandular 

Leiomyosarcoma 

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

+ A + + + + + + + A + + + + + + + + + + A + A + A  
+ A + A + + + + + A + + + + + + + + + + A + A + A  
+ A + + + + + + + A + + + + + + + + + + A + A + A  
+ A + + + + + + + A + + + + + + + + + + A + A + A  
+ A . +  + + + + + + A + + + + + + + + + + + + A + A 
+ A + + + + + + + A + + + + + + + + + + + + A + A  
+ A + A + + + + + A + + + + + + + + + + A + A + ' A  

+ A + A + + + + + A + + + + + + + + + + A + A + A  
+ + + + + + + + + + + + + + + + + + + + + M +  + + 

X 

+ + + + + ' +  

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

X 
+ + + + + + + + + + ~ +  + .+ + + + + + + + + M + "+ + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + . +  + 

+ + + + + + + + + + , +  + + + + + + + + + + + + + + 

C a r d i o v a s c u l a r  System 
Blood vessel 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 

Endocrine S y s t e m  

Adrenal  gland 
Adrenal  gland, cortex 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicle, adenoma 

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

X X X  

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

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

X X X 

+ A + + + + + + + + + + + + + +  

÷ 

X 
+ 
+ 

X 
+ 

X X 

@÷÷+++÷~ 

+ + + + + + + ~  

+ ~ + A + + + +  
X 
+ + + + + + + +  



L e s i o n s  ~n ~ a ~ e  l ~ a ~  ., 9S 

TABLE A 2  

~ n ~ v ~ u a n  A n i m a l  T ~ o r  ~ a t h o l o ~ y  o f  M a l e  ~ a ~ s  ~n t h e  2 - ~ r  G a r a g e  S t u d y  o f  3 ~ - D ~ h y d ~ u m a ~ n :  ~ ~ 

( ~ n t i n u ~ )  

N u m b e r  o f  D a y s  on  S t u d y  

6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ~D N u m ~ r  

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 2 3  3 3 2  2 3  2 2 2  2 3 3 3 2  2 2 2 3 3 2 2 3 3 T o N i  

5 5 4 1 3 6  8 0  7 5  6 9 2 0 0 9 9 7 7 2 6 5  6 1  2 T i s s u ~  

2 4 5 1 4 4 1 5 4 5 5 4 3 4 2 1 2 1 5 4 2 3 1 2 1 T u m o ~  

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatocel lular  carcinoma 
Hepatocel lular  adenoma 

Mesentery 
Pancreas 

Adenoma 
Acinar ceil, adenoma 

Salivary glands 
Stomach 
Stomach, forestomach 

Leiomyosarcoma, metastatic 
Stomach, glandular 

Leiomyosarcoma 

+ + M +  + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + A  + + + + + + + + + + 
+ + + A +  + + + + A +  + + + A +  + + + + + + +  + + 
+ + + + + + + + + A + ~ + + A + + + + + + + + + +  
+ + + + + + + + + + + + + + A  + + + + + + + + + + 
+ + + + + + + + + + + + + + A  + + + + + + + + + + 
+ + + + + + + + + ~ +  + + + + A  + + + + + + + + + + 
+ + + + + + + + + + + + A + A + + + + + +  + + + +  
+ + + + + + + + + + + + + + M +  + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
~ , 

X 
+ + M + + 

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

X 
X 

+ + M + + +  + + + + + + + + + M + + + + + + + + +  
+ + + + + + + + + , +  + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + • + + + + + + + + + + + ÷ + + + + 

X 

49 
44 
41 
43 
44 
45 
45 
42 
43 
49 

1 
1 

10 
48 

2 
2 

47 
50 
50 

1 
50 

1 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart  

+ + 
+ + + + + + + + + + + + + ~- + + + + + + + + + + + 

2 
50 

E n d o c r i n e  S y s t e m  

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pbeochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicle, adenoma 

+ + M + + + + + + + + + + + + +  + + + + + +  + + +  
+ + M + + + + + + ÷ - +  + . +  + + + + + + + + + + + + 
+ + M + + + + + ~ + + + + + + + + + + + + + + + + +  

X X  X X X X 
X 

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

X X X 
+ + + + + + + + + + + + + ' +  + + + + + + + + + + + 

+ + M + + + + + + + + + + + + M + + + + + + + + +  
X X  X X ' X X  X X 

+ + + + + + + + + + + + ' +  + + + + + + + + + + + + 

X 

49 
49 
49 
11 
1 

48 
4 

48 
46 

13 
49 
1 
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TABLE A 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  3 0 0  m g / k g  

(continued) 

N u m b e r  o f  Days  on  S tudy  

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

C a r c a s s  ID  N u m b e r  

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

Gene ra l  Body S y s t e m  
Tissue NOS 

Fibroma 

÷ 

X 

Geni ta l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ + + + + + + + + A  + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ A + + + + + + + A + +  + + + +  + +  + + + M + + +  
+ A + + + + + + + A + + + + + + + + + + + M + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X X X X X  X X X X X X X X X X  

Hema topo i e t i c  S y s t e m  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

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

+ A + + + + + + + + + + + + + +  + + + + A +  + +  + 
+ + + + + + + + + + + + + + + + M + I  + + + + + +  

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

Keratoacanthoma 
Lipoma 
Papilloma squamous 

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

X 

Muscu loske le t a i  Sys t em  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  
Brain 
Peripheral nerve 
Spinal cord 



L ~ s i o ~  In I~,~ale ~ , ~  

TABLE AY~ 

[ n ~ v ~ u a ~  A n ~ a ~  Tu~m or  Pa tho~otD,  off M a t e  M a t s  i n  t h e  ~ - Y e a r  G a r a g e  S t u d y  o~ 3 , ~ - D ~ h y ~ r ~ c o u ~ a r ~ n :  ~ ~g / l~g  

(continued) 

N u m b e r  o f  D a y s  on  S~u~y 

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

C a r c a s s  HD N u m b e r  

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 2 3 3 3 2 2 3 2 2 2 2 3 3 3 2 2 2 2 3 3 2 2 3 3 ~ !  

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

2 4 5 1 4 4 1 5 4 5 5 4 3 4 2 1 2 1 5 4 2 3 1 2 1  T u m o r  

Gene ra l  lSe:~ly S y s t e m  
Tissue NOS 

Fibroma 

Genitan Sys t em 
Epididymis 
Preputial gland 

Adenoma 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ + + + + + + + + + + + + + + M +  + + + + + + + + 48 
+ M + M + + + + + + + + + + + + + +  + + + + + + +  48 

X 1 
+ + + + + + + + + + + + + + + M +  + + + + + + + + ~ 
+ + + + + + + + + + + + + + + M +  + + + + + + + + ~ 
+ + + + + + + + + + + + + + + M + + + + + + + + +  49 
X X X X X  X X X X X X X X  X X X X X X X X X  ~ 

Hemato~o ie t i c  S y s t e m  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesentedc 
Spleen 
Thymus 

1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
M + M M + + + + + + + + + +  + M M + + + + +  + + +  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ M M +  + + + + + + +  + + + + M +  + + + + + + + + 45 
+ + + + + + + + + + M + + + + + + +  + + + + +  + +  47 

H n ~ g u n ~ e n ~ r y  S y s t e m  
Mammary gland 
Skin 

Keratoacanthoma 
Lipoma 
Papilloma squamous 

l~usculos~te le~!  S y s t e m  

+ M M + + + + + + + + + + + + + + + + + + + + + +  
+ M M + + + + + + + + + + + + + + + + + + + + + +  
X X 

X 

47 
48 
2 
1 
1 

Bone + + + + + + + + + + + ~ + + + + + + + + + + + + + 50 

Ne rvous  Sys t em 
Brain 
Peripheral nerve 
Spinal cord 

+ M M + + + + M + + + + + + + M + + + + + + + + +  
+ + M + + + + 
+ + + + + + + 8 
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• . 

TABLE A 2  " 

Individual Animal Tumor Pathology of Male Rats"in the2-Year Gavage Study of 3,4:-D~hydrocoumarin: 30Omg/kg. 
(continued) 

• . . 
• .  

N u m b e r  o f  Days  on  S tudy  I 
4 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
9 2 2 5 9 9 0 0 1 1 1 3 3 3 5 6 6 6 6 7 7 7 7 7 " 8  
4 2 7 4 2 6 3 5 3 5 9 3 4 4 4 2 2 5 6 0 4 5 8 9 1  

C a r c a s s  ID  N u m b e r  
. 

. .  

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

3 1 1 2 4 1 2 2 4 1 2 1 3 5 4 3 5 2 3 2 3 3 3 5 4  

R e s p i r a t o r y  S y s t e m  
Lung. 

Alveolar/bronchiolar adenoma 
Nose . . . .  
Trachea 

% + + + ÷ + + + + + + + + + + + + + + + + + + + + 
• . 

, .  

+ + + + + + + ' +  ~ ~ + + + + + + + + + + + + + + + 
+ + + • + + + + + + + + + + + + + + + + + + + + + 

. . . . . . .  

, ~  . ~ .  

Special  S e n s e s  S y s t e m  
Ear 
Zymbal's gland 

Squamous cell carcinoma 

U r i n a r y  S y s t e m  
Kidney 
Urinat T bladder 

, . 

+ + + :+ +' + + '+ + + + + + + + + + + + + + + + + + 

+ ÷ + + + + ~ + + A + + +  + + +  + + + + A M + + +  . . . . . .  

~.~,  ~, ~ ~ 

• 

. .  ~ 

Sys temic  L e s i o n s  
. 

Multiple organs 
Leukemia mononuclear 
Mesothelioma benign 

. . . .  

+ + + + + + • + + + + + + + + + + + + + + + + + + 

X X X X  ~ : " ~ X  

'¸ , ,  



~ o a s  in .I~a~e ~1,~t~ ~ 

TABLE ~ 

~ f ~ ] u a H  ~ f ~ a ~  T u m o r  P a t h o l o g y  o~ I ~ H e  R ~  tin t h e  2 - Y e a r  G a r a g e  S t u d y  o~ 3 , ~ - D f h y ~ r c e o u ~ a H ~ :  300 ~ / k S  
(continued) 

Number  o~' Days on SCu~y 
6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
8 9 9 9 9 9 9 9 0 0 0 0 0 1 2 2 2 2 2 2 2 3 3 3 3  
4 0 1 4 4 5 7 7 1 8 9 9 9 6 0 3 5 9 9 9 9 0 0 0 0  

C ~ r e ~  ~D Num~:~r 

~ p l ~ a t o r y  S y ~  

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 2 3 3 3 2 2 3 2 2 2 2 3 3 3 2 2 2 2 3 3 2 2 3 3 T o n i  
5 5 4 1 3 6 8 0 7 5 6 9 2 0 0 9 9 7 7 2 6 5 6 1 2  T i ~ u ~  
2 4 5 1 4 4 1 5 4 5 5 4 3 4 2 1 2 1 5 4 2 3 1 2 1  T u ~ o ~  

Lung 
Alveolarforonchiolar adenoma 

Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 1 

+ + M + + + + + + + + + + + + M + + + + + + + + +  ~ 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

Special S e n ~  S y s t ~  
Ear ÷ 1 
Zymbal's gland + 1 

Squamous cell carcinoma X 1 

U~na~y S y s t ~  
Kidney 
Urinary bladder 

÷ M M ÷ ~ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ~ ÷ ÷ M ÷ ÷ ÷ ÷ ÷ ÷ ~ ÷ ÷  47 
÷ ÷ M ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ A M ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷  ~ 

Systenfic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma benign 

~ ~ ~ ~ ~ ~ ÷ ÷ ~ ~ ÷ ~ ÷ ÷ ÷ ÷ ÷ ~ ~ ~ ~ ÷ ÷ ÷ ~ 50 
X X X 8 

X 1 
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TABLE A 2  

Individual A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 600 mg/kg 

Number of Days on Study 
0 0 3 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  
4 4 6 4 8 0 2 3 5 5 6 7 8 9 9 0 0 0 0 0 1 1 2 2 4  
4 5 5 4 3 1 8 7 2 4 9 7 4 3 8 5 5 5 6 7 6 8 5 7 0  

C a r c a s s  ID  N u m b e r  
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 3 4 3 4 3 4 4 4 4 4 4 4 4 4 4 4 4 3 4  
1 0 4 1 3 4 8 5 8 2 8 1 4 7 8 0 1 6 8 8 . 5 7 8 7 6  
2 1 5 3 2 1 2 1 4 2 1 4 4 2 5 2 5 4 3 2 4 1 4 3 2  

Alimentary System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hepatoccilular adenoma 
Leiomyosarcoma 

Mesentery 
Lciomyosarcoma 

Pancreas 
Adenoma 
Leiomymarcoma 

Salivmy glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Tooth 

+ + +  + + + M +  + + + M +  + + + + + + + + +  + + + 
+ + A A  + + A  + + A +  + + A A  + A  + A A A  + + + : +  
A + A A + + A A + A A + A A A * A A A A A + + + +  

. 

+ + A A + + A + + A + + + A A + A A A A A + + + +  
+ + A A +  + A + + A +  + + A A + A + A A A +  ~ + + 
+ + A A +  + A +  + A A +  + A A + A + A A A + +  + + 
+ + A A + + A +  + A A +  + A A + A + A A A +  + + + 
+ A A A +  + A A + A A A A A A + A A A A A +  + + + 
+ + A A +  + A +  + A A +  + A A + A A A A A +  + +  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

+ + A A + + A + + A + + A A A + A + A A A + + + +  
"/~ X ' ~ " 

~ 
~. , . 

. 

+ + + M + + M + + + + M M + + + M + M M + + + + +  
+ + A +  + + + + + + + + + A +  + + + + A +  + + + + 
+ + A  + + + + + + + + + + A  + + + + + A  + + + + + 
+ + A A  + ~ A + + + + + + A + + A + + A  + + + + + 

• - ~  

+ 

Cardiovascular S y s t e m  
BIo(xl vessel 
Heart 

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

E n d o c r i n e  Sys t em 
Adrenal gland 
Adrenal gland, cortex 
.Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituita~ gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicle, adenoma 

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

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

+ + + M +  + M +  + + + M M +  + + M + M M +  + + + + 
+ M + A + + + + + + + + + A + + + + + + + + + + +  

X X X 
+ + A M +  + M +  + +  + M M +  + + M + M M +  + + + + 

X 



L~s~o~s ~ l~M[e ~ 101 

T , ~ L ~ / L ~  

~ n ~ v ~  ~ f i ~  T ~ o r  ~e~l~o~c~D, o~ I~e~e  ~ e ~  fl~ ~ e  ~ - Y e ~ r  G ~ v ~  S ~ y  o~ 3 ~ - D ~ y ~ ~ n :  ~ ~ 

(continued) 

N u n ~ r  o f  D~y~ o~ ~¢~¢~y 

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

C ~ r ~ J ~  ~ID N u m ~ r  

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 3 3 4 4 4 3 4 4 4 4 3 3 4 4 4 4 4 3 4 3 4 T o ~  

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

1 5 5 4 4 4 5 3 4 1 3 1 3 3 2 3 2 1 4 3 5 5 1 1 2  T e m o m  

A H m e n ~ r y  S y s ~ n  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hepatocellular adenoma 
Leiomyeaarcoma 

Me~entery 
Leiomyosarcoma 

Pancreas 
Adenoma 
Leiomyosarcoma 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 
Tooth 

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

+ + A + + + + + + + A A + + A + + + A A  
+ + A + A + + + + + A A + + A + A + A A  
+ + A + A + + + + + A A + + A + + + A A  
+ + A + + + + + + + A A + + A + + + A A  
+ + A + + + + + + + + A + + A + + + A A  
+ + A + + + + + + + + A + + A + + + A A  
+ + A + A + + + + + A A + + A + A + A A  
+ + A + + + + + + + A A + + A + + + A A  
+ + + + + + + + + + + + + + + + + + + + 

X 

+ 

+ + A + + + + + + + + + + +  

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

+ + A +  + + + + + + + + + + 
+ + A +  + + + + + + + + + + 
+ + A + +  + + + + + + + + + 

X 
+ + + 

X 
+ + + + + + 

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

X 

+ + + + +  ~ 

A + A + +  32 
A A A + +  ~ 
A + A + +  ~ 
A + A + +  ~ 
+ + A + +  ~ 
+ + A + +  ~ 
A A A + +  ~ 
+ A A + +  ~ 
+ + + + +  50 

2 
1 

+ +  6 
1 

+ + + + +  ~ 

X 2 
1 

+ + M + +  42 
+ + + + +  46 
+ + + + +  46 
+ + + + +  43 

1 
1 
1 

Carc~ovascu~ar  S y s ~  
Blood vessel 
Heart + + + + + + + + + + + + + +  + + + + + +  + + + + +  

1 
50 

E n d o c r i n e  S y ~  
Adrenal gland 
Adrenal gland, cortes 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicle, adenoma 

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

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

X 
+ + + + + + M M +  + + + + + + + + + + + + + + + + 
+ + + + + + + + +  + + A + +  + + + + + +  + + +  + + 

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

X 

50 
50 
50 
8 

42 
1 

41 
46 
9 

40 
1 
1 



102 3 , 4 - D ihyd r ocouma r in ,  N T P  T R  423 

TABLE A 2  .~ 

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  the .  2 - Y e a r  G a v a g e  S t u d y  .o f  3 , 4 ? D i h y d r o c o u m a r i n :  . 600  m g / k g  
(continued) 

Number of Days on Study 
0 0 3 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  
4 4 6 4 8 0 2 3 5 5 6 7 8 9 9 0 0 0 0 0 1 1 . . 2 2 4  

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

C a r c a s s  I D  N u m b e r  
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 3 4 3 4 3 • 4 4 4 4 4 4 4 4 4 4 4 4 3 4  
1 0 4 1 3 4 8 . 5 8 2 8 1 ~ 4 7 8 0 1 6 8 8 5 7 8 7 6  
2 1 5 3 2 1 2 1 4  . 2 1 .  4 4 2 5 2 5 4 3 2 4 1 4 3 2  

Gene ra l  Body S y s t e m  
Tissue NOS + 

Geni ta l  S y s t e m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prastate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ + + + + + + + + + + + + M M + + + + + + + + + +  
+ + + + + + + + + + + + + M +  + + + + + + + + + ÷ 

• ~ 

X 
+ + + + + + + + + + + + + + + + A +  + + + + + + + 
+ + + + +  + + + + + + ~ + + ' + + A +  + + + + + + + 
+ + + A + . ~  + + + + + + + M M  + + + + + + + + + + 

• ~ X X X X X . X  X X X X X X X X X X X X 
. .  , 

H e m a t o p o i e t i c  S y s t e m  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

. ,  

÷ 

+ + + A ÷ + + + . + + + + + A + + + + + + + + + + +  
, ,  

+ + + ' A  + + + + + ~ + + + + + + + + M + + + + + + 
+ + + M + + M + + + + M ' M  ÷ + + M + M M  + + + + + 
÷ + + A , +  ~ . +  ÷ + + ÷ + + + + + + + M + + + + ~ + . . +  
+ + + A +  + + + + + +  + A A +  + A +  + + + + + + + 
+ + + M + + . +  + + + + ' +  ~. + + + + + + + + M + + M 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

+ + + + + + + + + + + + + + + M + + + + + + +~21- ~ 

+ + + + + + + +.~+ + + + + + + + A + + ÷ + + + + -~ 

Muscu loske le t a l  S y s t e m  
Bone 

• 

+ + + + + +. + + + + + + + + + + + + + + + + ~ + + 

N e r v o u s  S y s t e m  
Brain 
Peripheral nerve 
Spinal cord 

++÷A++++++++++++A++A++++~ 



~ i o ~  i n  Marie ~ " 1 ~ 3  

T ~ L E  A~ 

] n ~ u a ~  Anfi~aH T ~ o r  P a t h o l l o ~ y  o~ I~aHe ~ a ~  ~n t h e  2 - T e a r  Ga~,age  S t u d y  o ~ 3 ~ , D ~ h y ~ r c c o ~ a ~ r ~ n :  ~ m~/]~g 

(continued) 

H u m b e r  o~' D a y s  o~ Steady 

6 6 6 6 6 " 6 6 6 6 6 6 6 ' 6 6 6 6 6 6 6 7 7 7 7 7 7  
~ 4 5 5 6 6 6 6 7 7 7 7 7 " 8 8 8 9 9 9 9 1 1 1 2 3 ~  3 

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

C a r c a m  I~D H u n ~ b ~  

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 3 3 4 4 4 3 4 4 4 4 3 3 4 4 4 4 4 3 4 3 4  ~ o ~ n  
8 6 5 3 7 9 0 0 7 9 6 2 2 4 7 9 4 6 0 5 7 7 1 7 5 T ~ u ~  

1 5 5 4 4 4 5 3 4 1 3 1 3 3 2 3 2 1 4 3 5 5 1 1 2 T e m o ~  

Gene~'aH ~ y  Sys~er~ 
Tissue HOS 

G e n i a l  S y s ~ m  
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ " +  + + + + + + + + + + + + + + + + + M + + + + + 
+ + ~ + + + + + + + + + + + + + + + + + + + + + + 

X 

+ + + + + + ' +  + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + ~ + + + "  

+ +. + + + + + + + + ÷ + + + ' +  + + + + M + + + + + 
X X ' X  X X X X X X X X X X X X X X X X X X X X X 

47 
49 * 
1 
1 

• 4 9  
49 

4 6  
42 

H e m a ~ o i e t i c  S y s ~  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

1 

+ + • + A + + + + + + + + + + + + + + A + + + + + ~ "  
+ +  + + + + + + + + + + ~ + + + + + + + + + + + + ~ 
+ +' + + + + + + + + +" ~ + + + + + + + + + + ~ + + ~ 

+ + + + + + + + ' +  + + + + + A + + + + + + + + + +  47 
+ + + + + + + + ' +  + + + + + A + + + + + + + + + + 45 
+ M + + + + + + + + + + ~ + A + + + + + + + + + +  45 

Hntegumentary  Sys~ena 
Mammary gland 
Skin 

M + M +  + + + + M + M +  + + + + + + + + + M +  + + 44 
+ + + +  + + + + ~ + + + + + + + + + + + + + + + + 49 

M u s c u l e s ~ e ~ H  S y s ~ m  
Bone + + + + + + + + + -~ + + + + + + + + + + + + + + + 50 

I ~ e ~ o ~  Sys~n~ 
Brain 
Peripheral nerve 
Spinal cord 

+ + ÷ + ÷ + ~ + + + + +" + + + + + + + + + + + + + 47 
. 

+ + + 3 • 
+ + + + 4 



104 3,4-Dihydrocoumarin~ NTP TR 423 

TABLE A2 

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  6 0 0  mg/kg 
(continued) 

Number of Days on Study 
0 0 3 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6  
4 4 6 4 8 0 2 3 5 5 6 7 8 9 9 0 0 0 0 0 1 1 2 2 4  
4 5 5 4 3 1 8 7 2 4 9 7 4 3 8 5 5 5 6 7 6 8 5 7 0  

Carcass  ID 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 4 4 4 4 4 3 4 3 4 3 4 4 4 4 4 4 4 4 4 4 4 4 3 4 .  
1 0 4 1 3 4 8 5 8 2 8 1 4 7 8 0 1 6 8 8 5 7 8 7 6  
2 1 5 3 2 1 2 1 4 2 1 4 4 2 5 2 5 4 3 2 4 1 4 3 2  

Respi ra tory  System 
Lung 
Nose 
Trachea 

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

+ + + + + + + + + + M +  + + + + + + + + + + + + + 
+ + + A + + + + + + + M + + + + + + + + + + + + +  

Special Senses  System 
. Ear 

Fibroma 
Papilloma 

Eye 

+ 

X 

Urinary  System 
Kidney 

. 

Cortex, lipoma 
Renal tubule, adenoma 
Transitional epithelium, carcinoma 

Urinary bladder 

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

X 
X X 

+ + + A + + + + + A + + + A A + A ~ - : A ' A  A + + +  + 

Systemic Lesions  
Multiple organs 

Leukemia mononuclear X X 



L ~ o n s  In R4Iale II,~a~ 

TABLE A 2  

~ n ~ a ~  A n ~ a H  T ~ o r  ~ a t h o ~ o ~ y  o~-1~a9~ ~ a t s  ~n t h e  2 - ~ f ~ r  G a r a g e  S t a G y  o~ 3 ~ , ~ - D ~ y ~ r ~ o ~ m a H n :  ~ ma~/I~ S 

(continued) 

N u ~ n ~ r  of  Days  on S t agy  

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

C ~ r e . ~  ~D I~unmb~r 

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 3 3 4 4 4 3 4 4 4 4 3 3 4 4 4 4 4 3 4 3 4 T o n i  
8 6 5 3 7 9 0 0 7 9 6 2 2 4 7 9 4 6 0 5 7 7 1 -  7 5  T ~ u ~  

1 5 5 4 4 4 5 3 4 1 3 1 3 3 2 3 2 1 4 3 5 5 1 1 2  ~ o ~  

~espi ra~ory  S y s ~ m  
Lung 
Nose 
Trachea 

+ + + + ÷ + + + + + + + + + + + + + + + + + + + + 50 
+ +  + + + + + + +  + + + + + + + + + + + + + + +  + ~ 
+ + + + ÷ + + + + + + + + + + + + + + + + + + + + ~ 

s ~ i a n  ~ n ~  s y s ~ m  
Ear 

Fibroma 
Papilloma 

Eye 

+ 2 
X 1 

1 
1 

U ~ n a r y  S y s ~ m  
Kidney 

Cortex, lipoma 
Renal tubule, adenoma 
Transitional epithelium, carcinoma 

Urinary bladder 

+ + + + + ÷ ÷ ÷ + ÷ ÷ ÷ ÷ ÷ + + ÷ ÷ + + + ÷ + + + 

X 
X 

+ + A + + + + + + + A A + + A + + + + + + + + + +  

50 
1 
2 
2 

38 

S y ~ c  l I . ~ o n s  
Multiple organs 

Leukemia mononuclear 

+ + + + + + + + + + + + ÷ + + + + + + + + + + + + 

X X 

50 
4 



106 3 ,4-Dihydrocoumar in ,  NTP  T R  432 

TABLE A 3  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  i n  M a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n  

Vehicle Cont ro l  150 mg/kg 300 mg/kg 600 mg/kg 

Adrena l  Medul la :  Ben ign  Pheochromocy toma  
Overall rates a 
Adjusted rates b 
Terminal rates e 
First incidence ~(days) 
Life table tests '~ 
Logistic regression tests d 
Cochran-Armitag.ie test d 
Fisher exact test" 

17/50 (34%) 
52.5% 
13/28 (46%) 
634 
P=0.024 
P=0.341N 
P = 0.042N 

Adrena l  Medul la :  Benign,  Ma l ignan t ,  o r  Complex Pheochromocy toma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

18/50 (36%) 
53.8% 
13/28 (46%) 
634 
P=0.043 
P = 0.238N 
P--0.024N 

Kidney (Renal Tubule): Adenoma  (Single Sect ions)  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

.0/50 (0%) 
: 0.0% 
0/2S (0%) 

e _ 

P=0.060 
P=0.128 
P=0.143 

Kidney (Renal Tubule): Adenoma (Single and Step Sections) 
Overall rates 1/50 (2%) 
Adjusted rates 3.4% 
Terminal rates 0/28 (0%) 
First incidence (days) 717 
Life table tests P<0.001 
Logistic regression tests P=0.002 
Cochran-Armitage test P=0.013 
Fisher exact test 

Kidney (Trans i t iona l  Ep i the l ium) :  C a r c i n o m a  
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/28 (0%) 
First incidence (days) - 
Life table tests P=0.043 
Logistic regression tests P=0.105 
Cochran-Armitage test P =0.048 
Fisher exact test 

10/49 (20%) 12/49 (24%) 8/50 (16%) 
48.2% 55.3% 66.0% 
4/13 (31%) 2/s (25%) 1/2 (50%) 
668 615 577 
P--0.474 P--0.123 P=0.030 
P--0.356N P =0.420N P = 0.345N 

Pffi0.098N P=0.207N P=0.032N 

11/49 (22%) 12/49 (24%) 8/50 (16%) 
50.9% 55.3% 66.0% 
4/13 (31%) 2/8 (25%) 1/2 (50%) 
668 615 577 
P=0.443 P=0.180 P=0.058 
P=0.355N P=0.312N P=0.242N 

P=0.104N Pf0.152N P=0.020N 

1/48 (2%) 0/47 (0%) 2/50 (4%) 
3.6% 0.0% 15.0% 
0/13 (0%) 0/8 (0%) 0/2 (o%) 
668 - 605 
P=0.455 - P=0.090 
P=0.489 - P=0.217 

P = 0 . 4 ~  - P = 0 . ~ 7  

1/48 (2%) 3/47 (6%) 6/50 (12%) 
3.6% 14.9% 69.3% 
0/13 (0%) o/8 (o%) 1/2 (50%) 
668 694 605 
P=0.675 P=0.124 P<0.001 
P=0.723 P=0.210 P=0.013 

P=0.742 P=0.285 P=0.056 

0/48 (0%) 0/47 (0%) 2/50 (4%) 
0 . 0 %  0 . 0 %  4 . 4 %  
0/13 (o%) 0/8 (0~) 0/2 (0%) 
- - 444 
- - P=0.226 

- -  - P=0.378 

P=0.247 



Lesions in I~a~e ]~,~a~ 107 

TABLE A~ 
~ f i s f i c ~  A n a l y s i s  ~ ] P H ~ r y  I ~ l e ~ s ~  ~n l ~ e  ~ ~ ~he 2 - ~ e ~ r  G e v ~ e  S~u~y o~ 3 ¢ ~ - D [ h y ~ c ~ H n  
(continued) 

Veh~cne Con~ro~ 1.~ mg/~  ~ eng/~<~ ~ ~ / ~  

[~,~Iammary Gland: ~ibro~denoma 
Overall rates 3/51 (6%) 
Adjusted rates 9.3% 
Terminal rates 2/28 (7%) 
First incidence (days) 619 
Life table tests P=0.128N 
Logistic regression tests P=0.041N 
Cochran-Annitage test P =O.O~ON 
Fisher exact test 

1~,~amn~ary Gland: ~ibroadeno~na or  Adenon~a 
Overall rates 4/51 (8%) 
Adjusted rates 12.7% 
Terminal rates 3/28 (11%) 
First incidence (days) 619 
Life table tests P=0.094N 
Logistic regression tests Pffi0.021N 
Cochran-Armitage test P=0.019N 
Fisher exact test 

P a n c r ~ f i c  IIsle~s: Adenoma 
Overall rates 4/49 (8%) 
Adjusted rates 14.3% 
Terminal rates 4/28 (14%) 
First incidence (days) 729 (T') 
Life table tests Pffi0.295 
Logistic regression tests Pffi0.523N 
Cochran-Armitage test P =0.234N 
Fisher exact test 

~a~cress:  Adenoma 
Overall rates 2/49 (4%) 
Adjusted rates 7.1% 
Terminal rates 2/28 (7%) 
First incidence (days) 729 (T) 
Life table tests P=0.127 
Logistic regression tests P=0.510 
Cochran-Armitage test P ffi0.574N 
Fisher exact test 

~ u i ~ r y  G~and ( P a n  D f ~ i s ) :  Adenoma 
Overall rates 24/49 (49%) 
Adjusted rates 63.4% 
Terminal rates 15/28 (54%) 
First incidence (days) 534 
Life table tests P=0.216 
Logistic regression tests P=0.006N 
Cochran-Armitage test P<0.001N 
Fisher exact test 

2/50 (4%) 0/50 (0%) o/5o (0%) 
5.7% 0.0% 0.0% 
0/13 (0%) 0/8 (0%) 0/2 (0%) 
584 - - 
P=0.661 P=0.291N P=0.485N 
Pffi0.512N P=0.133N P=0.193N 

Pf0.5OgN P=0.125N Pffi0.125N 

2/50 (4%) 0/50 (0%) 0/50 (0%) 
5.7% o.o% 0.o% 
o/13 (o%) ors (o%) o/2 (o%) 
584 - - 
P = 0.580N P = 0.227N P = 0.445N 
P=0.365N P=0.080N P=0.148N 

P=0.348N P=0.061N Pf0.061N 

2/47 (4%) 4/48 (8%) 1/42 (2%) 
11.0% 24.8% 5.0% 
1/13 (8%) 1/8 (13%) 0/2 (0%) 
668 662 668 
P=0.665N P=0.165 P=0.577 
P=0.545N P =0.424 P=0.647N 

P--0.359N P--0.631 P--0.232N 

5/47 (11%) 4/48 (8%) 2/38 (5%) 
24.2% 18.7% 21.9% 
2/13 (15%) 0/8 (0%) 0/2 (0%) 
549 662 537 
P=0.063 P=0.102 P=0.144 
Pffi0.152 P=0.243 P=0.555 

P--0.201 P=0.329 P--0.590 

20/47 (43%) 13/46 (28%) 9/46 (20%) 
73.7% 50.6% 74.9% 
7/13 (54%) 1/8 (13%) O/2 (0%) 
557 527 483 
P=0.112 P=0.494 P=0.149 
P=0.572N P=0.039N P=0.021N 

P--0.335N P =0.031N P =0.002N 



108 3,4-Dihydrocoumarin, NTP TR 432 

TABLE A3 

Stat is t ical  Analys is  o f  P r i m a r y  Neop lasms  in M a l e  Ra ts  in the  2-Year Gavage Study of  3 ,4 -Dihydrocoumar in  
(continued) 

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg 

Preputial Gland: Adenoma 
Overall rates 8•47 (17%) 
Adjusted rates 27.3% 
Terminal rates 7/28 (25%) 
First incidence (days) 704 
Life table tests P=0.392N 
Logistic regression tests P=0.146N 
Cochran-Armitage test P=0.008N 
Fisher exact test 

1/49 (2%) 1/48 (2%) 1/49 (2%) 
7:7% 12.5% 7.7% 
1/13 (8%) 1./8 (13%) 0/2 (0%) 
729 (T) 729 (T) 681 
P=0.141N P=0.298N P=0.689 
P =0.082N P =0.140N P=0.336N 

P--0.013N P=0.014N Pffi0.013N 

Preputial Gland: Carcinoma 
Overall rates 3/47 (6%) 3/49 (6%) 0/48 (0%) 1/49 (2%) 
_Adjusted rates 9.3% 7.7% 0.0% 2.6% 
Terminal rates 2/28 (7%) 0/13 (0%) 0/8 (0%) 0/2 (0%) 
First incidence (days) 619 576 - 577 
Life table tests P=0.307N P=0.481 P=0.291N P=0.734 
Logistic regression tests P=0.110N P=0.630N P=0.125N P=0.328N 
Cochran-Armitage test Pffi0.128N 
Fisher exact test P=0.641N P=0.117N P=0.293N 

Preputial Gland: Adenoma or Carcinoma 
Overall rates ;11/47 (23%) - 
Adjusted rates 35.8% 
Terminal rates 9/28 (32%) 
First incidence (days) 619 
Life table tests P=0.218N 
Logistic regression tests P=0.006N 
Cochran-Armitage test P=0.002N 
Fisher exact test 

Skin: Fibroma 
Overall rates 1/51 (2%) 
Adjusted rates 3.6% 
Terminal rates 1/28 (4%) 
First incidence (days) 729 (T) 
Life table tests P=0.507N 
Logistic regression tests P=0.208N 
Cochran-Armitage test P=0.128N 
Fisher exact test 

Skin: Keratoacanthoma 
Overall rates 2/51 (4%) 
Adjusted rates 7.1% 
Terminal rates 2/28 (7%) 
First incidence (days) 729 (T) 
Life table tests Pffi0.540N 
Logistic regression tests Pf0.244N 
Cochran-Armitage test P=0.138N 
Fisher exact test 

4/49 (8%) 1/48 (2%) 2/49 (4%) 
14.8% 12.5% 10.1% 
1/13 (8%) 1/8 (13%) 0/2 (0%) 
576 729 (T) 577 
P=0.313N P=0.124N P=0.639 
P=0.061N P=0.012N P=0.068N 

P = 0.037N P = 0.002N P = 0.006N 

4/50 (8%) 0/50 (0%) 0/50 (0%) 
22.1% 0.0% 0.0% 
2/13 (15%) 0/8 (0%) 0/2 (0%) 
599 - - 
Pffi0.049 Pf0.748N Pffi0.959N 
Pffi0.115 Pffi0.748N Pffi0.959N 

Pffi0.175 P=0.505N Pffi0.505N 

3/50 (6%) 2/50 (4%) 0/50 (0%) 
11.5% 16.0% 0.0% 
0/13 (0%) 1/8 (13%) 0/2 (0%) 
634 684 - 
P=0.282 P=0.319 P=0.855N 
P=0.419 P=0.521 P=0.855N 

P=0.491 P=0.684 P=0.252N 
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TABLE A~ 
S ~ f i s ~ c a n  A~a~ys~s off ] ~ f i ~  N e ~ # ~ s ~ s  ~ M ~ e  S ~  ~n ~he 2- 'Year G a r a g e  S~u~y o~ 3 ~ , ~ - D ~ h y ~ r ~ c o ~ f i n  
(continued) 

Vehicle Control  1 ~  mg/~8 ~ mg/~g ~ mg/~g 

SMn: g~era~.aacan~homa or  Squamous  Papil loma 
Overall rates 4/51 (8%) 
Adjusted rates 12.2% 
Terminal rates 2/28 (7%) 
First incidence (days) 655 
Life table tests P=0.322N 
Logistic regression tests P=0.097N 
Cochran-Armitage test P=0.052N 
Fisher exact test 

Te~.e~: Adeno~na 
Overall rates 43/49 (88%) 
Adjusted rates 100.0% 
Terminal rates 28/28 (100%) 
First incidence (days) 526 
Life table tests P<0.001 
Logistic regression tests P=0.039 
Cochran-Armitage test P=0.273 
Fisher exact test 

Thyroid Gland (Follicular Cell): Adenoma or  Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
Firs t incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/50 (6%) 3/50 (6%) 0/50 (0%) 
11.5% 21.6% 0.0% 
0/~3 0%) 1/8 (13%) 0/2 (0%) 
634 684 - 
P=0.588 P=0.470 P=0.299N 
P =0.562N P =0~580N P =0.114N 

All Orsans:  Mononucle~r  Cell Leukemia 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regr~ion  tests 
Cochran-Armitage test 
Fisher exact test 

P=0.511N P=0.511N P=0.061N 

Aln O~an~ ~,enign Neo#asms 
Overall rates 
,Adjusted rates 
Terminal rates 
First incidence (days) 
Life ~able tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

39/49 (80%) 39/49 (80%) 42/46 (91%) 
97.3% 100.0% 100.0% 
12/13 (92%) 8/8 (100%) 2/2 (100%) 
462 522 483 
P=0.009 P<0.0Ol P<0.001 
P =0.395N P =0.178N P =0.062 

P=0.207N P=0.207N P=0.411 

2/50 (4%) 3/48 (6%) 1/49 (2%) 1/40 (3%) 
7.1% 20.7% 5,9% 3.7% 
2/28 (7%) 2/1_3 (15%) 0/8 (0%) 0/2 (0%) 
729 (T) 721 701 627 
P=0.272 P=0.196 P=0.651 P=0.513 
P =0.623N P=0.231 P =0.686N P =0.727N 
P=0.348N 

P=0.480 P=0.508N P=0.584N 

10/51 (20%) 5/50 (lO%) 8/50 (16%) 4/50 (8%) 
25.5% 21.2% 46.0% 19.8% 
2/28 (7%) 1/'13 (8%) 3/8 (38%) 0/22 (0%) 
526 550 603 6O5 
P=0.402 P=0.388N P=0.382 P=0.6O4N 
P-~0.131N P=0.139N P=0.415N P=0.094H 
P=0.104N 

P=0.141N P=0.416N P=0.080N 

48/51 (94%) 47/50 (94%) 48/50 (96%) 45/50 (90%) 
100.0% 97.9% 1~).0% 100.0% 
28/28 (100%) 12/1_3 (92%) 8/8 (I00%) 2/2 (100%) 
526 238 522 45 
P<0.001 P=0.003 P<0.001 P<0.001 
P = 0.582N P =0.631 P =0.664H P =0.677N 
P=O.257N 

P=0.652N P=0.509 P=0.346N 
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TABLE A3 ~ 

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in Male Rats in the 2-Year Garage Study o f  3 , 4 - D i h y d r o c o u m a r i n  
(continued) 

Vehicle Control  150 mg/kg 300 mg/kg 600 mg/kg 

All Organs:  Mal ignant  Neoplasms 
Overall rates 16/51 (31%) 
Adjusted rates 40.1% 
Terminal rates 6/28 (21%) 
First incidence (days) 526 
Life table tests P=0.325 
Logistic regression tests P=0.049N 
Cochran-Armitage test • P=0.047N 
Fisher exact test 

All Organs:  Benign or  Mal ignant  Neoplasms 
Overall rates 48/51 (94%) 
Adjusted rates 100.0% 
Terminal rates 28/28 (100%) 
First incidence (days) 526 
Life table tests P<0.001 
Logistic regression tests P ffi0.502 
Cochran-Armitage test P =0.364N 
Fisher exact test 

12/50 (24%) 11/50 (22%) 8/50 (16%) 
39.9% 51.9% 33.6% 
2/13 (15%) 3/8 (38%) 0/2 (0%) 
462 603 444 
Pffi0.450 P=0.430 Pffi0.362 
Pf0.261N P--0.204N P=0.065N 

P •0.273N P = 0.201N P--0.056N 

48/50 (96%) 49/50 (98%) 46/50 (92%) 
100.0% 100.0% 100.0% 
13/13 (100%) 8/8 (100%) 2/2 (100%) 
238 522 45 
P=0.002 P<0.001 P<0.001 
P=0.436 P=0.614 P=0.562 

P=0.509 P-0.316 P=0.489N 

~T~Terminal sacrifice ~ 
Number of neoplasm-bearing ahimals/number of animals ~xamined. Denominator is number of animals examined micr~opically for adrenal 
gland, bone marrow, brain, epididymis, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland, 
prostate gland, salivary gland, spleen, testes, thyroid gland, andurinary bladder; for other tissues, denominator is number of animals necropsied. 

b Kaplan-Meier estimated neoplasm incidence at th e end of the study after adjustment for intercurrent mortality 
c Observed incidence at terminal kill 
d Beneath the Control incidence are theP  valu~ associated with the trend test. Beneath the dosed group incidence are the P values 

corresponding to pairwise comparisons between the controls and that dosed group, The life table test regards neoplasms in animals dying prior 
to terminal kill as being (dirrec[ly or !ndirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The C.~chran- 
Armitage and Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidenc~ in a dose group 
is indicated by N. .. 

e Not applicable; no neoplasms in animal group 



Lesions i~ Male ~ a ~  111 

TAILS A ~  
H ] s ~ H ~ n  ~ n c ~ ¢ ~  Oil ~enan  T u b u l e  Hcopna~ms i~ Mane Y ~ / ] ~  ~ a ~  ~¢¢¢~v~ng Corn  O[n by G a v a ~  a 

Incidence in Controls 
Adeno~na Carcinoma Adenoma 

or Carcinoma 

O v e r ~  His~orica~ ~nc~de~ce 

Total 8/1,019 (0.8%) 2/1,019 (0.2%) 10/1,019 (1.0%) 
Standard deviation 1.0% 0.6% 1.2% 
Range 0%-2% 0%-2% 0%-4% 

a Data as of 17 December 1991 

TAILS A~,b 
~ s ~ o H ~  ~nc~ence  o~ Tr~ns~st[onan Cenn Heopnasms o~ the l ~ n e y  ~ Mane F3~6,ffN ~ats ~ecen~ng Corn O~ 
by Ga~ag~ ~ 

Rncidence ~n Controls 
Adeno~a Carcinoma Adeno~na 

o~ Carcinoma 

Overall HL~oHc~! ~ncidence 

Total 0/1,019 (0.0%) 1/1,019 (0.1%) 1/1,019 (0.1%) 
Standard deviation 0.5% 0.5% 
Range 0%-2% 0%-2% 

a Data as of 17 December 1991 
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T~nLE AS 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Garage Study 
of 3,4-Dihydrocoumarin a 

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg 

Disposition Summary 
Animals initially in study 60 
l$-Mcmth imerlm ¢mhtati~ 9 
Early deaths 

Moribund 12 
Accidental. deaths 2 
Natural deaths 9 

SmMvors 
Died last week of study 1 
Terminal sacrifice 27 

Animals examined microscopically 

60 60 60 
10 10 10 

24 26 
1 1 

13 15 

17 
2 

29 

12 8 2 

60 60 60 

15-Month ln tedm Evaluation 
Alimentary System 
Liver 

Basophilic focus 
Clear cell focus 
Fatty change 
Inflammation, chronic 
Inflammation, suppurative 
Necrosis, coagulative 
Bile duct, cyst 
Bile duct, hyperplasia 
Centrilobular, inflammation, necrotizing 
Centrilobular, necrosis, coagulative 
Periductular, inflammation, chronic 
Portal, pigmentation, hemosidcrin 

Mesentery 
Fat,, necrosis, coagulative 

Pancreas 
Atrophy 
Inflammation, chronic 
Interstitium, infiltration cellular, lymphocyte 

(9) 
1 (11%) 

1 (11%) 
1 (11%) 

~ • 

5 (56%) 

4 (44%) 
1 (11%) 

(2) 
2 (100%) 

(9) 
2 (22%) 
1 (11%) 

(2 )  

1 (5o~) 

0) 
1 0oo%) 

(1) 
1. (100%) 

(10) 

3 (3o%) 

2 (2o~) . 
1 (I0~) 
3 (3O%) 
1 (10%) 
1 (I0~) 
1 (10~) 

(1) 
1 (10o%) 

(i0) 

1 (I0~) 

Cardiovascular System 
Heart 

Ca~diomyopathy 
(9) 

9 (100~) 
(lO) 

s (son) 

Endocrine System 
Pituitary gland 

Pars distalis, cyst 
Pars intermedia, cyst 

Thyroid gland 
Follicle, cyst 

(9) 

1 (11%) 
(9) 

(1) (2) 
1 (50%) 

(lO) 
1 (lO~) 

(lO) 
1 (lO~) 

General Body System 
None 
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TA~L~ A~ 
~ u ~ e ~  o~ ~he ~ n c ~ n c ~  ~ Honn~o~e~fic L ~ o n ~  ~ Mane ~ a ~  ~n ~he ~oYe~r Ga~S~ ~ u ~ y  
of 3 ~ - D ~ h y ~ c o ~ a ~ n  (continued) 

Veh~ene c u u ~ n  ~ ~e~e~ ~ ~ ~ m ~  

15-MO~'~f~ ~ .e r~8  ~ 1 7 ~ o ~  (continued) 
Genial Sys~e~ 
Preputial gland (9) 

Inflam~tion, chronic 1 (11%) 
Inflammation, suppu~t~e 
Duct, dila~tion 1 (11%) 
Duct, inflammation, suppu~t~e 

T~t~ (9) 
Atrophy 1 (11%) 
Inte~titial ~11, h ~  3 (33%) 

(3) (2) 
1 (33%) 1 (50%) 

(lO) 
2 (20%) 
1 (lO%) 
1 (lO%) 
1 (lO%) 

(lO) 

4 (4o%) 

Hemaf.oi~olet[c Sys~m 
Lymph node, mandibular 

Hyperplasia, lymphoid 
(s) (lO) 

1 (lO%) 

~n~egumen~ry Sys~n 
Skin (9) 

Inflammation, chronic 1 (11%) 
Ulcer 1 (11%) 

(10) 

Muscu~eske]e~al ~ y ~  
None 

Nervous Sys~m 
None 

Respi~on'y Sys~er~ 
Lung 

Alveolar epithelium, hyperplasia 
(9) (10) 

1 (10%) 

S ~ i a l  ~nses  Sys~n 
None 

U~nary Sys~m 
Kidney (9) 

Nephropathy 9 (100~) 
(10) (lO) 

10 (1~%) 10 (1~%) 
(10) 

10 (10o%) 

2-Yea" $~y 
A~m~ ~ys~ 
Intestine large 

Circumanal gland, hyperplasia, glandular 
Intestine large, cecum 

Inflammation, suppurative 
Su~mucosa, edema 
Submucosa, inflammation, suppurative 

(45) ('~) (~ )  
1 (2%) 

(41) (42) (,~1) 

1 (2%) 

(32) 

(24) 
1 (4%) 
1 (4%) 
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TABLE A 5  " " • 

S u m m a r y  o f  t h e  I n c i d e n c e  o f  N o n n e o p l a s t i c  L e s i o n s  i n  M a l e ,  R a t s  i n  t h e  2 ~ Y e a r , G a v a g e  S t u d y  , . . . .  

o f  3 , 4 - D i h y d r o c o u m a r i n  (continued) : , ., • . 

'. . ,. Vehicle Cont ro l  . 150,mg/kg 300 mg/kg 600 mg/kg 

2-Year Study (continued) 
Alimenta ry  System (continued) 
Intestine small, jejunum 

Hemorrhage 
Liver 

Angiectasis 
Basophilic focus 
Clear cell focus .- 
Congestion 
Cytologic alterations 
Developmental malformation 
Fatty change . .. 
Infiltration cellular, histiocyte 
Inflammation, chronic 
Inflammation, chronic active 
Inflammation, necrotizing 
Inflammation, suppurative 
Mixed cell focus 
Necrosis, coagulative 
Regeneration ,, 
Ar'te~y, .dilatation , . 
Bile duct, hyperplasia .,. ' 
Centrilobular, necrosis, coagulative ' 
Hepatocyt~, hyperplasia 
Periductular, fibrosis 
Periduc!ular, infiltration cellular, .lymphocyte 
Periductular, inflammation, chronic 
Periportal,'necrosis, .coagulative • 
Periportal, pigmentation, hemosiderin 

Mesente~y .. 
Fat, inflammation, chronic 
Fat, inflammation, chronic active 
Fat, inflammation, granulomatous 
Fat, inflammation, suppurative , 

Fat, inflammation, fibrinopurulent " 
Fat, necrosis, coagu!ative 

Pancreas . 
• 

Atrophy 
Ectopic iissue 
Hemorrhage 
Hyperplasia . . r 

Inflammation, chronic 
Inflammation, necrotizing ...... 
Inflammation, suppurative 
Necrosis, liquifactive .... 
Polyart, eritis , 
Acinar cell, hyperplasia 

(41) 

(49) 

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

.- 6 (12%) 
9 (18%), 

5 (10%) 

. . . . . . . . . . .  1 ~ (2%) ' 

2 

1 
(17) 

1 

11 
(49) 

7 (14%) 

(42) 

(47) 
3 (6%) 
I (2%) ... 

i 

• . • 

. 

5 (11%) 
6 (13%) 
1 (2%) 

1 (2% i" 

I (2%) 

4 (9%) 
,, 

(49%) 
(4%) 

(14%) 

(2%)• 
(2%) 

(6%) 

(6%) . 
(6%) .,, 

(65%) 

,. 

1 (2%) 

17 (36%) 
1 (2%) 
1 (2%) 
6 (13%) 
I (2%) 
1 (2%) 

(15) ,, 
1 (7%) 

3 (20%) , . 
10 (67%) . 

: 

(47) .... 
4 (9'%) . . . .  : ' 
1 (2%) , 

5 (11%) 

I (2%) 
/" 

(43) 
1 (2%) 

(49) 
1 (2%) 

1 (2%) 

2 (4%) 

• (30) 

(50) 

, .  .. 

I (2%) , 

5 (10%) 

1 ( 2 ~ )  
• 

• 

1 (2%) 

1 (2%) 

13 (27%) 
8 (16.%) . , 
3 (6%), 
9 (18.%) . ..~ . 

2 (4%) 
1 (2%) 
I (2%) 
7 (14%) 
4 (8%) 
I (2%) 
4 (8%) 

• 

(lO) 
1 (lO%) 
2 (20%) 

(6) 

5 (50%) 
(48) 

1 (2%) 

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

1 (2%) 

, .  

: 5 (83%) 
(~) 

1 (3%y 

, ,  

• 4 0 1 % )  
. 1. 0 % )  

1 (3%) 
• ' = ' " 1 0 % )  
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TA~L~ A~ 
Su~n~sry oir the ]Incidence oir H~nneoi#se~© Le~one ~n Ms~e ~P~s~ IM ~ ~o~f~ O s ~  ~ d y  
o9 3~oD~hydrceou~msr~n (continued) 

" Vehicle C..on~'o~ ~.~ ~ ~ ~ ~I~ m~/P~ 

2oY~" $~dy (continued) 
~ m e n ~ r y d  g y e ~  (continued) 
S t o ~ ,  f o ~ t o ~ c h  

~ t  epithel~l i n d i a n  
Hcmo~hage 
H ~ r k e m t ~  
H ~ i a ,  ~uamom 
Inflammation, chronic 
Inflammation, suppumt~  
Ul~ r  

Stomach, glandular 
E ~ i o n  
Hemo~hage 
Inflammation, chronic 
Mineml~tion 
U l~ r  

(47) 
1 (2%) 

3 (6%) 
3 (6%) 
I (2%) 
4 (9%) 

(46) 
1 (2%) 

1 (2%) 

(,~) (50) (46) 
1 (2%) 

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

11 (23%) 14 (28%) 11 (24%) 
g (17%) 15 (30~) 8 (17%) 

14 (29%) 
(47) 

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

20 (4o%) 
(50) 

4 (8%) 

1 (2%) 

1 (2%) 

16 (35%) 
(43) 

4 (9%) 

1 (2%) 

1 (2%) 

Cardiovascular g y s ~ m  
Heart 

Cardiomyopathy 
Necrosis, Zenker's 
Atrioventricular valve, fibrosis 
Atriovcntricular valve, thrombus ' 
Atrium, inflammation, suppuratiV6 ' ~ 
Atrium, thrombus 

(50) 
36 (72%) 

(50) 
33 (66%). 

,, 

1 (2%) 

(so) 
24(65%) 
1 (2%) 

1 (2%) 

2(4%) 

(5o) 
32 (64%) 

1 (2%) 

1 (2%) 
2 (4%) 

~ndo~r~ne System 
Adrenal gland, cortcx . 
Basophilic focus 
Cytoplasmic alteration 
Hemorrhage 
Vacuolization cytoplasmic 

Adrenal gland, medulla 
Cyst 
Hyperplasia 
Inflammation, suppurative 
Necrosis, coagulativc 
Necrosis, liquifactive 

Parathyroid gland : 
Hyperplasia 

Pituitary gland 
Inflammation, suppurative 
Pars distalis, cyst 
Pars distalis, cyst multilocular 
Pars distalis, hemorrhage, acute 
Pars distalis, hemorrhage, chronic 
Pars distalis, hyperplasia 

Thyroid gland 
C-cell, hyperplasia 
Follicle, cyst 
Follicle, hyperplasia 

(50) 
1 (2%) 

(50) 
• 

1 (2%) 
3 (6%). 

1 (2%) 

(4'0 

(49) 

2 (4%) 
1 (2%) 

2 (4%) 
(50) 

2 (4%) 

1 (2%) 

(49) 

1 (2%) 
1 (2%) 
6 (12%) 

(49) 
1 (2%) 
2 (4%) 

1 (2%) 
(41) 

15 (37%) 
(47) 

1 (2%) 
4 (9%) 
1 (2%) 

1 (2%) 

(~s) 
4 (5%) 

(49) 

2 (4%) 
(49) 

5 (lO%) 

(4s) 
26 (54%) 

(46) 

6 (13%) 
1 (2%) 
1 (2%) 

(49) 
3 (6%) 

(50) 

I (2%) 

(50) 

2 (4%) 
1 (2%) 

(41) " 
19 (46%) 

O6) 

1 (2%) 

(40) 
3 (5%) 
1 (3%) 
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TABLE A5 
Summary of  the Incidence of  Nonneoplastic Lesions in Male Rats in the 2-Year Garage Study 
of 3,4-Dihydroeoumarin (continued) 

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg 

2-Year Study (continued) 
General Body System 
Tissue NOS (1) 

Hemorrhage 1 (100%) 
(1) (1) 

Genital System 
Coagulating gland (2) 

Inflammation, suppurative 1 (50%) 
Lumen, dilatation 1 (50%) 

Epididymis (49) (50) (48) (47) 
Polyarteritis 1 (2%) 

Preputial gland (47) . (49) (48) (49) 
Hyperplasia 3 (6%) 2 (4%) 6 (13%) 2 (4%) 
Inflammation, chronic 1 (2%) 1 (2%) 
Inflammation, chronic active I (2%) 
Inflammation, suppurative 4 (9%) 9 (18%) 7 (15%) 6 (12%) 
Duct, dilatation 2 (4%) 2 (4%) 1 (2%) 
Duct, inflammation, suppurative 1 (2%) 1 (2%) 1 (2%) 

Prostate (45) (48) (46) (49) 
Hyperplasia 1 (2%) '~ 1 (2%) 
Inflammation, suppurative 9 (20%)/ 8 (17%) 12 (26%) 5 (10%) 
Interstitium, hemorrhage, acute 1 (2%) 

Seminal vesicle (49) (49) (46) (49) 
Inflammation, suppurative 3 (6%) 1 (2%) 
Lumen, dilatation 1 (2%) 

Testes (49) (49) (49) (46) 
Atrophy 3 (6%) 2 (4%) 3 (6%) 3 (7%) 
Infiltration cellular, lymphocyte 1 (2%) 
Polyarteritis 1 (2%) 
Interstitial cell, hyperplasla 1 (2%) 2 (4%) 

Hematopoietic System 
Bone marrow (47) (49) 

Hypercellularity 1 (2%) 
Hyperplasia, neutrophil 
Myelofibrosis 

Lymph node (51) (49) 
Lumbar, congestion 
Mediastinal, congestion 
Mediastinal, inflammation, suppurative 
Mediastinal, pigmentation, hemosiderin 
Pancreatic, hyperplasia, plasma cell 
Renal, hyperplasia, plasma cell 1 (2%) 

Lymph node, mandibular (51) (48) 
Congestion 
Hyperplasia, lymphoid 2 (4%) 4 (8%) 
Hyperplasia, plasma cell 2 (4%) . 2 (4%) 
Inflammation, suppurative 

1 (2%) 
1 (2%) 

(5o) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 

(44) 

2 (5%) 
1 (2%) 

06) 

(48) 

2 (4%) 

(42) 
1 (2%) 
1 (2%) 
1 (2%) 
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TABLE A~ 
Summaary o~ the ~nc~e~ce of Honneop~asfic Lesions ~n Male ~a t s  ~n the ~-~eesw Garage  Stu~y 
o~ ~ - D ~ h y ~ r c c o u ~ a r ~ n  (continued) 

Vehicle Cont~oa 1.~I~ mg/V~ ~ mg~g 6 ~  mg/kg 

2-~'~" S ~  (continued) 
He~a~to~e~i© S y s ~  (continued) 
Lymph node, mesenteric (50) (49) (50) (47) 

Congestion 1 (2%) 
Hemorrhage 1 (2%) 
Hyperplasia; lymphoid 2 (4%) 
Inflammation, suppurative 1 (2%) 
Pigmentation, hemosiderin 1 (2%) 

Spleen (49) (48) (45) (45) 
Atrophy 2 (4%) 
Congestion 4 (8%) 3 (6%) 2 (4%) 
Congestion, diffuse I (2%) 
Developmental malformation 1 (2%) 2 (4%) 1 (2%) 
Fibrosis 1 (2%) 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 3 (6%) 1 (2%) 
Hyperplasia, macrophage 2 (4%) 
Infiltration cellular, mononuclear cell 1 (2%) 
Infl.ammation, chronic 1 (2%) 1 (2%) 1 (2%) 
Necrosis, liquifactive 2 (4%) 
Pigmentation, hemosiderin 1 (2%) I (2%) 
Perivascular, fibrosis 1 (2%) 
Subcapsular, hemorrhage 1 (2%) 

Thymus (46) (47) (47) (45) 
Congestion 1 (2%) 
Hemorrhage 1 (2%) 1 (2%) 
Hyperplasia, lymphoid 1 (2%) 
Inflammation, suppurative I (2%) 
Capsule, inflammation, suppurative 1 (2%) 

~nt~gu~nen~ary S y s ~  
Mammary gland 

Galactocele 
Skin 

Alopecia 
Cyst epithelial inclusion 
Hypcrkeratosis 
Inflammation, chronic 
Inflammation, suppurative 
Ulcer 
Subcutaneous tissue, developmental 

malformation 

(46) (46) (47) (44) 
2 (4%) 1 (2%) 

(51) (so) (48) (49) 
1 (2%) 2 (4%) I (2%) 

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

i (2%) 
i (2%) 

1 (2%) 

1 (2%) 

l~u~unm~ege~i S y ~  
Bone 

Degeneration 
Skeletal muscle 

IVletaplasia, osseous 

(51) (50) 
1 (2%) 

(1) 
1 (100%) 

(50) (50) 
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TABLE A5 
Summary  of the Incidence of Nonneoplastic Lesions in Male Rats  in the 2.Year Gavage Study 
of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 150 mg/kg 300 mg&g 6 0 0  mg/kg 

2-Year Study (continued) 
Nervous System 
Brain (48) (49) (46) (47) 

Hemorrhage 1 (2%) 
Hypothalamus, hemorrhage, acute 1 (2%) 
Meninges, congestion 1 (2%) 
Thalamus, compression 2 (4%) 
Thalamus, necrosis 1 (2%) 

Peripheral nerve (2) (1) (7) (3) 
Degeneration, secondary wallerian 1 (50%) 

Respiratory System 
Lung (50) (50) (50) (50) 

Alveolar epithelium, hyperplasia 4 (8%) 3 (6%) 3 (6%) 2 (4%) 
Alveolus, congestion 1 (2%) 
Alveolus, edema 1 (2%) 2 (4%) 1 (2%) 
Alveolus, foreign body 1 (2%) 
Alveolus, hemorrhage 2 (4%) 2 (4%) i (2%) 
Alveolus, inflammation, chronic 2 (4%) 
Alveolus, inflammation, suppurative 2 (4%) 2 (4%) 2 (4%) 
Bronchiole, inflammation, suppurative 1 (2%) 1 (2%) 

Nose (50) (50) (48) (49) 
Autolysis 1 (2%) 
Fungus 1 (2%) 2 (4%) 1 (2%) 
Inflammation, chronic 1 (2%) 
Metaplasia, squamous 1 (2%) 
Lumen, foreign body 1 (2%) 2 (4%) 
Lumen, fungus 3 (6%) 5 (10%) 6 (13%) 4 (8%) 
Lumen, inflammation, suppurative 8 (16%) 8 (16%) 9 (19%) 8 (16%) 
Mucosa, inflammation, suppurative 1 (2%) 2 (4%) 2 (4%) 1 (2%) 
Mucosa, septum, inflammation, chronic 1 (2%) 
Nasolacrimal duct, inflammation, suppurative 2 (4%) 1 (2%) 

Trachea (51) (50) (50) (48) 
Inflammation, suppurative 2 (4%) 1 (2%) I (2%) 

Special Senses System 
~ r  (1) 

Acanthosis 
Pinna, perforation 1 (100%) 

Eye (1) (2) 
Anterior chamber, hemorrhage, chrronic 1 (100%) 
Bilateral, lens, cataract 1 (50%) 
Lens, cataract 1 (50%) 
Retina, degeneration 1 (50%) 

(1) (2) 
1 (lOO%) 

(1) " 

1 (100~) 
1 (lOO%) 
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TABLE A~ 
Summary  of the ~nc~eace of Nonneop~asfic Lesions ~n IHa~e ~a t s  ~a the 2-Year Gavage Study 
of 3~,~-D~hy~,ocoumaH~ (continued) 

119 

Vehicle Control 150 mg/~g 3~9 mg/l~ ~ mg/kg 

. .  

2-Yc~r 5 / ~ '  (continued) 
U~na~  System 
Kidney (50) (48) (47) 
Fibrosis 
Inflammation, suppu~t~e 
Nephm~thy 50 (1~%) 47 (98%) 47 (1~%) 
~ ~ t  3 (6%) 
~ infarct 1 (2%) 
PeMs, inflammation, chronic 
PeW, in~mmation, suppu~tive 2 (4%) 
Renal tubule, h ~ i a  3 (6%) 
Renal tubule, h ~ l ~ i a ,  ~ t i c  1 (2%) 2 (4%) 
Renal tubule, h ~ i a ,  o n ~ i c  1 (2%) 1 (2%) 

U~ter (1) 
M u m ,  inflammation, suppu~tive 1 (1~%) 

Ufinaw bladder (49) (~)  (44) 
M u m ,  inflammation, suppu~tive 1 (2%) 1 (2%) 
~ ,  inflammation, suppu~tive 1 (2%) 
Submu~,  infilt~tion ~llular, I ~ p h ~ e  1 (2%) 
Submu~,  inflammation, suppu~tive 1 (2%) 

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

47 (94%) 
1 (2%) 
i (2%) 
1 (2%) 
I (2%) 
3 (6%) 
i (2%) 

(~) 

a Number of animals examined microscopically at site and number of animals with lesion 
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Lesions ~n F~ma~ ~Ra~s 

T a L E  S~. 
Sunmnazy of the ~nc~dence o~' He~ ~9as~s in  ~Ze~a~e ~,ats ~n the 2-Tear  Garage  Study of 3~-D[hydn~cou~na~n a 

123 

Vehlcne Contzon ~ m~/~S ~4~ mS/~ ~ mg/P~ 

Disposition Summary 
Animals initially in study 69 69 60 60 
15- /~r~  ~ ~ 10 9 10 .9. 
Early deaths 

Moribund 13 17 20 19 
Accidental deaths 2 5 0 4 
Natural deaths 4 8 4 5 

Survivors 
Terminal sacrifice 31 21 26 23 

Animals examined microscopically 

~ 5 - ~ o ~  I ~ e r ~  E ~ , ~  
Alimentary System 
None 

Cardiovascular System 
None 

Endocrine System 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 

(10) (1) (3) (9) 
s (so%) i (33%) 1 (11%) 

(10) (1) (9) 
I (10o%) 

General ~ody System 
None 

Genital System 
Uterus 

Polyp 
(10) (3) (~) (9) 

2 (20%) 2 (6~%) 3 (6o%) 

HematoFoietic System 
None 

~ntegumen~ry System 
Mammary gland 

Fibroadenoma 
(10) (1) 

1 (10%) 1 (109%) 
(9) 

I~lIusculoskege~! System 
None 

Nervous System 
None 
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TABLE BI  
Summary  of the Incidence of Neoplasms in Female Rats  in the 2-Year Gavage Study of 3,4-Dihydrocoumarin 
(continued) 

Vehicle Control 1.$0 mg/kg 300 mg/kg 600 mg/kg 

15-Month Interim Evaluation (continued) 
Respiratory System 
None 

Special Senses System 
Ear (1) 

Pinna, fibroma 1 (100%) 

Urinary System 
None 

2-Year Study 
Alimentary System 
Intestine large, colon (47) 
Intestine small, ileum (46) 
Liver (50) 

Fibrous histiocytoma 
Fibrous histiocytoma, metastatic, skin 
Hepatocyte, adenoma 

Mesentery (6) 
Adenocarcinoma, metastatic, uterus 

Pancreas (48) 
Adenoma 

Salivary glands (50) 
Stomach, forestomach (50). 
Papilloma squamous 
Squamous c¢II carcinoma 

Stomach, glandular (50) 
Tongue 
Papilloma squamous 

(46) (47) 
(42) (45) 
(51) (50) 

1 (2%) 

(5) (4) 
1 (20%) 

(46) (49) 
1 

(51) (50) 
(49) (50) 

(48) (4~) 
(2) (1) 
1 (50%) 

(2%) 

(4s) 
(4s) 
(50) 

1 (2%) 

1 (2%) 
(6) 

(49) 

(50) 
(49) 

1 (2%) 
1 (2%) 

(48) 

Cardiovascular System 
Heart 
Fibrous histiocytoma 

(50) (51) (50) (50) 
i (2%) 

Endocrine System 
Adrenal gland, cortex (50) 

Adenoma 1 (2%) 
Adrenal gland, medulla (50) 

Pheochromocytoma malignant 1 (2%) 
Pbeochromocytoma benign 1 (2%) 
Bilateral, pheochromocytoma benign 

Islets, pancreatic (50) 
Adenoma 2 (4%) 

Parathyroid gland (42) 
Adenoma - 

(51) 
1 (2%) 

(51) 

5 (10%) 
2 (4%) 

(4~) 

(~) 

(49) 

(49) 

5 (10%) 
i (2%) 

(50) 
1 (2%) 

(46) 

(50) 

(5o) 

3 (6%) 
1 (2%) 

(49) 
I (2%) 

(45) 
1 (2%) 
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T ~  ~ 
S ~ m ~  o~ ~the Incidence  o~ N e o ~ I I ~  In Fe~n~e ~l~a~ in ~the 2-Year Garage  S~tudy o~ 3, ,0-Dihydrcco~m~rln 
(continued) 

Vehicle Con~:zo~ 1 ~  mS/P~ ~ mS/P~ ~ mS/P~ 

2-Yeem" S~dy (continued) 
Endocrine System (continued) 
Pituita W gland 

Adenoma 
Pars distalis, adenoma 

Thyroid gland 
C-eell, adenoma 
Follicle, adenocarcinoma 
Follicle, adenoma 

(49) (48) (49) (50) 
1 (2%) 1 (2%) 

31 (63%) 21 (44%) 26 (53%) 18 (36%) 
(49) (48) (49) (50) 

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

1 (2%) 

Gener~! Body System 
Tissue NOS 

Sarcoma 
(1) 
1 (100%) 

Genital System 
Clitoral gland 
Adcnocarcinoma 
Adcnoma 
Carcinoma 
Squamous cell carcinoma 

Ovary 
Oviduct 
Uterus 

Adenocarcinoma 
Leiomyoma 
Leiomyosarcoma 
Polyp 
Sarcoma stromai 
Cervix, leiomyoma 
Cervix, sarcoma stromal 

Vagina 
Leiomyosarcoma 
Sarcoma 

(47) 
2 (4%) 
3 (6%) 

(50) 
(1) 

(50) 

1 

9 

(2%) 

(18%) 

(5o) (5o) (50) 
1 (2%) 
1 (2%) 2 (4%) 1 (2%) 
3 (6%) 1 (2%) 
1 (2%) 

(51) (5o) (50) 
(1) (4) 
(51) (50) (51) 

1 (2%) 

1 (2%) 
11 (22%) 6 (12%) 

I (2%) 

(5) 
2 (40%) 

8 (16%) 
1 (2%) 

1 (2%) 
(3) 

1 (33%) 

Hema~Imie*ic Syste~n 
Blood 
Bone marrow 
Lymph node 

Deep cervical, histiocytic sarcoma 
Thoracic, histiocytic sarcoma 

Lymph node, mandibular 
Histiocytic sarcoma 

Lymph node, mcsenteric 
Spleen 

Histiocytic sarcoma 
Thymus 

(1) 
(49) 
(50) 

1 
1 

(48) 
1 

(50) 
(50) 

1 
(44) 

(2%) 
(2%) 

(2%) 

(2%) 

(1) 
(50) 
(51) 

(51) 

(50) 
(49) 

(47) 

(5o) 
(50) 

(49) 

(50) 
(49) 

(5o) 

(1) 
(50) 
(50) 

(5o) 

(5o) 
(49) 

(49) 
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TABLE B1 
Summary of the ,Incidence of Neoplasms In  Female Rats in the 2-Year-Gavage Study of  3,4,Dihydrocoumarin 
(continued) 

• 

Vehicle Control 150 mg/kg '' 300 mg/kg 600 mg/kg 

2-Year Study.'(continued) 
Integumentary System 
Mammary gland 

Adenocarcinoma 
Fibroadenoma 

Skin 
Fibrroma 
Fibrous histiocytoma 
Keratoacanthoma 
Papilloma squamous 
Sarrcoma 

(49) 

14 (29%) 
(50) 

1 (2%) 

(49) 

9 (18%) 
(50) 

1 (2%) 

1 (2%) 

(49) 
1 (2%) 
22 (45%) 

(50) 
1 (2%) 

2 (4%) 

(50) 

6 (12%) 
(5o) 

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

2 (4%) 

Musculoskeletal System 
None 

Nervous System 
Brain 

Cerebellum, astrocytoma benign 
Spinal cord 

, 

(50) 

(1) 
, 

(50) 

(9) 

(4S) 

(3) 

(49) 
1(2%) 

(4) 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma " 
Fibrous histiocytoma 
Fibrous histiocytoma, metastatic, skin 
Pheochromocytoma malignant, metastatic, 

adrenal gland 
Nose 

(50) 
1 (2%) 

1 (2%) 
(50) 

(51) . . . . . . .  

1 (2%) 

(51) 

• ~ . • 
, . / ,,., 

~ ,,',~ ,,~ 

. .,.~ .(5o) 

1 (2%) 

(50) 

(50) .. 

1 (2%) 

(50) 

Special Senses System 
None 

Urinary System 
Kidney 

Renal tubule, adcnocarcinoma 
Renal tubule, adenoma 

Urinary bladder 
Fibrous histiocytoma 
Papilloma 

(50) 

i (2%) 
(45) 

(49) 
i (2%) 
1 (2%) 

(5o) 

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

(4S) 

(49) 

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

Systemic Lesions 
Multiple organs b 

Histiocytic sarcoma 
Leukemia mononuclear 

(50) 
1 (2%) 

lO (2o%) 

(5:) 

10 (20%) 

(50) 

12 (24%) 

(51) 

12 (24%) 



L ~ i o ~  ~a ~'ema~ ~ a ~  1~Z7 

T ~  ~1 
Sam~amary o~ the  ~ne~lence o~ Hwpgasms  in  Yemelle ~ tn the  ~-Ye~r Garage  ~ Ste~y o~ 3 ~ - D ~ h y ~ r ~ c ~ a r ~ n  
(continued) 

Vehicle C~atro~ L ~  mag/~g ~ mg/hg ~ m~/~g 

Neop~ S ~  
Total animals with primary neoplasms ¢ 

15-Month interim evaluation 5 
2-Year study 46 

Total prima~y neoplasms 
15-Month interim evaluation 8 
2-Year study 80 

Total animals with benign neoplasms 
15-Month interim evaluation 5 
2-Year study 41 

Total benign neoplasms 
15-Month interim evaluation 8 
2-Ycar study 65 

Total animals with malignant neoplasms 
2-Year study i5 

Total malignant neoplasms 
2-Year study 15 

Total animals with metastatic neoplasms 
2-Year study 1 

Total metastatic neoplasms 
2-Year study 1 

3 5 
43 48 

3 6 
81 86 

3 5 
35 45 

3 6 
58 70 

20 15 

23 16 

2 

3 

1 
39 

1 
73 

1 
31 

1 
50 

16 

23 

a Number of animals examined microscopically at site and number of animals with lesion 
b Number of animals with any tissue examined microscopically 
c Primaw neoplasms: all neoplasms except metastatic neoplasms 
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TABLE B2 
Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 
Vehicle Control 

N u m b e r  o f  D a y s  on  S t u d y  
3 4 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  
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  
7 7 7 6 7 7 7 7 7 7 7 7 6 7 7 8 7 7 7 7 7 7 7 7 7  

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 

Intestine large, cecum 
Intestine large, co lon  

Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

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

+ + + + + + + + + A + + + + + A A + + + + + + + +  
+ + + + + + A + + A + + + + + A A + + + + + + + +  
+ + + + + + + + + A + + + + + A A + + + + + + + +  
+ + + + + + + + + A + + + ÷ + A A + + + + + + + +  
+ + + + + + + + + A + + + + + + A + + + + + + + +  
+ + + + + + + + + A + + + + + + A + + + + + + + +  
+ + + + + + A + + A + + + + + A A + + + + + +  + +  
+ + + + + + + + + A ÷ + + + + A A + + + + . + + + +  
+ + + + + + + + + , +  + + + + + + + + + + + + + + + 
+ + + 

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

C a r d i o v a s c u l a r  System 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal  gland, medulla 

Pheochromocytoma malignant 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 

Pituitary gland 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 

+ + ÷ ÷ ÷ ÷ + + + + ÷ ÷ + ÷ + ÷ + + ÷ ÷ ÷ + ÷ + + 
+ + + + ÷ + ÷ + + ÷ + ÷ ÷ + ÷ + + + ÷ ÷ ÷ + + ÷ ~ 

+ + + + + ÷ + + ÷ + + + + + ÷ ÷ ÷ ÷ + ÷ + + ÷ ÷ ÷ 

X 
X 

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

+ ÷ ÷ ÷ + ÷ + + + ÷ ÷ + M +  + ÷ + + + + + + + M +  

+ ÷ ÷ ÷ + ÷ ÷ ÷ + A  ÷ + + + + + + + ÷ + ÷ ÷ ÷ + + 
X X  X X X  X X X  X X X X X X X X X  
+ + + + + + + + + + + + M +  + + + + + + + + + + + 

General B o d y  System 
None 

+:  Tissue examined microscopically M: Missing tissue X: Lesion present 
A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined 



~ e ~ o n s  ~n ~emane  ~ ~2~ 

T ~ L ~  S ~  

~ n ~ ' ~ e e H  A n i ~ a ~  T ~ m o r  P a t h o ~ 3 ,  o f  F e m a l e  R a t s  I n  t h e  ~ - ' Ye~r  G a r a g e  S t u d y  o f  3 ~ - D i h y ~ r ~ c o o ~ n a n ~ n :  

V ~ C ] ] ~  ~A~i~tl~] (continued) 

N u m b e r  o f  D a y s  on  ~ t e d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 4 4 4 4 4 4 5  

Carrcas~ ~D H u m O r  

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 

7 7 6 6 6 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 8 8  

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

2 4 1 3 5 3 5 1 4 4 4 4 5 4 3 1 3 3 3 3 2 3 1 1 2  

To~H 

T i s s u e s /  

T u m o r s  

~ l n n e n ~ a r y  S y s t e m  

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

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

+ + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + ~ + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

50 
47 
46 
47 
47 
48 
48 
46 
47 
50 
6 

48 
50 
50 
50 
50 

Carcn~ovascular  Syste~m 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d ~ c ~ n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal  gland, medulla 

Pheochromocytoma malignant 
Phcochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 

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

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

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

X X 
+ + + + + + + + M + + + M M + + M + M + + M + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

X 

50 
50 
1 

50 
1 
1 

50 
2 

42 
49 
31 
49 

1 

G e n e ~  ~ n y  S y a ~ m  
None 
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TABLE B2 
I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

V e h i c l e  C o n t r o l  (continued) 

Number of Days on Study 
3 4 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  

8 6 0 3 4 8 8 9 3 5 5 6 8 8 9 0 0 1 1 3 3 3 3 3 3 '  
~ .  

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

Carcass ID 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  

7 7 7 6 7 7 7 7 7 7 7 7 6 7 7 8 7 7 7 7 7 7 7 7 ' 7 .  

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

G e n i t a l  S y s t e m  
Clitoral gland 

Adenocarcinoma 
Adenoma 

Ovary 
Oviduct 
Uterus  

Leiomyoma 
Polyp 

. .  , , 

+ + + + + + + + + + + + + M + M + + + + + + + + +  
X 

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

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

X 
X X 

H e m a t o p o i e t i c  S y s t e m  

Blood 
Bone marrow 

Lymph node 
Deep cervical, histiocytic sarcoma 
Thoracic, histiocytic sarcoma 

Lymph node, mandibular  
Histiocytic sarcoma 

Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 

Thymus 

+ 

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

~ ~ , ~ . 

+ + - +  + + + + + + + + + + + + + + + + + + + .+ + 
, . 

+ ~ +  + + + + + + + + + + + + + + + + + + + ' +  + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

. 

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

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Fibrroadenoma 
Skin 

Sarcoma 

+ + + + + + + + . +  + + + + + + + + + + + + + + + ~+ 

X X X X X  X X ,  
+ + + + + + + + + + + ÷ + + + + + + + + + + + + + 

X 

M u s c u l o s k e l e t a l  S y s t e m  

Bone 

, .  

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

Nervous System 
Brain 
Spinal cord 
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T ~ L ~  ~ 2  

~ n ¢ ~  A n i m ~  T ~ o r  ~ ? a t h d ~ g y  o~ F e m a l e  ~ a t s  ~ t h e  2 - ~ e ~ r  G a r a g e  Stuc~y o~ 3 ~ - D ~ h y c ~ u m a H n :  

Veh~eI~e Coii~tlro~ (continued) 

HumOr o f  D a y s  o~  ~u~y 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 4 4 4 4 4 4 5  

C a r c a m  ~D H u m O r  

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  

7 7 6 6 6 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 8 8  

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

2 4 1 3 5 3 5 1 4 4 4 4 5 4 3 1 3 3 3 3 2 3 1 1 2  

T o t a l  

T i s s u e s /  

T u m o r s  

G ~ n ~  S y a t a ~  
Clitoral gland 

Adenocarcinoma 
Adenoma 

Ovary 
Oviduct 

Uterus 
Leiomyoma 
Polyp 

+ + + + + + + + + + + + + + + + + + + + + + + ~ +  

X 
X X 

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

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

X X X X X  X X  

47 
2 
3 

50 
1 

50 
1 
9 

H e m ~ o ~ o ~ e t i c  S y s ~ e ~  
Blood 
Bone marrow 
Lymph node 

Deep cervical, hisfiocytic sarcoma 
Thoracic, hisfiocytic sarcoma 

Lymph node, mandibular  
Histiocytic sarcoma 

Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 
Thymus 

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

+ + + + + ~ +  + + + + + + + + + + + + + + + + + 

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

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

1 
+ 49 
+ 50 
X 1 
X 1 
+ 48 
X 1 
+ 50 
+ 50 
X 1 
+ 44 

l l n ~ u m e n t a r y  S y s t e m  
Mammary gland 

Fibroadenoma 
Skin 

Sarcoma 

+ + + + + + + + + + + + + + ~ +  + + + + + + + + + 

X X X X X  X X 
÷ + + + + + ÷ + + + + + + + + + + + + + + + ÷ + + 

49 
14 
50 
1 

l~u~cua~u~ .~n~  $~tarnm 

~k~n~ + + + ÷ + + ÷ ÷ ÷ ÷ ÷ + + ÷ + + ÷ ÷ + + ÷ + + + ÷ 50 

N e r v o m  S y s t a m  

Brain 
Spinal cord 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

I 
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TABLE B2 

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o ~  o f  F e m a l e  R a t s  in  t h e  2 - Y e a r  G a r a g e  S t u d y  o f  3 , 4 - D i h y d r o e o u m a r i  m 

V e h i c l e  C o n t r o l  (continued) 

~ :, 

Number  of  Days on Study 
3 4 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7  
8 6 0 3 4 8 8 9 3 5 5 6 8 8 9 0 0 1 1 3 3 3 3 3 3  
5 6 6 3 2 0 9 8 1 1 2 5 0 0 6 3 9 6 7 0 0 0 0 0 0  

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

Respi ra tory  System 
Lung 

Alveolar/bronchiolar adenoma 
Pheochromocytoma malignant, 

metastatic, adrenal gland 
Nose 
Trachea 

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

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

Special Senses System 
Eye 

Urinary  System 
Kidney 

Renal tubule, adenoma 
Urinary bladder 

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

+ + + + + + + + + + + + + + + + A + + + + + + + +  

Systemic Lesions  
Multiple organs 

Histiocyti¢ sarcoma 
Leukemia mononuclear 

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

X X X X X X  



~ e ~ i o ~  in  Fe~ma~e ~ ~33 

T~L~ S~ 
~ n ~ a ~  Az~aH T ~ o r  Pathology o~ Female ]~a~ tn the ~-Year Ga~,aS~ S t ~ y  o~~,~-Dihy~r~o~m~aHn: 
Vehicle Cont~oH (continued) 

N u m ~ r  o f  D a y s  on  S t a g y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4 4 4 4 4 4 4 5  

C a r ~  ~D N m n ~ r  

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  

7 7 6 6 6 7 7 7 7 7 7 7 7 7 7 7 8 7 7 7 7 7 7 8 8  

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

2 4 1 3 5 3 5 1 4 4 4 4 5 4 3 1 3 3 3 3 2 . 3 1 1 2  

T o t a l  

T~mues /  

T u m o r s  

R e s p i r ~ r y  S y s t e m  

Lung 
Alveolar/bronchiolar adenoma 
Pheochromocytoma malignant, 

metastatic, adrenal gland 
Nose 
Trachea 

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

X 

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

S p e c i a l  S e n s e s  S y s ~ n  

50 
1 

1 
50 
50 

Eye 

U H n ~  S ~ s ~ m  
Kidney 

Renal  tubule, adenoma 
Urinary bladder 

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

X 
+ + + + + + + + + + + + + + + + + + + + + + + M +  

50 
1 

48 

S y s ~ m i c  L e s i o n s  
Multiple organs 

Histiocytic sarcoma 
Leukemia mononuclear  

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

X 
X X X X  

50 
1 

10 
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TABLE B2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  150  m g / k g  

N u m b e r  o f  Days  o n  S t u d y  

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

6 6 6 7 7 7 7  
6 6 8 0 1 1 1  
4 7 2 1 0 0 0  

C a r c a s s  I D  N u m b e r  

O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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

Alimentary System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver : 

Fibrous histiocytoma, metastatic, skin 
Mesentery 

Adenocarcinoma, metastatic, uterus 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 

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

+ + A A + + + A + A + + + + + + + + + + + + + + +  
A + A . A  + + + A + A A + A + + + + + + A + + + + + 
+ + A A + + + A + A A + + + + + + + + + + + + + +  
+ + M A + + + A + A + + + + + + + + + + + + + + +  
A + A A + + + A + A + + + + + + + + + + + + + + +  
A + A A + + + A + A + + + + + + + + A + + + , +  + +" 
A + A A + + + A + A A + A + + + + + A A + + + + +  
A + A A + + + A + A A + A + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + ' +  + + 

X 
. 

A + A A + + + + + A + + A +  
+ + + + + + + + + + + + + + 

+ + A + + + ~ + + A + + + +  
+ + A + + + + + + A + + + +  
+ + A + + + + + + A + + + +  

+ + 

X 
+ + + + + + + + + + + 
+ + + + + + + + + + + 
+ + + + + + + + + + + 
+ ~ + + + + + + + + + 

+ + + + + A  + + + + + 
+ 

X 

. . . .  

C a r d i o v a s c u l a r  S y s t e m  
Heart + + + + + + + + + + + + + + + + + + + + + + + + +  

. . , 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 

#Menoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromoo/toma benign 

I s l e t  pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distally, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicle, adenoma 

: 

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

+ + + + + + +  

A + A A + + +  
M M + M + + +  
+ A A ÷ + + ÷  

X 
+ M A + + + +  

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

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

+ + A + + A + + + + + + + + + + + +  
÷ ÷ + ÷ ÷ ÷ ÷ + ÷ + ÷ ÷ M ÷  + ÷ + ÷ 

÷ + A ÷  ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ + ÷ ÷ ÷ + + 
• . 

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



Les~o~a ~ F e m a l e  I ~  ~.35 

T ~  ~ 
~¢~,~¢~ua~ An~ma~ Tumor  Pathology o~ Yema~e. ]Rats flux ~he ~-Year G~v~ge Study o~ 3~-D~hy~ceouma~l~: ~ mg/~g - 
(continued) 

Numn~i~r o~' D a y s  on  S t u d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r o m  ~D N ' u m ~ r  

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  

8 9 8 8 8 8 8 8 8 8 8 8 9 8 8 8 9 9 8 8 8 8 8 9 9 8  , T o ~  

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

3 4 2 3 3 5 4 4 5 1 1 2 3 4 1 3 1 2 3 2 1 3 4 5 1 2 T ~ m o ~  

. M ~ m e n ~ r y  S y s ~ m  

Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 

Fibrous histiocytoma, metastatic, skin 
Mesentery 

Adenocarcinoma, metastatic, uterus 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

Papilloma squamous 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + +" 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + ~ + +  
+ + + + + + + + + + + + + + +  + + + + + + + + + ' +  + 

. 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + ~  + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + ~ + + + + + + + + + + + + + + + 

• • 

+ + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + +  + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + ' +  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + ' +  

+ 

51 
47 
43 
46 

47 
46 
45 
42 
44 
51 
1 
5 
1 

46 
51 
~,9 

4 9  
48 
2 
1 

C a r d i o v a s c u l a r  S y s ~ m  

Heart  
. . • . 

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

• , 

+ + + + + + + +  51 

E n d o c ~ n e  S y s ~ m  
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C-cell, adenoma 
Follicle, adenoma 

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

+ + + + + +  
+++-+~+ 
X 

÷ • • ÷ + • ÷ • ÷ ~ ~ ÷ ~ ÷ + ÷ ÷ ÷ + ~ ~ ÷ +'÷ ÷ 

X X X X X  ' 
X X 
+ + + • ÷ + + + + ÷ + + ÷ + ÷ + ÷ + + + ÷ + + + + + 

+ + + ~  + + M +  + + + + M +  + + + + + + + + + + M +  
+ + + ~ + + + + + + + + + + +  + + + + + + + + + + + 

X X X X X X X X X X X X X ~ X  X 
+ + +  + + + + + + + + + + + + + + + + + + + + + + + 

X X X X 
X 

51 
51 

I 
51 

5 
2 
46 

44 
. 

48 

21 
48 

4 
I 
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TABLE B 2  

Individual A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2.Year Gavage Study of  3,4-Dihydrocoumarin: I50 mg/kg 
(continued) 

Number of Days on Study 
0 0 0 3 3 4 4 5 5 5 5 ~ 5 5 5 6 6 6 6 6 6 6 7 7 7 7  
0 4 7 0 5 5 7 0 1 3 4 8 9 9 1 1 4 5 6 6 8 0 1 , 1 1 "  
6 9 3 0 7 5 1 8 3 7 2 8 0 1 2 8 4 7 4 7 2 1 0 0 0  

Car~as-~ ID N u m b e r  
- ~ , .  

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  

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

Gene ra l  Body System 
Tissue NOS 

Sarcoma 

÷ 

X 

Genital System 
Clitoral gland ~ 

Adenocarcinoma 
Adenoma 
Carcinoma 
Squamous cell carcinoma 

Ovaq~ 
Oviduct, 
Uterus 

Adenocarccinoma 
Leiomyosarcoma 
Polyp 
Cetx, ix, leiomyoma 

Vagina 
Leiomyo~arcoma 

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

X 
X 

X 
+ + + + + + + + + + + + + + + + + + + + + + + ~ + 

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

X 
X " 

X X X X 
X 

+ +  + + 

X X 

• . ¸  

Hematopoietic System 
Blood 
Bone .marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

. .  

÷ 
+ + + . +  + + + + + A +  + + + + + + + + + + + + + + 

• . 

+ + ' +  + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + A + + + + + + + + + + + + + + + + + + + + + +  
• . 

+ + A + + + + + + A + + + + + + + + + + + + + + ÷  
+ + + A + + + ' + + + + + + M + + + + + + + + M + +  

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Fibroadenoma 
Skin 

Fibrous histiocytoma 
Sarcoma 

. M  + A ÷ + + + + + + ÷ + + . +  + + + + + + + + + + + 
X 

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

MusculosReletal System 
Bone 
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T~L~ ~2 

l~fi~ Anfi~ T ~ o r  ~ s ~ o ~ c ~ y  o~ ~ e ~ m ~ e  ~ s ~  ~ ~ e  2 - ' Y ~ r  G ~ v ~ g e  g ~ c ~ y  o~ ~ - D i ~ y c ~ r ~ n n a r ~ :  I~ ~ , 
(continued) 

N ~ m ~ r  eg D a y s  o~ S~¢~y 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
1 1 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 5 6 6 7 9 9 0 0 0 0 0 0 1 1 1 1 1 4 4 4 4 4 4 4 5  

C a r c J ~  I D  H u m b e r  
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 

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

3 4 2 3 3 5 4 4 5 1 1 2 3 4 1 3 1 2 3 2 1 3 4 5 1 2 T ~ o ~  

CC~e~r~ ~ y  g y ~  
Tissue NOS 

Sarcoma 
1 

1 

G e n i ~  S y ~ m  
Clitoral gland 

Adenocarcinoma 
Adenoma 
Carcinoma 
Squamous cell ca~.-inoma 

Ovary 
Oviduct 
Uterus 

Adenocarcinoma 
Leiomyosarcoma 
Potyp 
Cervix, leiomyoma 

Vagina 
Leiomyosarcoma 

+ + +  + + + + + + +  + + +  + + ~ +  + + + +  + + + + +  

X 

X X 

+ + + ~ + + + + + ~ +  + + + + + + + + + + + + + + + + 

• . 

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

X X X X X  X X 

50 
1 
1 
3 
I 
5i 
1 
51 
1 

1 
11 
1 
5 
2 

H e m a ~ o ~ e t ~ c  S y ~ e ~  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, me,enteric 
Spleen 
Thymus 

1 
+ + + + +  + + + + +  + +  + + + + + + + + +  + + + +  + ' 5 0  
+ + + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + ~ + 51 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + ÷ + +  49 
+ + + M + +  + + + +  + + + + + + + + + + + +  + + + +  ~ 

I n ~ u m e n ~ r y  Sy~mm 
Mammary gland 

Fibroadenoma 
Skin 
Fibrous histiocytoma 
Sarcoma 

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

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

49 
9 

50 
1 
1 

~ n n ~ n e ~ n  ~ ¢ ~  
Bone + + + + + + +  + + + ÷ + + + + + + + + + + + ÷ + + + 51 
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T ~ L ~  B2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  150 mg/kg 
(continued) 

Number of Days on Study 
0 0 0 3 3 4 4 5 ~ 5 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7  
0 4 7 0 5 5 7 " 0 1 3 4 8 9 9 1 1 4 5 6 6 8 . 0 1 1 1  
6 9 3 0 7 5 1 8 3 7 2 8 0 1 2 8 4 7 4 7 2 1 0 0 0  

C a rca s s  ID N u m b e r  
~ . 

. . 

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  

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

Nervous  Sys t em 
Brain 
Peripheral nerve 
Spinal cord 

A + + + + + + + + + + 4- + .+ + + + + + + + + + + + 
+ + 

+ + M 

¸ . .  

Resp i ra to ry  Sys t em 
Lung 

Fibrous histioeytoma, metastatic, skin 
Nose 
Trachea 

. +  + + + + + + + ~ + + + + + + + + + + + + + + + + 

X 
.+ + + + + + + + + + + + + + + + + + ~ + "+ + + + + 
+ + + + + + + + + + + + + + ~ + + + + + + + + + + 

. ¸ .  

Special Sen se s  Sys t em 
Eye 
Lacrimal gland 

+ 
+ 

Ur ina ry  Sys t em 
Kidney 

Renal tubule, adenocarcinoma 
Renal tubule, adenoma 

Urinary bladder 

. + + A + + + + + + A + + + + + + + + + + + + + + +  
• 

, 

• . 

• 

+ + + + + + + + + A + + + + + + + + + + + + + + +  

Systemic  Les ions  
Multiple organs 

Leukemia mononuclear X X  X X X X  X 
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T ~ L ~  ~ 

~ v ~ u ~  ~ Turn,  o r  P ~ h o H o ~ y  o~ F e ~ e  R ~  ~ ~ e  ~*Yes~r G~vs~ge S~u~y  o~ 3 ¢ ~ - D ~ h y ~ r c c o u ~ :  I ~  ~ / ~  
(continued) 

H u m O r  of  Days  on S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
1 1 1 1 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 5 6 6 7 9 9 0 0 0 0 0 0 1 1 1 1 1 4 4 4 4 4 4 4 5  

C ~ e ~  ~TD 1~nm~.r  
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 
8 9 8 8 8 8 8 8 8 8 8 8 9 8 8 8 9 9 8 8 8 8 8 9 9 8 T o n i  
6 1 1 3 4 7 8 2 2 3 4 6 0 5  6 9 0 2 2 3 5 5  9 0 1 2  T ~ n ~  

3 4 2 3 3 5 4 4 5 1 1 2 3 4 1 3 1 2 3 2 1 3 4 5 1 2 T u m o ~  

N e ~ , o ~  S y ~ m  
Brain 
Peripheral nerve 
Spinal cord 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + M +  + + + 9 
+ + + + +  + I + 9 

R ~ p i ~ o r y  S y s ~ m  
Lung 

Fibrous histioeytoma, metastatic, skin 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + ' +  + + 51 
1 

+ + + + + + + + + + + + + + + + + + + + + + + + + +  51 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 51 

S ~ e l z l  S e ~ e ~  S y ~ e ~  
Eye 
Lacrimal gland 

U H n a ~  S y s ~ m  
Kidney 

Renal tubule, adenocarcinoma 
Renal tubule, adenoma 

Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + +  49 
X 1 
X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Sys~e~© Les ions  
Multipie organs 

Leukemia mononuclear 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 51 
X X X 1 0  
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of Female Rats in the 2-Year G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  3 0 0  m g / k g  

N u m b e r  o f  D a y s  on  S t u d y  

3 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

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

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 
Mesentery 
Pancreas 

Adenoma 
Salivary glands 
Stomach 
Stomach, forrestomach 
Stomach, glandular 
Tongue 

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

A + + + + + + + + + + + + + + + + + A A + + + + +  
A + +  + + + + + + + + + + +  + + + + A A +  + + + + 
A +  + + + + + + + + + + + +  + + + + A A +  + + + + 
A + + + + + + + + + + + + + + + + + A A + + + + +  
A + + + + + + + + + + + + + + + + + A A + + + + +  
A + + + + + + + + + + + + + + + + + A A + + + + +  
A + + + + + + + + + + + +  + + M A + A A + + + + +  

' A +  + + + + + + + + + + +  + + + A + A A + +  + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ +  + 

A +  + + + + + + + + + + + + + + + + + + + + + + + 

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

A + + + + + + + + + + + + + + + + + A + + + + + +  

C a r d i o v a s c u l a r  S y s t e m  
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 
Adrenal  gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
AdenOma 

Parathyroid gland 
Pituitary gland 

Adenoma 
Pars distalis, adenoma 

Thyroid gland 
Follicle, adenocarcinoma 

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

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

X X 
X 

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

X 

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

X 
X X  X X X X X  X X X X  X X 

A + + + + + + + + + + + + + + + + +  + + + + + + +  

General B o d y  S y s t e m  
None 



L e s ~ o ~  ~n ~en~a~e ~ 

T ~ L ~  ~ 

~ n c ~ c ~ a ~  A n ~  T ~ m o r  P a t h o l o g y  o~ F e ~ e  ~ t s  ~ t h e  ~ - Y e ~ r  G ~ v a ~ e  S t ~ y  o~ 3 , , ~ - D ~ y c ~ r o c o ~ a r ~ n :  30~  ~ 
(continued) 

~ u ~ r  o~ D a y s  on  S t a d y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 0 0 0 0 0 0 0 0 0 1 1 1 1 4 4 4 4 4 4 4 4 5 5  

j~ 

1~1 

• 

C a a ~ m  HD t ~ u ~ e r  

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

9 9 9 9 9 9 9 9 0 0 0 9 9 9 0 9 9 9 9 0 0 0 0 9 0 T o N I  

8 9 3 4 5 7 8 9 0 3 4 6 6 9 3 3 5 5 5 0 0 2 2 9 2 T ~ u ~  

3 5 I 5 3 1 5 4 5 4 1 2 3 3 3 5 1 4 5 1 3 1 5 2 3 T u ~ o ~  

A ~ l m e ~  S y s t e m  
Fzophagm 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Pancreas 

Adenoma 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + ~ +  + ~ 

+ + + + + + + + + + + + + + + + + + + + + + + + + 46 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

+ 4 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 

X 1 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + +  + + + + +  + + + + + + +  + + + + +  + + 50 
+ + + + + +  + + + + + + + + + + +  + + + + +  + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ 1 

C a ~ o v ~ c u ~ a r  Sys~e~  
Heart + + + + + + + + + + + + + + + + + + + + + + + + + 50 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Adenoma 
Pars distalis, adenoma 

Thyroid gland 
Follicle, adenocareinoma 

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

X X X 

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

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

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

X 

Gener~a ~,¢~y Sys~e~n 
None 

49 
49 
49 
5 
1 

50 
1 

46 
49 
1 

26 
49 
1 
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TaLE B2 
Individual Animal Tumor Pathology of Female Rats in the 2.Year Garage Study of 3,4-Dihydrocoumarin: 300 mg/kg 
(continued) 

N u m b e r  o f  D a y s  o n  S t u d y  

3 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 . 7 7  

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

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

C a r c a s s  ID  N u m b e r  

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

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

G e n i t a l  System 
Clitoral gland 

Adenoma 
Ovary 
Uterus 

Polyp 

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

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

X 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

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

A +  + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

A +  + + + + + + + + + + + +  + + + + + +  + + + +  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

I n t e g u m e n t a r y  S y s t e m  
M a m m a w  gland 

Adenocarcinoma 
Fibroadenoma 

Skin 
Fibroma 
Keratoacanthoma 

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

X 
X X X X X X  X X X X  

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

• , 

M u s c u l o s k e l e t a l  S y s t e m  

Bone + + + + ÷ + + + + + + + + + + + + + + + + + + + + 

N e r v o u s  S y s t e m  
Brain 
.Peripheral nerve 
Spinal cord 

. . 

A +  + + + + + + + + + + + + + + + + + A +  + + + +  
+ + + M + 

+ + + 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar carcinoma 
Nose 
Trachea 

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

+ + + + + + + + + + + + + +  + + + + +  ~ +  + + + +  
+ + + + + + + + + + + + + -+ + + + + + + + + + ~ +  + 

S p e c i a l  S e n s e s  S y s t e m  

Eye + + 



L~s~on~ ~ ~ e m ~ e  ]~,a~ 1,~3 

TABLE ~ 2  

~ n ~ i v ~ u ~ H  Animm~ . T u m o r  P~ho~e~D,  o~ F e ~ n ~ e  R~ ~n ~he 2 - Y e a r  G ~ v ~ e  S~u~y  o~ 3¢~-Dihy~r~cou~m~r~n :  3 ~  ~ g / ~ S  

(continued) 

N u ~ r  o f  D~y~ o~ S ~ y  

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

C ~ r c ~  HD N u ~ r  

0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 1 1 1 1 0 1  
9 9 9 9  9 9 9 9 0  0 0 9 9 9 0 9 9 9 9 0 0 0 0 9 0 Ton i  
8 9 3 4 5 7 8 9 0 3 4 6 6 9 3 3 5 5 5 0 0 2 2 9 2 T ~ u ~  
3 5 1 5  3 1 5  4 5  4 1  2 3  3 3 5 1 4 5 1 .  3 1 5  2 3 T u ~ o ~  

C G e n ~  S y s ~  
Clitoral gland 

Adenoma 
Ovary 
Uterus 

Polyp 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X 2 

+ + + + + +  + + + + +  + + + + + + + + + +  + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
X X X X X 6 

Hema~oFolefi¢ S y s ~ m  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + ~ 

+ + ÷ + +  + + +  + + + + + + + + + + +  + + ~ +  + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + +  49 
+ + + + + +  + + + + +  + + + + + + + + + + + + + + 50 

~ n ~ m n e n ~ r y  S y s ~ m  
Mammary gland 

Adenocarcinoma 
Fibroadenoma 

Skin 
Fibroma 
Keratoacanthoma 

M u s e u l ~ e l e ~ l  S y ~ m  
Bone 

I~le~oua S y ~ m  
Brain 
Peripheral nerve 
Spinal cord 

Respi re~ory  Sys~nn  
Lung 

Alveolar/bronchiolar carcinoma 
Nv~e 
Trachea 

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

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

X 
X X 

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

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

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

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

49 
1 

22 
50 
1 
2 

5O 

48 
4 
3 

50 
1 
50 
50 

S ~ ¢ i ~  S e ~ m  S y ~ m  
Eye 
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. .  

TA~L~ B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  . R a t s  . in t h e  2 . Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D l h y d r o c o u m a r i n :  3 0 0  m g / k g  
(continued) 

N u m b e r  of  Days on  S tudy  
3 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7  
8 3 5 8  ~ 1 1 2 2 3 3 6 7 7 8 8 9 9 9 0 1 . 1 1 2 2  
7 8 2 0 5 1 8 2 4 1 3 7 2 8 0 9 2 5 6 0 0 7 7 4 9  

Car~n~ ID N u m b e r  
• . 

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

Ur ina ry  System 
Kidney 

Renal tubule, adenocarcinoma 
Renal tubule, adenoma 

Urinary bladder 

A +  + + + . +  + + + + + + + + + + + + + + + + + + + 
X 

A +  + + + + + + + + + + + + + + + + A +  + + + + + 

Systemic Les ions  
Multiple organs 

leukemia mononuclear X X X  X X X X X X  ~ . ~ .  



] I . , ~ 0 ~  ~ ~ e ~ , e  I I , ~  . . ~.~$ 

T ~ L ~  ~2 
~ u ~  A ~  T u ~ r .  ~ o ~ y  o~ Y Y ~  ~ ~ ~ 2 o ~ r  G ~ v ~  S~u~y o~ 3 , , ~ - D ~ y ~ n ' ~ u ~ H ~ :  ~ ~ 
(continued) 

Num~r ~ II~ay~ or~ ~u~y 
7 ~ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 , 3 3 3 3  
9 9 0 0 0 0 0 0 0 0 0 1 1 1 1 4 4 4 4 4 4 4 4 5 5  

C a r ~  ~ID Number 
0 0 0 0 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 1 1 1 1 0 1  
9 9 9 9 9 9 9 9 0 0 0 9 9 9 0 9 9 9 9 0 0 0 0 9 0  
8 9 3 4 5 7 8 9 0 3 4 6 6 9 3 3 5 5 5 0 0 2 2 9 2  
3 5 1 5 3 1 5 4 5 4 1 2 ~ 3 3 3 5 1 4 5 1 3 1 5 2 3  

To~a~ " 
T~,~u~/ 
T~nor~ 

UHnary S y ~  
Kidney 

Renal tubule, adenocarcinoma 
Renal tubule, adenoma 

Urinary bladder 

+ + + + + + + + ÷ + + + + + + + + + + + + + + + + 

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

49 
1 
1 

48 

Sys~mic L~ioas 
Multiple organs 

Leukemia mononuclear X X X 

, ¸ .  

50 

12 
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TABLE B2  

I n d i v i d u a l  A n i m a l  T u m o r ~  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  6 0 0  m g / k g  

N u m b e r  o f  Days  on  S tudy  
0 0 3 4 5 ' 5 5 5 ' 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7  

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

C a r c a s s  ID  N u m b e r  
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 1 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 0 1 0 0 1 1 1 0  
9 1 2 0 3 1 1 0 5 2 3 5 2 0 4 8 9 8 3 6 6 6 4 5 7  

3 4 . 4 2 5 5 3 5 2 3 1 1 2 3 3 5 1 4 4 2 4 4 4 5 4  

Al imen ta ry  S y s t e m  
Esophagus . 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Fibrous histiocytoma 
Hepatocyte, adenoma 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach. 

Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 

. +  + + ' + A + + +  + +  
+ + + + A + + A A +  
+ + + + M + + A A +  
+ + + + ' A  + + A A + 
+ M + + A + + A A +  
+ + + + A + + A A +  
+ + + + M + + A A +  

+ + + + A + + A A +  
+ + + + A + + . A  A + 

, +  + + + A +  + + + + 
X 

+ + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + 
+ + + + + + + + + + + + . +  + ~  
+ ~ + + + + + + + + + + + + ~ +  
+ + + + + + + + + + + + + ~ + 
+ + + + + + + + + + + + + + + . ~  

+ + + + + + + + A +  + + + + + 
+ + + + + + + + + + + + + + + 

+ + + 

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

. + + + + M + + A A + + + + + ~ + + + + + + + + + + +  

C a r d i o v a s c u l a r  S y s t e m  
Heart 

Fibrous histiocytoma 
+ + + + A +  + + + + + + + + + + + + + + + + + + + 

X 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, co r t ex  
Adrenal gland, medulla - 

Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic . 
Adenoma 

Parathyroid gland 
Adenoma 

Pituitary gland 
Adenoma 
Pars ~listalis, aaenoma 

Thyroid gland 
C-cell, adenoma 
Follicle, adenocarrcinoma 

+ + + + A + + + . +  + ÷ +, + + + + + + + + + 
+ + + + A +  + + + + + + + + + + + + + + + 
+ + + + A +  + + + + + + + + + + + + + + + 

. ~ , 

,. • 

+ . +  + + M + + + A + + + + + . +  + ~ + + + + 

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

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

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

X 



L ~ l o ~  ~n ] ~ a a ~  ~ 1~7 

T ~  ~ 

~n~v~ ~n~ma~ T ~ "  Fs~o~n~, o~ ~F~a~ ~ In ~ ~-Y~r Gsvs~ ~tu~y ~ ~ - D ~ y d ~ ~ :  ~ ~ 

(continued) 

l~umb~z of D a y s  o n  St r iPy  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

1 1 1 2 2 " 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 1 7 9 9 9 0 0 0 0 0 0 0 1 1 1 1 1 1 4 4 4 4 4 4 4  

C a r c a s s  ~D N u m b ~ r  

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 1  

0 1 1 0 1 1 0 0 0 0 1 1 1 0 0 1 1 1 1 0 0 0 1 1 1 1 W o N  

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

1 1  2 5  4 4 1 2  2 4 1  2 3 5  5 2 3 1 5 1  3 4 1 5  3 2 T n m o ~  

A~imen~ary S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Fibrous histiocytoma 
Hepatocyte, adenoma 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + +  47 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 48 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X 
+ + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + ~  + 

X 
X 

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

48 

47 
50 
1 
1 
6 

49 
50 
49 
49 

1 
1 

48 

C a n ~ o v ~ c u l a r  S y s t e m  

Heart  
Fibrous histiocytoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 50 
1 

I ~ . n ~ r ~ e  ~ s ~ m  

Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Pheochromocytoma benign 
Bilateral, pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Adenoma 

Pituitary gland 
Adenoma 
Pars distalis, adenoma 

Thyroid gland 
C-cell, adenoma 
Follicle, adenocarcinoma 

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

X X X 
X 

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

X 
+ M + + + + + + + + + + + + + M + + M + + + M + + +  

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

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

X X 

50 
50 
50 
3 
1 
49 
1 
45 
1 
50 
1 

18 
50 
2 
1 
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TABLE B 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  i n  t h e  2 - Y e a r  G a r a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  6 0 0  m g / k g  
(continued) 

Number  o f  Days  on Study 
0 0 3 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7  

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

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

C a r c a s s  I D  N u m b e r  

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

General  Body Sys tem 
None 

G e n i t a l  S y s t e m  
Clitoral gland 

?.Alenoma 
Carcinoma 

Ovary 
Oviduct 
Uterus  

Polyp 
Sarcoma stromal 
Cervix, sarcoma stromal 

Vagina 
Sarcoma 

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

X 

+ + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + 

+ ~ + + + + + + + + + + + + + + + + + + - +  + + + + 

X X X X  

X 
X 
+ + + 

X 

H e m a t o p o i e t i c  S y s t e m  

Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 
Thymus 

+ 

+ + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + M +  + ÷ + ~ + + + + + + + + + + + + + + + 
+ + + + M +  + + + + + + + + + + + + + + + + + + + 
+ + + + M +  + + + + + + + + + + + + + + + + + + + 
+ + + + A + + + A + + + + + + + + + + + + + + + +  
+ + + + A + + + + + + I  + + + + + + + + + + + + +  

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Fibroadenoma 
Skin 

Fibroma 
Fibrous histiocytoma 

Papilloma squamous 

+ + + + M +  + + + + + + + + + + + + + + + + + + + 
X X X 

+ + + + A +  + + + + + + + + + + + + + + + + + + + 

X 

M u s c u l o s k e l e t a l  S y s t e m  

Bone + + + + + + + + + + + + + + + + + + + + + + + + + 



~ i o ~  ~ ~emane l ~  1,~9 

T ~  ~2 

I n d ~ d u a ~  & i a t i ~ n  T u ~ r  ] ~ a t h o ~ 3 ,  o~ F e m a l e  ~ a t s  ~ t h e  2 - Y ~ r  G a r a g e  S t u d y  o~ 3 , , ~ - D i h y d ~ c ~ u n m H m  ~ I ~  ~ 
(continued) 

l ~ u m ~ r  off Days  o~ S tudy  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
1 1 1 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 1 7 9 9 9 0 0 0 0 0 0 0 1 1 1 1 1 1 4 4 4 4 4 4 4  

C a r c a s s  liD I q u m ~ e r  
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 1  

0 1 1 0 1 1 0 0 0 0 1 1 1 0 0 1 1 1 1 0 0 0 1 1 1 1 T o N i  
8 1 5 9 0 5 7 7 9 9 4 4 6 6 7 1 3 6 6 5 5 5 0 2 5 6 T ~ u ~  

1 1 2 5 4 4 1 2 2 4 1 2 3 5 5 2 3 1 5 1 3  4 1 5 3 2 T u m o r  

G e ~ e ~  l lh~y S y s ~  
None 

G e ~  ~ y ~ e ~  
Clitoral gland 

Adenoma 
Carcinoma • 

Ovary 
Oviduct 
Uterus 

Polyp 
Sarcoma stromal 
Cervix, sarcoma stromal 

Vagina 
Sarcoma 

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

X 

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

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

X X X X 

50 
1 
1 

50 
4 

51 
8 
1 
1 
3 
1 

H e ~ a ~ o ~ i e t i c  Sya~e~m 
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

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

1 
50 
50 
50 
50 
49 
49 

I l n ~ % ~ e a ~  gy~n~ 
Mammary gland 

Fibroadenoma 
Skin 

Fibroma 
Fibrous histiocytoma 
Papilloma squamous 

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

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

X X 

X X 

50 
6 

50 
2 
1 
2 

M e m c u ~ c ~ l ~ l  ~ y ~ r ~  

Bone + + + + + + + + + + + + + + + + + + + + + + + + + + 51 
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TABLE B2 

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  R a t s  in  t h e  2-Year Gavage Study of 3 , 4 - D i h y d r o c o u m r i n :  600  n w d k g  
(continued) 

Number of Days on Study 
0 0 3 4 5 5 5 5 5 5 5 5 5 5 ' 6 6 6 6 6 6 6 6 6 7 7  
4 9 3 5 0 0 2 3 3 3 5 7 9 9 0 1 1 3 3 3 3 7 8 0 1  
1 0 1 5 4 6 1 1 3 5 3 0 1 ' 6 2 8 8 1 8 9 9 8 0 8 0  

Carcass  ID Number  
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 1 1 1 1 1 1 1 0 1 1 1 1 . 1 1 0 0 0 1 0 0 1 1 1 0  
9 1 2 0 3 1 1 0 5 2 3 5 2 0 4 8 9 8 3 6 6 6 4 5 7  
3 4 4 2 5 5 3 5 2 3 1 1 2 3 3 5 1 4 4 2 4 4 4 5 4  

Nervous System 
Brain 

Cerebellum, astroeytoma benign 
Peripheral nerve 
Spinal cord 

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

+ + 

Respi ra tory  System 
Lung 

Fibrous histiocytoma 
Nose 
Trachea 

+ + + + A + + + + + + + + + . + + + + + + + + + + +  
X 

+ + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + A  + + + + + + + + + + + + + + + + + + + + 

Special Senses  System 
Eye 

Urinary System 
Kidney _ 
Urinary bladder 

Fibrous histiocytoma 
Papilloma 

+ + + + A + + A + + + + + + + + + + + + + + + + ~  
+ + + + M + . + + A + + + + + + + + + + + + + + + +  

X 

Systemic Lesions  
Multiple organs 

Leukemia mononuclear X X X X X X X X  



L ~ l o ~  i~ F e m a l e  I ~  151 

TA~L~ ~ 2  

l a ~ e a H  A n ~ a 9  T ~ o r  ~ a t h o g o ~ y  og F e ~ m a ~  R a t s  ~n t h e  2 - Y e a r  G a r a g e  S t ~ y  og  3 , , ~ - D ~ h y ~ r o c o a ~ a r ~ n :  ~ m g / ] ~  

(continued) 

N e ~ r  of Days oe StaGy 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
1 1 1 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 1 7 9 9 9 0 0 " 0 0 0 0  . 0 1 1 1 1 1 1 4 4 4 4 4 4 4  

C a N  lid N u m ~  
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 1  
0 1 1 0 1 1 0 0 0 0 1 1 1 0 0 1 1 1 1 0 0 0 1 1 1 1  

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

1 1 2 5 4 4 1 2 2 4 1 2 3 5 5 2 3 1 5 1 3 4 1 5 3 2  

T o n i  

T i s sues /  

T u m o r s  

t ~ e ~ o ~ s  S y s ~ m  
Brain 

Cerebellum, astroofloma benign 
Peripheral nerve 
Spinal cord 

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

+ + 
+ + 

49 
1 
2 
4 

R e s p i r a t o r y  S y ~  
Lung 

Fibrous histiocytoma 
Nose 
Trachea 

$~acian ~ a ~  S y ~ m  

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

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

50 
1 

50 
50 

Eye ÷ 

U r i n a r y  S y s t e m  
Kidney 
Urinary bladder 

Fibrous histit~-'ytoma 
Papilloma 

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

X 

49 
49 
1 
1 

~ya~eml© L ~ i o n s  
Multiple organs 

Leukemia mononuclear 

• ÷ ~ ~ • ÷ • ~ ÷ • ÷ • • • ÷ ÷ ÷ ÷ ÷ ÷ ÷ • • ÷ ÷ • 

X X X X 
51 
12 
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TAmJ~ B3 
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Gavage Study of 3,4.Dihydrocoumarin 

Vehicle Cont ro l  150 mg/kg 300 mg/kg 600 mg/kg 

Adrena l  Medul la :  Benign  Pheochromocy toma  
Overall rates a 1/50 (2%) 
Adjusted rates b 3.0% 
Terminal rates c 0/31 (0%) 
First incidence a(days) 716 
Life table tests" P=0.234 
Logistic regression tests d P=0.269 
Cochran-Armitag.~e test d P=0.333 
Fisher exact tesff 

Adrenal Medulla: Benign or Malignant Pheochromocytoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

2/50 (4%) 
6.2% 
1/31 (3%) 
716 
P=0.329 
P=0.370 
P=0.445 

Cl i tora l  Gland:  Adenoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression, tests 
Cochran-Armitage test 
Fisher exact t e s t . .  

3/47 (6%) 
9.0% 
2/30 (7%) 

652  
P=0.346N 
P=0.295N 
P=0.262N 

Cli toral  Gland:  C a r c i n o m a  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table t e s t s  
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

2/47 (4%) 
5.3% 
1/30 (3%) 
506 
Pffi0.249N 
P=0.194N 
P=0.185N 

Clitoran Gland:  Adenoma  o r  Ca rc inoma  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic r~gression tests 
Cochran-Armitage test 
Fisher exact test 

-5/47 (11%) 
14.1% 
3/30 (10%) 
506 
P •0.171N 
P=0.113N 
Pffi0.098N 

7/51 (14%) 6/49 (12%) 
31.0% 17.2% 
6/21 (29%) 3/26 (12%) 
710 580 
P=0.009 P=0.052 
P=0.012 P=0.053 

4/50 (s%) 
16.7% 
3/23 (13%) 
717 
P=0.105 ., 
P=0.110 . 

P=0.032 P=0.053 P=0.181 

7151 (14%) 
31.0% 
6/21 (29%) 
710 
P =0.024 
P=0.032 

Pffi0.085 

1/50 (2%) 
2.9% 
0/20 0%) 
657 
Pffi0.409N 
P = 0.324N 

Pffi0.285N 

4/50 (8%) 
i6 .5% 
2/20 (10%) 

• 682 
P=0.217 
Pffi0.322 

Pffi0.369 

6/49 (12%) 
17.2% 
3/26 (12%) 
58O 
P=0.115 
P=0.127 

P=0.128 

2/50 (4%) 
7.2% 
1:~ (4%) 
717 
Pffi0.550N 
Pffi0.478N 

Pf0.470N 

0/50 (0%) 
0.0% 
o/~ (0%) 

e _ 

P ffi 0.253N 
P=0.240N 

P=0.232N 

2/50 (4%) 
7.2% 
1/26 (4%) 
717 
P=0.261N 
P=0.192N 

P=0.193N 

• . 

5/50 (1o%) 
19.0% 
2/20 (10%) 
657 
P =0.445 
Pffi0.607 

Pffi0.590N 

4/50 (8%) 
16.7% 
3/23 (13%) . 
717 
Pffi0.213 
Pffi0.224 

P=0.339 

1/5o (2%) 
4.3% 
1/23 (4%) . 
729 (T) ~ 
Pf0.407N . ~ . 
Pffi0.344N 

Pffi0.285N 

. ,  

1/5o (2%) 
3.3% 
0/Z~ (0%) 
678~ 
Pffi0.562N 
P ffi 0.452N 

. . 

P=O.477N. 

2/50 (4%) 
7.5% 
1/23 (4%) 
678 
P=0.322N 
P=0.211H 

• 

P=0.193N 
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L ~ o ~  ~n ~en~ale ~ 

T,~L~ $~3 
~ t ~ t ~  A ~ y ~  o~ 1 ~ ' ~  I ~ e o ~  ~ F e ~ e  ~ ~ ~ e  ~-~'e~r G~v~ge ~ u ~ y  o~ ~ - D ~ y ~ r ~ r ~ n  
(continued) 

1.~3 

Veh~eae Co~on  1.~ mt~/~ ~ mg/~q~ ~ ~ 

I~dney (lRena~ Tubune): A~er~oma 
Overall rates 1/50 (2%) 
Adjusted rates 3.2% 
Terminal rates 1/31 (3%) 
First incidence (days) 729 (T) 
Life table tests P--0.359N 
Logistic regression tests P=0.353N 
Cochran-Armitage test P=0.315N 
Fisher exact test 

~ d n e y  0Rena~ Tebune): A~Renoma or C a ~ n o m a  
Overall rates 1/50 (2%) 
Adjusted rates 3.2% 
Terminal rates 1/31 (3%) 
First incidence (days) 729 ~ 
Life ~ble t ~  Pf0.4~N 
~g~tic ~ g ~ i o n  t ~  Pffi0.3~N 
~ h ~ n - ~ i ~ g e  t a t  Pf0.371N 
Fisher ~ c t  t a t  

I~,~Iamma~ Gland: F~b~de~oma  
Overall rates 14/50 (28%) 
Adjusted rates 38.3% 
Terminal rates 9/31 (29~) 
First incidence (days) 598 
Life table tests P=0.271H 
Logistic regression tests P=0.160N 
Cochran-Armitage test P=0.102N 
Fisher exact test 

~itu~a~y Gland (~ar~ D ~ l i s ) :  Adenoma 
Overall rates 31/49 (63%) 
~ j m t ~  ~ t ~  73.0% 
T e ~ i ~ l  ~ t ~  ~ 1  (65%) 
Fi~t ~ciden~ (day) ~ 5  
Life ruble tm~ Pffi0.~5H 
~ t i c  ~ g ~ i o n  t ~  P=0.0~H 
~ h ~ n - ~ i ~ g e  tat P=0.~2H 
Fisher ~ c t  t a t  

St~omch ~ o ~ o n m c h ) :  ,~uan~ous Cell Papilloma or 
~eml l  ~ t ~  0/50 (0%) 
~ j m t ~  ~ t ~  0 . ~  
T e ~ i ~ l  ~ t ~  0~1 (0%) 
Fi~t inciden~ (day) - 
Life ~ble t ~  P=0.037 
~g~tic ~ i o n  t ~  P=0.037 
~ h ~ n - ~ i ~ g e  tat P=0.~7 
Fisher ~ c t  t~t 

1/49 (2%) 1/49 (2%) 0/49 (0%) 
3.4% 3.8% 0.0% 
0/21 (0%) 1/26 (4%) 0/23 (0%) 
710 729 (T) - 
P=0.702 P=0.723 P=0.560N 
P=0.719 P=0.723 P=0.560N 

Pffi0.747 P=0.747 Pffi0.505N 

1/49 (2%) 2/49 (4%) 0/49 (0%) 
3.4% 6.1% 0.0% 
0/21 (0%) 1/26 (4%) 0/23 (0%) 
710 624 - 
P=0.702 P=0.459 P=0.560N 
P=0.719 P=0.495 P=0.560N 

P=0.747 P=0.492 P=0.505N 

9/51 (18%) 22/50 (44%) 6/51 (12%) 
35.4% 59.2% 19.5% 
5/21 (24%) 12/26 (46%) 3/23 (13%) 
710 611 521 
P =0A84N P =0.042 P =0.142N 
Pffi0.308N P=0.~9 Pffi0.062N 

Pf0.158N P=0.072 Pf0.035N 

21/48 (44%) 27/49 (55%) 19/50 (38%) 
68.7% 67.5% 55.3% 
12/21 (57%) 14/26 (54%) 10/23 (43%) 
471 538 455 
P=0.428N P--0.513N P--0.190N 
P--0.076N P =0.269N P =0.014N 

Pf0.042N P=0.269N P=0.010N 

~quan~ous Cell Carcinoma 
o/51 (0%) 
0.0% 
0/21 (0%) 
- -  

m 

m 

0/50 (0%) 
0.0% 
0/26 (0%) 
- -  

w 

- -  

2/51 (4%) 
8.7% 
2/23 (9~) 
729 (T) 
P=0.175 
P=0.175 

P=0.252 
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TABLE B3 

Stat is t ical  Analys is  o f  P r i m a r y  Neop lasms  in Fema le  Ra ts  in the  2 . Y e a r  G a r a g e  S t u d y  o f  3 ,4 -Dihydrocoumar in  
(continued) 

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg 

Thyroid Gland (C-cell): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Uterus: Stromal Polyp 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Uterus: Stromal Polyp or Stromal Sarcoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs: Mononuclear Cell Leukemia  " . 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs: Benign Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/49 (2%) 
3.2% 
1/31 (3%) 
729 (T) 
P=0.544 

. P=0.550 
P=0.566H 

9/50 (lS%) 
29.0% 
9/31 (29%) 
729 (T) 
P=0.500N 
P=0,405N 
P=0.317N 

9/50 (18%) 
29.0% ' 

- 9/31 (29%) 

729 (T) 
P=0.488 
P =0.500N 
P=0.425N • 

10/50 (20%) 
25.0% 
4/31 (13%) 
589 
P=0o206 
P=0.454 
P=0.336 

43/50 (86%) 
95.5% 
29/31 (94%) 
385 
P--0.339N 
P--0.014N 
P=0.006N 

4/48 (8%) 0/49 (0%) 
17.9% 0.0% 
3/21 (14%) 0/26 (0~) 
716 - 
P=0.086 P=0.535N 
P=0.105 P=0.535N 

2/50 0%) 
8.7% 
2/23 (9%) 
729(D 
P=0.3~ 
P=0.3~ 

P=0.175 P=0.5~N P=0.5~ 

11/51 (22%) 6/50 (12%) 
40.6% 21.9% 
.7/21 03%) 5/26 (19%) 
513 710 
P=0.131 P--0.416N 
P=0.273 P=0.380N 

P=0.421 P=0.288N 

11/51 (22%) 
40.6% 
7/21 (33%). 
513 , . 
P=0.131 
P=0.273 

P=0.421. , 

10/51 (20%) 
27.4% 
2/21 (10%) 
357 
P=0.401 
P=0.544N 

P=0.579N 

37/51 (73%) 
94.7% 
19/21 (90%) 
455 
P=0.201 
P=0.314N 

6/50 (12%) 
. ,: 21.9% 

,5/26 (19%) 
..~ 710 

~ P=0.416N 
P=0.380N 

. 

.... P=0.288N 

12/50 (24%) 
30.3% 
3/26 (12%) 
58O 
P=0.353 
P---0.524N 

P-0.405 

46/50 (92%) 
97.8% 
25/26 (96%) 
538 
P=O.120 
P~0.280 

P=0.262 P=0.077N 

8/51 (16%) 
26.4% 
4/23 (17%) 
5O4 
P=0.473 
P=0.595 

. 

P =0.482N 

9/51 (18%) 
27.9% • 
4/23 (17%) 
455 . . 
P=0.371 
P=0.534 

P--0.584N 

12/51 (24%) 
34.9% 
3/23 (13%) 
531 
P=0.217 
P=0.465 

P=0.426 

31/51 (61%) 
84.8% 
18/23 (78%) 
455 
P=0.376N 
P=0.015N 

P=0.004N 



~ i o ~  i~ ~ ' e ~ a ~  ~,~at~ 

T ~ L ~  ~;~ 
Stat~st~ca~ ~ a l y s ~  ~ ~ a r y  ~ p ] a s ~ s  in  F e m a l e  ] ~ a ~  ~ t ~  ~ - ~ f ~ r  G a r a g e  S t u d y  o f  3 ~ - D ~ h y ~ a n - i a  
(continued) 

1 ~  

Vehicle Coatro~ L ~  ~ / ~  ~ m g / ~  ~ m ~ / ~  

AIR Organs: I~ l l a l~an t  I~,op~sams 
Overall rates 16/50 (32%) 
Adjusted rates 39.1% 
Terminal rates 8/31 (26%) 
First incidence (days) 506 
Life table tests P=0.441 
Logistic regression tests P=0.273Iq 
Cochran-Armitage test P=0.391Iq 
Fisher exact test 

~ l  O~anm: ~ n ~ n  o~" I~lIeR~nant I~oplasnm 
Overall rates 47/50 (94%) 
Adjusted rates 95.9% 
Terminal rates 29/31 (94%) 
First incidence (days) 385 
Life table tests P=0.466 
Logistic regression tests P--0.028N 
Cochran-Armitage test P=0.015N 
Fisher exact test 

20/51 (39%) 15/50 (30%) 16/51 (31%) 
50,1% 38.6% 42.7% 
4/21 (19%) 5/26 (19%) 4/23 (17%) 
357 580 455 
P=0.110 P=0.550 P=0.311 
Pffi0.272 P=0,313N P--0.577N 

P=0.292 P=0.500N Pffi0.558N 

43/51 (84%) 48/50 (96%) 39/51 (76%) 
95.5% 98.0% 90.3% 
19/21 (90%) 25/26 (96%) 19/23 (83%) 
357 538 455 
P=0.129 P=0.213 P=0.421 
P=0.370N P=0.511 P=0.042N 

P=0.106N P=0.50O P=0.013N 

ST)Terminal sacrifice 
Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal 
gland, bone marrow, brain, clitoral gland, heart, ~idney, larynx, liver, lung, n~e,  ovary, pancreas, parathyroid gland, pituitary gland, salivary gland, 
spleen, thyroid gland, and urinary bladder, for other tissues, denominator is number of animals necropsied. 

b Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality 
c Observed incidence at terminal kill 
d Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values 

corresponding to pairwise comparisons between the controls and that dosed group. The life table test regards neoplasms in animals dying prior 
to terminal ~ill as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran- 
Armitage and Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in a dose group 
is indicated by N. 

e Hot applicable; no neoplasms in animal group .- 



156 3,4-Dihydrocoumarin, NTP TR 423 

TABLE B4a 
Hi s to r i ca l  Inc idence  o f  R e n a l  T u b u l e  N e o p l a s m s  in F e m a l e  F344/N Ra t s  Receiv ing  C o r n  Oil  by Gavage  a 

Incidence in Controls 

Adenoma Carcinoma Adenoma 
or  Carcinoma 

Overall Historical Incidence 

Total 2/1,018 (0.2%) 0/1,018 (0.0%) 2/1,018 (0.2%) 
Standard deviation 0.6% 0.6% 
Range 0%-2% 0%-2% 

a Data as of 17 December 1991 

TABLE B4b 
His to r i ca l  Inc idence  o f  F o r e s t o m a c h  N e o p l a s m s  in F e m a l e  F344/N R a t s  Receiv ing  C o r n  Oi l  by Gavage  a 

Incidence in Controls 

Squamous Cell Squamous Cell Squamous Cell 
Papilloma Carcinoma Papilloma or  

Carcinoma 

Overall Historical Incidence 

Total 3/1,020 (0.3%) 0/1,020 (0.0%) 3/1,020 (0.3%) 
Standard deviation 0.7% 0.7% 
Range 0% -2% 0% -2% 

a Data as of 17 December 1991 

TABLE B4c 
Hi s to r i ca l  Inc idence  o f  A d r e n a l  M e d u l l a  P h e o c h r o m o c y t o m a s  in  F e m a l e  F344/N R a t s  Rece iv ing  C o r n  Oi l  by  Gavage  a 

Incidence in Controls 

Benign Malignant Benign or  
Malignant 

Overall Historical Incidence 

Total 50/1,001 (5.0%) 8/1,001 (0.8%) 59/1,001 b (5.9%) 
Standard deviation 3.0% 1.4% 3.9% 
Range 0%-10% 0%-4% 0%-14% 

• 

a Data as of 17 December 1991 
b Includes one complex pheochromocytoma 
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TABLE ~5 
Su~n~eryj og the Incidence olr Nozaneo#ast~c LeMons in ~'e~nage IReS In the 2.Year Garage Study 
o~ 39,~-D~hydr~omna~n ~ 

Vehicle Control 1.~@ mS/kS ~ rag/ks ~ mg/Pq~ 

Disl~sition Summary 
Animals initially in study 60 60 60 60 
1 5 - M ~  ~ ~ 10 9 10 9 
Early deaths 

Moribund 13 17 20 19 
Accidental deaths 2 5 0 4 
Natural deaths 4 8 4 5 

Survivors 
Terminal sacrifice 31 21 26 23 

Animals examined microscopically 

15-Momh ffmerim Emhuaion 
Alimemary System 
Esophagus - (10) 

Inflammation, suppurative 
Liver (10) 

Basophilic focus 1 (10%) 
Developmental malformation 
Inflammation, chronic 2 (20%) 
Bile duct, hyperplasia 
Periductular, fibrosis 
Periductular, inflammation, chronic 4 (40%) 

Mesentery (1) 
Fat, necrosis, coagulative 1 (100%) 

Pancreas (10) 
Interstitium, fibrosis 

Salivary glands (10) 
Periductular, infiltration cellular, lymphocyte 1 (10%) 

Stomach, forestomach (10) 
Mineralization 2 (20%) 

(1) ~) 

I ~0%) 

1 (50%) 

(9) 
1 (11%) 

(9) 

2 (22%) 

3 (33%) 

(9) 
2 (22%) 

(9) 

(9) 
3 (33%) 

Cardiovascular Sys~m 
Heart (I0) 
Cardiomyopathy 3 (30%) 

(1) 
1 (10o%) 

(9) 
2 (22%) 

Endocrine Sys~m 
Pituitary gland (10) 

Pars distalis, cyst 1 (10%) 
Pars distalis, hemorrhage 
Pars distalis, hyperplasia 1 (10%) 

Thyroid gland (10) 
C-cell, hypcrplasia 1 (10%) 

Genera! ~ody Sys~m 
None 

(1) 

I (100%) 

(3) 
1 (33%) 

(1) 

(9) 

1 (11%) 
1 (11%) 

(9) 
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TAaI~ B$ 
Summary of the Incidence of 'Nonneoplastle Lesions in Female Rats in the 2-Year Gavage Study 
of 3,4-Dihydrocoumarin (continued) 

.. Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg 

15-Month Interim Evaluation (continued) 
Genital System 
Clitoral gland 

Duct, dilatation 
Uterus 

Hydrometra 

(10) (9) 
I (10%) 

(10) (3) (5) (9) 
1 (lO%) 1 (33%) 2 (40%) 3 (33%) 

Hematopoietic System 
Lymph node 

Hyperplasia, lymphoid 
Lumbar, pigmentation, hemosiderin 

(!o) (2) 
1 (50%) 
1 (50%) 

( 9 )  

Integumentary System 
Skin 

Inflammation, suppurative 
(10) (1) (9) 

1 (lOO%) 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Lung 

Alveolar epithelium, hyperplasia 
Nose 

Mucosa, inflammation, suppurative 

(10) (1) 
1 (100~) 

(10) 

(9) 
1 (11%) 

(9) 
1 (11%) 

Special Senses System 
Eye 

Iris, synechia 
Retina, dysplasia 

(1) 
1 (100~) 
1 (100%) 

(1) 

Urinary System 
Kidney 

Nephropathy 
Collecting tubule, mineralization 
Interstitium, infiltration cellular, lymphocyte 

(10) (1) 
2 (20%) 1 (100%) 
1 (10~) 
2 (20~) 

(1) 
1 (100%) 

(9) 
1 (11%) 

2-Year Study 
Alimentary System 
~nte~tine large, cecum 

Inflammation, suppurative 
, Intestine small, duodenum 

Ulcer 

(46) (43) 
1 (2%) 

(4s) (45) 

(47) 
1 (2%) 

(47) 
• 1 (2%) 

(~) 

C~) 
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TABLE ~$ 
~ u ~ m ~  o~ ~he gn~dence o~ Nonneop~es~c Lesions in Fe~me~e ~ e ~  ~n ~he ~-Ye~" G~v~ge ~ n d y  
ot~ ~ - D i h y ~ ' o c o u ~ e H n  (continued) 

Vehicle Con~ro~ 1.~0 ~ ~ rag/MS ~00 mg/kg 

2-~r¢~,~ " Study (continued) 
Alimen~ry Sys~m (continued) 
Liver (50) (51) (50) (50) 

Angiectasis 1 (2%) 1 (2%) 
Basophilic focus 2 (4%) 4 (8%) 
Clear cell focus 3 (6%) 1 (2%) 6 (12%) 8 (16%) 
Congestion 1 (2%) 1 (2%) 
Developmental malformation 8 (16%) 6 (12%) 5 (10%) 4 (8%) 
Eosinophilic focus 1 (2%) 1 (2%) 
Fatty change . 3 (6%) 7 (14%) 6 (12%) 1 (2%) 
Inflammation, chronic 21 (42%) 18 (35%) 20 (40%) 10 (20%) 
Mixed cell focus 1 (2%) 1 (2%) 
Necrosis, coagulative 7 (14%) 4 (8%) 2 (4%) 
Bile duct, hyperplasia 6 (12%) 5 (10%) 5 (10%) 5 (10%) 
Central vein, dilatation 1 (2%) 
Centrilobular, necrosis, coagulative 2 (4%) 2 (4%) 
Hepatocyte, cytoplasmic alteration 1 (2%) 
Hepatocyte, hypcrplasia 1 (2%) 1 (2%) 2 (4%) 2 (4%) 
Periductular, fibrosis 1 (2%) 4 (8%) 2 (4%) 
Periductular, infiltration cellular, lymphocyte 2 (4%) 
Periductular, inflammation, suppurative 1 (2%) 
Sinusoid, dilatation 1 (2%) 

Mesentery (6) (5) (4) (6) 
Fat, inflammation, chronic 1 (17%) 2 (40%) 
Fat, inflammation, chronic active 1 (17%) 
Fat, necrosis, coagulative 5 (83%) 2 (40%) 3 (75%) 3 (50%) 
Fat, necrosis, liquifactive 1 (17%) 

Pancreas (48) (46) (49) (49) 
Atrophy 2 (4%) 7 (15%) 5 (10%) 5 (10%) 
Ectopic tissue 1 (2%) 1 (2%) 
Hemorrhage, chronic 1 (2%) 
Hyperplasia 2 (4%) 
Infiltration cellular, lymphocyte 1 (2%) 
Inflammation, chronic 3 (7%) 1 (2%) 
Necrosis, coagulative 1 (2%) 

Salivary glands (50) (51) (50) (50) 
Submandibular gland, inflammation, chronic 1 (2%) 

Stomach, forestomach (50) (49) (50) (49) 
Fibrosis 1 (2%) 
Hyperkeratosis 1 (2%) 
Hyperplasia, squamous 1 (2%) 1 (2%) 2 (4%) 
Inflammation, chronic 1 (2%) 2 (4%) 
Inflammation, suppurative 1 (2%) 1 (2%) 
Ulcer 3 (6%) 1 (2%) 1 (2%) 1 (2%) 

Stomach, glandular (50) ~ (48) (48) (48) 
Erosion 1 (2%) 
Inflammation, chronic 1 (2%) 
Inflammation, suppurative 1 (2%) 
Ulcer 1 (2%) 1 (2%) 3 (6%) 
Mucosa, dilatation 1 (2%) 

Tongue (2) (1) 
Hyperkeratosis 1 (50%) 
Hyperplasia, squamous 1 (100%) 
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T,~SLE B5 
Summary of the Incidence of  Nonneoplastic Lesions in Female Rats in the 2-Year Gavage Study 
of  3 ,4 .Dihydrocoumarin (continued) 

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg 

2-Year Study (continued) 
Cardiovascular System 
Heart 

Cardiomyopathy 
Inflammation, suppurative 
Atrioventricular valve, fibrosis , 
Atrium, thrombus 

(50) (51) (50) (50) 
I0 (20%) 16 (31%) 17 (34.%) 8 (16%) 
1 (2%) 

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

Endocrine System 
Adrenal gland, cortex 

Angiectasis 
Clear cell focus 
Congestion 
Cyst 
Hemorrhage 
Infarct 
Necrosis, coagulative 
Vacuolization cytoplasmic 

Adrenal gland, medulla 
Cyst 
Hematopoietic cell proliferation 
Hyperplasia 
Infiltration cellular, lymphocyte 

Islets, pancreatic 
Infiltration cellular, lymphocyte 
Necrosis, coagulative 

Parathyroid gland 
Hyperplasla 

Pituitary gland 
Congestion 
Pars distalis, cyst 
Pars distalis, cyst multilocular 
Pars distalis, cytoplasmic alteration 
Pars distalis, hemorrhage 
Pars distalis, pigmentation, hemosiderin 
Pars intermedla, hemorrhage 
Pars nervosa, cyst 

Thyroid gland 
C-cell, hyperplasla 
Follicle, cyst 
Follicle, dilatation 

(50) (51) (49) (50) 
1 (2%) 

I (2%) 

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

I (2%) 
4 (8%) 

(50) (51) (49) 
1 (2%) 

9 (18%) 10 (20%) 8 (16%) 
1 (2%) 

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

(42) (44) (46) 

(49) (48) (49) 

3 (6%) 6 (13%) 2 (4%) 
6 (12%) 4 (8%) 2 (4%) 

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

1 (2%) 
(49) (48) (49) 

5 (10%) 4 (8%) 7 (14%) 
2 (4%) 1 (2%) 

i (2%) 

1 (2%) 

1 (2%) 
(50) , 

I (2%) 
8 (16%) 

(49) 

. , 

(45) 
2 (4%) 

(50) 
1 (2%) 
8 (16%) 

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

General Body System 
None 

Genital System 
Clitoral gland 

Hyperplasia 
Inflammation, suppurative 
Duct, dilatation 
Duct, inflammation, suppurative 

(47) (5o) 
2 (4%) 3 (6%) 
3 (6%) 4 (8%) 
2 (4%) 2 (4%) 

(50) 
2 (4%) 
5 (10%) 
2 (4%) 
i (2%) 

(5o) 

4 (8%) 
.2 (4%) 
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T ~  I~$ 
Summery o~ ~he ~ac~ence of Nonneop~sfic Lesions ~n Female II~e~ ~ ~he 2-'Year Garage S~u~y 
o~ ~ * D ~ l l y ~ ' o ~ g o u ~  (continued) 

Vehicle Control 150 mg/~g 300 mg/kg ~ mg/kg 

~,.~r~. S A y  (continued) 
Genl~  ~y~e~ (continued) 
~ (50) (5D (50) (50) 
Follicle, ~t 4 (8%) 4 (8%) 3 (6%) 4 (8%) 

Ute~  (50) (51) (50) (51) 
Hemo~Mge I (2%) 
Hydmmet~ 4 (8%) 5 (10%) 4 (8%) 5 (10%) 
H ~ ,  ~ t i c  2 (4%) 6 (12%) 3 (6%) 
~ in~mmation, suppu~tive 1 (2%) I (2%) 

Vagina (5) O) 
H ~ r k m t ~ i s  1 (~%) 
H ~ ,  ~ m o ~  I (~%) 
In.rotation, suppu~t~e 2 (~%) 3 (1~%) 
Me~pl~ia, ~namo~ 1 (~%) 

Hema~o~:o~etic Sys~m 
Bone marrow 

Hyperplasia, neutrophil 
Myelofibrosis 

Lymph node 
Inguinal, hyperplasia, plasma cell 
Lumbar, hyperplasia, histiocytic 
Mediastinal, congestion 
Medlastinal, hemorrhage 
Medlastinal, hyperplasia, histiocytic 
Mediastinal, hyperplasla, macrropbage 
Mediastinal, hyperplasia, plasma cell 
Mediastinai, necrosis, coagulative 
Prefemoral, hyperplasia, lymphoid 

Lymph node, mandibular 
Hyperplasia, lymphoid 
Hyperplasia, plasma cell 
Inflammation, suppurative 

Lymph node, mesenteric 
Congestion 

Spleen 
Atrophy 
Congestion 
Depletion lymphoid 
Developmental malformation 
Fibrosis 
Hematopoietic cell proliferation 
Hypetplasia, lymphoid 
Hyl~rplasia , plasma cell 
Hyperplasia, reticulum cell 
Necrosis, coagulative 
Necrosis, liquifactive 
Pigmentation, hemosiderin 
Capsule, hemorrhage 

Thymus 
Epithelial cell, cyst 

(49) (50) 
1 (2%) 

(50) (51) 
1 (2%) 

1 (2%) 
(~) 

2 (4%) 

1 (2%) 
(5o) 

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

1 (2%) 

1 (2%) 

(,u) 
1 (2%) 

(50) 

(50) 

1 (2%) 

1 (2%) 

I (2%) 
1 (2%) 

(51) (49) 
2 (4%) 
1 (2%) 

(50) (50) 
1 (2%) 

(49) (49) 

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

1 (2%) 
(47) 

3 (6%) 

I (2%) 

(50) 

(5o) 

1 (2%) 
(50) 

1 (2%) 
1 (2%) 

, 1,(2%) 

1 (2%) 

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

(5o) 

. (49) 

4 (8%) 

1 (2%) 

1 (2%) 

2 (4%) 

(49) 
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TAaI~ B5 
Summary  of the Incidence of Nonneoplastic Lesions In  Female Rats. In the 2,Year Gavage  Study 
of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 1~0 mg/kg 300 mg/iql 600 mh/kg 

2-Year Sgudy (continued) 
Integumentary System 
Mammary gland 

Galactocele 
Lactation 
Acinus, hyperplasia 

Skin 
Inflammation, suppurative 
Subcutaneous tissue, cyst epithelial inclusion 
Subcutane6us tissue, inflammation, chronic 
Tail, hyperkeratosis 
Tail, inflammation, suppurative 

(49) (49) (49) 
3 (6%) 2 (4%) 3 (6%) 
1 (2%) 1 (2%) 1 (2%) 
1 (2%) 

(50) (5o) (5o) 
1 (2%) , 

i (2%) 

(50) , 

1 (2%) 

1 (2%) 
1 (2%) 

Musculoskeletal System 
None 

Nervous System 
Brain 

Hemorrhage 
Hydrocephalus 
Necrosis, liquifac.ti~e ... 

Cerebellum, gliosis 
Hypothalamus, compression 
Meninges, inflammation, chronic 
Thalamus, compression 
Thalamus, necrosis, coagulative 

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

1 (2%) 

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

(4S) 

1 (2%) 

• . 

3 (6%) 

2 (4%) 
1 (2%) 

(49) 
i (2%) 
r (2%) 

• 

i (2%) 
. . 

I (2%) 

Respiratory System 
Lung 

Congestion 
Edema 
ADeolar epithelium, hyperplasia 
Alveolus, edema 
Alveolus, foreign body 
Alveolus, hemorrhage 
Alveolus, inflammation, chronic 
Alveolus, inflammation, suppurative 

Nose 
Congestion 
Lumen, fungus 
Lumen, inflammation, chronic 
Lumen, inflammation, suppurative 
Mucosa, inflammation, chronic active 
Mucosa, inflammation, suppurative 
Nasolacrimal duct, inflammation, chronic 

(50) 

3 (6%) 
1 (2%) 

I (2%) 
lo (2o%) 

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

(51) 
2 (4%) 
2 (4%) 
3 (6%) 

1 (2%) 
I (2%) 

(51) 

2 (4%) 

(SO) 

a (6%) 

1 (2%) 

(50) 

2 (4%) 

I (2%) 

I (2%) 

(5o) 
1 (2%) 
2 (4%) 

2 (4%) 

1 (2%) 

(50) 
1 (2%) 

5 (lo%) 

1 (2%) 
1 (2%) 



L~sio~ ~a ~Femab ll~t~ 

TA~.~Z ~5 
Suma~slryj og ~he ~ncfiden~ o¢ l~onn~p~astic Lesions ~n Female ~a t s  In the ~-~e~r Garage  Study 
o~ 3 ~ D ~ h y ~ c ~ u ~ a ~ n  (continued) 
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i 

Veh~de Contro0 L~ maS/~ ~ ms/kS ~ ms/P~ 

2o~'~ '  S ~  (continued) 
~..~m~ ~ne~s ~t~ 
Eye 
~ ~mct 
P~mdor c~m~r, hemo~ge 
Rct~, atrophy 

~ I  ~nd 
Pi~enmtion, ~ h ~ n  

(I) (1) (2) (1) 
1 (100%) 1 (50~) 1 (100%) 

1 (50~) 
1 (100%) 

O) 
1 (1~%) 

~ 

U ~ a ~  ~ y ~ m  
Kidney (50) (49) (49) (49) 

Hydronephrosis 2 (4%) 
Nephropathy 20 (40%) 20 (41%) 37 (76%) 31 (63%) 
Cortex, cyst 1 (2%) 1 (2%) 
Cortex, necrosis, coagulative 1 (2%) 
Pelvis, inflammation, chronic 1 (2%) 1 (2%) 1 (2%) 
Pelvis, mineralization 1 (2%) 
Renal tubule, hyperplasia 1 (2%) 

Urinary bladder (48) (50) (48) (49) 
Developmental malformation 1 (2%) 
Infiltration cellular, lymphocyte 1 (2%) 

a Number of animals examined microscopically at site and number of animals with lesion 
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~ t ~  C o n  0~  by Ga~a~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
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TABLE C I  
S u m m a r y  o f  t h e  Inc idence  o f  N e o p l a s m s  in  M a l e  Mice  in t he  2 -Year  Gavage  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n  a 

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

Disposition summary 
Animals initially in study 
1 5 - M ~  ~ ~ 
Early deaths 

Moribund 
Accidental deaths 
Natural deaths 

Survivors 
Terminal sacrifice 

Animals examined microscopically, 

70 70 70 
20 19 20 

3 8 
1 1 
4 8 

42 34 38 

7O 
19 

3 
1 
8 

39 

$$ 56 60 

15-Month Interim Evaluation 
Alimentary System 
Liver " " 

Hepatoeellular adenoma 
(10)  (5) ~ (4) (10) 

3 (30~) 4 (S0~) 2 (50~) 3 (30~) 

Cardiovascular System 
None 

Endocrine System 
Thyroid gland 

Follicular cell, adenoma 
0o) 

1 (10~) 
(10) 

General Body System 
None 

Genital System 
None 

Hematopoietic System 
Lymph node, mesenteric 

Lymphoma malignant 
Spleen 

Lymphoma malignant 

(lO) 

(lO) 

(1) 
1 (lOO~) 

(1) 
1 (lOO~) 

(10) 

(10) 

Integumentary System 
None 

Musculoskeletal System 
None 
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T ~ L ~  C~. 
Suan~naary ~ ~ e  ~ c ~ e ~ c e  o~ H~pllas~s ~ l~laIl~ I ~  ~n the ~4'ezw G ~ v ~  Study o~ ;~-D~hy~'~n~n~a~n (continued) 

Veh~©ae Coat,on ~ ma~/~ 

~ 5 - ~ ' O ~  ggkf~g'~ ~lT~l~g~l~Og~ (~ntinu~) 
N e ~ o ~  S ~ m  
None 

R e s p i r ~ y  S ~ s ~  
Lung (10) (2) (2) (10) 

Alveolar/bronchiolar adenoma 1 (10%) 1 (50~) 1 (50%) 1 (10%) 
Alveolar/bronchiolar adenoma, multiple 1 (50%) 

$~ia~ ~ e n ~  S y ~  
Harder/an gland 
Adenoma 

(1) 
1 (1~o%) 

Urinary System 
None 

Systemk Legions 
Multiple organs c 

Lymphoma malignant 
(lO) (7) (5) (10) 

1 (20%) 

2-Year S~dy 
Alimentary System 
Intestine large, ~ u m  (47) (~)  
Int~tine small, ileum 07) (~)  

~en~rc inoma 1 (2%) 
. Int~tine small, jejunum (47) (45) 

~en~rc inoma 2 (4%) 
~enoma 1 (2%) 
Sar~ma 1 (2%) 

L~er (50) (51) 
Hemangi~r~ma 1 (2%) 
Hemangi~r~m,  multiple 1 (2%) 
He~toblastoma 
He~t~llular  ~rcinoma 10 (~%) 11 (22%) 
H e ~ t ~ l h l a r  ~rcinoma, multiple 1 (2%) 
H e ~ t ~ l h l a r  adenom 21 (42%) 18 (35%) 
H e ~ t ~ l h l a r  adenoma, multiple 8 (16%) 5 (10%) 
H e ~ t ~ h o l a n ~ i n o m a  
His t i~ ic  ~r~ma 1 (2%) 

M~nte~  (1) (2) 
Hemangiom 1 (50%) 

Panc~ (~) " (50) 
Stomach, fo~tomach (49) (49) 
Papilloma ~mo~ 2 (4%) 
Squamous ~II ~rcinoma 1 (2%) 1 (2%) 

Stomach, glandular (~) (47) 
Sq~mo~ ~II ~rcinom, metastatic I (2%) I (2%) 

(43) 
(43) 

1 (2%) 
(43) 

• (51) 

11 (22%) 

17 (33%) 
19 (37%) 

(2) 

(4s) 
(46) 

5 (11%) 

, (44) 
(44) 

(44) 

(50) 

2 (4%) 
6 (12%) 

12 (24%) 
19 (38%) 
1 (2%) 

(1) 

(49) 
(4s) 

2 (4%) 
2 (4%) 

(46) ~ 
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TABLE C l  
of  the  Inc idence  of  Neop la sms  in Male  Mice in the  2-Year  Gavage  Study of  S u m m a r y  3 ,4 -Dihydroconmar in  (continued) 

. : Vehicle Control 200 mg/kg 400 mg/kg 800 mg/kg 

2-Year Study (continued) 
Cardiovascular System 
Heart 

Aiveolar/bronchiolar carcinoma, metastatic, 
lung 

Hemangiosarcoma, metastatic, spleen 
Hepatoeellular carcinoma, metastatic, liver 
Sarcoma 

(5O) 

i (2%) 
1 (2%) 

(51) (51) 

1 (2%) 

. -  

1 (2%) 

(50) 

1(2%) 

Endocrine System 
Adrenal gland 

Spindle ceil, adenoma 
Adrenal gland, cortex .i. 

Alveolar/bronchiolar carcinoma, metastatic, 
lung 

Adrenal gland, medulla 
Alvcolar/bronchiolar carcinoma, metastatic, 

lung 
Islets, pancreatic 

Adenoma 
Pituitary gland 

Pars distalis, adenoma .. 
Thyroid gland 

Follicular cell, adenoma 

(50) 
1 (2%) 

(49) 

1 (2%) 
(49) 

1 (2%) 
(49) 

(47) 

(49) 

(50) 

(50) 

(49) 

(50) 
2 

(46) 

(49) 

(4%) 

(48) 

(48) 

(48) 

(49) 

(45) 
I (2%) 

(49) 

(49) 

(49) 

(47) 

(50) 
• 

(45) " 
1 (2%) 

• (50) 
2 (4%) 

General Body System 
Tissue NOS 

Liposarcoma 
Thoracic, hemangioma 
Thoracic, hepatoeellular carcinoma, metastatic, 

liver 

(1) (5) 

1 (20%) 

1 (2o%) 

(1) 
• 1 (100%) 

Genital System 
Epididymis (49) 
Alveolar/bronchiolar carcinoma, metastatic, 

lung 1 (2%) 
~qnamous .~.H carcinoma, metastatic, stomach 

Seminal vesicle (49) 
Testes (49) 

Interstitial cell, adcnoma 1 (2%) 

(49) 

1 (2%) 
(48) 
(48) 

(48) 

( 4 7 )  

(48) 

(49) 

(48) 
(48) 

Hematopoietic System 
Bone marrow 

Histiocyt!c sarcoma 
(49) (51) 

1 (2%) 
(50) (49) 



Lesio~e ~ I~e~e I~ice 1 ~  

TA~LZ C~ 
Su~mary o~ the ~nc~le~ee o~ lqeopHas~s ~n l~s~e ~ e e  ~n the ~oYesr GsvsSe S~t~J~dy o~ ~ -D~ydrczou~s r~n  (continued) 

Ver~©~e C o r ~  ~ ~ , ~  ~ ~ na~/~ 

2"~'~g~ S/~)~  (continued) 
~ e ~ l ~ o ~ o ~ c  Sy~ (continued) 
L~ph  n~e  (50) 

Bmnchial, ~ m a  
Bronchial, ~ m o ~  ~ll ~ n o m a ,  m e ~ t i c  
M ~ t i n a l ,  a~ r&mnch io l a r  ~rcino~, 

men.tic" lung 
M~i~tinal, h e ~ t ~ l l u ~  ~ n o m a ,  

m e ~ t i c ,  leer 
M ~ t i ~ l ,  h e ~ t ~ h o ~ n o m a ,  

m e ~ t i c ,  I ~  
M ~ t i ~ l ,  ~ 

L~ph  n~e, mandibuhr (47) 
L~ph  n~e, m~ntefic (49) 
Spl~n (49) 

Hemn~om 
H e m a n ~ m  
H ~ t i ~ i c  ~ 

~ O1) 
~ r ~ m n c h i o ~ r  ~ n o m a ,  me~s~tic, 

lung 
H ~ t ~ l l u l a r  ~rcino~,  me.static" liver 

1 (2%) 

1 (2%) 

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

1 (2%) 

I (2%) 

I (2%) 
(41) (49) 
(45) (43) 
(SO) (46) 

1 (2%) 
1 (2%) 

1 (2%) 
(49) (39) 

1 (2%) 

1 (2%) 

1 (2%) 

(~) 
(4D 
(~) 

2 (4%) 

(46) 

1 (2%) 

]n~en~zy S y ~  
Sldn 

Hepatocholangiocarcinoma, metastatic, liver 
Subcutaneous tissue, heman~ioma 

(49) (49) (49) (4s) 
1 (2%) 
1 (2%) 

I~hme~n~ele~l Sy~e~ 
Bone 

~ r ~ n c h i o l a r  ~ r ~ n o ~ ,  me~s~fic" 
lung 

H e ~ t ~ h o ~ n g i ~ n o m ,  m e ~ t i c ,  INer 
. 

Skele~l m ~ l e  
~ r ~ m n c h i o ~ r  ~ n ~ ,  m e ~ t i c ,  

lung 
D~phm~, a~ r&mnch io l a r  ~rcinoma, 

m e ~ t i c ,  lung 

(5o) 

1 (2%) 

(I) 

1 (1~o%) 

(51) 

1 (2%) 

(51) (50) • 

1 (2%) 
(2) 

1 (50%) 

Ner~o¢~ ~ye~e~ 
None 

~ e s p ~ - y  ~ y s ~  
Lung 

Adenocarcinoma, metastatic, harderian gland 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveol~r/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, multiple 
Hepato~ellular carcinoma, metastatic, liver 

(5o) 

7 04%) 
1 (2%) 
1 (2%) 

1 (2%) 

(50) (51) 
1 (2%) 

14 (28%) 12 (24%) 
1 (2%) 3 (6%) 
2 (4%) 1 (2%) 
I (2%) 
3 (6%) 2 0%) 

(50) 

10 (20%) 

3 (6%) 

1 (2%) 
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TAnLE CI 
Summary of the Incidence of Neoplasms in Male Mice in-the 2-Year Gavage Study of 3,4-Dihydrocoumarin (continued) 

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

2.Year Study (continued) 
Respiratory System (continued) 
Lung (continued) 

Hepatocholangiocarcinoma, metastatic, liver 
Liposarcoma, metastatic, tissue NOS 
Neoplasm NOS, metastatic, liver 

Nose 
Histiocytic sarcoma 

, 1 (2%) 
1 (2%) 
1-(2%) 

(50) (51) (5o) (5o) 
1 (2%) 

Special Senses System 
Eye (3) (3) 

Adenocarcinoma, metastatic, harderian gland 1 (33%) 
Harderian gland (5) (4) 

Adenocarcinoma 1 (25%) 
.Adenoma 5.(I00%) 3 (75%) 

Lacrimal gland (1) (1) 
Adenoma 

(2) 

(2) 

2 (lOO%) 
(i) 
1 0oo%) 

(2) 

(2) 

2 (lOO~) 

Urinary System 
Kidney 

Alveolar/bronchiolar carcinoma, metastatic, 
lung . . . . . .  

Hepatocellular carcinoma, metastatic 
Hepatocellular carcinoma, metastatic, liver 
Hepatocholangiocarcinoma, metastatic, liver' 
Histiocytic sarcoma 
Squamous cell carcinoma, metastatic, stomach 
Renal tubule, adenoma 
Renal tubule, carcinoma 

(5o) 

1 (2%) -- 

' ? 

(51) 

1. (2%) 
,. "I (2%) 

• . 

1 (2%) 
1 (2%) 

1 (2%) 

(51) 

, . .  

• . 

2 (4%) 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

(50) (51) 
i (2%) 

(51) 

2 (4%) 

i (2%) 
1 (2%) 

(5o) 

3 (6%) 
1 (2%) 



~ : £ : : : ~ - - ~ - - ~  ~ : - ~  . . . .  ~ _ . . ~  . ~ _ _  ~ ~ 

L e ~ o ~  fi~ I~I~e I~i]~e~ 17~. 

T ~  C~ 
~ a l r y  o~ t~]~e ~ ¢ ~ e ~  off Heop~a~m~e ~ Mane ] ~ ¢ e  ~l~ tl~e ~ - Y ~ "  G m , ~ e  ~ t ~ y  o~ ~ , ~ - ~ ) ~ y ~ o e o ~ m ~ a ~  (continued) 

Vehicle ~ n ~  ~ ~ ~ ~ / ~  ~ ~ / ~  

I ~ p ~  ~ 
Total animals with primary neoplasms d 

15-Month interim evaluation 4 6 4 3 
2-Year study 42 40 44 44 

Total primary neoplasms 
15-Month interim evaluation 5 6 5 4 
2-Year study 67 63 84 71 

Total animals with benign neoplasms 
15-Month interim evaluation 4 6 4 3 
2-Year study 35 39 39 37 

Total benign neoplasms 
15-Month interim evaluation 5 6 4 4 
2-Year study 47 45 63 49 

Total animals with malignant neoplasms 
15-Month interim evaluation 1 
2-Year study 17 17 15 20 

Total malignant neoplasms 
15-Month interim evaluation 1 
2-Year study 20 18 21 22 

Total animals with metastatic neoplasms 
2-Year study 4 5 2 5 

Total metastatic neoplasms 
2-Year study 11 16 2 13 

a Humber of animals ¢mmained microscopically at site and number of animals with lesion 
b Of the animals designated for the 15-month interim evaluation, only 5-10 per dose group were examined microscopically. " 
¢ Number of animals with any tissue examined microscopically 
d Primary neoplasms: all neoplasms except metastatic neoplasms 

i 
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TABLE C2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 
Vehicle Control 

Number of Days on Study 
0 4 4 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Adenocarcinoma 

Intestine small, je junum 
Adenocarcinoma 
Adenoma 
Sarcoma 

Liver 
Hemangiosarcoma 
Hemangiosarcoma, multiple 
Hepatocel lular  carcinoma 
Hepatocel lular  carcinoma, multiple 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, multiple 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 
Squamous cell carcinoma, metastatic 

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

M A M + + A + + + + + + + + +  + + + + + + + +  + +  
+ A A + + A +  + + + + + + + + + + + + + + + + + +  
+ A A +  + A +  + + + + + + + + + + + + + + + + + + 
+ A A +  + A +  + + + + + + + + + + + + + + + + + + 
+ A A +  + A + + +  + + +  + + I  I + + + + + +  + +  + 
+ A A +  + A +  + + + + + + +  + + +  + + + + + + + + 
+ A A +  + A + +  + +  + +  + + + + + + + + + + + + + 
+ A A +  + A +  + + + + + + +  + + + + + + + + + + + 

X 
+ A A +  + A +  + + + + +  + + + + + + + + + + + + ~ 

X 
X 

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

X 

X 
X X X  X 

X X X  X X X X X  X X X  
X X X  X - .  

+ A +  
+ + + 
+ + + 
+ + + 

+ + A  

+ 

+ + A +  + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + 

+ + A  + + + + + + + + + + + + + + + + + + + 
+ + A  + + + + + + + + + + + + + + + + + + + 

X 

X 
+ 

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

C a r d i o v a s c u l a r  S y s t e m  

Heart  
Alveolar/bronchiolar carcinoma, 

metastatic, lung 
Hemangiosarcoma, metastatic, spleen 

+ + + + + + + + + + + + + + + + + + + + + + + ÷ + 

X 
X 

+: Tissue examined microscopically 
A: Autolysis precludes examination 

M: Missing tissue 
I: Insufficient tissue 

X: Lesion present 
Blank: Not examinc~d 
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T ~ L ~  C ~  

~ n ~ i ~ l ~ n ~  A n ~  T e n o r  ~ ? ~ h o ~ o ~ y  o~ l ~ , ~ e  ]~[~ce ~n ~:he ~ - ' ~ e ~ r  G ~ w s e  S~u~ly o f  3 , 4 - D ~ h y ~ r ~ o u ~ a r ~ n :  

V e ~ C ~  Con~ro~  (continued) 

I ~ l a ~ e r  o f  Days  o~ ~ e ~ y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C ~ r ~  lid B l m n ~ r  
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 6 6 6 7 0 0 1 1 1 1 2 2 2 2 2 3 3 4 4 4 5 6 6  

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

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  

T o ~  

T i s su e s /  

T u m o r s  

A l i m e n ~ r y  [~ys~m 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 

Adenocarcinoma 
Intestine small, jejunum 

Adenocarcinoma 
Adenoma 
Sarcoma 

Liver 
Hemangiosarcoma 
Hemangiosarcoma, multiple 
Hepatoceilular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentety 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Squamous cell carcinoma 

Stomach, ~andular 
Squamous cell carcinoma, metastatic 

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

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

X X 

+ + + + + + + + +  

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

+ + + + + I + + +  
+ + + + + + + + +  
+ + + + + + + + +  
+ + + + + + + + +  

+ + + + + + + + +  

+ ÷ ÷ ÷ ÷ + + ÷ ÷ ÷ + + + + + ÷ + + + + ÷ ÷ ÷ + + 

X X X X X X 
X 

X X X X X X  X X  X X 
X X X  X 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
÷ + + ÷ + + ÷ + + + + ÷ + ÷ ÷ + ÷ ÷ ÷ + + + ÷ + + 
÷ + + + + + ÷ + + + ÷ + + ÷ ÷ ÷ ÷ ÷ ÷ + + + + + ÷ 

X 

÷ ÷ + + ÷ + ÷ ÷ + + ÷ ÷ + ÷ ÷ + + + + + ÷ + + + + 

50 
45 
47 
47 
47 
44 
47 
47 
47 

1 
47 
2 
1 
1 

50 
1 
1 

10 
1 

21 
8 
1 

48 
50 
49 
49 
2 
1 

48 
1 

C ~ o v ~ f l ~ r  ~ y s ~  
Heart 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Hemangiosarcoma, metastatic, spleen 

5O 

1 
1 
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TASTE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

V e h i c l e  C o n t r o l  (continued) 

N u m b e r  o f  Days  o n  S t u d y  
0 4 4 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

Carcass ,  I D  N u m b e r  
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 2 3 4 4 2 6 0 0 0 0 1 1 1 2 2 3 3 3 3 4 4 5 5  
4 8 2 5 4 2 0 4 2 5 7 9 0 1 5 4 7 0 4 7 8 1 3 2 3  
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  

E n d o c r i n e  Sys t em 
Adrenal gland 

Spindle cell, adenoma 
Adrenal gland, cortex 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Adrenal gland, medulla 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

÷ + + + + +  

÷ + ÷ + +  

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

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

X 
÷ + ÷ ÷ + ÷ 

+ A + + + +  
+ M + + + +  
+ + + + + M  
+ A + + + +  

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

X 
+ ÷ ÷ + ÷ ÷ + ÷ + + ÷ ÷ + + + + ÷ ÷ ÷ 

M M + M +  + + + + + + M M +  M +  M +  + 
+ + + + M + + + + M + + + + + + + + +  
+ ÷ + ÷ ÷ ÷ % + + + ÷ ÷ ÷ + ÷ % ÷ ÷ ÷ 

General  Body S y s t e m  
Tissue NOS 

Geni ta l  S y s t e m  
Epididymis 

Alvcolar/bronchiolar carcinoma, 
metastatic, lung 

Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

+ + + + + A + +  + + + + + + + + + + + + + + + + + 

X 
+ + + +  + 

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

+ + ~ + + A +  + + + + + + + + + + + + + + + + + + 
+ + + + + A +  + + + + + + + + + + + + + + + + + + 

X 

Hema topo i e t i c  S y s t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemanglosarcoma 
Thymus 

Alvcolar/bronchiolar carcinoma, 
metastatic, lung 

÷ ÷ ÷ ~ ÷ A +  % + ÷ % + ÷ ÷ ÷ ÷ % ÷ ÷ ÷ ÷ + % + % 
÷ % ÷ % ÷ % + ÷ ÷ % + + + + ÷ % ÷ + ÷ + ÷ + ÷ % + 

+ M M  + : M  +, + + + + + + + + + + + + + + + + ÷ • + 
÷ + ÷ ÷ ÷  ÷ + M ÷  ÷ + ÷ ÷ +  ÷ +  + + +  + ÷  ÷ +  + +  
÷ ÷ + ÷  ÷ A ÷  ÷ ÷ ÷ ÷ + + ÷  + +  + + ÷  ÷ +  ~ ÷  + +  

X 
+ + + I  I A + + + ÷ + + + + I  + + + + + + + + + +  

X 

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 
Skin 

M M M M M M M ÷  MM+ + M M M M M M ÷  M M M M M M  
+ + + + + A + + + + + + + + + + + + + + + + + + %  



. . . . . . . . . . .  ~ ~ =  = ~ ~ 

L m l o ~  In ~ a ~ e  ~ c ~  

T ~ L ~  C ~  

l ~ n ~ u ~  A n ~  T ~ m ~ r  F ~ [ h o ~ y  ~ I ~ , ~ e  M i c e  ~n ~.he ~ -Yeznr  G ~ v ~ e  ~ u ~ y  o f  3 , ~ - D i h y ~ r ~ u ~ r a :  

V e ~  C o ~ I r o ~  (continued) 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

175 

I ~ l e ~ r  o~ D a y s  o~  S ~ y  2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C ~ r e ~ a  ]D  i~lunaher 

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

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

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  

T o ~  

T i t u s /  

T u m o r s  

l ~ n ~ e  ~ y ~ m  
Adrenal gland 

Spindle cell, adenoma 
Adrenal gland, c o r t ~  

Alvcolar/bronchiolar carcinoma, 
metastatic, lung 

Adrenal gland, medulla 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

+ ÷ + + + + + + + + . +  + + + + + + + + + + + ÷ + + 

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

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

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

+ + I  + + + + + + + + + + + M + + + + I  + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + ÷ + + + + + + + + + + + + + + + + + + + + + + 

50 
1 

49 

1 
49 

1 
49 
39 
47 
49 

CGe~er~ ~ y  S y ~ m  
Tissue NOS 

G ~ n l ~ n  S y ~ n  
Epididymis 

I Alveolar/bronchiolar carcinoma, 
[ metastatic, lung 
! Preputial gland 

Prostate 
Seminal vesicle 
Testes 

! Interstitial cell, adenoma 

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

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

49 

1 
12 
50 
49 
49 

1 

Hem~.o~p~e~i© S y s ~  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteri¢ 
Spleen 

Hemanglmareoma 
Thymus 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

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

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

49 
50 
47 
49 
49 
1 

41 

~ n ~ u m ~ r y  S y ~ m  
i ~ m m ~  gland 
Skin 

M M M M M M M +  ~ M M M M +  M M M M +  M M M M M M  
+ + ÷ + + + + + + + + + + + + + + + + + + + + + + 

7 
• 49 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  G a r a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

V e h i c l e  C o n t r o l  (continued) ~. 

N u m b e r  o f  Days  on S tudy  
0 4 4 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
1 4 5 2 9 5 9 9 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
1 9 6 8 1 8 0 6 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  

C a r c a s s  ID N u m b e r  
. 

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

Muscu loske le ta l  Sy s t em 
Bone 

Alvcolar/bronchiolar carcinoma, 
metastatic, lung 

Skeletal muscle 
Alveolar/bronchiolar carcinoma, 

metastatic, lung 

. .  

+ + + + + + + + ~ ~+ + + + +. + + + + + + + + + + + 

X 
+ 

X 

Nervous  Sys t em 
Brain + + A + + A + + + + + ÷ + + + + + + + + + + + + +  

Resp i r a to ry  Sys t em 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveolar/bronchiolar carcinoma 
Hepatoceilular carcinoma, metastatic, 

liver 
Nme 
Trachea 

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

X X X ~ .~ . .  X . X 

X 

. .  

+ ~ +  + + + + + + ~  + + + + + + + + + + + + + + + + 
+ + + + + + + + + . +  + + + + + + + + + + + + + + + 

Special Senses  Sys t em 
Eye 
I-Iarderian gland 

Adenom& 
Lacrimal gland 
Zymbal's gland 

+ + 
+ + + 

X X  X 

Ur ina ry  Sys t em 
Kidney 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Urinary bladder 

+ + + + + + ~  + + + ÷ ÷ + + + + + + + + + + + + + 

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

Sys temic  Les ions  
Multiple organs 
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TA~Z C~ 
~ n ~ l ~ a l l  Anli~sl] T ~ o r  ~s~o~n~y o~ ~ s ~  ~ c ~  ~n the ~ - ~ a r  G a ~  ~tudy o~ ~ - D ~ h y d r ~ u ~ a H n :  
V~I~©~ Co~ro~ (continued) 

I ~ r  o~ ~ay~ o~ ~ ¢ y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C m r c ~  lid l~um~r 
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 6 6 6 7 0 0 1 1 1 1 2 2 2 2 2 3 3 4 4 4 5 6 6  

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

M u ~ ~  Sy~m 
~one 
Alwol~r~bronc~iolar cardnoma, 

metastatic, lung 
Skeletal muscle 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

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

T o ~ n  

T f imu ~ /  
T u ~ o ~  

5O 

1 
1 

1 

N e r ~ o m  Sys t em 
Brain + + + + + + + + + • + + + + + + + + + + + + + + + 

~ p i r ~ o ~ y  S y ~ m ~  
Lung 

Alveolarforonchiolar a d e n o m  
Alveolar/bronchiolar adenoma, multiple 
Aiveolar/bronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 

liver 
Nose 
Trachea 

+ + + + + + ~ +  + + + + + + + + + + + + + + + + + + 

X X 

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

50 
7 
1 
1 

1 
50 
50 

Special  S e n s e s  S y s t e m  
Eye 
Harderian gland 

Adenoma 
Lacrimal gland 
Zymbal's gland 

+ 

X 
+ 
+ 

+ 
+ 

X 

3 
5 
5 

1 
1 

U r i n a r y  ~ y s ~  
Kidney 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Urina W bladder 

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

+ + + + + + + + + + + + + + + + + + + + + + + ÷ + 

5O 

1 
50 

~ y ~ e  ~ o ~  
Multiple organs + + + + + + + + + + + + + + + + + + + + + + + + + , 50 
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TABLE C2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 
200 mg/kg 

N u m b e r  o f  D a y s  o n  S t u d y  ~ 
1 4 4 4 5 5 5 6 6 6 7 7 7 7 ~ 7 7 7 7 7 7 7 7 7 7 7  
0 2 3 4 5 5 6 4 6 7 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
7 3 8 9 3 8 8 3 6 3 8 3 9 9 9 9 9 9 9 9 9 9 9 9 9  

C a r c a s s  I D  N u m b e r  ~ 
• 

, 

0 1  i ' l ' l  1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1  
7 1 2 1 3 3 ' 1 2 1 3 " 0 8 . 7 8 8 9 9 9 9 9 0 0 0 0 0  
1 5 4 2 0 5 4 6 6 1 6 7 2 2 5 0 2 3 6 7 1 2 4 5 8  
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  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small . 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver - 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 

Mesentery 
Hemangioma 

Pancreas .  ~ 
Salivary glands 
Stomach ' - 

Stomach, forestomach 
Squamous cell carcinoma 

Stomach, glandular 
Squamous cell carcinoma, metastatic 

+ + + + + + + + + + + + + + + + + + + + + + + + + '  

+ M + A M A  + A A M M A  + + + + + + + + + + + + +. 
+ A + A + A + A + A + + + + + + + + + + + + + + +  
+ A + A + A + A + A + + + + + + + + + + + + + + +  
+ A + A + A + A + A + A + + + + + + + + + + + + +  
+ M + A + A + A + A + + + + + + + + + + + + + ' + +  
+ A - + A + + + A + A + + + + + + + + + + + + + + +  
+ A + A + + + A + A + + + + + + + + + + + + + + +  
+ A + A + A + A + A +  + + +  + + + + + + + + + + + 
+ A + A + A + A A A + + + + + + + + + + + + + + +  

' +  + + + + + + + + + + + + + . +  + + + + + + + + + + 

X X X X X X  X X ' 
X X X X X X  X X 

+ + + + + + + + + A +  + + + + + + + + + + + + + + 
+ + + ÷ + + + + + A +  + + + + + + + + + + + + + + 
+ + + A + + + + + A + + + + + + + + + + + + + + +  
+ + + A +  + +  + + A +  + + +  + + + + +  + +  + + + + 

+ + + A + A + A + A + + + + + + + + + + + ÷ + . + +  

C a r d i o v a s c u l a r  S y s t e m  
Heart 

Hepatocellular carcinoma, metastatic, 
liver 

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

X 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

+ + ÷  + + + + A +  + + + +  + + +  + +  + +  + + +  + + 
+ + + + + + + A + + + + - +  + + + + + + + + + ' +  + , +  
÷ ÷ ÷ + ÷ + ÷ A +  + + + + + + + + + + + + + ÷ + + 
+ + + ~ + + + + +A + + + + + + + + + + + + + + + 

. M ÷ ÷ M ÷ ~ ÷ M ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ M ÷ ÷ ÷ ~ ÷  
÷ ÷ ÷ M ÷ ~ ÷ A ÷ M ÷ ÷ ÷ , ÷  ÷ M ÷ ÷ , ÷  • ÷ ÷ ÷ ÷ ÷ 
+ + + A + + + + + A + + + + : + + + + + + + + + + +  



! g  . . . . . .  

L~lom~ ~ I~lal~ ~ I ~  

T , ~  C~ 
l~dl~:lusl ~ l a s l  ' l ~ ¢ z  £slI¢I¢i!I~ ~ II~II¢ b l l ~  I I,I~¢ I - ' I ' ~  I s~sy~ ll .~Iy o~1 ~ 4 - D l l h y d ~ t ~ s ~ n :  . 
~ ~ (continued) 

1~lu~z of ~sy~ o ~  ~l~y 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 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  

C~r~ ~ l~In~z 

Alimen~ System 

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

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

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

T o ~  

T ~ u ~ /  

T u m o r s  

E s o p h a g u s  
Ga l l b l adde r  
In tes t ine  la rge  
In tes t ine  large,  c e c u m  
In tes t ine  large,  co lon  
In tes t ine  large,  r e c tum 
In tes t ine  smal l  
Intestine small, duodenum 
Intestine small, ileum 
In tes t ine  small ,  j e j unum 
Liver  

H e p a t o c e i l u l a r  c a r c inoma  
H e p a t o c e l l u l a r  a d e n o m a  
H e p a t o c e l l u l a r  a d e n o m a ,  mul t ip l e  
His t iocyt ic  s a r coma  

M e s e n t e w  
H e m a n g l o m a  

Panc reas  
Sa l ivaw glands  
S tomach  
Stomach,  fo res tomach  

Squamous  cel l  c a r c inoma  
Stomach,  g l andu la r  

S q u a m o u s  cell  ca rc inoma,  me ta s t a t i c  

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

+ + + + + + + I  + + I  + + + + + + + + + + + + + + +  
+ + + + + +  + + + + + + + + + + + + + +  + + +  + + + 
+ +  + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + , +  + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

X X X 

X x x x  x x  X X X X 
X X X X 

+ + 

X 
+ + + + + + + + + + + + + + + + + ÷ + ÷ + ÷ + + + + 
+ + + + + + . +  + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

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

X 

51 
40 
46 
46 
45 
46 
47 
47 
46 
45 
51 
11 

18 
5 
1 
2 
1 

50 
50 
49 
49 
1 

47 
1 

Card~owmcu~ar ~y~ 
Heart 
Hcpatocellular carcinoma, metastatic, 
liver 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 51 

1 

E n d ~ c ~ n e  ~ y ~  
A d r e n a l  g land  
A d r e n a l  gland,  co r t e s  
Adrena l  gland,  medu l l a  
Islets,  panc rea t i c  

A d e n o m a  
Para thyro id  g land  
Pi tu i ta ry  g land  
Thyro id  g land  

+ + + + + + ÷ + + + + + ÷ + + + + + + + + + + + + + 
+ + ÷ + ÷ ÷ + + + + + + + + + + + + ÷ + + + + ÷ + + 

+ M +  + + ÷ + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + , +  

X X 
M + + + + + + M + M M + + + + + + + + + M + + + + +  
+ M +  + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + +  + + + + + + + + + + + + + + + + + + + + + 

, J  

50 
50 
49 
50 
2 

42 [ 

49 



180 3,4-Dihydrocoumar in ,  NTP T R  423 

TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  G a r a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

200 (continued) 

Number of Days on Study 
1 4 4 4 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
0 2 3 4 5 5 6 4 6 7 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
7 3 8 9 3 8 8 3 6 3 8 3 9 9 9 9 9 9 9 9 9 9 9 9 9  

Carcass  ID N u m b e r  
0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1  
7 1 2 1 3 3 1 2 1 3 0 8 7 8 8 9 9 9 9 9 0 0 0 0 0  
1 5 4 2 0 5 4 6 6 1 6 7 2 2 5 0 2 3 6 7 1 2 4 5 8  
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  

Genera l  Body System 
T'~sue NOS 

Thoracic, hemangioma 
Thoracic, hepatocellular carcinoma, 
metastatic, liver 

+ + 

X 

+ + 

Geni ta l  System 
Epididymis 

Squamous cell carcinoma, metastatic, 
stomach 

Preputial gland 
Prostate 
Seminal vesicle 
Testes 

+ + + A + + + + + A + + + + + + + + + + + + + + +  

+ + + 

+ + + M + I  + A + A + + + + + + + + + + + + + + +  
+ + + A + + + A + A + + + + + + + + + + + + + + +  
+ + + A + + + A + A + + + + + + + + + + + + + + +  

Hematopoie t ic  Sys tem 
Bone marrow 

Histiocytic sarcoma 
Lymph node 

Bronchial, squamous cell carcinoma, 
metastatic 

Mediastinal, hepatocellular carcinoma, 
metastatic, liver 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 
"~mu~ 

Hepatocellular carcinoma, metastatic, 
liver 

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

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

X 
+ I  + M + + M M M M + + + + + + + + + + + + + + +  
+ + + + + + + M + M + M + +  + + + + + + + + + + + 
+ + + + + + + A +  + + + + + + + + + + + + + + + + 

X 
+ + + + + + + + + + I  + + + + + + + + + + + + + + 

X 

I n t e g u m e n t a r y  System 
Mammary gland 
Skin 

M M M M M M M M M M M M M M M M M +  M M M M M M M  
+ + + + + + + A + A + + + + + + + +  + + + + + + +  

Musculoske le ta l  Sys tem 
Bone 

Alvcolar/bronchiolar carcinoma, 
metastatic, lung X 



Le~om~ ~n 1~ilaBe I~lee 

T ~  C~ 
~ n ~ [ v ~ e ~ / ~ e ~  T ~ o r  ~a~ho~o~, o~ M~e I~ce ~n ~he 2-~e~r Gav~e ~tu~y of 3,4-D~hy~reeoumar~n: 
~I~I~ ~ (continued) 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

181 

N u m n ~ r  o~ P a y s  on  ~ u ~ y  2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 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  

C a r e ~  lID Humnn~r 

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

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

T o ~ !  

T~mues/  

T u m o r s  

¢~ne~n ferny S ~ m  
Tmsue NOS 

Thoracic, hemangioma 
Thoracic, hepatocellular carcinoma, 

metastatic, liver 

+ 

X 

CT, e n l ~  S y s ~ m  
Epididymis 

Squamous cell carcinoma, metastatic, 
stomach 

Preputial gland 
Prostate 
Seminal vesicle 
Testes 

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

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

49 

1 
8 

47 
48 
48 

I Hemato~o~e~c  ~ y s ~ n a  
Bone marrow 

Histiocytic sarcoma 
Lymph node 

Bronchial, squamous cell carcinoma, 
metastatic 

Mediastinal, hepatocellular carcinoma, 
metastatic, liver 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Histiocytic sarcoma 
'n~ymus 

Hepatoeellular carcinoma, metastatic, 
liver 

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

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

X 

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

+ + + + + + + + I  + + + + + + + + + + + + + + + + +  

51 
1 

49 

1 
41 
48 
50 
1 

49 

~n~'~uunerm~u~ ~ 
Mammary gland 
Skin 

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

2 
49 

l~hmeu~e~L~eBe~ S y ~  
Bone 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

+ + + +  + + + + + +  + + + + + + + + + +  + + + + + + 51 

1 



182 3,4-Dihydrocoumarin,  NTP TR 423 

TABLE c z  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  in  t h e  2 - Y e a r  G a v ~ g e  S t u d y  ofr 3 , 4 - D i h y d r o e o u m a r i n :  

200 m~/kg  (continued) 

Number  of  Days on Study 
1 4 4 4 5 5 5 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
0 2 3 4 5 5 6 4 6 7 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
7 3 8 9 3 8 8 3 6 3 8 3 9 9 9 9 9 9 9 9 9 9 9 9 9  

Carcass  ID Number  
. 

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

. 

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  

Nervous System 
Brain + + + A + + + + + A + + + + + + + + + + + + + + +  

Respira tory  System 
Lung 

Adenoearcinoma, metastatic, harderian 
gland 

Alvcolar/bronchiolar adenoma , 
Alvcolar/bronchiolar adenoma, multiple 
Alveolar/bronchiolar carcinoma 
Alvcolar/bronchiolar carcinoma, 

multiple 
Hepatocellular carcinoma, metastatic, 

liver 
Nose ~ 

I-listiocytic sarcoma 
Trachea 

+ + + + + + + + + A +  + + . +  + + + + + + + + + + + 

X 
X X X X  X 

X 

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

X 
+ + + + + + + + + + ~ + + + + + + + + + + + + + + 

Special Senses  System 
Eye 

Adenocarcinoma, metastatic, harderian 
gland 

Harderian gland 
Adenoearcinoma 
Adenoma 

Lacrimal gland 

÷ + 

X 
÷ 

X 

+ 

X 

Urinary  System 
Kidney 

Hepatocellular carcinoma, metastatic 
Hepatocellular carcinoma, metastatic, 

liver 
Histioeytic sarcoma 
Squamous cell carcinoma, metastatic, 

stomach 
Renal tubule, carcinoma 

Urinary bladder 

÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ + + ÷ + ~ ÷ + + + ÷ ÷ + + + + 

X 
• , 

X 
X 

+ + + A + A + A + A +  + , +  + ÷ +  ÷ +  + +  + + + + + 

Systemic Lesions  
Multiple organs 

Histiocytic sarcoma 

. . . .  

X 



L ~ o ~  ~n I~Ia~e ~ e ~  1~3 

T ~  C ~  

]m~li~lua~ A ~ a ~ l  T ~ r  ~ a ~ o ~ y  og  1 ~ I ~  1~,~Ii~ ~m ~I~e 2 - Y e a r  Gmv~e S t u ~ l y  o~ 3 9 ~ - D ~ h y ~ ' ~ u m a H n :  

~ ~ (continued) 

N u m b e r  o f  ~ a y s  o~  S ~ l y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 . 3 3 3 3 3 3 3 3 3 3 3  
9 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  

. "  

o 

C a ~  ]D I ~ l u m ~ r  
1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1  
1 1 2 2 2 2 3 3 4 7 7 7 7 8 9 9 9 9 0 0 2 2 2 2 3 3  
1 7 2 5 7 9 4 6 0 5 6 8 9 4 1 5 8 9 0 9 0 1 3 8 3 7  
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 1  

T o ~  

T ~ , ~ u ~ /  
T u m o r s  

N e ~ o ~  S y s ~ m  
Brain + + + + + + + + + + + + + + + + + + + + + + + + + + 49 

~ e ~ l ~  J S ~ m  
Lung 

Adenocarcinoma,  metastatic, harderian 
gland 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma,  multiple 
Alvcolar/bronchiolar carcinoma 
Alveolar/bronchiolar carcinoma, 

multiple 
Hepatoceilular carcinoma, metastatic, 

liver 
Hose 

Histioeytic sarcoma 
Trachea 

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

X X X X  X X  X X X  

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

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

50 

1 
14 
1 
2 

3 
51 

1 
51 

S l ~ c i a l  S e n . ~  S y ~ m  
Eye + 

Adenocarcinoma, metastatic, harderian 
gland 

~ r d e f i a n  gland + + 
~ e n ~ r c i n o m a  
~ e n o ~  X X 

~ c f i ~ l  gland + 

U r ~ n a ~  S y ~ m  
Kidney 

Hepat~cellular carcinoma, metastatic 
Hepatocellular carcinoma, metastatic, 

liver 
Histiocytic sarcoma 
Squamous  cell carcinoma, metastatic, 

s tomach 
Renal  tubule, carcinoma 

Urinary bladder 

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

X 
X 

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

51 
1 

1 
1 

47 

S y ~ m i e  II.zmton~ 
Multiple organs 

Histiocytic sarcoma 
÷ + + ÷ ÷ + + ÷ ÷ + + ÷ + + + ÷ + + + + ÷ + ÷ + + + 

. ,  

51 o 
1 



184 3 , 4 - D i h y d r o c o u m a r i n , . N T P  T R  423 

TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e .  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

400 mg/kg 

Number  of  Days  on Study 
0 3 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
1 9 1 5 8 9 1 3 4 5 5 7 7 1 1 1 2 2 2 2 2 2 2 2 2  
4 3 0 5 3 9 8 9 0 5 9 5 9 5 8 8 2 9 9 9 9 9 9 9 9  

Carcass  ID N u m b e r  
1 1 2 1 1 1 1 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
8 5 1 8 6 9 7 0 9 0 8 5 9 4 5 7 7 4 4 5 5 6 6 6 6  
8 6 0 6 0 1 0 4 6 5 7 9 2 4 5 6 3 2 5 1 8 1 4 6 8  
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  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large ~ 
Intestine large, cecum 
Intestine large, .colon.  
Intestine large, .rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 

Adenocarcinoma 
Intestine small, j e junum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma,  multiple. 

Mmente ry  
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous  
Stomach, glandular 

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

A + + M A A A + + A + + + + + + + + + M + + M + +  
A A + A A A + + + A + + + A + + + + + + + + + + +  
A A + A A A A + + A + + ÷ A + + + + + + + + + + +  
A A + A A A + + + A + + + A + + + + + + + + + + +  
A A + A A A A + + A + + + A + + + + + + + + + +  + 
A A + A A A A + + A + + + A + + + + + + + + + + +  
A A + A A A A + + A + + + A + + + + + + + + + + +  
A A + A A A A + + A + + + A + + + + + + + + ~  + + + 

A A + A A A A + + A + +  
+ + + + + + + + + + + +  

X X X  X X  
X X X 

X X X X  

+ A +  + + + + + + + + + + 
+ + + + + + + + + + + + + 

X X 
X X  X X X  X 

X X X 

A A +  + + A + +  + + + + + + + + + + + + + + + + + 
A + + + + + + + + + + + + + + + + + + + + + + + + 
A A + A A A +  + + + + + + + + + + + + + + + + + + 
A A + A A A + + + + + + + + + + + + + + + +  + ~ +  

X . ,  

A A + A A A A + ÷ A + + + A + +  + +  + + + + + + +  

C a r d i o v a s c u l a r  S y s t e m  
Heart  

Sarcoma 

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

X 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 
Adrenal  gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

A +  + + A A +  + + + +  + + + ÷  + + +  + + + + + + + 
A + + + A A + + + + +  + + + + + + + + + + + + + + 
A + + + A A + + + + + + + + ÷ + + + + + + + + + +  
A + + + + A + + + + + + + + + + + + + + + + + + ÷  
M +  M . +  + M M +  + M +  + M +  + M +  + M +  M +  + + + 
M M + + M + + + + M + + + + + + + + + + + + + + +  

A + + + + + + + + + + + + + + + + + + + + + ~ + + +  

General  B o d y  S y s t e m  
None 



~ i o ~ e  l~ ~a~e ~ c ~  I ~  

T ~ L ~  C ~  

~ ~ 9  ~ T~mmor ~ a t ~ o ~ o s y  o~ I ~ a ~ e  l ~ o e  ~n t h e  ~ - Y e a r  G a v a S e  S t ~ y  o~ ~ ¢ - D ~ y ~ r c ~ o ~ m a e H a :  

~ ~ (continued) 

Huean~er o~ Dey~ o~ S t ~ y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C a r ~  ~D ~ u ~ n ~ r  

1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2  

7 7 7 9 0 0 0 4 4 4 4 5 5 6 7 7 7 8 8 8 8 9 0 0 0 0  

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

To~a~ 

T ~ u ~ /  

T u m o r s  

~ i m e ~  Sy~tem~ 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 

Adenocarcinom~ 
Intestine small, je junum 
Liver 

Hepatocellular  carcinoma 
Hepatocel lular  adenonm 
Hepatoeel lular  adenonm, multiple 

Mesentery 
Pancreas 
Salivat3~ glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

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

+ + + + + + + + + + + + + + + + M M + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + ~ +  + + + 
+ + + + +  + + + + + +  + + + + + + + + + +  + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

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

X X X X 
X X X X X X X X 

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

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + ~  + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

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

51 
41 
44 
43 
44 
43 
43 
43 
43 
1 

43 
51 
11 
17 
19 
2 

48 
50 
46 
46 
5 

43 

CCan:~ovasca~a~ S y s ~ e ~  
Heart  

Sarcoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 51 
1 

~ n ~ e c H n e  ~ 3 , ~ m  
Adrenal gland 
Adrenal gland, cort¢~ 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitatv gland 

Pars distalis, adenoma 
Thyroid gland 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
• + + + + + + + + + + + + + + + + + + + + + + + + + + 

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

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

X 
+ + M +  + + + + + + + + + + + + + + + + + + + + + + 

48 

48 
48 
49 
37 
45 
1 

49 

G e n e r a l  ]]]kn~y S y s ~ m  

None 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of Male M i c e  i n  t h e  2-Year Gavage Study of  3 , 4 , D i h y d r o c o u m a r i n :  

4 0 0  m g / k g  (continued) 

Number of Days on Study 
0 3 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
1 9 1 5 8 9 1 3 4 5 5 7 7 1 1 1 2 2 2 2 2 2 2 2 2  
4 3 0 5 3 9 8 9 0 5 9 5 9 5 8 8 2 9 9 9 9 9 9 9 9  

C a rca s s  ID N u m b e r  
1 1 2 1 1 1 1 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
8 5 1 8 6 9 7 0 9 0 8 5 9 4 5 7 7 4 4 5 5 6 6 6 6  
8 6 0 6 0 1 0 4 6 5 7 9 2 4 5 6 3 2 5 1 8 1 4 6 8  
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  

Geni ta l  Sys tem 
Coagulating gland 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

A + + A A + + + + + + + + + + + + + + + + + + + +  
+ + + + + +  

+ + + + A + + + + A + + + A + + + + + + + + + + +  
A +  + + A + A +  + A + + +  + + +  + + + + + + + + + 
+ + + A A + A +  + + + +  + + +  + + +  + +  + +  + + + 

Hematopoie t ic  Sys t em 
Bone marrow 
Lymph node 

Bronchial, sarcoma 
Mediastinai, sarcoma 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemangioma 
Hemangiosarcoma 

Thymus 

+ + + + A  + + + + + + + + + + + + + + + + + + + + 
+ + + + + A + + +  + + + + +  + + + + +  + + + + + +  

X 
X 

+ + + + + i + + + + + + + + + + + + + + + ~ i + +  
M M + + A A A + + A + + + M + + + + + + + + + + +  
A + + A A A A + + + + + + + + + + + + + + + + + +  

+ A + + M + A I  + I  + + + M + I  I + + + + + + + +  

I n t e g u m e n t a r y  Sys t em 
Mammagy gland 
Skin 

M M M M M M M M M M M M M M M M M M +  M M +  M M M  
+ + + + A + + + + + + + + M + + + + + + + + + + +  

Muscu loske le ta l  Sys t em 
Bone + + + + + + + + + + +  + + +  + + +  + +  + + + + + + 

Nervous  Sys t em 
Brain A A + + + + + + + A + + + + + + + + + + + + + + +  

Resp i ra to ry  Sys t em 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alvcolar/bronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 

liver 
Nose 
Trachea 

X X X X X X  
X 

X 

X 
+ + + + + + + + + + + + + i +  + + + + + + + + + + 
A +  + + + + + + + + + + + + + + + + + + + + + + + 



L e ~ o ~  ~u i ~ l a ~  i~I~:~ . . 1~7 

T ~  C2 
~ a ~ a a ~  A ~ a ~  T ~ o r  ~at~o~o~y o~ I~e~e l~/~ce ~n the 2-Year Garage S t ~ y  o~ 3,~-D~y~rceo~ar~n: 
' ~  I ~  (continued) 

I ~ u m ~ r  o f  D a y s  o a  ~ t ~ y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 9 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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2  T o ~  
C a r c ~  lid ~ e m ~ r  

G e n d e r  ~ y ~ e m  

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

T ~ . ~ /  
T u m o r s  

Coagulating gland 
Epididymis 
Preputial gland 
P r ~ t a t e  
Seminal vesicle 
Testes  

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

+ + + + + + +  

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

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

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

1 
48 
13 
48 
47 
48 

He~e to~o~e t~¢  S y s t e m  
Bone marrow 
Lymph node 

Bronchial, sarcoma 
Mediastinal, sarcoma 

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemangioma 
Hemangiosarcoma 

Thymus  

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

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

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

X 

X 
I + + I  + + I  + + + + + + + + + + + + + + + + + I  + 

50 

50 

1 
1 

49 

43 

46 

1 
1 

39 

~ n ~ e ~ e n ~ r y  S y s t e m  
Mammary  gland 
Sldn 

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

4 

I ~ ~ e H e ~  ~ y ~ m  
Bone 

Ne rvo~e  ~y~te~m 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Brain + + + + + + + + + + + + ÷ + + + + + + + + + + + + + 

~e~p~ra~o~ry S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma,  multiple 
Alvcolar/bronchiolar carcinoma 
Hcpatocellular carcinoma, metastatic, 

liver 
Nose 
Trachea 

+ + + + + + + + + + + + + + ÷ + ÷ + + + + + + + + + 

X X X X X X 
X X 

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

+ + + + + + + + + + + . 4 - + + + + + + + + + + + + + +  

51 
12 
3 
1 

2 

50 

50 
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, ~  
• 

• 

T A B L E C 2  " " ' ~ "~  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

4 0 0  ~ (continued) 

Number of Days on Study 
0 3 4 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
1 9 1 5 8 9 1 3 4 5 5 7 7 1 1 1 2 2 2 2 2 2 2 2 2  
4 3 0 5 3 9 8 9 0 5 9 5 9 5 8 8 2 9 9 9 9 9 9 9 9  

Carkass ID Number 
1 1 2 1 1 1 1 2 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
8 5 1 8 6 9 7 0 9 0 8 5 9 4 5 7 7 4 4 5 5 6 6 6 6  
8 6 0 6 0 1 0 4 6 5 7 9 2 4 5 6 3 2 5 1 8 1 4 6 8  
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  

Special Senses  Sys tem 
Ear 
Eye 
Harderian gland 

AdenOma 
Lacrimal gland 

Adenoma 

! 

• . 

+ + 
+ + 
X X 

Ur ina ry  System 
Kidney ~ 

• .Renal tubule, adenoma 
Urinary bladder 

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

A + + A A + A + + A + + + + + + + + + + + + + + +  

Systemic Les ions  
Multiple organs 

Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

X 
X 

X 



~e~Ro~ l~ I~a~e I ~ c ~  

T ~ L ~  C~ 
~ a ~ a n  A n ~ a ~  T~m~or Pat~o~o~y of  ]~a~e ~ e e  In the  2-Year  G e ~ ¢  S t ~ y  o~ ~ ¢ - D ~ y ~ r c e o ~ a r ~ :  

~ ~ (continued) - ~ 

I ~  

Nunfl~r of Days o~ ~ t ~ y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Carca~  ~D I~umn~r 
1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 ~ 2 2  
7 7 7 9 0 0 0 4 4 4 4 5 5 6 7 7 7 8 8 8 8 9 0 0 0 0  
1 2 5 9 1 6 7 1 3 6 7 0 3 2 7 8 9 1 3 4 9 7 2 3  g 9 
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 1  

ToUR 
T ~ e ~ /  
T~m~or~ 

$~ecien Senses S y s ~  
Ear 
Eye 
Harderian gland 

Adenoma 
Lacrimal gland 

Adenoma 

+ + 

-4- 
X 

2 
2 
2 
2 
1 
1 

Urinary S y s ~ n  
Kidney 

Renal tubule, adenoma 
Urinary bladder 

+ + + + + + + + + + + + + + + + + + + + + + + + + 4 -  
X 

+ + + + + + + + + + + + + + + + + + + + + ~ + + + + 

51 
,2 

Systemic ~ s i o n s  
Multiple organs 

Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

X 
51 i 
2 ! 

1 
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TABLE C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e .  M i c e  i n  t h e  2 . Y e a r  G a r a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

s00 mg/~ 

N u m b e r  o f  D a y s  on  S t u d y  
4 4 4 4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
3 4 2 4 1 3 6 2 5 5 5 4 1 1 2 2 2 2 3 3 3 4 4 5 5  
3 2 2 4 1 2 5 9 4 7 9 0 3 4 1 3 6 8 5 7 8 1 5 0 5  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Hepatocholangiocarcinoma 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, for~tomach 
Papilloma .~luamous 
Squamous cell carcinoma 

Stomach, glandular 

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

I A + A M A A + A M A + + + + + M + + + + + + + +  
+ + + + + + A + A A A + + + + + + + + + + + + + +  
+ A + + + + A + A A A + + + + + + + + + + + + + +  
+ + + + + A A + A A A + + + + + + + + + + + + + +  
+ + + + + + M + A M A + + + + + + + + + + + + + +  
+ A +  + + + A + A A A +  + + +  + +  + +  + + + + + + 
+ A + A A + A A A A A + + +  + +  + + + + + + + + + 
+ A +  + A + A + A A A +  + + + +  + +  + + + + + + + 
+ A +  + + A A + A A A +  + + +  + +  + +  + +  + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X X  X 
X X X X  X X  X X 

X X X  .X. X X  
X 

M +  
+ + + + + + + + + A +  + + +  + +  + + + +  + +  + + +  
+ + + + + +  + M +  + + + +  ~ +  + + + + + +  + + + + ~  
+ A + + + + + + + + A + + + + + + + + + + + + + +  
+ A +  + + + + + + + A +  + + + + + + + + + + + + + 

X 
X " 

+ A + + + A + + A + A + + + + + + + + + + + + + +  

C a r d i o v a s c u l a r  S y s t e m  
Heart 

Alvcolarforonchiolar carcinoma, 
metastatic, lung 

• . 

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

X 

Endoc r ine .  Sys t em 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 

+ + + + ÷ + A + + + + + + + + + + + + + + + + + +  
+ + + + + + A +  + + + + + + +  + +  + +  + + +  + +  + 
M + % M +  + A + + + + + + + + + + + + + + + + + + 
÷ + + ÷ + + + + + ÷ + ÷ + + + ÷ + + + + + + ÷ + + 

+ + + + + + + M +  + + + ~  + +  + +  + +  + + + + + M  
M + M + + + + + + + M + + M + + + + + + + + + + ÷  

X 
+ + + + + + ÷ + + ÷ + + + + ÷ + + + + + + + + + + 

X 



. . . . . . . . .  . . . . . .  ~ . . . . .  ~ . . . . . . . . . .  - ~  ~ _ _ . ~  ~ - , ~ :  ~, : 

i 

L e s ~ o m  lu  ~ a ~ e  ~ i c ~  

T A ~ L ~  C 2  

~ n ~ i v ~ u e ~  Animm~H T ~ o r  ~ l t h o i o g y  o~ l ~ e  M i c e  i n  ~ e  2 - ~ e ~ r  G ~ v ~ S e  ~ u ~ y  ol~ 3 ~ , ~ - D i h y ~ r o ~ o u ~ r ~ n :  

~ ~ (continued) 

191 

H u m O r  off D a y s  o~  S ~ d y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C a r c a m  ~D H u m O r  • 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

5 6 6 7 7 7 8 1 1 1 2 4 4 4 5 5 5 6 6 6 6 6 7 7 7  

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

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  

T o ~ l  

T~r~sues/ 

T u m o r s  

A l i m e n ~ r y  S y s ~ m  

Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, jejunum 
Liver 

Hepatoblastoma 
Hepatocellular  carcinoma 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, multiple 
Hepatocholangiocarcinoma 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Squamous cell carcinoma 

Stomach, glandular 

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

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

X X 
X X 
X X X X 

X X X X X X  X X  X X X X X  

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

X 
X 

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

50 
40 
46 
44 

45 
46 
45 
42 

44 
44 
50 
2 
6 

12 
19 
1 
1 

49 
49 
48 
48 
2 
2 

46 

C a H i o v a s c u n a r  S y s t e m  

Heart  
Alveolar/bronchiolar carcinoma, 

metastatic, lung 

+ + + + + + + + + + + + + + + + + + + + + + + + + 50 

1 

Endocr~u¢  S y s ~ m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
÷ + + + + + + + + + + ÷ + + + ÷ + + + + + + + + + 
+ + + ÷ + ÷ + + + + + ÷ + + + + + + ÷ + + ÷ + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + M + + + + + + + + + M + + M + M + + + + M + M  
+ + M +  + + + + + ÷ + + + + + + + + + + + + + + + 

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

X 

49 
49 
47 
50 
42 
45 
1 

50 
2 
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TAnL~ C 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  i n  t h e  2 . Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

800  m g / k g  (continued) 

N u m b e r  of  Days on  Study 
4 4 4 4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
1 3 7 8 2 6 1 3 4 5 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
7 8 7 9 7 1 3 4 5 2 6 2 9 9 9 9 9 9 9 9 9 9 9 9 9  

Carcass  ID N u m b e r  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
3 4 2 4 1 3 6 2 5 5 5 4 1 1 2 2 2 2 3 3 3 4 4 5 5  
3 2 2 4 1 2 5 9 4 7 9 0 3 4 1 3 6 8 5 7 8 1 5 0 5  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Genera l  Body System 
T'msue NOS 

Liposarcoma 

Geni ta l  System 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

+ + + + + + + + + + A +  + + + + + + + + + + + + + 
+ +  + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + A A + + + + + + + + + + + + + +  
+ + + + + + + + + A A + + + + + + + + + + + + + +  

Hematopoie t ic  System 
Bone marrow 
Lymph node 

Mediastinal, alveolar/bronchiolar 
carcinoma, metastatic, lung 

Mediastinal, hepatocholanglocarcinoma, 
metastatic, liver 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemanglosarcoma 
Thymus 

Alveolarforonchiolar carcinoma, 
metastatic, lung 

+ + + + + + + + + A + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

X 
+ M M M + + M + + + + + + + + + + + + + + + + + +  
+ + + + M + + + + + M + + + + + + + + + + + + + +  
+ + + + + + + + + A A + + + + + + + ~ + + + + + +  
X X 
M + + + + + + + + M M + + + + + + + + + + + + + +  

X 

I n t e g u m e n t a r y  System 
Mammat T gland 
Skin 

Hepatocholangiocarcinoma, metastatic, 
liver 

Subcutaneous tissue, hemangioma 

M M +  + M M M M M M M M +  M M M M M M M M M M M M  
+ + + + + + A + + A + +  + + + +  + + + + + + + + + 

X 
X 

Musculoske le ta l  System 
Bone 

Hepatocholangiocarcinoma, metastatic, 
liver 

Skeletal muscle 
Diaphragm, alveolar/bronchiolar 

carcinoma, metastatic, lung 

X 
+ 

X 
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Tm~L~ C 2  

X ~ l ~ c ~ u a ~  A n ~ a 9  T ~ r  ~ a t h ~ c ~ y  o f  MIa~e Mince ~ t h e  2 - ' V ~ r  G a r a g e  S t a d y  o~ 3 , , ~ - D ~ h y d r ~ c o u ~ a r ~ n :  

~ ~ (continued) 

N e a m ~ r  o~ Days  on  ~tuc~y 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

C a r e ~  lid l~ lun t~ r  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
5 6 6 7 7 7 8 1 1 1 2 4 4 4 5 5 5 6 6 6 6 6 7 7 7  

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

Tota l  

T ~ u e s /  
T m n o r s  

Gene ra l  ~t~t~y ~ y s m ~  
T'msue NOS 

Lilx~arcoma 

+ 

X 

Gen~f~] ~ys~e~  
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

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

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

49 
11 
50 
48 
48 

Hem~$t~t~et~e ~ m  
Bone marrow 
Lymph node 

Mediastinal, alveolar/bronchiolar 
carcinoma, metastatic, lung 

Mediastinai, hepatocholangiocarcinoma, 
metastatic, liver 

Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemangiosarcoma 
Thymus 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ ÷ + + + + + + + + + + + + + + + + + + + + + + + 

M + + + + + + + ÷ + + + + + + + + I  + + + + . + + +  
+ + + + + + + + + + + + + I + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + I + + + + + + ' +  + + + + + + + + + + + + + + 

49 
50 

1 
44 
47 
48 
2 

46 

~ m e ~ m r y  g y ~ m  
Mammary gland 
SMn 

Hepatocholangiocarcinoma, metastatic, 
liver 

Subcutaneous tissue, hemangioma 

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

3 

I ~ I u ~ s ~ l  S 3 , ~ m  
Bone 

Hepatocholangiocarcinoma, metastatic, 
liver 

Skeletal muscle 
Diaphragm, alveolar/bronchiolar 

carcinoma, metastatic, lung 

5O 

1 
2 

1 



194 3,4-Dihydrocoumar in ,  NTP  T R  423 

TABLE C2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  M a l e  M i c e  . in t h e  2 . Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  . 

800  m g / k g  (continued) 

Number of Days on Study 
. 4 4 4 4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

Carcass  ID N u m b e r  
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
3 4 2 4 1 3 6 2 5 5 5 4 1 1 2 2 2 2 3 3 3 4 4 5 5  
3 2 2 4 1 2 5 9 4 7 9 0 3 4 1 3 6 8 5 7 8 1 5 0 5  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Nervous System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

Resp i ra to ry  System 
Lung 

o Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Hepatoc~llular carcinoma, metastatic, 

liver 
Hepatocholangiocarcinoma, metastatic, 

liver 
Lipmarcoma, metastatic, tissue NOS 
Neoplasm non, metastatic, liver 

Nose 
Trachea 

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

x x , x  
X 

• 

X 

~ ., 
X 

+ + + + + + + + + . +  + + + + + + + + ~ + + ~ + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

Special Senses  Sys tem 
Eye 
Harderian gland 

Adenoma 

+ -~ 
+ + 
X X 

Ur ina ry  System 
Kidney 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Hepatocholangiocarcinoma, metastatic, 
liver 

Renal tubule, carcinoma 
Llrinaty bladder 

+ + + + + +  + + + + A +  + + + +  + + + + + + + + + 

X 

X 

+ + + + + + + + + A A + + + + + + + + + + + + ' +  + 

Systemic Les ions  
Multiple organs 

Lymphoma malignant 
Lymphoma malignant histiocytic 

X X  X 



~ . . . .  ~ ~ = ~  ~ ~ ~ ~ - - ~  . . . . . .  ~ . . - - -  

I L~o~m ~ ~a~e l~I~c~ 

T ~  C ~  

~ n ~ ' ~  A ~ m ~ l  T u ~ r  ~ P a t h ~ 9 ~ y  ~ M ~ e  M i c e  ~ ~he  ~ - ~ e ~ r  G a v a S e  S t a b l y  ~ f  3 , ~ - D ~ h y d l r ~ u ~ a r ~ n :  

~ ~ (continued) 

l ~ e m ~ r  o f  D~y~ o n  ~ y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

19$ 

C a r ~  ~D N e a m ~ r  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  
5 6 6 7 7 7 8 1 1 1 2 4 4 4 5 5 5 6 6 6 6 6 7 7 7  

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

T o ~ l  

T i s s u e s /  
T u m o r s  

l ~ l ~ a ~ m  ~ y ~ m  

Brain + + + + + + + + + + + + + + + + + + + + + + + + + 50 

~ ~ y  ~ y ~ m  

Lung 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma • 
Hepatoceilular carcinoma, metastatic, 

liver 
Hepatocholangiocarcinoma, metastatic, 

liver 
Liposarcoma, metastatic, tissue NOS 
Neoplasm NOS, metastatic, liver 

Hose 
Trachea 

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

X X X X X  X X 
X X 

X 
X 

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

50 
10 
3 

1 
1 
1 

50 
50 

[ 

~ a ~  ~ n ~  ~ y ~ m  
Eye 
Harderian gland 

Adenoma 

2 
2 
2 

U r i n a r y  S y ~ m  
Kidney 

Alveolar/bronchiolar carcinoma, 
metastatic, lung 

Hepatocholangiocarcinoma, metastatic, 
liver 

Renal  tubule, carcinoma 
Urinary bladder 

+ + + + + + + : +  + + + + + + + + + + + + + + + + + 

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

1 

1 
1 

48 

S y ~ m ~ e  L ~ o ~  
Multiple organs 

Lymphoma malignant 
Lymphoma malignant histiocytic 

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

X 

50 
3 
1 
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TAnLE C3 
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Gavage Study of 3,4.Dihydrocoumarin 

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

Harder ian  Gland: Adenoma 
Overall rates a 5/50 (10%) 
Adjusted rates b 11.9% 
Terminal rates c 5/42 (12%) 
First incidence a(days) 729 (T) 
Life table tests" P=0.196N 
Logistic regression tests d P=0.175N 
Cochran-Annitaf~e test d P=0.158N 
Fisher exact test '~ 

Harder ian  Gland: A d e n o m  or  Carc inoma 
Overall rates 5/50 (10%) 
Adjusted rates 11.9% 
Terminal rates 5•42 (12%) 
First incidence (days) 729 (T) 
Life table tests P=0.168N 
Logistic regression tests P=0.135N 
Cochran-Armitage test P=0.133N 
Fisher exact test 

Kidney (Renal  Tubule):  Adenoma 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/42 (0%) 

e First incidence (days) - 
Life table tests P=0.572 
Logistic regression tests P=0.572 
Cochran-Armitage test P=0.591 
Fisher exact test 

Kidney (Renal  Tubule):  Adenoma or  Carc inoma 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/42 (0%) 
First incidence (days) - 
Life table tests P=0.340 
Logistic regression tests P=0.340 
Cochran-Armitage test P=0.358 
Fisher exact test 

Liver: Hepa tob las toma 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates 0/42 (0%) 
First incidence (days) - 
Life table tests P=0.044 
Logistic regression tests P=0.044 
Cochran-Armitage test P =0.045 
Fisher exact test 

3/51 (6%) 2/51 (4%) 2/50 (4%) 
7.4% 5.4% 5.1% 
2/39 (5%) 1/34 (3%) 1/38 (3%) 
718 675 722 
P =0.395H P = 0.303N P =0.259H 
P = 0.379H P = 0.238N P = 0.246H 

P=0.346N P=0.210N P=0.218N 

4/51 (8%) 2/51 (4%) 2/50 (4%) 
9.3% 5.4% 5.1% 
2/39 (5%) 1/34 (3%) 1/38 (3%) 
438 675 722 
P=0.537N P-0.303N P=0.259N 
P = 0.490N P = 0.238N P = 0.246N 

P=0.487N P=0.210N P=0.218N 

0/51 (0%) '2/51 (4%) 0/49 (0%) 
0.0% 5.9% " 0.0% 
0/39 (0%) 2/34 (6%) 0/38 (0%) 
- 729 (T) - 
- P=0.193 - 
- P=0.193 - 

P=0.252 

1/51 (2%) '2/51 (4%) 1/49 (2%) 
2.6% 5.9% 2.6% 
1/39 (3%) 2/34 (6%) 1/38 (3%) 
729 (T) 729 (T) 729 (T) 
P=0.485 P--0.193 P=0.480 
P=0.485 P=0.193 P=0.480 

P=0 .5~  P = 0 . ~ 2  P=0 .4~  

0/51 (0%) 0/51 (0%) 2/50 (4%) 
0.0% 0.0% 5.3% 
039 (0%) 0/34 (0%) 2/38 (5%) 
- - 729 (T) 
- - P=0.217 
- - P=0.217 

P=0.247 



i . . . .  ~ ~ . . . .  r~ . . ~  . . 1 ~  . . . . . . .  ~ . ~  ? ' -  S ~ ~ . . . . . .  ~ . . . . . . . . .  ~ ~ :  : 

L~siom In l~Ia~ I~c~ 

T ~ L ~  C3 
S ~  ~ a ] y ~  ~ ] t ~ r y  l ~ l ~ p ] ~  ~n Ma~e Mice  ~n the  2 - ~ r  G ~ e  S ~ y  o~ ~ , ~ - D ~ h y ~ r ~ n ~ r ~  
(continued) 

~ ~ . . . .  : : 

i 
i 
i: 

1~7 i 
i ,  

i 

Ve~e~e ~n~r~n ~ na~/~ ~ na~,/~ ~ ~ 

Liver. He~a~ecennu~ar A~enoma 
Overall rates 29150 (58%) 
Adjusted rates 64.2% 
Terminal rates 26/42 (62%) 
First incidence (days) 449 
Life table tests P--0.077 
Logistic regression tests P=0.147 
Coehran-Armitage test P=0.165 
Fisher exact test 

Liver. /I-/Ie~a~ceHunar Carc]nonaa 
Overall mtm 11/50 (22%) 
~ j m t ~  ~tm ~.3% 
Te~inal ~ t ~  8/42 (19%) 
Fi~t ~ciden~ ( ~ )  591 
~fe ruble t ~  P=0.171N 
~gistic ~ g ~ i o n  tom P=0.110N 
~ h ~ n - ~ i m g e  ta t  P=0.110N 
Fisher ~ c t  t~t 

Liver: He~ob~as~.onaa or  Hepatocellular Ca~inoma 
Overall rates 11/50 (22%) 
Adjusted rates 24.3% 
Terminal rates 8/42 (19%) 
First incidence (days) 591 
Life table tests P=0.246N 
Logistic regression tests P=0.173N 
Coehran-Armitage test P=0.172N 
Fisher exact test 

Liver. Hep~t~eeHuner .Adenom~ or Csrennoma 
Overall rates 36/50 (72%) 
Adjusted rates 74.9% 
Terminal rates 30/42 (71%) 
First incidence (days) 449 
Life table tests P=0.351 
Logistic regression tests Pf0.504N 
Cochran-Annitage test P •0.504N 
Fisher exact test 

Liver: ElepatoceHunar .~enoma,  Carcinoma, or Hepatobnasto~a 

23/51 (45%) 36/51 (71%) 31/50 (62%) 
54.6% 81.6% 71.8% 
20/39 (51%) 26/34 (76%) 26/38 (68%) 
553 555 438 
P=0.262N Pffi0.015 Pffi0.236 
Pffi0.153N P=0.105 Pffi0.410 

Pffi0.136N P=0.133 Pffi0.419 

11/51 (22%) 11/51 (22%) 6/50 (12%) 
23.3% 25.5% 13.4% 
4/39 (10%) 4/3,1. (12%) 2/38 (5%) 
423 583 477 
P=0.540 P=0.450 P=0.202N 
Pf0.566N P=0.581N P=0.144N 

Pf0.574N P=0.574N P=0.143N 

11/51 (22%) 11/51 (22%) 7/50 (14%) 
23.3% 25.5% 15.8% 
4/339 (10%) 4/34 (12%) 3/38 (8%) 
423 583 477 
P = 0.540 P = 0.450 P = 0.289N 
Pffi0.566N P •0.581N Pffi0.218N 

P=0.574N Pf0.574N Pf0.218N 

30/51 (59%) 40/51 (78%) 33/50 (66%) 
63.7% 83.3% 73.1% 
22/39 (56%) 26/34 (76%) 26/38 (68%) 
423 555 438 
P--0.305N P--0.054 Pffi0.568 
P=0.125N P=0.264 Pffi0.334N 

P--0.118N P=0.302 Pffi0.333N 

Overall rates 36150 (72%) 30151 (59%) 40151 (78%) 34150 (68%) 
Adjusted rates 74.9% 63.7% 83.3% 75.3% 
Terminal rates 30/42 (71%) 22/39 (56%) 26/34 (76%) 27/38 (71%) 
First incidence (days) 449 423 555 438 
Life table tests P=0.284 P=0.305N P=0.054 P=0.491 
Logistic regre~ion tests Pf0.508N Pf0.125N P=0.264 Pffi0.415N 
Cochran-Atmitage test Pffi0.486 
Fisher e~cact test Pffi0.118N P=0.302 P=0.414N 

l 
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TABLE C3 

Statistical Analysis of Primary Neoplasms in.Male Mice in the  2-Year Gavage Study of 3i4-Dihydrocoumarin 
(continued) 

~" : ' Vehicle Control 200 mg/kg 400 mg/i~ 800 mg/kg 

Lung: Alveolar /bronchiolar  Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test. , - 
Fmher exact test 

Lung: Alveolar /bronchiolar  Carc laoma 
• 

Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regreution tests 
Cochran-Annitage test 
Fisher exact test 

' .  

Lung: Alveolar /bronchiolar  Adenoma or  Carc inoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression ~ests 
Cochran-Armitage test 
Fisher exact test. 

Small  Intest ine:  Adenoma o r  Carc inoma 
. ,  

Overall rates 
Adjusted rates 

, ~  

Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression testS " " 
Cochran-Armitage test 
Fisher exact testl 

Stomach (Forestomach):  Squamous  Cell Papi l loma 
Overall rates 
Adjusted rates 
Terminal rates • ' 

First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

8/50 (16%) 15/50 (30%) 15/51 (29%) I0/50 (20%) 
19.0%. 38.5% 41.4% 25.5% 
8/42 (19%) 15/39 (38%) 13/34 (38%) 9/38 (24%) 
729 (T) 729 0 3  679 634 
P~0.381 P=0.047 P=0.022 P=0.312 
P=0.423 P=0.047 P=0.038 P=0.345 
P-~0.503 

1/5o (2%) 
23% 
0/42 (0%) 
690 
P=0o289 
P=0.313 
P--0.313 

9/50 (18%) 
20.9% 
8/42 (19%) 
690 
P=0.265 
P=0.327 
P = 0.377 

4/50 (s%) 
9,3% 
3/42 (7%) 
690 

• P = 0.050N 
P = 0.043N 
P=0.039N 

2/50 (4%) 
4.8% 
2/42 (5%) 
7 2 9 0 3  
P=0.344 
P=0.344 
P=0.384 

P=0 .~7  P=0 .~5  P = 0 . 3 ~  

. - 

3/50 (6%) 
7.2% 
1/39 (3%) 
643 
P=0.290 
P=O.303 

, , 

1/51 (2%) 3/50 (6%) 
2.6% 7.2% 
0/34 (0%) 2/38 (5%) 
715 477 
P=0.733 P=0.284 
P-0.762H P =0.296 

P=0.309 P=~0.748N P=0.309 

18/5o (36%) 
43.8% 
16/39 (41%) 
643 
P=0.023 
P =0.024. 

P=0.035 

o/51 (0%) 
0.0% 
0/39 (0%) 
-- 

P=0.075N 
P=0.065N 

P=0.056N 

16/51 C31%) 13/50 (26%) 
43.0% 32,0% 
13/34 (38%) 11/38 (29%) 
679 477 • 
P=0.027 P=0.170 
P=0.047 P=0,218 

P=0.092 P=0.235 

.~ : r , ~ t + , ' 

1/51 (2%) 0/50 (0%) 
2.9% 0.0% 
1/34 (3%) 0/3S (0%) 
729 03 - 
P = 0 . 2 4 6 N  P--0.078N 
P=0.195N P=0.0671q 

P=0.175N P=0.059N 

P =0.243N P =0.226 P=0.691N 

0/51 C0%) 5/51 (10%) ~ 0  (4%) 
0.0% 14.7% 5.3% 
0/39 (0%) 5/34 05%) 2/38 (5%) 
- 729 03 729 03 
P=0.255H P--0.139 P=0.658 
P--0.255H P=0.139 P=0.658 



]L~t~io~m .~ MzHe M~¢~ 

T ~ L ~  ~ 3  
~ f l e ~  #2a~ny,~ o~ ~?Hlma~ 1 ~ l e o # e , ~  tt~ Ma~e M~ee ~n ~ e  g o Y ~ r  G m v z ~  ~u¢~y oft ~ - D ~ y c ~ ~ H n  
(continued) 

Ve~c~e ~ n ~ l  :~I~..~/~ ~ m~/V~ ~ ~ 

S~omach ~ o ~ a c h ) :  ~ u a ~ o ~  Cell Carcinoma 
Overall rates 1/50 (2%) 
Adjusted rates 2.1% 
Terminal rates 0•42 (0%) 
First incidence (days) 528 
Life table tests P=0.3~6 
Logistic regression tests - P=0.364 
Coehran-Armitage test P--0.365 
Fisher exact test 

1~1 (2%) 0/51 (0%) "2/50"(4%) 
2.6% 0.0% 5.1% 
1/39 (3%) 0,/34 (0%) 1/38 0%) 

~729(I3 - 7~  
v=o.752 w o . 4 ~  P=~475 
P=0.~6~ P=0.~7H P=0.4~ 

Pffi0.7~N P=0.495N P=0.5~ 

S ~ e c h  ~o~-~tomach): ~ o ~  Ce~ ~a#aao~a or 
Overall rates 
Adjusted rates . 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

~ u a m o ~  ~ C ~ n o m a  
3/50 (6%) 
6.8% 
2/42 (5%) 
528 
P--0.226 
Pffi0.251 
P=0.261 

• ,1/5~ (2%) 
2.6% 
1/39 (3%) 
729 03 
P=0.327N 
P =0.296N 

• 

Pffi0.301N 

Al~ O~anm H e m a n # ~ , ~ o ~ a  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/50 (6%) 
6.7% 
2/42 (5%) 
456 
P=0.576N 
P=0.579N 
P=0.558N 

o/51 (0%) 
0.0% 
0/39 (0%) 
- -  

P=0.133N 
P=0.114N 

P=0.118N 

All Organm H e m a ~ t o ~ a  or Hemen#e~arcoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
F'mher erect test 

3/50 (6%) 
6.7% 
2/42 (5%) 
456 
P=0A66N 
P=0.440N 
P=0.433N 

2/51 (4%) 
5.1% 
2/'39 (5%) 
729 (T) 

• P = 0.529N 
P=0.487N 

P=0.491N 

~an ow~a~ Ma~i~nan~ L y ~ h o ~ a  and His~cy~c  Sarcoma 
Overall rates 0/50 (0%) 
Adjusted rates . 0.0% 
Terminal rates .0/42 (0%) 
First incidence (days) - 
Life table tests P=0.023 
Logistic regression tests Pffi0.025 
Cochran-Armitage test P=0.025 
Fisher exact test • 

1/51 (2%) 
2.4% 
0/39 (0%) 
673 
~P=0.491 
P=0.506 

P=0.505 

5/51 0 o ~ )  
14.7% 
5/34 (15%) 
729 03 
P=0.262 
P--0.357 

P-0.369 

V51 (2%) 
2.9% 
1 ~  (3%) 
729 (T) 
P=0.364N 
P = 0.292N 

Pffi0.301N 

2/51 (4%) 
5.9% 
2/34 (6%) 
729 (T) 
P=0.576N 
P=0.486N 

P=0.491N 

3/51 (6%) 
8.0% 
1/34 (3%) 
659 
P=0.098 
P =0.120 

P=0.1~ 

4/50 (0%) 
10.3% 
3/38 (8%) 
722 
Pffi0.453 
P=0.498 

P=0.50~ 

2/50 (4%) 
4.3% 
0~8 (0%) 
417 
P-0.522N 
P=0.549N 

P=0.5~N 

2/50 i4%) 
4.3% 
0/3~ (0%) 
417 
P=0.522N 
P=0.549N 

P--0.50~N 

4/50 is,t) 
9.6% 
2/3~ (5%) 
613 
P--0.058 
P=0.062 

P--0.059 

i 



200 3,4-Dihydrocounmrin,. NTP TR 423, 

TABLE C 3  , ~ 

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  i n  M a l e  M i c e  in  t h e  2 - Y c a r  G a v a g e  S t u d y  of, 3 , 4 , D i h y d r o c o u m a r i n  
(continued) . . . . . . . . .  

Vehicle Control 7.00 mg/k 8 ' 400 mg/kg 800 mg/kg 

All Organs: Malignant Lymphoma (llistiocytic, Lymphocytic, or Mixed) 
Overall rates 0/50 (0%) 0/51 (0%) . 3/51 (6%) . 
Adjusted rates 0.0% 0.0% 8.0% 
Terminal rates 0•42 (0%) 0/39 (0%) 1/34 (3%) 
First incidence (days) - - 659 
Life table tests P=0.011 2 P=0.098 
Logistic regression tests P=0.011 - P=0.120 
Cochran-Armitage test P=0.011 
Fisher ~mct test - P=0.125 

. . ~ 

All Organs:  Benign Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test. 

• 4/50. (8%)- 
9.6% 

~ 2/38 (5%) 
613 
P=0.058 
P=0.062 

P=0.059 

35/50 (70%) 30/51 (59%) 39/51 (76%) 37/50 (74%) 
77.6% 69.7% 88.5% 82.0% 
32/42 (76%) 26/39 (67%) 29/34 (85%) 30/38 (79%) 
449 553 555 417 
P=0.073 P=0.356N P=0.026 P=0.195 
P=0.161 P=0.200N P=0.243 P--0.408 
P=0.185 '. ~ . . : ., 

p=O.167N P=0.305 P.~0.412 

All Organs:  Mal ignant  Neoplasms 
Overall rates 
Adjusted rates ' 
Terminal rates 
First incidence (days) ' 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

17/50 (34%) 
36.0% 
12/42 (29%) 
456 - , 
P=0.239 
P=0.292 
P=0.293 

All Organs:  Benign or  Mal ignant  Neoplasms 
Overall rates . 42/50 (84%) 
Adjusted rates 87.5% 
Terminal rates 36/42 (86%) 
First incidence (days) 449 
Life table tests P=0.114 
Logistic regression tests P=0.225 
Cochran-Armitage test P=0.219 
Fisher exact test 

17/51 (33%) 15/51 (29%) 20/50 (40%) 
34.6% 34.9% 41.4% 
7/39 (18%) 7/34 (21%) 10/38 (26%) 

.... 423 . . . . .  583 • - 417 .... 
P--0.510 P=0.547 P=0.271 
P--0.536N P--0.392N "" P = 0 . 3 5 7  

P =0.555N P--0.389N P=0.339 
. .  

, .  

40/51.(78%) • 44/51 (s6%) .... 44/50 (s8%) 
81.6% 91.7% 89.7% 
30/39 (77%) 30/34 (88%) 33/38 (87%) 
423 555 417 
P=0.529 P=0.056 P=0.178 
P=0.341N P=0.423 P=0.389 

P--0.323N P =0.483 P--0.387 

~T~.Terminal sacrifice . . . . .  " . . . . . . . . . . . . . . . .  
Number of neoplasm-beating animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal 
gland, bone marrow, brain, epididymis~ gallbladd~r',~heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial 
gland, prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder;, for other tissues, denominator is number of animals 
necropsied. ~ ~ 

b Kaplan-Mcier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality 
¢ Observed incidence at terminal kill . . . . . . . . . .  
d Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values 

corresponding to pairwise comparisons between the controls and that dosed group. The life table test regards neopia'~mS in animals dying prior 
to terminal kill as being (directly or indirectly) the cause of death. T~e logistic regression test regards these lesions as nonfatal. Tl~e Cochran- 
Armitage and Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in a dose group 

; , : : ~  ~" ; ~  

is indicated by N. 
~ , ~ , . :  , 

• Not applicable; no neoplasms in animal group 
• . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  , ,  . . . . . . .  



. . . . . . .  ~[~ ~ ~ - - ~  =~-~m ~_---::- : ~ 

L~e~om~ ~ ~I~e~e I~e~ 

T ~ . ~  CC~ 
~ f ~ H ~  l I n c f ~ c e  ~ ~ v e r  t~eo~ee~e f~ ~e~e ~,C~FF~ ~ e e  ~ e e f ~  C¢~'~ O~ ~y Gsv~ 

lIn~c~enoe ~n Controls 

He~ceH~z H e ~ n u ~ r  H e ~ a ~ o b ~ o ~ a  
~ o ~ e  Ce~e~o~e 

~e~n~nnea~r 
~ e ~ o ~  Ce~e~o~a 

or H e ~ b ~ m  

O~e~U H f ~ H ~  ~ 

! Total 2A9/~1 (27.6%) 155/~1 (17.2%) 2/~01 (0.2%) 370/~01 (41.4%) 
Standard deviation 15.0% 5.8% 0.7% 15.5% 
l~nse 4%-58% 8%-32% 0%-2% 14%-72% 

a Data as of 17 December 1991 

TA~ C~b 
~fl~H~ ~©~de~ee o~ ~veo~e~/~o~©hfo~e~ l~p~s~ tin t~e~e ~C33Fx ]~fee ~cefv~nS Con O~ ~y Gsvs~ a 

~ncfidence in ConWo~s 
~ ¢ n o ~  Carc|uoma ~A~no~na or 

C ~ r c ~ o ~  

O v e ~  H~e~o~a ~neMk~o~ 

Total 141/q~00 (15.6%) 34/~00 (3.7%) 1~/~0 (18A%) 
Standard d~iation 5.7% 3.6% 5.9% 
~ n g e  ~%-~% ~ - 1 2 %  6%-~% 

~ Data as of 17 December 1991 

T ~  CC~ 
EIfe~oH~ ~©~de~ee ¢~ ~e~e~ T ~ e  H ~ e ~ e  f~ ~e~e ~C~F~ t~ee  ~ e c e ~ v ~  Co~'~ OH ~y ~evs~e ~ 

~Inc~ence ~n Controls 
~ o ~ a  CaRcinoma ~e~oma or 

Carcinoma 

O v ~  IHI~oHc~I IIm~e~eno~ '~ " 

Total . 3/899 (0.3%) 0/899 (0.0~) ~ (0.3%) 
S ~ n ~  d ~ t i ~  0.7% 0.7% 
~n~e 0~-2% ~ - 2 %  

Den ~ ~ ~7 ~ m ~  1~1 
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TAnLE ( ~  
Summary of the Incidence of Nonneoplastic Lesions. in Male Mice in, the 2-Year Gavage Study 
of  3 , 4 - D i h y d r o c o u m a r i n  a 

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

Disposition Summary 
Animals initially in study 70 70 
15-Month imlmvkm emkmlitm b 20 19 
Early deaths 

Moribund 3 3 
Accidental deaths 1 1 
Natural deaths 4 8 

Survivors 
Terminal sacrifice " 42 39 

Animals examined microscopically 

7 0  
19 

.,8 

1 
8 

60 58 56 60 

15-Month Interim Evaluation 
Alimentary System 
Liver 

Basophilic focus 
Clear cell focus 
Fatty change 
Hemorrhage 
Mixed cell focus 

Mesentery 
Fat, necrosis 

Salivaw glands 
Infiltration cellular, lymphocyte 

(I0) 

1 (10%) 
2 (20%) 

(2) 
2 

. (! o) 
2 

(100%) 

(20 ) 

(5) 
• ~ 

1 (20%) 
• . 

(1) 
1 (lOO%) 

(4) 
" 1 (25%) 

1 (25%) + + 

+ .  

(10) 

3 (3o%) 
1 (lO%) 

(10) 
3 (3o%) 

Cardiovascular System 
None 

Endocrine System 
None 

General Body System 
None 

Genital System 
Preputial gland 

Duct, dilatation 2 ooo ) - 

Hematopoietic System 
None 

Integumentary System 
Skin 
Alopecia 

(lO) 
3 ( 3 o ~ )  

O) 
1 (lOO%) 

(10) 
2 (2o%) 



IL,e~o~ ~ l~Iele l~I~e¢ 

T ~ L ~  C.~ 
S ~ m ~ r y  o¢ ~he ~ e ~ e e  o¢ N o ~ e o ~ e ~ ©  L e ~ o ~  ~n I ~ e  ~ c e  ~ e  ~ -Y ~r  Gevege S ~ y  
@~ ~ D ~ I ~ y ~ ~ r ~  (continued) 

V ~ c ~  Co~ro~ ~ ~ ~ ~ ~1~ ~ / ~  

.~$o,~/~'ff0~'8~;~8 ff~.~'~8 . ~ ' I ~ 0 ~  (continued) 
M ~ m ~ l ~ e ~  S y ~ m  
None 

Ne~vo~ S ~ e ~  
None I 

~ p ~ r ~ o r y  S y ~  
Lung (10) (2) 
Alveolar epithefium, hyl~rplasia 1 (10%) 1 (50%) 

(2) (lO) 
1 (I0%) 

S ~ ¢ ~  ~ S y ~ m  
None 

UH~ry S y ~  
Kidney (10) 

Hydronephro~is 1 (10%) 
Infiltration cellular, lymphocyte 3 (30~) 

Urinary bladder (10) 
Infiltration cellular, lymphocyte 

(10) 

(10) 
1 (10%) 

2-~'e~- StUdy 
Alimen~ry $ 3 , ~  
Gallbhdder (45) (~) 

H e r b a g e  1 (3%) 
Int~tine ~ e ,  ~ u m  (47) (~) 

H ~ l a s ~ ,  ~phoid 6 (13%) 2 (4%) 
I n . t o m t i t ,  chronic 
In~mmation, s u p ~ t ~  

lnt~tine ~ e ,  ~ u m  (~) (~)  
H ~ i a ,  ~ p ~ i d  1 (2%) 
In~mmtion, s u ~ u ~ t ~  

Int~tine stall, ileum ( ~  (~) 
H ~ ,  ~ph~ 1 (2%) 

Int~tine s~ll, jejunum (4~ (45) 
H ~ ,  ~oid 1 (2%) 

~er (50) (51) 
~ ~ (2%) ~ (0%) 
B~ilic f~ 3 (6%) I (2%) 
~r ~II f~ 2 (4%) 7 (14%) 
~i~philic f~ 9 (18%) 8 (16%) 
Fat~ c~nge 1 (2%) 
Hemo~ha~e I (2%) I (2%) 
Infilt~tion ~llular, ~ph~e I (2%) I (2%) 
In~mmation, chmnk 
Infraction, suppu~t~ 2 (4%) 
M~ ~ f~ ~ (2%) 2 (~%) 
~ 3 (6%) 
Vacuol~tion ~o~mic I (2%) 

(41) 

(43) 
s (19%) 

1 (2%) 
(43) 

1 (2%) 
(43) 

(43) 

(51) 

4 (8%) 
14 (27%) 
13 (25%) 
I (2%) 
1 (2%) 
I (2%) 
I (2%) 

3 (6%) 

(40) 

(44) 
3 (7%) 

• 

i (2%) 

(46) 

(44) 

(44) 
1 (2%) 

(50) 

4 (s%) 
? (14%) 
12 (24%) 

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



204 3,4-D~hydro~oumarin, NTP TR 423 

TABLE C5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Gavage Study 
of 3,4-Dihydrocoumarin (continued) 

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

2-Year Study (continued) 
Alimentary System (continued) 
Mesentery (1) (2) 
Fat, inflammation, chronic active 
Fat, inflammation, suppurative 1 (100%) 
Fat, necrosis 1 

Pancreas (48) (50) 
Atrophy 4 (8%) 2 
Cyst ~ (2%) 1 
Infiltration cellular, lymphocyte 1 (2%) 3 
Inflammation, chronic 
Polyarteritis 
Salivary glands (50) (50) 
Infiltration cellular, lymphocyte 19 (38%) 23 
Duct, dilatation 

Stomach (49) (49) 
Serosa, inflammation, suppurative 1 (2%) 

Stomach, forestomach (49) (49) 
Cyst epithelial inclusion 1 (2%) 
Hyperkeratosis 
Hyperplasia, sqnamous 10 (20%) 8 
Inflammation, chronic 1 (2%) 
Inflammation, suppurative 4 (8%) 4 

Stomach, glandular (48) (47) 
Cyst 1 
Inflammation, suppurative 2 
Mineralization 1 

(50%) 

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

(46%) 

(16%) 

(8%) 

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

(2) (1) 
2 (100%) 

1 (50%) 
(48) 

2 (4%) 

1 (2%) 
1 (2%) 

(50) 
18 (36%) 
1 (2%) 

(46) 

(4~D 

9 (20%) 

1 (2%) 
(43) 

1 (100~) 
(49) 

1 (2%) 

1 (2%) 

(49) 
12 (24%) 

(48) 

(48) 

2 (4%) 
16 (33%) 

6 (13%) 
(46) 

Cardiovascular System 
Heart (50) 

Cardiomyopathy 2 (4%) 
Inflammation, chronic 
Inflammation, suppurative 
Mineralization 
Atrium, thrombus I (2%) 
Perivascular, infiltration cellular, lymphocyte 

(51) 

1 (2%) 
1 (2%) 

I (2%) 
1 (2%) 

(51) 
5 (lO%) 

i (2%) 
2 (4%) 

(5o) 
1 (2%) 

1 (2%) 

Endocrine System 
Adrenal gland (50) (50) 

Cal~ule, inflammation, suppurative 1 (2%) 
Adrenal gland, cortex (49) (50) 
Acce~ory adrenal cortical nodule 
Hyperplasia 3 (6%) 1 
Hypertrophy 4 (8%) 7 
Infarct 
Pigmentation, ceroid 

Adrenal gland, medulla (49) (49) 
Hyperplasia 4 (8%) 2 

Islets, pancreatic (49) (50) 
Hyperplasla 1 

Pituitary gland (47) (46) 
Pars distalis, cyst 1 (2%) 

(2%) 
(14%) 

(4%) 

(2%) 

(48) 

(48) 

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

(48) 
1 (2%) 

(49) 

(45) 
1 (2%) 

(49) 

(49) 
1 (2%) 
1 (2%) 
5 (10%) 

(47) 
2 (4%) 

(50) 

(45) 
1 (2%) 



L~ee~o~e In I ~ l e  I~ce 

TABLE C~ 
S u ~ S ~  o~ the ~¢~denee o~ Nonn~pllast~c Lesions In ]~e~e ~ t e e  In the 2 - Y ~ r  G a v ~  Study 
off' 3~ ,~ .Di~ydl r~u~a~n (continued) 

Vehicle Co~o~ ~ m~a~/k~ , ~  mg/~ ~ m~/P~ 

~O~ 

2-7e~ S A y  (continued) i 
Endocrine ~ m  (continued) i 
Thyroid gland (49) (49) (49) (50) 

Follicle, cyst 1 (2%) i 
Follicle, degeneration 1 (2%) 
Follicular cell, hyperplasia 2 (4%) 2 (4%) 3 (6%) 

~ z s ~  ~ y  S y ~  
Tissue Nos (1) (5) 

Hemorrhage 1 (20%) 
Necrosis 1 (100%) 1 (20%) 
Abdominal, inflammation, suppurative 1 (20%) 

G e n ~  ~ys~em 
Epididymis (49) 

Granuloma sperm 1 (2%) 
Infiltration cellular, lymphocyte 1 (2%) 
Inflammation, chronic 1 (2%) 
Mineralization 

Preputial glaad (12) 
Inflammation, chronic 
Inflammation, suppurative 1 
Duct, dilatation 11 

Prostate (50) 
Infiltration cellular, lymphocyte 1 
Inflammation, suppurative 

Seminal vesicle (49) 
Dilatation 1 
Inflammation, chronic 

Testes (49) 
Atrophy 1 
Mineralization 

(8%) 
(92%) 

(2%) 

(2%) 

(2%) 

(49) 

1 (2%) 
1 (2%) 

(8) 

3 (3s%) 
5 (63%) 

(47) 
I (2%) 

(48) 

I (2%) 
(48) 

1 (2%) 
1 (2%) 

(48) 

1 (2%) 

(13) 
1 (8%) 

13 (100%) 
(48) 

(47) 
2 (4%) 

(48) 
3 (6%) 

(i) 

(49) 

1 (2%) 

(11) 
1 (9%) 
1 (9%) 
9 (82%) 

(50). 
I (2%) 
1 (2%) 

(48) 

(4s) 
2 (4%) 

[ 

~ H ~ o ~ z o ~ ¢  S y ~  
Bone marrow 

Hyperplasia, neutrophii 
Lymph node 

Mediastinal, hyperplasia, plasma cell 
Lymph node, mandibular 

Hype~plasia, lymphoid 
Hyperplasia, macrophage 

Lymph node, mesenteric 
Congestion 
Hemorrhage 
Inflammation, suppurative 
Sinus, dilatation 

(49) 

(50) 

(47) 

(49) 
5 (lO%) 

(51) 
1 (2%) 

(49) 

(41) 
2 (5%) 

(4s) 
1 (2%) 

1 (2%) 

(5o) 

(5o) 
1 (2%) 

(49) 
5 (lO%) 

(43) 
4 (9%) 

1 (2%) 

(49) 
1 (2%) 

(50) 

(44) 
1 (2%) 
1 (2%) 

(47) 
1 (2%) 
2 (4%) 
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TABLE C$ 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the, 2-Year Garage Study 
of 3,4-D~hydrocoumarin (continued) 

Vehicle Control 7JI0 mll/kg 400 mg/kg 8CO mg/kg 

2-Year Study (continued) 
Hematopoietic System (continued) 
Spleen 

Congestion 
Cyst 
Developmental malformation 
Hematopoietic cell proliferation 
Hyperplasia, lymphoid 
Inflammation, suppurative 
Inflammation, pyogranulomatous 

Thymus 
Atrophy 
Inflammation, suppurative 

(49) 
1 (2%) 

2 (4%). 
1 (2%) 
5 (10%) 

(41) 

(50) (46) 
1 (2%) 

1 (2%) 1 (2%) 

4 (8%) 4 (9~) 
1 (2%) , 1 (2%) 

1 (2%) 
(49) '(39) 

1 (2%) .-. 
1 (2%) 1 (3%) 

~s) 

1 (2%) 
6 (13%) 

2 (4%) 

(44~ 

Integumentary System 
Skin 

Alopecia • 
Cyst epithelial inclusion 
Fibrosis 
Hype~eratosis 
Inflammation, chronic active 
Inflammation, suppurative 
Parakeratosis 
Ulcer 
Sebaceous gland, metaplasia, squamous 

(49) 
1 (2%) 

I (2%) 

1 (2%) 

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

1 (2%) 

1 (2%) 

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

I (2%) 

(4S) 
1 (2%) 

2 (4%) 

1 (2%) 

Musculoskeletal System 
Bone 

Hyperostosis 
Inflammation, suppurative 

Skeletal muscle 
Hemorrhage 

(5o) 
1 (2%) 

(1) 

(51) 

1 (2%). 

(51) (50) 

(2) 
1 (50%) 

Nervous System 
Brain 

Infiltration cellular, lymphocyte 
(4s) 

2 (4%) 
(49) (~) (5o) 

Respiratory System 
Lung 

Congestion 
Edema 
Emphysema 
Hemorrhage 
Hyperplasia, macrophage 
Inflammation, chronic active 
Inflammation, suppurative 
Pigmentation 
Alveolar epithelium, hypcrplasia 

,,(5o) 
I (2%) 
1 (2%) , 

, 

1 (2%) 

(50) 
2 (4%) 

. 1 (2%) 

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

(51) 
2 (4%) 

1 (2%) 

2 (4%) 

(5o) 

1 (2%) 

1 (2%) 



L~o~m ~n Mz~  M ~  ~A~7 

T ~  C~ 
Smmmmmry ~ t~e ~m~<$ea~ o f  P~omn~#amtO© L~m~omm ~m Male M t ~  ~m t h e  ~-Ye~r ' G m ~  ~tm<$y 
~+ ~++-D~my+~mmmHtm (continued) 

Ven~ne C o n t ~  ~A~ ~ / ~  ~ m~/~  ~ ~ 

2 " ~ r ~  ' 5 ~  (continued) 
~emp~ra~ry ~ym~m (continued) 
Lung (continued) 

Alveolus, giant cell 
Peribronchiolar, infiltration cellular, 

lymphocyte 
Nose 

Inflammation, suppurative 
Nasolacrimal duct, hyperplasia, squamous 
Vomeronasal organ, inflammation, proliferative 

1 (2%) 

1 (2%) 
(50) (51) (5o) 

1 (2%) 1 (2%) 

1 (2%) 

(5o) 
2 (4%) 
1 (2%) 

S~c~z~ ~ e ~  System~ 
Ear 

Pinna, hy~erplasia, ~ m o m  
, Pin~, i~mmation, suppumt~e 

Eye 
~ 

~ ~tef ior  c~m~r ,  ~ e ~  I 
~ ~ m ~ ,  ~ema 

~ ,  inflammation, ~mnic 

(3) 
1 (33%) 

(2) 
1 (50%) 
2 (I00%) 

(3) (2) (2) 
1 (33%) 1 (50%) 

1 (50%) 
1 (50%) 

1 (50~) 

U H n ~  ~ y ~ m  
Kidney 
Amyloid detmsition 

[ Infarct . 

Infiltration cellular, lymph~:~y~e 
I Inflammation, suppurative 

Metaplasia, osseous 
Mineralization 
Necrosis, coagulative 
Nephropathy 
Cortex, cyst 
Medulla, mineralization 
Pelvis, epithelium, hyperpl~sia 
Renal tubule, hyperplasia 
Renal tubule, hyperplasia, cystic 

Urinary bladder 
Dilatation 
Infiltration cellular, lymphocyte 
Inflammation, suppurative 

3 (6%) 

1 (2%) 
45 (~o%) 
2 (4%) 

2 0%) 
(50) 

t (2%) 
2 (4%) 

(51) (51) (49) 
1 (2%) 
1 (2%) I (2%) 

1 (2%) 3 (6%) 
I (2%) I (2%) i (2%) 

1 (2%) 
I (2%) 

46 (90%) 45 (88%) 43 (~8%) 
1 (2%) 5 (10%) 4 (8%) 

1 (2%) 
1 (2%) 

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

(47) (~)  Os) 

4 (9%) 5 (11%) 2 (4%) 
1 (2%) 

a Number of animals emamined microscopically at site and number of animals with lesion 
b Of the animals designated for the 15-month interim evaluation, only 5-10 per group were examined microscopically. 



T~L~ D~ 

T~L~ D~ 

T ~  D3 

T~L~ D4 

TABLE D5 

APPIZNI~[Z I~ 
$~J~l~iA~f ©I~ LIZ~[©N$ [M FIZI~4A[~IZ I~[CIZ 

IN TI~IZ 2o~'IK~l~ GAVAGIZ ~T~J~f 
OF 5~4oI~[}7979I~© C©UI~iAPdIM 

~ e r y  ~ ~ ~nct~enc~ ~ I ~ ~  ~n ~ ~ 
~ ~ ~ - ~ r  G ~ v ~  ~ y  ~ ~ - D ~ y ~ ~  . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
~ ~  ~ T ~ o r  ~ t ~ o ~  o~ ~ a ~  ~ 
~ ~ ~ - ~ r  G ~ v ~  ~ y  ~ ~ - ~ y ~ a ~  . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
~ ~  ~ H y ~  o~ ~ ~ ~  ~ ~ ~ 
~n ~ ~ * ~ r  G ~ v ~  S ~ y  o~ ~ * D ~ y ~ ~ n  . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
~ ~  ~c~enc~ o~ ~ver  ~ p ~ g  ~n ~ ~C~F~ ~ 
~ n g  ~ O~ ~y Garage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
S ~  of ~ e  ~nc~en~ o~ ~ o n n ~ p ~ c  ~ o n ~  ~ Female ~ 
~n ~ e  ~ - Y ~  Garage ~ t ~ y  o~ ~ - ~ y ~ u ~ a ~ n  . . . . . . . . . . . . . . . . . . . . . . . .  ~ 

i 
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b .  • ¸ -  



]L~o~e fl~ ]~e~a~e t~e~ ~.1 

T ~  ~ .  
S ~ D '  ~ ~ ~ $ ~  o~ H e o l ~ e ~ e  ~ F e ~ e  I~fl~ I.~ ~ ~ o Y ~  ~ ' ~ , ~  , ~ y  ~ ~ D t ~ I ~ y ~ i r ~ r ~ n  ~ 

V ~  C~um~r~H ~ ~ ~ ~ ~ ~ 

D ~ o ~  ~ e a m m ~  
Animals initially in study 70 70 70 70 
~ 5 - ~  ~ ~ 19 ~ 19 18 
~ d ~ t ~  

Mo~bund 5 9 4 5 
~ d e n ~ l  d ~ t ~  2 1 
N a t a l  d ~ t ~  8 2 5 17 

S u ~ o ~  
D id  ~ t  ~ k  of s tud 1 
Te~inal ~ f i ~  ~ 39 ~1 ~ 

~ i m a ~  ~ m i n ~  m i ~ p i ~ l ~  ~ ~ 59 ~ 

1 5 - ~ o ~  f f ~  ~ n  
A ~ i m e ~  System 
Liver 

Hepatocelluiar adenoma 
Hepato~y~e, hepatocelluiar adenoms 

(9) (3) 
2 (22%) 1 (33%) 

1 (33%) 

(9) 
2 (22%) 

C..~rd~o~,~uHar S y ~  
None 

End~r ine  Sys~n~ 
None 

Gener~H ~ y  Sys~m 
None 

Gen~n  S y ~  
None 

He~o~oie~i¢  S y ~  
None 

I n ~ u m e n ~ y  S y ~  
None 

I~uscuReskene~a S y ~ m  
None 

t~er~o~ Sys~m 
None 
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TASTE D I  
S u m m a r y  of  the  Inc idence  of  Neop la sms  in Female  Mice in the  2-Year  Feed Study of  3 ,4 -Dihydrocoumar in  
(continued) 

Vehicle Control 200 mg/kg 400 InS/kg 800 mg/kg 

15-Month Interim Evaluation (continued) 
Respiratory System 
None 

Special Senses System 
None 

Urinary System 
None 

2- Year Study 
Alimentary System 
Gallbladder (45) 
Intestine large, cecum (44) 
Intestine large, colon (45) 
Intestine small, duodenum (45) 
Intestine small, ileum (45) 
Intestine small, jejunum (47) 
Liver (51) 

Hemangiosareoma 
Hepatocellular carcinoma 3 
Hepatocellular adenoma 10 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 1 
Neoplasm NOS 
Sarcoma, metastatic, uncertain primary site 

Pancreas (50) 
Sarcoma, metastatic, uncertain primary site 

Salivary glands (51) 
Stomach, forestomach (49) 

Papilloma squamous 2 
Stomach, glandular (44) 

(6%) 
(2o%) 

(2%) 

(4%) 

(50) (44) 
(50) (46) 
(50) (46) 
(50) (46) 
(50) (45) 
(50) (45) 
(50) (50) 

2 (4%) 4 (8%) 
14 (28%) 13 (26%) 
6 (12%) 9 (18%) 

1 (2%) 

(50) (48) 

(50) (50) 
(50) (47) 

2 (4%) 1 (2,%) 
(50) (45) 

(35) 
(40) 
(40) 
(37) 
(40) 
(39) 
(52) 

2 (4%) 
6 (12%) 
ii (21%) 
9 (17%) 

1 (2%) 
(47) 

I (2%) 
(50) 
(48) 

1 (2%) 
(41) 

Cardiovascular System 
Heart 

Sarcoma, metastatic, uncertain primary site 
(50) (50) (50) (51) 

1 (2%) 

Endocrine System 
,Adrenal gland, cortex (49) 

Sarcoma, metastatic, uncertain primary site 
Adrenal gland, medulla (47) 

Pheochromocytoma benign 
Islets, pancreatic (50) 

Adenoma 
Pituitary gland (47) 

Pars distalis, adenoma 9 (19%) 
Thyroid gland (48) 

Bilateral, follicular cell, adenoma 
Follicular ceil, adenoma 

(5o) 

(5o) 
1 (2%) 

(50) 
1 (2%) 

(48) 
5 00%) 

~ (5O) 

(2%) 

(47) 

(47) 

(48) 

(47) 
3 (6%) 

(49) 

1 (2%) 

(48) 
1 (2%) 

(4s) 

(47) 

(47) 
3 (6%) 

(49) 
1 (2%) 



Le~on~ In Female I~I~ee 2 1 3  

T z ~  D~ 
~ m ~ ,  o~ ~ e  ~ c t ~ n c e  o~ l~teo~a~s~ ~n ~ e ~ e  I~ce  ~n ~he ~-~ez~- G ~ v ~ e  ~ u ~ y  o~ ~ - D ~ h y ~ o c o u ~ H n  
(continued) 

veha n  cont n 

2 - ~  ,~g~y (continued) 
Genes'a9 l]~nny Sy~t~ 
Tissue NOS (I) 
Fibroma I (109%) 

CT, en~a~ ~ 

(1) 

Clitoral gland 
Carcinoma 

Ovary 
Cystadenoma 
Oranulosa cell tumor benign 
Luteoma 

Oviduct 
Uterus 

Polyp 
Sarcoma stromal 

(50) (so) 
1 (2%) 2 (4%) 
i (2%) 

(2) 
(51) 

1 (2%) 

(50) 
2 (4%) 

(2) 
1 (50%) 

(49) 
1 (2%) 

I (2%) 

(49) 

(5o) 

1 (2%) 
(2) 
(51) 

~-IIema~llm~c Sy~te~ 
Bone marrow 
Lymph node 

Lumbar, carcinoma, metastatic, clitoral gland 
Lymph node, mandibular 
Lymph node, me,enteric 
Spleen 

Hemangiosarcoma 
Sarcoma, metastatic, uncertain primary site 

Thymus 

(50) 
(so) 

(49) 
(47) 
(51) 

(45) 

(5o) 
(50) 

(45) 
(50) 
(5o) 

(45) 

(45) 
(45) 

1 (2%) 
(40) 
(45) 
(49) 

(47) 

(47) 
(~) 

(43) 
(41) 
(46) 

2 (4%) 
1 (2%) 

(45) 

I ]In~egnn~en~g7 S ~  
Mamma W gland 

Adenoma 
Skin 

Sarcoma, metastatic, uncertain primary site 
I Subcutaneous tissue, fibrosarcoma ! 

Subcutaneous tissue, hcmangioma 
Subcutaneous tissue, h~nangio~arcoma 
Subcutaneous tissue, schwannoma malignant 

(51) 
i (2%) 

(51) 

1 (2%) 

(47) 

(50) 

1 (2%) 

(45) 

(45) 

1 (2%) 
1 (2%) 

(50) 

(51) 
1 (2%) 

i (2%) 

I~I~c~z~l~e~et~ Syetem 
Bone 

O~tee~arcoma 
(51) (50) (5o) 

i (2%) 
(52) 

l~le~o~ ~ 
Brain (49) (50) (47) Os) 
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TABLE D I  
Summa,  7 o f  the  Incidence  o f  N e o p l a s m s  In Female Mice in the 2-Year Gavage S tudy  o f  3 , 4 - D i h y d r o c o u m a r i n  
(continued) i 

I 

Vehicle Control 200 ~ l ~ ~ ~ ~ 

2-Year Study (continued) 
Respiratory System 
Lung 

Aiveoiar/bronchiolar adenoma 
Aiveolar/bronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, liver 
Osteosarcoma, metastatic, bone 
Sarcoma, metastatic, uncertain primary site 

(51) (5o) (48) 
2 (4%) s (10~) 1 (2%) 

~ (2%) 
2 (4%) ~ (2%) 

1 (2%) 

(~ 1 ) l 
3 (6%) 

1 (2%) 

Special Senses System 
Harderian gland (2) (3) (3) 

Adenoma 1 (50%) 3 (100%) 3 (100%) 

Urinary System 
Kidney (48) (50) 

Sarcoma, metastatic, uncertain primary site 
Ureter (1) 
Urinary bladder (45) (50) 

(48) 

(47) 

(1) 
x 0oo%), 

• 

(47) 
X (2%) 

(45) 

Systemic Lesions 
Multiple organs c 

Hlstiocytic sarcoma 
Lymphoma malignant 
Lymphoma malignant hlstiocyti¢ 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated cell 

(51) 
1 (2%) 
1 (2%) 

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

(50) 

3 (6%) 

4 (8%) 
2 (4%) 

4 (8%) 

(52) 

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

Neoplasm Summary 
Total animals with primary neoplasms d 

15-Month interim evaluation 
2-Year study 

Total primary neoplasms 
15-Month interim evaluation 
2-Ycar study 

Total animals with benign neoplasms 
15-Month interim evaluation 
2-Year study 

Total benign neoplasms 
15-Month interim evaluation 
2-Year study 

Total animals with malignant neoplasms 
2-Year study 

Total malignant neoplasms 
2-Year study 

Total animals with metastatic neoplasms 
2-Year study 

Total metastatic neoplasms 
2-Year study 

2 
24 

2 
38 

2 
17 

2 
27 

9 

11 

2 

2 

36 

55 

29 

42 

11 

13 

2 
36 

2 
47 

2 
27 

2 
35 

11 

11 

3 

3 

2 

2 
25 

2 
30 

16 

18 

1 

8 
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~.~sio~.~ l~ F e ~ ] e  I~I I~  • 

T ~  D~ 
~ u m ~  of~ ~ e  ~ l e ~ e e  o~ t ~ e o ~ m ~  ~ F e m ~ e  ~ c e  ~ ~ e  ~ - Y e ~  G~vs~e ~ ¢ ~ y  o~ ~ o D ~ y c ~ c e o u ~  
(continued) 

21~ 

Veh~cne ~ o ~ n  ~ ~ ~ eW~/~ ~ n~f~/~ 

N~op~U~ ~ u m ~ , ~  (continued) 
Total animals with ~ l i ~ n t  n ~ p l ~  

un~min  p ~  site 
~ Y ~ r  u u ~  

To~l animal ~ h  n ~ p ~ m s  u n ~ i n -  
~ n i ~  or ~ l i ~ n t  ~ ~ 

~ Y ~ r  s tud  
T ~ I  u n ~ i n  n ~ p ~  

2-Y~r ~ 

1 

] a 

b 

d 

Number of animals examined m i ~ p i c a l l y  at site and .number of animals with lesion 
Of the animals designated for the !5-month~ interim evaluation, only 5-10 per dose group were examined microscopically. 
Number of animals with any tissue examined microscopically 
Primagy neoplasms: all neoplasms except metastatic neoplasms 

• 
• 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Female  M i c e  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

V e h i c l e  C o n t r o l  

N u m b e r  o f  D a y s  on  S t u d y  
0 0 1 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
1 2 1 4 8 9 0 3 4 6 7 7 8 0 0 2 2 2 2 2 3 3 3 3 3  
5 4 7 5 7 7 5 9 3 8 4 4 0 4 7 9 9 9 9 9 0 0 0 0 0  

Carcass ID Number 
2 2 3 2 2 3 2 3 3 3 2 3 3 2 3 3 3 3 3 3 2 2 2 2 3  
8 8 4 8 9 1 9 2 2 4 9 3 1 9 0 0 0 1 4 5 8 9 9 9 0  
4 1 2 3 6 9 9 3 0 1 0 9 6 7 5 3 6 3 9 0 5 1 2 5 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  

Al imen ta ry  Sys t em 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hepatocellular carcinoma 
Hepatocellular adenoma 
Histiocytic sarcoma 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma sqnamous . 
Stomach, glandular 

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

A + + + + + A + A A + + A A + + + + + + + + + + +  
• 

+ + +  + A A A + + A + + A +  + + + + + + +  + +  + + .  
+ + + + A A A + A A +  + A A +  + + +  + + + +  + + +  
+ + + + A A A + A A +  + A +  + + + + + + +  + + +  + 
+ + + + A A A +  + A + + M A + +  + + + + + + + + +  
+ + + + + A A +  + A +  + A +  + + + + + + + + + + + 
+ + + + A A A +  + A + + M A + +  + + + + + + +  + + 
+ + +  + A A A + + A +  + M A +  + + +  + + + +  + +  + 
+ + + + + A A +  + A +  + A + +  + +  + + + + + ~  + +  
+ + + + + + + . +  + + + + + + + + + + + + + + + + + 

X X X 
X X 

+ 

+ + + . +  + ÷ + + + + + + A  + + + + + + + + + + + + 
+ + + + + + + + + + + +  + + + + + + + + + + + + + .  

• + . +  + . +  + A + . +  + + + + A + + + + + + + + + + + + 
• + + + + + A +  + + + + + A +  + + + + + + +  + + + ~  

...+ + + + A A + + A A + + A A + + + + + + + + + + + 

C a r d i o v a s c u l a r  S y s t e m  
Heart 

¸ . .  

+ + + + + + + + + A +  + + + + + + + + + + + + + + 

. , .  

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitmy gland 

Pars distalis, adenoma 
Thyroid gland 

+ + + + + A + + + + + + M + + + + + + + + + + + +  
+ + + + + A + + + + + + M + + + + + + + + + , + + +  
+ + + + + A + + + M + + M + + + M + + + + + + + +  

.+ + + + + + + + + + + + A +  + + + + + + + + + + + 
+ + + + + M + M + + + M M + + + + M + + + M I  ~ +  

-~÷ + + + + A + + + + + + + + + + M + + + + + + + + 
X X X 

+ + + + A A +  + + A +  + + + + + +  + + + +  + + + +  

Gene ra l  Body S y s t e m  
None 

+: Tissue examined microscopically 
A: Autolysis precludes examination 

M: Missing tissue 
I: Insufficient tissue 

X: Lesion present 
Blank: Not examined 
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T ~  D 2  

X~flvfle~]u.n~:~] ~ f l i ~ l ]  T ~ o r  Pe~l~o~c~y o~ F e ~ e ~ e  ]~I~ee In ~tI~ 2 o Y e ~ r  G ~ v ~  S ~ y  o~ 3 , , ~ - D f i ~ y d ~ c e o ~ e ~ n :  

V¢l~l~c~]¢ C o ~ l ' O ] ]  (continued) 

l~lu~n~z o~ ~ s y ~  on  S~tndy 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1  

C ~ r e ~  ~ l~lumb~r 
T o ~  

T [ m u ~ /  

T u m o r s  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 3 3 3 3 3 3 3 3  

0 0 1 1 1 2 2 2 3 4 4 4 4 4 8 8 8 8 0 0 1 3 3 3 3 4  

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

~ H m o ~  Sy~s~n~ 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, je junum 
Liver 

Hepatocel lular  carcinoma 
Hepatocel lular  adenoma 
Histiocytic sarcoma 

M e s e n t e ~  
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

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

X X X X  X X  
X 

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

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

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

X X 

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

X 
+ + + + + + + + +  

51 
45 
46 
44 
45 
45 
47 
45 
45 
47 
51 
3 

10 
1 
1 

50 
51 
49 
49 
2 

#4 

C ~ r ~ o w . ~ u ~ r  g y ~ m  
Heart  

E n d ~ n e  S y s ~ m  

+ + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adrenal gland 

Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

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

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

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

49 
49 
47 
50 
38 
47 
9 

48 

G ~ o ~  ~ y  ~ 
Non© 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

V e h i c l e  C o n t r o l  (continued) 
. 

N u m b e r  o f  D a y s  o n  S t u d y  
0 0 1 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a ~ n ~  ID N u m b e r  
2 2 3 2 2 3 2 3 3 3 2 3 3 2 3 3 3 3 3 3 2 2 2 2 3  
8 8 4 8 9 1 9 2 2 4 9 3 1 9 0 0 0 1 4 5 8 9 9 9 0  
4 1 2 3 6 . 9 9 3 0 1 0 9 6 7 5 3 6 3 9 0 5 1 2 5 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  

Geni ta l  S y s t e m  
Ovary 

Cy~tadenoma 
Granulosa cell tumor benign 

Oviduct 
Uterus 

Sarcoma stromal 

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

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

Hema topo i e t i c  S y s t e m  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

+ 

+ + + + + A + ÷ + + +  + + + ÷ + + +  + + + +  + + + 
• + + + + + + + + + + + M ~  + + + + + + + + + + + 
+ M + + + + + + + + + + M + + + + + + + + + + + +  
+ + M + + A A + + + + + M + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + I  + + + + A + I  A I  + + + + + + + + + + +  

I n t e g u m e n t a r y  S y s t e m  
Mammary gland 

Adenoma 
Skin 

Subcutaneous tissue, schwannoma 
m a l i g n a n t  

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

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

X 

Muscu loske l e t a l  S y s t e m  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + 

, ,  

N e r v o u s  S y s t e m  
Brain + + + + + A +  + + + ~ + A +  + + + + + + + + + + + 

. 

R e s p i r a t o r y  S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Hepatocellular carcinoma, metastatic, 

liver 
Nose 
Trachea 

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

X X  
, .  

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

+ + + + + A +  + + + + + + +  + + +  + + + + + + + + 
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V~]~i~c~ C A ~ I 3 ] ]  (continued) 
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I 

Hnm~r o f  D~3'~ on  $ ~ y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 

C~ercJ~ lID Hnn~r 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 3 3 3 3 3 3 3 3  

0 0 1 1 1 2 2 2 3 4 4 4 4 4 8 8 8 8 0 0 1 3 3 3 3 4  

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

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 1  

T o ~  

T ~ u ~ /  

T u m o r s  

G e n i i ~  S y ~  

Ovary 
Cystadenoma 
Granulosa cell tumor  benign 

Oviduct 
Uterus 

Sarcoma stromal 

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

X 

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

X 

50 
1 
1 
2 

51 
1 

H e ~ e ~ e ~ i c  S y ~  
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

~ n ~ u ~ e ~ x r y  S y s ~  

+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + +  + + + + + +  + +  + + + + + + + +  + + + + + +  + 
+ + + ' +  + + + + + + M +  + + + + + + + + + + + + + + 

1 
50 
50 
49 
47 
51 
45 

i 

Mammary gland 
Adenoma 

Skin 
Subcutaneous tissue, schwannoma 

malignant 

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

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

51 
1 

51 

I ~ ~ e ~ e ~  S y ~ n  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + + 51 

Her~ou~ ~ y ~  

Brain + + + + + + + + + + + + + + + + + + + + + ÷ + + + + 49 

~ e ~ p i r ~ y  S y s t e m  

Lung 
Alveolar/bronchiolar adenoma 
Hepatocel lular  carcinoma, metastatic, 

liver 
Nose 
Trachea 

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

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

51 
2 

2 
51 
50 
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T ~  D2 " " 

Ind iv idua l  An ima l  T u m o r  Pa tho logy  of  F e m a l e  Mice  in the  2 .Year  Gavage  Study of  3 ,4 .D ihydrocoumar in :  
Vehicle  Con t ro l  (continued) 

Number of  Days on Study 
0 0 1 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7  
1 2 1 4 8 9 0 3 4 6 7 7 8 0 0 2 2 2 2 2 3 3 3 3 3  
5 4 7 5 7 7 5 9 3 8 4 4 0 4 7 9 9 9 9 9 0 0 0 0 0  

Carcass ID Number 
2 2 3 2 2 3 2 3 3 3 2 3 3 2 3 3 3 3 3 3 2 2 2 2 3  
8 8 4 8 9 1 9 2 2 4 9 3 1 9 0 0 0 1 4 5 8 9 9 9 0  
4 1 2 3 6 9 9 3 0 1 0 9 6 7 5 3 6 3 9 0 5 1 2 5 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  

Special Senses System 
Ear 
Eye 
Harderian gland 

Adenoma 

+ 
+ + 

+ 
+ 
+ 
X 

Urinary System 
Kidney 
Ureter 
Urinary bladder 

+ + + + + + + + A + + + A A + + + + + + + + + + +  
+ 

+ M.A + + A A + + A + + A + + + + + + + + + + + + 

Systemic Lesions 
Multiple organs 

l-~tioc-ytic sarcoma 
Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 

X 
X 

X 

X X 



. . . . . . . . . . . . . . . . . .  : . . . . . . . .  ~ . . . . .  ~ = ~  

L e ~ o ~  fl~ ]~e~s~e ~ c ~  ~ 1  

T ~ L E  D~ 

~ n ~ v l i ~ a ~  A ~ a / ]  T ~ o r  ~at]hol]o~y o~ ~¢e~al]e l ~ I ~  fi~ t h e  2 - ' ~ r  G a v s ~  S t ~ y  o~ 3 s ~ D ~ h y ~ i r o ~ m m a ~ n :  

V ~ ] ] ~  Co~lllro]] (continued) 

l ~ u ~ r  off ~ D~y~ on SUrly 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1  

C a r c a ~  lid N n ~ r  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 2 2 3 3 3 3 3 3 3 3  
0 0 1 1 1 2 2 2 3 4 4 4 4 4 8 8 8 8 0 0 1 3 3 3 3 4  
7 9 0 2 7 5 7 9 2 3 5 6 7 8 2 7 8 9 1 4 4 1 6 7 8 4  
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 1  

T o ~  
T ~ n ~ /  
T ~ o ~  

S~¢~a~ Senses S y ~  
Ear 
Eye 
Harderian gland 

Adenoma 

i 

i Ur~na~  System 
Kidney 
Ureter 
Urinary bladder 

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

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

Sys~mic  L~mions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 
Lymphoma malignant undifferentiated 

cell type 

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

X 

48 
1 

45 

51 
1 
1 
1 
I 

I 
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T A B L E  1 ) 2  

Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 
20O mg/kg 

N u m b e r  o f  D a y s  o n  S t u d y  

4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

C a r c a s s  I D  N u m b e r  

3 3 3 3 3 4 4 3 3 4 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3  

6 5 6 8 8 0 0 6 8 1 6 6 7 7 9 9 1 5 5 5 6 6 6 7 7  

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

A l i m e n t a r y  S y s t e m  
E s o p h a g u s  
Ga l l b l adde r  
In tes t ine  la rge  
In tes t ine  large,  c e c u m  
In tes t ine  large,  co lon  
In tes t ine  large,  r e c t u m  
In tes t ine  smal l  
In tes t ine  small ,  d u o d e n u m  
In tes t ine  small ,  i l eum 
In tes t ine  small ,  j e j unum 

Liver  
H e p a t ~ e l l u l a r  c a r c inoma  
H e p a t o c e l l u l a r  a d e n o m a  
H e p a t o c e l l u l a r  a d e n o m a ,  mul t ip l e  

Mesen t e ry  
Pancreas  
Salivary glands  
S tomach  
Stomach,  fo re s tomach  

Pap i l l oma  s q u a m o u s  
Stomach,  g l andu la r  

' +  + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + +  + + + + + + + + + + + + + + + + ' +  + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + • + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + ' +  
+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + ~ + + + + + + + + + + + + + 

X X 
X X X X X  X X X  

X X X X . X  
+ 

+ + ' +  + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X X 
+ + + + + + + + + + + + + + + + + + + + ÷ + + + + 

C a r d i o v a s c u l a r  S y s t e m  
H e a r t  + + + + + + + + + + + + + + + + + + + + + + + + + 

E n d o c r i n e  S y s t e m  

Adrena l  g land  
Adrena l  gland,  cor tex  
A d r e n a l  gland,  medu l l a  

P h e o c h r o m o c y t o m a  ben ign  

Islets,  panc rea t i c  
A d e n o m a  

Para thyro id  g land  
Pi tu i ta ry  g land  

Pars  distalis ,  a d e n o m a  
Thyro id  g land  

Fo l l i cu la r  cell,  a d e n o m a  

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + +  + + +  + + + + +  + + + * +  + 

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

" M + + + + I  + + + + + + + + M + + + + + M M + + M  
+ + + + + + + + + + + + + + + + + + + M +  + + + + 

X X  X " 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

G e n e r a l  B o d y  S y s t e m  

N o n e  



~ r ~ ~ ~ ~ . . . . . .  ~ 

L ~ i o ~  in F e ~ a ~  I~c~  

T ~ L ~  D ~  

. ~ n ~ ] l i ~ a 9  A n ~ a ~  T ~ o r  ~ t ~ o ~ y  o~ ~ a ~ e  i ~ c ~  ~n t ~  ~ - ~ ' ~ r  G ~ $ ~  S t ~ y  o~ ~ , ~ - D ~ y ~ r ~ ' ~ a r ~ n :  

~ ~ (continued) 

223 

H n ~ r  o~ D a y s  on  Str iPy 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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 

C a r c ~  ~D H u m O r  

A l i ~ e n ~  ~ya~e~m 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 

Hepatocellular  carcinoma 
Hepatocel lular  adenoma 
Hepatocellular  adenoma, multiple 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 

Stomach, glandular 

3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 3 3 3 4 4 4 4  

7 7 8 8 8 8 9 9 9 9 9 0 0 0 1 1 1 2 5 5 8 0 0 0 1  

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

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

X X  X X X X 
X 

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

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

T o ~  

TL~snes/ 

T u ~ o r ~  

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
2 

14 
6 
3 

50 
50 
50 
50 
2 

50 

j ~ 

C a r c ~ i o v ~ n ~ a r  Sys~e~ 
Heart  + + + + + + + + + + + + + + + + + + + + + + + + + 50 

I~nc~ocHne S y s ~ e n  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Phcochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular ceil, adenoma 

• + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

X 
+ M + M + + + M + M M + + M + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + M +  + + + + + + 

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

50 
50 
50 

1 
50 
1 

38 
48 
5 

50 

1 

G e n e r a !  ] i~dy  Sys~e~n 

None 
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TABLE D2 
I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  of  Female Mice i n  t h e  2 - Y e a r  G a v a g e  Study of  3 , 4 - D i h y d r o c o u m a r i n :  

200 m g / k g  (continued) 

Number of Days on Study 
4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

Carcass ID Number 
3 3 3 3 3 4 4 3 3 4 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3  
6 5 6 8 8 0 0 6 8 1 6 6 7 7 9 9 1 5 5 5 6 6 6 7 7  
4 6 0 4 3 5 9 5 9 2 7 3 1 2 0 5 9 2 4 9 1 2 8 0 3  
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  

Geni ta l  System 
Ovary 

Cystadenoma 
Uterus 

Polyp 

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

X : 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

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

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

+ + I  + + + + + + + + I  + + + + + + + + + + + + +  

I n t e g u m e n t a r y  System 
Mammary gland 
Skin 

Subcutaneous tissue, fibro~arcoma 

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

X 

Musculoskeletai System 
Bone + + + + + + + + + + + + + + + + + + + + + • + + + 

Nervous System 
Brain + + + + + + + + + + + + + + + + + + + + + + + + + 

R e s p i r a t o r y  System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 

Nose 
Trachea 

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

X X . ,  
X 

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

Special Senses. System 
Eye 
Harderian gland 

Adenoma 

+ 
+ + 

X X 



~ e ~ f l o ~  ~n Fe~mane ~ 

T ~  D ~  

~nd~vk~ua~ A z t e c a n  T u M o r  P a t h o ~ D ,  o~ Fe~na~e  M i c e  ~ t h e  ~ - Y e a r  G a r a g e  S t u d y  o f  3 , ~ - D ~ h y d r ~ c o u ~ a ~ n :  

~l]~ ~ (continued) 

22~ 

[ :  

i 

l ~ e m ~ r  o~ D~y~ on  S ~ y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

~ w ~  l id  I ~ m ~ e r  

3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 3 3 3 4 4 4 4  

7 7 8 8 8 8 9 9 9 9 9 0 0 0 1 1 1 2 5 5 8 0 0 0 1  

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

T o ~ !  

T i s s u e s /  

T u m o r s  

G e n ~  S y ~ m  

Ovary 
Cystadenoma 

Uterus 
Polyp 

Heme~opo~et~c S y ~ m  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Thymus 

~ n ~ n ~  7 S y ~ m  
Mammary gland 
Skin 

Subcutaneous tissue, fibrosarcoma 

I ~ I ~ e ~ e ~ l  S y ~  
Bone 

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

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

X 

~ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + ÷ +  + + + + + + + + + + + + + + + + + + + + + 

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

+ + ÷ + + + + + + + ÷ + + + ÷ + + + + + + + + ÷ + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

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

50 
2 

50 
2 

50 
50 
48 
50 
50 
48 

47 
50 
1 

50 

i 
l 

I~Ie~oum ~ys~em 
Brain + + + ÷ + + + + + + + + + + + + + + + + + ÷ + + + 50 

l l ~ p ~  ~ m  

Alveolarforonchiolar adenoma 
Alveolarforonchiolar carcinoma 

Nose 
Trachea 

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

X X X 

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

50 
5 
1 

50 
50 

~ p e c h ~  ~e~e~e  ~ y ~ m  
Eye 
Harderian gland 

Adenoma 

+ 
+ 

X 

2 
3 
.3 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  G a v a g e S t u d y  o f  ~ 3 , 4 - D i h y d r o c o u m a r i n :  

200  ~ (continued) 

N u m b e r  of  Days on  Study 
4 5 5 6 6 . 6 6 7 7 7 7  r 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 9 9 1 3 7 8 0 1 2 2 2 2 2 2 2 2 3 3 3 3 " 3 3 3 3  
7 0 4 5 2 1 5 ' 3 . 7 0 1 9 9 9 9 9 9 0 0 0 0 0 0 0 0  

Carcass  ID N u m b e r  
3 3 3 3 3 4 4 3 3 4 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3  
6 5 6 8 8 0 0 6 8 1 6 6 7 7 9 9 1 5 5 5 6 6 6 7 , 7  
4 6 0 4 3 5 9 5 9 2 7 3 1 2 0 5 9 2 4 9 1 2 8 0 3  
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  

Ur ina ry  System 
Kidney 
Urinaw bladder 

• : 

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

Systemic Les ions  
Multiple organs 

Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

• . 

X X X 
x x x  x 

. . . . .  
~ . ,  

X 
, , 

• • 



_ _ = ~ r 4 ~ t t ~ t ~ s ~ l e g ~  ~ - -  ~ ~ - -  , ~ . ~ - -  . . . .  ~ . . . . . . . . . . . . . . .  ~ = ~ = 2 -  ~ = , ~ . . . . . . . . .  ~ . . . . . . . .  = = ~  

T ~ L ~  D~ 

~ n ~ a ~ / ~  T ~ "  P a ~ n ~ y  ~ ~ s ~  ] ~ c ~  ~ ~I~ ~ o y ~ r  G s ~  S ~ y  o~ ~ , ~ - D ~ y ~ r c c ~ n a r ~ n :  

~ ~ (continued) 

I 
i 

I 
i 

l ~ r  o~ Days o~ S ~ y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
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  

Cs~r~'~ ~D ~ e ~ r  

U H ~ y  S y ~  
Kidney 
Urinav/bladder 

S y ~ t ~  L ~ l o n s  
Multiple organs 

Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

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

+ + + ÷ ÷ + + + + + + + + + + + + + + + + + + + + 
+ + + ÷ ~ • + + + + + + + + + + + + + + + + + + + 

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

X 

T o ~  
Timues/  
T ~ o ~  

50 
50 

50 
3 
4 
2 

I~ 

I 



228 3,4-Dihydrocoumarin, NTP TR 423 

TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 . Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  
4 0 0  m g / k g  

Number of  Days on Study 
4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 . 7 7 7 7 7 7 7 7  

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

C a r c a s s  ID  N u m b e r  

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

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 

Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 

Hepatocel lular  carcinoma 
Hepatocel lular  adenoma 
Hepatecei lular  adenoma, multiple 
Neoplasm NOS 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

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

+ + A A A + A  + + + + + + + + + + + + + + M +  + 
+ + A A A + A +  + + + + + + + + + + + + + + + + 
+ + A A A + A +  + + + + + + + + + + + + + + + + 
+ + A A A + A +  + +  + + + +  + + + + + + + +  + + 
+ + M A A + A +  + + + + + + + + + + + + + + + + 
+ + A A A + A +  + + + + + + + + + + + + + + + + 
+ + M A A + A +  + + + + + + + + + + + + + + + + 
+ + M A A + A +  + + + + + M +  + + + + + + + + + 
+ + A A A + A M +  + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + 

X X 
X X X X X X  X 

X X X  X 
X ~ ~" 

' "  + 4- 
+ + + A +  + A +  + + + + +  + + +  + + + + + . +  + +  
+ + + + + + + + + + + + + + + + + + + + + + + + 

+ + A A A +  + + + + + + + + + + + + + + + + + + 
+ + A A A  + + + + + + + + + + + + + + + + + + + 

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

C a r d i o v a s c u l a r  S y s t e m  

Hemrt + + + + + + + + + + + + + + + +  + + + + + + + + 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal  gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 

÷ + +A + + + + + ÷ + + + + + + + + ÷ + + + + + 

+ + + A +  + + + + ÷ + + + + + + + ÷ + + + + + + 

+ + + A + + + + + + + + + + + + + + + + + + + +  
+ + A A + + + + + + + + + + + + + + + + + + + +  
M M + A  + + M M +  M +  + + M +  + + M +  + M +  + + 
+ +  + A A + A + + + +  + + + +  + +  + + + +  + +  + 

X 

+ + + A +  + +  + +  + + + + +  + +  + + + + + +  + + 

G e n e r a l  B o d y  S y s t e m  
Tissue NOS 

Fibroma 



K ~ o ~  ~ ~e~a~e ~ f l ~  

T~L~  D2 
]~fi~f~d]~]] ~ f i ~ ] ]  T ~ r r  ~ i ~ Y  ~f Y ~  I~I~ ~ ~ ~ o ~ r  G a ' ~  ~t~]y ~ ~ - D ~ h y ~ ~ r ~ :  
~ ~ (continued) 

I~um~r  o~ Dey~ o~ ~ y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

C~rcess ~D H u ~ r r  
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

5 5 6 6 6 7 7 7 7 8 8 8 2 3 3 3 5 5 6 6 7 7 8 8 8 8  

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

AHn~entary  ~ y s t e m  

Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum .... 

' Intestine small, je junum 
Liver 

Hepatocel lular  carcinoma 
Hepatocel lular  adenoma 
Hepatocel lular  adenoma, mult iple 
Neoplasm NOS 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

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

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

+ + + + + + +  

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

+ + + + + + + + + + + + + + + + + + I  
+ + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + 
+ + + + +  + + + + + + + +  + ~ +  + + +  
+ + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + • + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + 

x x 
X X X X  X X 

X X X X X 

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

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

--" ~i= ~ ~:= 

[ 

~ I 

T ~ n ~ /  

5O 

~6 
46 

~i5 
45 
50 
4 

13 
9 
1 
2 

50 
47 
47 

1 
45 

Can-~ovascuBar  S y s t ~  
Heart  

]Endocrine ~y~tem 

+ + + + + + + + + + + + + + + + + + + + + + + + + + 50 

Adrenal  gland 
Adrenal  gland, corte~ 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, adenoma 

+ + + M +  + + + + + + + + + + + + + + + M +  + + + + 
+ + + M +  + + + + + + + + + + + + + + + ~ +  + + + + 

+ + + M +  + + + + + + + + + + + + + + + ~ +  + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

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

X X 
+ + + + + ÷ + + + + + + + + + + + + + + ÷ ÷ + + + + 

X 

Gene r~ !  ~ n ~ y  Sys~mm 

47 ~ 
47 i :  
47 .i = 

i = 

48 ~ 
33 ! 
47 ~ 
3 

4~ 
1 

i 
I 

! 
Tissue NOS 

Fibroma 

+ 

x 
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. 

TABLE D2 
Individual Animal Tumor Pathology of Female Mice In the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 
400 mg/kg (continued) 

Number of Days on Study 
4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

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

Carcass ~iD Number 
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

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

Genital System 
Clitoral gland 

Carcinoma 
Ovary 

Cystadenoma 
Luteoma 

Uterus  

+ + 

X 
+ + + I  + + + + + + + + + + + + + + + + + + + + 

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

H e m a t o p o l e t i c  S y s t e m  
Bone marrow 
Lymph node 

Lumbar, carcinoma, metastatic, clitoral 
g l a n d  

Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 
Thymus 

+ + A A +  + + + + + + +  + + + + + + + + + + + + 
+ + + A +  + + + + + + + + + + + + + + + + + + + 

X 
+ + + A + + + + + M + + M + + + + I  M + M + M +  
+ ~ M A A + A +  + + + +  + + +  + + + + + + + + + 
+ + + A + + + + + + + + + + + + + + + + + + + + 
+ + + A +  + + + + + + + + + + + + + + + + + + + 

Integumentary System 
Mammary gland 
Skin. • 

Subcutaneous tissue, fibrosarcoma 
Subcutaneous tissue, hemangioma 

+ + + A + + M + + + + + + + + + + + + + + + + +  
+ + + A + + A + + + + + + + + + + + + + + + + +  

X .. 

Museuloskeletal System 
Bone 

Osteosarcoma 
Skeletal muscle 

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

X 
+ 

Nervous System 
Brain 
Spinal cord 

+ + + A A + A +  + +  + + + + + + + + + + + + + + 
+ 

Respiratory S y s t e m  
Lung 

Alveolar/bronchiolar adenoma 
Hepatocei lular  carcinoma, metastatic, 

liver 
Osteosarcoma, metastatic, bone 

Nose 
Trachea 

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

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

+ + + A +  + + + + + + + + + + + + + + + + + + + 



H u ~ e r  o f  Dey~ ou  S t u d y  
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T~L~ D2 
~ n ~ ' ~ a a ~  ~ a H  T ~ o r  ~ a t ~ o ~ y  of  ~e~a~e  ~,~c~ ~ t~e 2-Year G~v~e Ste~y of  S ~ - D ~ y ~ r ~ a H ~ :  
~ 3 ~  ~ / ~  (continued) 
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C a r c a s s  ~D N u m ~ e r  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 . 7 7 7 7 7 7 7 7 7 7 7 7  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

5 5 6 6 6 7 7 7 7 8 8 8 2 3 3 3 5 5 6 6 7 7 8 8 8 8  

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

T o ~  

T L ~  

T u ~ o ~  

2 
1 

49 
1 

1 
49 

G e u ~ B  S y ~ n ~  

Clitoral gland 
Carcinoma 

Ovary 
Cystadenoma 

Luteoma 
Uterus 

H e m a ~ o ~ e t ~ c  S y s ~  

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

X 

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

1 
40 
45 
49 
47 

Bone marrow 
Lymph node 

Lumbar, carcinoma, metastatic, clitoral 
gland 

Lymph node, mandibular  
Lymph node, me,  enteric  
Spleen 
Thymus 

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

+ + + + + + + + + + + ~ M +  + + + + + + + + + + + 
+ + + + + + + + + + + + M +  + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + I  + + + + + + + + + + + + + + + |  

48 
48 

1 
1 

50 
1 
1 

~ n ~ u ~ e u ~ r ~  System 
Mammary gland 
Skin 

Subcutancous tissue, fibrosarcoma 
Subcutaneous tissue, hemangioma 

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

X 

~ , s i o ~  ~u ~'e~ane I ~  

M u s ~ u l ~ k e l e ~ !  S y s ~ n  
Bone 

Osteosarcoma 

Skeletal muscle 

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

47 
1 

N e r v o u s  S y s ~  
Brain 
Spinal cord 

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

1 

R e a p i r ~ r y  S y s ~ e ~  
Lung 

Alveolar/bronchiolar adenoma 
Hepatocel lular  carcinoma, metastatic, 

liver 
Osteosarcoma, metastatic, bone 

Nose 
Trachea 

X 1 
1 

5O 
49 
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TABLE D 2  

Individual A n i m a l  T u m o r  P a t h o l o g y  of Female M i c e  i n  t h e  2.Year Garage Study of 3 , 4 - D i h y d r o c o u m a r i n :  
4 0 0  m g / k g  (continued) , ~ 

N u m b e r  o f  Days on  S tudy  
4 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
4 1 3 6 8 9 9 0 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3  
4 5 8 5 7 4 4 0 7 9 9 0 0 0 0 0 0 0 0 0 0 0 0 0  

Careaxq ID N u m b e r  . 
4 4 4 4 4 4 4 4 , 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  
3 2 8 4 5 4 5 7 4 3 8 2 2 2 2 2 3 3 3 4 4 4 4 5  
2 5 6 4 1 9 2 1 6 8 5 1 3 4 6 8 3 4 6 1 2 3 7 3  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

Special  Senses  System 
Eye 
Harderlan gland 

Adenoma 

Ur ina ry  System 
Kidney 
Urinary bladder 

+ + + & A +  + + + + + + + + + + + + + + + + + + 
+ + + A A + A + + + +  + + +  + + + + + + + + + + 

Systemic Les ions  
Multiple orgnm 

Lymphoma malignant lymphocytic X X X 



L ~ o ~  ~ ~e~e~e I~I~ 

T ~  D ~  

~ n d ~ d ~ a ~  ,~a~maa~ T ~ r  Pathon~y o~ Fe~me~e M i c e  ~ t h e  ~ o y ~ r  G e v e ~ e  S t u d y  o~ 3 ~ . D ~ h y ~ u ~ m ~ a H ~ :  

~ ~ (continued) 

I~lu~m~r o~ ~ e y s  on  S~n~y 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  T o ~  
C ~  ]D H u m O r  5 5 6 6 6 7 7 7 7 8 8 8 2 3 3 3 5 5 6 6 7 7 8 8 8 8  

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

T k ~ /  
T ~ m o ~  

S ~ , ~ i ~  , . ~ . ~  S y ~ m  
Eye M + 
Harderian gland + + + 

Adenoma X X X 

U ~ n ~  7 S F ~  
Kidney 
Ur ina~  bladder 

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

48 

47 

Systemic Les ions  
Multiple organs 

Lymphoma malignant lymphocytic 

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

X 

50 

4 
• I 
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TABLE D 2  

I n d i v i d u a l  A n i m a l  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

so0 mg/kg 

N u m b e r  o f  D a y s  o n  S t u d y  
0 4 4 4 4 5 5 5 5 5 5 5 5 5 6 6 6 6 6 7 7 7 7 7 7  
0 1 2 2 6 0 2 2 4 4 5 8 9 9 3 4 5 8 9 0 0 0 0 2 2  
9 9 0 2 2 4 6 9 0 5 4 3 2 5 7 6 4 9 2 1 3 3 4 9 9  

C a r c a s s  ID  N u m b e r  
5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5  
2 4 1 3 4 3 5 9 4 5 4 4 1 0 2 9 0 3 3 3 0 5 2 1 1  
6 7 5 2 5 1 7 8 2 5 6 8 9 5 0 5 6 3 9 4 9 1 8 2 6  
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  

. , .  

A l i m e n t a r y  S y s t e m  
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon . 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, i leum 
Intestine small, je junum 
Liver 

Hemangiosarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma,  multiple 
Sarcoma, metastatic, uncertain primary 

site 
Mesentery 
Pancreas 

Sarcoma, metastatic, uncertain primary 
site 

Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous  
Stomach, glandular 

+ + + + + + + + + + + + l  + +  + + + + + + + + + + 

+ + + A A + A A A A A + A A + + + A A A M M A + +  
+ + + A A + A + + + A + A A + + + A A A + + A + +  
+ + + A A + A + + A A + A A + + + A A A + + M + +  
+ + + A A + A + + A A + A A + + + A A A + + A + +  
+ M + A A + A + + + A + A A + + + A A A + + A . + +  
+ + + A A + A + + A A + A A + + + A A A + + A + +  
+ + + A A  + A A A A A A A A  + + + A A A  + + A  + + 
+ + + A A + A + + A A + A A + + + A A A + + A + +  
+ + + A A  + A + A A A  + A A  + + + A A A  + + A  + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 
X X X X 

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

X 
+ + 

+ + + + A + A +  + + + + + + + + + A  + A +  + + + + 

X 
+ + + + + + + + + + + + + + M +  + + + + + + + + + 
+ ' + + A A + + + + + A + + A + + + + + + + + + + +  
+ ~ + A A +  + + + + A + + A + +  + + + + + + + + + 

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

C a r d i o v a s c u l a r  S y s t e m  
Heart  

Sarcoma, metastatic, uncertain primary 
site 

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

X 

E n d o c r i n e  S y s t e m  
Adrenal  gland 
Adrenal  gland, cortex 

Sarcoma, metastatic, uncertain primary 
site 

.Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Bilateral, follicular cell, adenoma 

+ + + + + + ~ + ~ + A A A + ÷ + + + + + + + + + +  
+ + + + + + + + + + A A A + + + + + + + + + + + +  

• . ,  

X 
+ ~ + + + + + + + + A A A + ~ + + + + + + + + + +  
+ + + + A + A + + + + + + + I  + + + + A + + + + +  

, 

M M M + + + ÷ M + + M ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ M  
÷ ~ ~ ÷ ~ ~ ÷ ÷ ÷ ~ l  • ~ A  • ÷ • • ~ A ÷ M ~  • • 

X X 
M M  + + + + + + + ~ + +  + + ~ + + + + + + + + + + • , ~" 

X 
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T , ~ L z  D 2  

~ d n ~ a n  ~ n ~ a n  T ~ m ~ r  ~ a t h o H o ~ y  o f  ~e~mene M i c e  ~n t h e  2- 'V~ar  G ~ v a ~  ~ t a f l y  o f  3 , 4 - D ~ h y ~ o u ~ a ~ :  

~ ~ (continued) 

N u m ~ r  o f  D e y s  on  ~ t ~ y  

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 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  

C a r o m  lID I~ham~r  

5 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 T o ~  

1 9 9 9 0 0 0 0 1 1 1 2 2 2 2 3 4 4 5 5 5 5 0 1 3 4 6 T i ~ e ~  

7 2 4 7 I 3 4 7 0 1 8 I 2 4 5 7 0 3 2 3 4 8 0 3 0 9 0 T u ~ o ~  
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 1 1  

A H m e ~ n ~  d ~ y ~ m  
Esophagus + + + 
Gallbladder + + + 
Intestine large + + + 
Intestine large, cecum + + + 
Intestine large, colon + + + 
Intestine large, rectum + + + 
Intestine small  + + + 
Intestine small,  d u o d e n u m  + + + 
Intestine small,  i leum + + + 
Intestine small, jejunum + + + 
Liver + + + 

Hemanglosarcoma 
Hepatocellular carcinoma 
Hepatocellular adenoma X 
Hepatocellular adenoma, multiple 
Sarcoma, metastatic, uncertain primary 

site 
Mesentery 
Pancreas 

• 

Sarcoma, metastatic, uncertain primary 
site 

Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

+ + + + + + + + + + + + + + + + + + + + + + + + 5 1  
+ + + A + + + + + + + + + I  + + + + + + + + + +  ~ 
+ + + A + + + + + + + + + + + + + + + + + + + +  41 
+ + + A + + + + + + + + + + + + + + + + . + + + +  ~ 
+ + + A +  + + + + + + + + + + + + + + + + + + + ~ 
+ + + A +  + + + + + + + + + + + + + + + + + + + ~ 
+ + + A +  + + + + + + + + + + + + + + + + + + + ~ 
+ + + A +  + + + + + + + + + + + + + + + + + + + ~ 
+ + + A  + + + + + + + + + + + + + + + + + + + + ~ 
+ + + A  + + + + + + + + + + + + + + + + + + + + ~ 
+ + + + + + + + + + + + + + + + + + + + + + + +  52 

X 2 
X X 6 

X X X X X 11 
X X X X X  X X  9 

+ + + + + + A +  + + + + + + + + + + + + + + + + + + + 

+ + + + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + + + + + + + 

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

1 
2 

47 

1 
50 
48 
48 

1 
41 

Cani~ovsmcuaa~ S y ~ m  
Heart 

Sarcoma, metastatic, uncertain primary 
site 

+ + + + + + A + +  + + + + + +  + + + + + + + + +  + + +  51 

1 

E m ~ r ~ m e  ~ y ~ m  
Adrenal gland 
Adrenal gland, c o r t ~  

Sarcoma, metastatic, uncertain primary 
site 

Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Bilateral, follicular cell, adenoma 

+ + + + + + A +  + + + + + + + + + + + + + + + + + + + ~ 
% + + + + + A + + + + + + + + + + + + + + + + + + + +  ' ~  

1 
+ + + + + + A +  + + + + + + + + + + + + + + + + + + + ~ 

+ + + + + + M + + + + + + + + + + + + + + + + + + + +  47 
+ + + M + M M M + + + + + + + + + + M M + + + M + + +  ~ 

+ + +  + + + A + + + +  + + +  + + +  + + + +  + + +  + + +  47 
X 3 

+ + + + + + A +  + + + + + + + + + + +  + + +  + + +  + + 49 
1 
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TABLE D2  

I n d i v i d u a l  A n i m a a  T u m o r  P a t h o l o g y  o f  F e m a l e  M i c e  in  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n :  

800 ~ (continued) 

Number  of  Days on Study 
0 4 4 4 4 5 5 5 5 5 5 5 5 5 6 6 6 6 6 7 7 7 7 7 7  
0 1 2 2 6 0 2 2 4 4 5 8 9 9 3 4 5 8 9 0 0 0 0 2 2  
9 9 0 2 2 . 4 6 9 0 5 4 3 2 5 7 6 4 9 2 1 3 3 4 9 9  

Carcass  ID Number  
5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5  
2 4 1 3 4 3 5 9 4 5 4 4 1 0 2 9 0 3 3 3 0 5 2 1 1  
6 7 5 2 5 1 7 8 2 5 6 8 9 5 0 5 6 3 9 4 9 1 8 2 6  
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  

General  Body System 
T'msue NOS + 

Genital System 
Ovary 

Luteoma 
Oviduct 
Uterus 

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

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

Hematopoiet ic  System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, me,enteric 
Spleen 

Hemangiosarcoma 
Sarcoma, metastatic, uncertain primary 

site 
Thymus 

+ + + + + + + + + + + + + A + + + A + A + + A + +  
+ + + + M + A + + + + + + + M + + + + + + + + + +  
+ + + M M + M + + + + + + + M + + + + + + M + + +  
+ + + + M + A I  + + + + + A M + M A + A + + A + +  
+ + + + + + A + . + + A + A + + + + + + A + + A + +  

X X 

X 
+ + + + + + + + + + A +  + + M +  + + + M +  + + + + 

In tegumentary  System 
Mammaw gland 
Skin 

Sarcoma, metastatic, uncertain primary 
site 

Subcutaneous tissue, hemangiosarcoma 

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

X 
X 

Musculoskeletai  System 
Bone + ~ + + + + + + + + + + + + + + + + + + + + + + + 

Nervous System 
Brain + + + + + + + + +  + A + A +  + + + +  + A +  + +  + + 

Respira tory  System 
Lung 

Alveolar/bronchiolar adenoma 
Sarcoma, metastatic, uncertain primary 

site 
Nose 
Trachea 

X 

X 



L ~ s n o ~  ~ l ~ ' ~ m ~  i ~ i ~  ~t,37 

T ~ L ~  D ~  

~ n ~ , t ~  ~ T ~ o r r  ~ ' e ~ o ~ c ~ g y  o~ Fe~me~e l~I~ee ~n g h e  ~ - ' ~ r  G ~ v ~  S ~ y  og  3 , ~ - D ~ h y ~ r ~ r ~ :  

~ )  ~ (continued) 

] ~ u ~ r  o~ ~ e y s  o~  S ~ y  
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 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  

C C ~ r ~  ~D t ~ e ~ r  
5 4 4 4 5  5 5 5  5 5 5 5  5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 To~H 
1 9  9 9  0 0 0 0 1 1 1  2 2 2 2 3  4 4 5 5 5 5 0 1  3 4 6 T ~ e ~  
7 2 4  7 1 3  4 7  0 1 8 1 2 4 5  7 0 3 2 3 4 8 0 3 0 9 0 T e ~ o ~  
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 1 1  

G ~ r ~  ~ y  ~ y ~  

Ttssue NOS 

G e ~ H  ~ y ~  

Ovary 
Luteoma 

Oviduct 
Uterus  

+ + + + + + M +  + +  + + + + + + +  + + + + +  + + + +  + 50 
X 1 

+ 2 
+ + + + + + A +  + + + + + + + + + + + + + + + + + + + 51 

H e ~ O l l m ~ e ~ I c  S y e ~ e ~  
Bone marrow 
Lymph node 
Lymph node, mandibular  
Lymph node, mesenteric 
Spleen 

Hemangiosarcoma 
Sarcoma, metastatic, uncertain primat T 

site 
Thymus 

+ + + + + + A +  + + + + + + + + + + + + + + + + + + + 47 
+ + + + + + A +  + + + + + + + + + + + + + + + + + + + ~ 
+ + + M + + A + + + + + + + + + + I  M + + + + + + + +  43 
+ + + + + + M + + + + + + + + + + + + + + M + + + + +  41 
+ + + + + + A +  + + + + + + + + + + + + + + + + + + + ~ 

2 

1 
+ + + + + + A +  + + + + + + + + + + + + + + + + + + + 48 

~ n ~ e ~ c n ~ e ~ y  S y ~  
Mammary  gland 
Skin 

Sarcoma, metastatic, uncertain primary 
site 

Subcutaneous tissue, hemangiosarcoma 

+ + + + + + M +  + + + + + + + + + + + + + + + + + + + 50 
+ + + + + + A +  + + + + + + + + + + + + + + + + + + + 51 

l ~ I ~ e n e ~  ~ y ~ e ~  
Bone + + + + + + + + + + + + + + + + + + + + + + + + + + + 5 2  

~ 0 ¢ e  ~ y e ~ e ~  
Brain + + + + + + A +  + + + + + + + + + + + + + + + + + + + ~ 

I ~ r ~  ~ y ~ e ~ n  
Lung 

Alveolar/bronchiolar ~denoma 
Sarcoma, metastatic, uncertain prima W 

~ite 
I~¢~e 
Tnu:hea 

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

+ + + + + + A +  + + + + + + + + + + + + + + + + + + + 
+ + + + + + A +  + + + + + + + + + + + + + + + + + + + 

3 i 

I 

51 i 
51 i ¸ 
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TABLE 1)2 
Individual Animal T u m o r  Pathology o f  Female  Mice in the 2.Year Gavage Study of 3,4.Dihydrocoumarin:  
800 mg/kg (continued) 

Number of Days on Study 
0 4 4 4 4 5 5 5 5 5 5 5 5 5 6 6 6 6 6 7 7 7 7 7 7  
0 1 2 2 6 0 2 2 4 4 5 8 9 9 3 4 5 8 9 0 0 0 0 2 2  
9 9 0 2 2 4 6 9 0 5 4 3 2 5 7 6 4 9 2 1 3 3 4 9 9  

Carcass ID Number 
5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5  
2 4 1 3 4 3 5 9 4 5 4 4 1 0 2 9 0 3 3 3 0 5 2 1 1  
6 7 5 2 5 1 7 8 2 5 6 8 9 5 0 5 6 3 9 4 9 1 8 2 6  
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  

Special Senses System 
Harderlan gland 

Adenoma 

Urinary System 
Kidney 

Sarcoma, metastatic, uncertain primary 
site 

Urinary bladder ' 

+ + + + + + A A + + + + A A + + + + + + + + + + +  

X 
+ + + + M + A + + + A + A + + + + + + A + + + + +  

Systemic Lesions 
Multiple organs 

Lymphoma malignant 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

, ,  . 

X 
X 

X 



l L ~ ] o ~  ~ l~e~e~e [~iI[~ ;~3~ 

T ~  D2 
~t~v~c~u~n ~ Tum~" ~ o ~ ,  ~ F~m~ne M ~  In ~ 2oY~r G~v~.S~uc~y o~ 3,,~-D~yc~r~umm~r~n: 
~ ~ (continued) 

I ~ I u ~  o~ ~ y ~  o~ S~n~ly 
7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 3 3 3 3 3 3 3 3 3 3 , 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 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  

~ IIII3 I~t~n~r 
5 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 T o n i  
1 9 9 9 0 0 0 0 1 1 1 2 2 2 2 3 4 4 5 5 5 5 0 1 3 4 6 T ~  
7 2 4 7 1 3 4 7 0 1 8 1 2 4 5 7 0 3 2 3 4 8 0 3 0 9 0 T e ~ o ~  
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 1 1 

S ~ i ~  S ~  S y ~  
Harderian gland 

Adenoma 
+ 1 
X 1 

U r i n ~  Sya~m 
Kidney 

Sarcoma, metastatic, uncertain primary 
site 

Urinary bladder 

+ + + + + + A + +  + + + + + + + +  + +  + + + +  + + + + 47 

1 
+ + + + + + A + + M + + + + + + + + + + + + + + + + +  ~ 

S y ~ ©  ] L ~ o n s  
Multiple organs 

Lymphoma malignant 
Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

÷ + + + + + + + ÷ + + ÷ + + + + + + + + + ÷ ÷ + + + ÷ 52 
X X X 3 

1 
X 2 

1 
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TABLE D3 
Statistical Analysis of Primary Neoplasms. in Female Mice in the 2.Year Gavage Study of 3,4-Dihydrocounmrin 

Vehicle Control 200 mg/kg 400 mg/kg 8 4 1 0  mg/kg 

Harderian Gland: Adenoma ' 

Overall rates a 1/51 (2%) 3/50 (6%) 3/50 (6%) 1/52 (2%) 
Adjusted rates b 2.4% 7.2% 7.3% 3.4% 
Terminal rates c 0/36 (0%) 2/39 (5%) 3/41 (7%) 1/29 (3%) 
First incidencea(days ) 674 671 729 (T) 729 (T) 
Life table testa" P=0.589N P=0.337 P--0.353 P=0.718 
Logistic regression testa d P=0.544N P=0.308 P=0.324 P=0.752 
Cochran-Armita[e test d P=0.490N 
Fisher exact test u P=0.301 P--0.301 P=0.748N 

Liven Hepatocellular Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (daYs) 
Life table testa 
Logistic regression testa 
Cochran-Armitage test 
Fisher exact test 

Liver: Hepatoceilular Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table testa. 
Logistic regression iesta 
Cochran-Armitage test 
Fisher exact test 

Liver:. Hepatocellular Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (daYs) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Lung: Alveolar/bronchiolar Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

10/51 (20%) 
27.8% 
10/36 (28%) 
729 (T) 
P=0.005 
P=0.014 
P=0.057 

3/51 (6%) 
7.7% 
1/36 (3%) 
674 
P=0.067 
P=0.131 
P=0.119 

13/51 (25%) 
34.1% 
11/36 (31%) 
674 
P=0.002 
P=0.013 
P=0.030 

2/51 (4%) 
5.6% 
2/36 (6%) 
729 ('D 
P=0.489 
P=0.554 
P=0.562N 

~/50 (40%) 22/50 (~%)  ~/52 (38%) 
45.2% 52.4% 56.1% 
15/39 (38%) 21~1 (51%) 14/29 (48%) 
594 7 ~  4 ~  
P=0.~9 P=0.022 P=0.~5 
P=0.038 P=0.023 P=0.012 

P=0.~I  P=0.007 P=0.029 

2/50 (4%) 
4.8% 
1/39 (3%) 
685 
P=0.455N 
P=0.490N 

P=0.509N 

21/50 (42%) 
46.5% 
15/39 (38%) 
594 
P--0.135 
P=0.100 

Pffi0.061 

4/50 (s%) 6/52 (12%) 
9.2% 15.7% 
3/41 (7%) 2/29 (7%) 
444 504 
P=0.561 P=0.178 
P=0.470 P=0.254 

P=0.489 P=0.254 

• 
. , 

25/50 (50%) 24/52 (46%) 
58.0% 60.3% 
23/41 (56%) 14/29 (48%) 
444 420 
P=0.037 P=0.005 
P=0.020 P=0.014 

P--0.009 P=0.023 

P=0.210 P=0.523N P=0.500 

5/50 (10~) 1/48 (2%) 3/51 (6%) 
12.3% 2.4% 9.5% 
4/39 (10%) 1/41 (2%) 2/28 (7%) 
671 729 (T) 595 
P--0.252 P=0.455N P--0.395 
P=0.245 P=0.455N P=0.460 



~ionn~ ~n ~e~ne ~ o e  

T ~  ~ 3  

S ~ a ~ t ~ a ~  A n ~ y ~ e  ~ / ~ n n s r y  l ~ e ~  ~n Fem~l~ l ~ c e  ~ ~ e  2-Year  G ~  S~tudy o~ 3 ~ - ~ h y ~ r ~ a r ~ n  
(continued) 

7A1 

Vehicle t o e . o n  2 ~  ~ ~ ~ ~ ~ 

L ~ :  ~woher/b~zch~o~ar C ~ c ~ o ~ e  
Overall rates 0/51 (0%) 
Adjusted rates 0.0% 
Terminal rates ' 0/3~ (0%) 
Fist in~den~ ( ~ )  ~ 
Life m~e tm~ P = 0 . 5 ~  
~ t i c  ~ n  t ~  P=0.558H 
~ h ~ n - ~ i ~ g e  t~t  P=0.567H 
F~her ~ t a t  

Lung: Alv~o~r/b~o~chh:~r Adenoma or Carcinoma 
Overall ~ t ~  ~51 0%) 
~ j m t ~  ~tm 5.6% 
Te~inal ~ t ~  ~ ( 6 % )  

Fi~t inciden~ ( ~ )  7 ~  ~ 
~fe ~ble t ~  P=0.5~ 
~gistic ~ g ~ i o n  ruts P=0.531~ 
~ h ~ n - ~ i ~ g e  t a t  P=0.5~H 
Fisher ~ c t  trot 

1/50 (2%) 0/48 (0%) 0/51 (0%) 
2.1% 0.0% 0.O% 
0/39 (0%) 0/41 (0%) 0/28 (0%) 
615 - - 
P=0.513 - - 
P = 0 . 4 5 0  - - 

P =0.495 

6/50 (12%) 1/48 (2%) 3/51 (6%) 
14.1% 2.4% 9.5% 
4/39 (10%) 1/41 (2%) 2/28 (7%) 
615 729 (T) 595 
P=0.165 P=0.455N P=0.395 
P=0.143 P=0.455N P=0.460 

P=0.1~ P=0.5~H P=0.5~ 

H m i ~  ~naud ~ a ~  ~ l ~ ) :  Adenoma 
Overall rates 9/47 (19%) 5/48 (10%) 3/47 (6%) 3/47 (6%) 
~ j ~ t ~  ~ t ~  ~.2% 12.4% 7.3% 9.7% 
T e m i ~ l  ~tm ~ 3  (~%) 3~7 (8%) 3/41 (7%) ~ (7%) 
Fint indden~ ( ~ )  7 ~  703 729 ~ ~ 
Life ruble tm~ P=0.~IN P=0.139N P = 0 . 0 ~  P = 0 . 1 ~  
~ s t i c  ~ i o n  t ~  P=0.056N P=0.127N P = 0 . ~ N  P=0.~5N 

. ~ 

~ h ~ n - ~ i ~ g e  trot P = 0 . ~ N  
Fisher ~ c t  trot P=0.181N P = 0 . ~ N  P = 0 . ~ N  

S~mach ( F o ~ m a c h ) :  ~ u a m o u s  ~ell ~PapiHoma 
Overall rates 2/51 (4%) 
Adjusted rates 5.6% 
Terminal rates 2/3~ (6%) 
First incidence (days) 729 (T) 
Life table tests P=0.397H 
Logistic regression tests P=0.33~H 
Cochran-Atmitage test P=0.330H 
Fisher exact test 

AH O~an~: Hemam~cea~co~  
Overall rates 0/51 (0%) 
Adjusted rates 0.0% 
Terminal rates 0irA6 (0%) 
First incidence (days) - 
Life table tests P=O.O01 
Logistic regression tests P=0.003 
Cochran-Atmitage test P=0.004 
Fisher exact test 

2/50 (4%) 1/50 (2%) 1/52 (2%) 
5.1% 2.4% 2.2% 
2/39 (5%) 1/41 (2%) 0/29 (0%) 
729 (T) 729 (T) 529 
P=0.666N P=0.455N P=0.557N 
P=0.666N P=0.455N P=0.494N 

P =0.684 P =0.508N P=0.493N 

o/50 (o~) o/50 (o%) 4/52 (8%~ 
0.0% 0 . 0 %  12.0% 
0/39 (0%) 0/41 (0%) 2/29 (7%) 
- - 5 ~  

- - P = O . ~ 5  

- - P = O . O ~ O  

P=O.061 
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TABLE D3 
Stat is t ical  Analys is  of P r i m a r y  Neoplasms. in  Female  Mice in  the 2-Year Gavage S tudy  of 3 ,4 -Dihydrocoumar in  
(continued) ". 

Vehicle Control 200 mg/kg 400 mg/kg 800 mg/kg 
• 

All Organs: Hemangioma or Hemangiosarcoma 
Overall rares 0/51 (0%) 0/50 (0%) 1/50 (2%) ~ 4/52 (8%) 
Adjusted rates 0.0% 0.0% 2.4% 12.0% 
Terminal rates 0/36 (0%) 0/39 (0%) 1/41 (2%) 2/29 (7%) 
First incidence (days) - - 729 (T) 583 
Life table tests P=0.002 - P=0.526 P=0.045 

• . 

Logistic regression tests P=0.006 - P=0.526 P=0.060 
Cochran-Armitage test P=0.006 
Fisher ¢~cact test - Pffi0.495 P--0.061 " 

All Organs: Malignant .Lymphoma and Histiocytic Sarcoma 
Overall rates 
Adjusted rates 

• , 

Terminal rates 
First incidence *(days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

5/51 (10%) 8/50 (16%) 4/50 (8%) 7/52 (13%) 
11.9% 17.9% 9.0% 20.5% 
2/36 (6%) 3/39 (8%) 2/41 (5%) • 4/29 (14%) 
587 590 538 • 419 
Pffi0.312 P=0.343 Pffi0.445N Pffi0.277 

~ Pffi0.465 Pffi0.260 Pf0.544N Pffi0.384 
P=0.461 

P=0.264 P=0.513N P=0.394 

All Organs: Malignant Lymphoma (Histiocyti~, Lymphocytic, Mixed, or Undifferentiated Cell Type) 
Overall rates 4/51 (8%) 8/50 (16%) 4/50 (8%) 7/52 (13%) 
Adjusted rates 9.3% 17.9% 9.0% 20.5% 
Terminal rates 1/36 (3%) 3/39 (8%) 2/41(5%) 4)29 (14%) 
First incidence (days) 587 590 538 419 
Life table tests P=0.228 P=0.235 P=0.592N P=0.187 
Logistic regression tests P=0.365 P=0.160 P=0.597 Pffi0.269 
Cochran-Armitage test P--0.359 
Fisher exact test Pffi0.169 P=0.631 Pffi0.274 

All Organs: Benign Neoplasms 
Overall rates 17/51 (33%) 
Adjusted rates 44.6% 
Terminal rates 15/'36 (42%) 
First incidence (days) 674 
Life table tests P=0.017 
Logistic regression tests P=0.052 
Cochran-Armitage tes t  P=0.194 
Fisher exact test 

29/50 (58%) 27/50 (54%) 25/52 (48%) 
65.8% 64.3% 66.6% 
24/39 (62%) 26/41 (63%) 17/29 (59%) 
594 700 420 
P=0.037 P=0.096 P=0.015 
P=0.026 P=0.090 P=0.040 

P--0.011 P=0.029 P--0.093 

All Organs: Malignant Neoplasms 
Overall rates 9/51 (18%) 
Adjusted rates 20.6% 
Terminal rates 3/36 (8%) 
First incidence (days) 587 
Life table tests Pffi0.027 
Logistic regression tests P--0.083 
Cochran-Armitage test Pffi0.072 
Fisher exact test 

11/50 (22%) 11/50 (22%) 16/52 (31%) 
23.6% 23.0% 40.3% 
4/39 (10%) 5/41 (12%) 7/29 (24%) 
590 444 419 
P--0.483 P=0.503 P=0.047 
P=0.367 P=0.321 P=0.091 

P--0.383 P=0.383 P=0.093 



L ~ o ~  ~n IFema~ ~ 7~3 

T , ~  D 3  

S ~ I ]  A ~ n y ~  ~ l l r ~ a ~  N ~ a s ~  ~ ~ e ~  ~ ~ ~ ~ - ~ r  G ~  S ~ y  ~ ~ y ~ u ~  
(~n t inu~)  

V~hh:~ C e ~  : ~  ~ ~ ~ ~I~ ~ 

. ~  O ~ a ~  ~ n ~ n  ~" b ~ n a n ¢  N~opRasn~ 
Overall rates 24151 (47%) 
~ j ~ t ~  ~ t ~  5~.3% 
T e ~ i ~ l  ~ t ~  1 ~  ( ~ )  
Fimt inciden~ (da~) 587 
~ f e  ~ble tm~ P < 0 . ~ I  
~ t i c  ~ g ~ i o n  tm~ P = 0 . ~ 7  
~ h ~ n - ~ i ~ g e  trot P=0.012 
F~her ~ c t  trot 

:~/50 (72%) ~ /50  (72%) 38/52 (73%) 
73.5% 74.9% 82.5% 
26/39 (67%) 29141 (71.%) 21/29 (72%) 
5~0 444 419 
P=0.079 P=0.101 P=0.002 
P--0.019 P--0.017 P=0.003 

P=0.(~9 P=0.0~9 P = 0 . ~  

~'I~Tcrminal sacrifice 
Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined micrmcopically for adrenal 
gland, bone marrow, brain, clitoral gland, gallbladder, heart, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland, pituitary gland, 
salivary gland, spleen, thyroid gland, and urinary bladder; for other t~ues,  denominator is number of animals neeropaied. 

b Kaplan-Mcier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality 
c Observed incidence at terminal kill 
d Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values 

corresponding to pairwise comparisons between the controls and that dosed group. The life table test regards neoplasms in animals dying prior 
to terminal kill as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The Cochran- 
Annitage and Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in a dose group 
is indicated by N. 

e Hot applicable; no neoplasms in animal group 
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TAnLE D4$ 
Hlstoricalt Incidence of  Liver. Neoplasms in Female  B6C3F 1 Mice Receiving Corn Oil by Gavnge" 

lncidence inControis 
Helmtocellular Hepatocellular 

Adenoma Carcinoma 
Hepatocellular 
Adenoma or 
Carcinoma 

Overall Historical Incidence 

Total 
Standard deviation 
Range 

94/898 (10.5%) 41/898 (4.6%) 129/898 (14.4%) 
7.2% 3.6% 8.1% 

2%-26% 0%-14% 2%-34% 

a Data as of 17 December 1991 



Lee~o~ fin I~ema~e I~e~ 

T ~  D5 
~ r y  o~ ~l~e ~ e n e e  o~ H o n n ~ o ~ s ~ c  Les~o~ ~n ~'e~a~e ~ e e  ~n ~ e  ~-V~r  G ~ e  ~ y  
of ~ - D ~ y ~ r o ~ o ~ r ~ n  ~ 

I 

I 

I 
i 

ve~ocne C o u ~  ~ ~ , ~  ~ ~ sm~/~ 

D ~ o ~  ~ m ~  
Animals initially in study 70 70 70 70 
~ ~__,~,~ ~ 19 20 19 18 
Early deaths 

Moribund 5 9 4 5 
Accidental deaths 2 1 
Natural deaths 8 2 5 17 

Survivors 
Died last week of study 1 
Terminal sacrifice 36 39 41 28 

Animals examined microscopically 60 60 59 60 

1 5 - ~  Y ~ e ~  ~ ? ~ , ~ o ~  
A ~ e n ~ r y  ~ 
~ e r  (9) 

B~philic f ~  
Infilt~tion ~l lu~,  ~ p h ~ e  1 (11%) 
~ n t ~ l  vein, dilatation 1 (11%) 

M ~ n t e ~  (1) 
Fat, n ~  1 ( 1 ~ )  

P a n ~  (9) 
Infilt~tion ~l lu~,  ~ p h ~ e  2 (22%) 

S a l ~  g~n~ (9) 
Infilt~tion ~llu~r, ~ p h ~ e  5 (56%) 

Stomach, f o ~ t o ~ c h  (9) 
H ~ t ~  

(3) (9) 
1 (33%) 

1 (11%) 

(1) 
1 (100~) 

(9) 
2 (22%) 

(9) 
5 (56%) 

(9) 

C ~ r ~ o ~ e e ~  ~ye~e~ 
Heart (9) 

Valve, pigmentation, melanin, mnitifocal 1 (11%) 
(9) 

l~.n~oer~ne System 
None 

Ge~er~ II~0~y System 
None 

~ n  ~ys~em 
omy (9) (1) (1) (9) 

Pismentation, cerokl 1 (11%) 
Follicle, ~ t  1 ( 1 ~ )  1 (1~%) 2 (22%) 

U t e ~  (9) (6) (7) (9) 
H y ~ m e t ~  2 (~%) 2 (33%) 3 (43%) 1 (11%) 
H ~ ,  ~t ic  5 (56~) ~ (67~) 4 (57~) S (S9%) 
I ~ t ~ n ,  ~ u p p ~  1 (11%) 
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TABLE D$ 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2.Year Gavage Study 
of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 200 mg/l~ 400 mg/l~ 800 m~/kg 

15-Month Interim Evaluation (continued) 
Hematopoietic System 
None 

Integumentary System 
Skin (9) (2) (2) 

A~opecla 2 (z2%) 2 (lOO%) 2 (lOO%) 
(9) 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
None 

Special Senses System 
None 

Urinary System 
Kidney (9) 

Infiltration cellular, lymphoey~e 4 (44%) 
Llrinm T bladder (9) 

Infiltration cellular, lymphocyte 5 (56%) 

(9) 
.4 (44%) 

(9) 
6 (67%) 

2-Year Study 
Alimentary System 
Gallbladder (45) (50) 

Infiltration cellular, lymphocyte 1 (2%) 1 (2%) 
Inflammation, chronic 1 (2%) 

Intestine large,cecum (44) (50) 
Hyperplasia, lymphoid 1 (2%) 6 (12%) 
Inflammation, suppurative 1 (2%) 

Intestine large, colon (45) (50) 
Edema 1 (2%) 

Intestine small, duodenum (45) (50) 
Hyperplasia, lymphoid I (2%) 

Intestine small, ileum (45) (50) 
Hyperplasia, lymphoid 2 (4%) 

Intestine small, jejunum (47) (50) 
Hyperplasia, lymphoid 1 (2%) 2 (4%) 

04) 

(46) 
2 (4%) 

(46) 

(46) 

(45) 

(45) 

(~5) 

(~) 

(~) 

( ~  

C~) 

(39) 
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T ~ L ~  D~ 
Summary o~ the ~©~dl~e~ o~ Honne~p~asfic L ~ o ~  ~n ~e~ma~e ~ c e  ~n the 2-'~e~r Garage Study 
~ ~ - ~ h y ~ r ~ c ~ a r ~ n  (continued) 

Vehacae contr~n 2 ~  m ~  ~ m ~  ~ m ~  

2o~ '~"  S ~  (continued) 
A~Deaen~ry ~y~aam (~ntinu~) 
LEer 

Auto. is  
B~philic f ~  
O ~ r  ~11 f ~  
~inophilic f ~  
Infiit~tion ~llu~r, ~ p h ~ e  
In.rotation, chronic 
In~mmation, suppu~t~ 
M ~  ~!! f ~  
N ~  
Vacuol~tion ~opl~mic 
Bile duct, ~ t  
P e ~ u l a r ,  f i b ~ h  

M ~ n t e ~  
Fat, infilt~tion ~llular, ~ p h ~ e  
Fat, inflammation, chronic active 
Fat, n ~  

P a n ~  
Atrophy 
Infilt~tion ~llular, ~ p h ~ e  
In.rotation, suppu~t~e 
Duct, dila~tion 

~lDa~ g~n~ 
Infilt~tion ~llular, ~ p h ~ e  

Stomach, fo~tomach 
H ~ l a s i a ,  ~ m o ~  
In.ruination, chronic actNe 
Inflammation, suppu~tDe 

Stoma~, glandular 
Infilt~tion ~llular, ~ p h ~ e  
Mine~l~tion 

(51) (5o) 

1 (2%) 

8 (16%) 
8 (16%) 
2 (4%) 

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

(1) 

1 (100%) 

(50) 
2 (4%) 
8 (16%) 

(51) 
16 (31%) 

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

12 (24%) 
(44) 

1 (2%) 

3 (6%) 
2 (4%) 

11 (22%) 
8 (16%) 

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

(3) 
1 (33%) 
1 (33%) 
2 (67%) 

(50) 

13 (26%) 

(50) 
2o (4o%) 

(50) 
6 (12%) 

2 (4%) 
(50) 

I (2%) 

(50) (52) 
1 (2%) 

1 (2%) 
2 (4%) 
9 (18%) 8 (15%) 
8 (16%) 4 (8%) 

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

I (2%) 
(2) (2) 

2 (100%) 1 (50%) 
(48) (47) 

1 (2%) 3 (6%) 
10 (21%) 10 (21%) 

1 (2%) 
1 (2%) 

(50) (50) 
23 (46%) 18 (36%) 

(47) (48) 
9 (19%) 6 (13%) 
2 (4%) . 
2 (4%) 3 (6%) • 

(45) (41) 
2 (4%) 

1 (2%) 

Car~lov~aDer Sys~m 
Heart 

Cardiomyopathy 
Infiltration cellular, lymphocyte 
Inflammation, chronic active 
Mineralization 
Necrosis 
Polyarteritis 
Atrioventricular valve, fibrosis 
Atrium, thrombus 

I (2%) 
1 (2%) 

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

2 (4%) 

2 (4%) 

1 (2%) 

(50) (51) 
1 (2%) 1 (2%) 

4 (8%) 

2 (4%) 
1 (2%) 

1 (2%) 

~nd~c~ne ~ y ~ m  
Adrenal gland 

Corticomedullary junction, hemorrhage 
(49) 

2 (4%) 
(50) (47) (,u~ 
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TABLE D5 
Summary  of the Incidence of Nonneoplastic Lesions in Female Mice in the 2~Year Gavage Study 
of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 200 mg/kg 400 mg/kg 800 mg/iql 

2-Year Study (continued) 
Endocrine System (continued) 
Adrenal gland, cortex (49) (50) 

Congestion 1 (2%) 
cyst 1 (2%) 
Hyperplasia 1 (2%) 1 (2%) 
Hypertrophy 1 (2%) 1 (2%) 
Pigmentation, ceroid 1 (2%) 1 (2%) 

Adrenal gland, medulla (47) (50) 
Congestion 1 (2%) 
Hemorrhage 1 (2%) 
Hyperplasia 1 (2%) 
Necrosis 1 (2%) 

Islets, pancreatic (50) (50) 
Infiltration cellular, lymphocyte 

Parathyroid gland (38) (38) 
Hyperplasia 1 (3%) 

Pituitary gland (47) (48) 
Congestion 1 (2%) 
Pars distalis, cyst 
Pars distalis, hyperplasia 1 (2%) 
Pars distalis, hypertrophy 1 (2%) 

Thyroid gland (48) (50) 
Infiltration cellular, lymphocyte 
Inflammation, suppurative I (2%) 
Follicle, cyst " ' 1 (2%) 
Follicular cell, hyperplasia 5 (10%) 2 (4%) 

(47) (48) 

1 (2%) 

(47) 

1 (2%) 

(48) 

(33) 

(47) 

(49) 
2 (4%) 

2 (4%) 
2 (4%) 

(48) 
1 (2%) . 

(47) 
1 (2%) 

(39) 
1 (3%) 

(47) 

2 (4%) 
2 (4%) 

(49) 
2 (4%) 

2 (4%) 

Generan Body System 
Tissue NOS 

Fat, pelvic, hemorrhage 
(1) (1) 

1 (100%) 

Genital System 
Ovary (50) 

Pigmentation, ceroid I (2%) 
Follicle, cyst 11 (22%) 
Follicle, hematocyst 5 (10%) 
Periovarian tissue, hemorrhage 

Uterus (51) 
Congestion 
Hydrometra I (2%) 
Hyperplasia, cystic 41 (80%) 
Inflammation, suppurative 1 (2%) 

(50) 
1 (2%) 
9 (18%) 

12 (24%) 
1 (2%) 

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

48 (96%) 
1 (2%) 

(49) 

9 0s%) 
4 (s%) 

(49) 

2 (4%) 
43 (as%) 

(50) 
1 (2%) 
7 (14%) 
5 (lO~) 

(51) 
1 (2%) 
5 0 o ~ )  

39 (76%) 

Hematopoietic System 
Bone marrow (50) 

Hyperplasia, ewthrocyte 
Hyperplasia, mononuclear cell 1 (2%) 
Hyperplasia, neutrophil 1 (2%) 

Lymph node (50) 
Mediastinal, hyperplasia, lymphoid 1 (2%) 

(50) 

1 (2%) 
(5O) 

1 (2%) 
• . , 

(48) 
1 (2%) 

(48) 
2 (4%) 

(47) 

C~) 
~. ~ 



L~s~o~ ~ lFe~a~e M~ee ~ 9  

T ~  D~ 
S ~ a m a ~  og ~he ] ~  ~g N o n n ~ o ~ a ~ c  L ~ o ~  fi~ F~n~z~ I~I~  ~ ~ 2 o Y ~  G z v ~  S t ~ y  
~ ~ - D i l ~ y ~ c ~ a H ~  (continued) 

ve~n~ ~ . ~ o ~  ~ ~ , ~  ~ ~ ~ 

~,-~'~" ~ ' ~  (continued) 
H e ~ p o ~ t l c  S y ~  (continued) 
Lymph node, mandibular (49) (48) 

Congestion 1 (2%) 
Hyperplasia, lymphoid 3 (6%) 4 (8%) 
Hyl:~rplasia, macrophage I (2%) 

Lymph node, mesenteric (47) (50) 
Congestion 
Hyperplasia, lymphoid 2 (4%) 6 (12%) 
Hyperplasia, macrophage 1 (2%) 1 (2%) 
Inflammation, suppurative 1 (2%) 

Spleen (51) (50) 
Congestion 
Developmental malformation 2 (4%) 3 (6%) 
Hematopoietic cell proliferation 1 (2%) I (2%) 
Hyperplasia, erythrocyte 
Hyl~rplasia, lymphoid 12 (24%) 12 (24%) 
Hyperplasia, macrophage 1 (2%) 
Inflammation, suppurative 1 (2%) 1 (2%) 
Capsule, fibrmis 1 (2%) 

Thymus (45) (48) 
Atrophy 
Hemorrhage 1 (2%) 
Hyi~rplasia, lymphoid 1 (2%) 3 (6%) 
~ecro~is 1 (2%) 

(4o) (43) 

3 (8%) 1 (2%) 

(45) (41) 
1 (2%) 

4 (9%) 1 (2%) 

(49) 

1 (2%) 
1 (2%) 
6 (12%) 

(47) 
1 (2%) 

1 (2%) 

(46) 
1 (2%) 
1 (2%) 
2 (4%) 

3 (7%) 

(48) 
2 (4%) 

] ~ t ~ u ~ r y  S y , ~  
Mammary gland (51) 
Lactation 3 (6%) 
Skin (51) 

Alol~cia 5 (10%) 
H ~ ,  ~uamo~ 
Infraction, chronic act~e 
Inflammation, suppu~t~e I (2%) 

(47) 

(50) 

1 (2%) 
1 (2%) 

(48) 

(48) 
3 (6%) 
I (2%) 
1 (2%) 

Mu~e~c~e~e~ $ 3 , ~  

(50) 
1 (2%) 

(51) 
3 (6%) 

Bone 
Hyl:~rplasia 
Inflammation, chronic 
lqecrmis 
Osteopetrosis 

Skeletal muscle 
Necresis 

(51) (50) 

1 (2%) 

1 (2%) 

(5o) 
1 (2%) 

1 (2%) 
i (2%) 

(1) 
1 (10o%) 

(52) 

Ner~o~ ~ y ~  
Brain 

Compression 
Hydr~:ephalus 
Cerebellum, necrosis, coagulative 
Meninges, inflammation, suppurative 

Spinal cord 
Degeneration 
Demyelination 

(49) 
2 (4%) 
1 (2%) 

1 (2%) 

1 (2%) 
1 (2%) 

(47) 

(1) 
1 (lOO%) 
1 (1~%) 

(48) 
2 (4%) 
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TASL~ D$ 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Garage Study 
of 3,4-Dlhydrocoumarin (continued) 

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

2-Year Study (continued) 
Respira~ory System 
Lung (51) 

Congestion 
Hemorrhage 3 (6%) 
Hyperplasla, macrophage 
Infiltration cellular, lymphocyte 2 (4%) 
Inflammation, chronic 
Inflammation, suppurative 2 (4%) 
Alveolar epithelium, hyperplasia 

Nose (51) 
Inflammation, suppurative 1 (2%) 

Trachea (50) 
Infiltration cellular, lymphocyte 

2 (4%) 
1 (2%) 

(50) 

(50) 
1 (2%) 

(48) (51) 
1 (2%) 

1 (2%) 
1 (2%)- 
I (2%) 

1 (2%) 
(51) 

1 (2%) 
(51) 

Special Senses System .. 
.Ear (1) 

Inflammation, suppurative 1 (100%) 
Eye (3) 

Cornea, edema 1 (33%) 
Harderian gland (2) 

Inflammation, suppurative 1 (50%) 

(1) 

(3) (1) 

Urinary System 
Kidney (48) (50) (48) (47) 

Fatty change 1 (2%) 
Glomernlosclerosis 1 (2%) 1 (2%) 
Infarct 1 (2%) 
Infiltration cellular, lymphocyte S (17%) 7 (14%) 10 (21%) 5 (11%) 
Metaplasia, cartilagenous 1 (2%) 1 (2%) 
Necrosis, coagulative 2 (4%) 3 (6%) 1 (2%) 
Nephropathy 5 (10%) 4 (8%) 5 (11%) 
Cortex, cyst 1 (2%) 1 (2%) 

Urina~ bladder (45) (50) (47) (45) 
Dilatation I (2%) 
Infiltration cellular, lymphocyte 12 (27%) 22 (44%) 19 (40%) 13 (29%) 

a Number of animals examined microscopically at site and number of animals with lesion 
b Of the animals designated for the 15-month interim evaluation, only 5-10 per dose group were examined microscopically. 
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TABLE ~b 

T~L~ ~ 

T ~  ESb 

T ~ a ~  ~ 

AIH~EHI~ I~ 
SU~IMiX~f ©ff LES~©HS ~H MALE I~ATS 

THE ST©I~oE~I~©SU~ GAS~AGE STUI~%~ 
©~ S~4o~HSaSS~OCO~JKa~aH 
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~ ~ ~-~oat~ S ~ s ~  G ~  S ~ a ~ a ~ n  ~ ~ - D ~ y ~ a ~ n  . . . . . . . .  ~$~ 
~ a 9  ~ a ~  T ~ o ~  P ~ o ~  ~ ~ g e  ~ a ~  
~ ~ ~ - ~ o n ~  ~ ~ ~  GeeSe  S ~ e ~ o n  o~ ~ , ¢ . D ~ y ~ o ~ n  . . . . . . .  ~ 
~ t f i ~ H  ~a~ysfi~ o~ ~ e ~  ~ p ~ a s ~  ~n ~a~e ~ t ~  
~ ~ e  ~-Y~r Garage Study o~ ~ , ~ - D ~ y ~ a ~ a ~ n :  
~ - ~ r  ~e~c~e C o a t ~  G ~ p  vegas S ~ p - ~ s a ~  ~ ~ Dose G~aps  . . . . . .  ~ 
S ~ t ~ s t ~  ~a~ys~s o~ ~ a ~  ~ p ~ a s ~ s  ~n ~a~e ~ a ~  
~n ~ e  ~-Y~r Gev~e S t ~ y  o~ ~ - D ~ y ~ a ~ a :  
~ - ~ r  ~ ~ Dose G~np  v e ~ s  S ~ s ~  ~ ~ Dose G ~ p s  . . . . . .  ~ 7  
S ~ a ~  o~ t~e ~ c ~ e n ~  o~ ~on~p~asf ic  ~s~oas ~a ~a~e ~ 
~ ~ e  ~- aa~ ~ - ~ o ~ t ~  S ~ p - ~ s ~  G a ~ e  ~a~a t~on  o~ ~ - D ~ y ~ a ~  , .  ~7~ 

! 



252 :. 3,4-Dihydrocoumarin, NTP TR 423 

TABLE ElL 
Summary of the Incidence of Neoplasms in Male Rats in the 9- and IS.Month Stop.Exposure Garage Evaluation 
of 3,4.Dihydrocoumarin a 

Vehicle Control 
(9-mouth exposure) (1S-month exposure) 

Disposition Summary 
Animals initially in study 
9-Momh hu~m ew~/~,,q 
15-Momh ~ ~ , , ~ ' ; ~  
Early deaths 

Moribund 
Accidental deaths 
Natural deaths 

Survivors 
Died last week of study 
Terminal sacrifice 

Animals examined micreacopically 

30 40 30 
19 20 
10 10 

6 10 
1 1 

5 8 

2 

9-Month Interim Evaluation 
Alimentary System 
None 

Cardiovascular System 
None 

Endocrine System 
Pituitary gland 

Pars distalis, adenoma 
0~) 0~) 

x (s~) 

General Body System 
None 

Genital System 
Preputial gland 

Carcinoma 
(1) 

~ 000~)  

Hematopoletic System 
None 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
None 



~ o ~  in ~ o p . ~  ~ v ~ e  Evanna~on I~ane ~ 

T ~  ~1 
S ~ m m a ~  ¢ff tilde ] In~e~oe  of  Heop~as~e ~ Male ~ t s  ~a ~ e  9- a ~  R3-Mo~t~ Stop-E.~ip~o~e Ga~,age ~va~at~on 
o~ ~ ) f i ~ y ~ h r c ~ o ~ i H ~  (continued) 

2~3 

Vehicle Co~gro~ 
(9-month e ~ n ~ )  (l~-mnn~b e~pc~n~) 

~o.~ffO~ ff/~.~'~.,~ ~.~g~g/~O~ (continued) 
~ e ~ r ~ o r y  Sys~e~ 
None 

S~clan ~nse~ Sya~e~ 
None 

U~nn~jj S ~ e m  
None 

~ .~o.~ro~ ~'z~te~-/~ . ~ ' ~ / o ~  
A~i~en~a~ Sys~en~ 
None 

Can'~i~ov~.~eniar System 
None 

En~oc.r~ne ~ m  
Islets, pancreatic (10) (10) 

Adcuoma 1 (10%) 
Pituitary gland (9) (10) 

Pars distalis, adenoma 1 (11%) 
Thyroid gland (10) (10) 

Follicular cell, adenoma 1 (10%) 

General ~e~ly System 
None 

I 
~ e n l ~  Sy~e~ 
T~t~ (10) (10) 

Interstitial cell, adenoma 8 (80%) 7 (70%) 

He~nato~ol¢~c ~¢ys~ 
None 

~nCegumen~ry Sys~m 
Skin (10) 

I~eratoacanthoma 1 (10%) 
(10) 

1~I~,~cnnc~ele~l System 
None 
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TABLE E1 
Summary of the Incidence of Neoplasms in Male Rats in the 9- and 15.Month Stop-Exposure. Gavage Evaluation 
of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 
(9-mouth exposure) 05-month exposure) 

15-Month Interim Evaluation (continued) 
Nervous System 
None 

Respiratory System 
Lung (10) (10) 

Alveolar/bronchiolar adenoma 1 (10~) 
Bronchiole, alveolus, adenoma 1 (10%) 

Special Senses System 
None 

Urinary System 
None 

Stop.Exposure Evaluation b 
Alimentary System 
Intestine large, cecum (41) (13) 
Intestine large, colon (44) (13) 
Intestine large, rectum (44) (16) 
Intestine small, duodenum (43) (14) 
Intestine small, ileum (42) (12) 
Intestine small, jejunum (41) (14) 

Leiomyoma 1 (7%) 
Liver (49) (19) 

Hepatocellular adenoma 1 (5.%) 
Mesentery (17) (3) 
Pancreas (49) (19) 

Adenoma 2 (4%) ' 
Stomach, forestomach (47). (19) 
Stomach, glandular (46) (18) 

(16) 
(17) 
(18) 
(19) 

,(lS) 
(19) 

(19) 

(2~ 

(20) 
~20) 

Cardiovascular System 
Heart (50) (20) 

Schwannoma NOS I (5%) 
(20) 

Endocrine System 
Adrenal gland, cortex (50) (20) 

Osteosarcoma, metastatic, bone 
Adrenal gland, medulla (50) (20) 

Osteosarcoma, metastatic, bone 
Pheochromocytoma malignant 1 (2%) 
Pheochromocytoma benign 17 (34%) 5 (25%) 

Islets, pancreatic (49) (18) 
Adenoma 4 (8%) 1 (6%) 

Parathyroid gland (47) (18) 
Adenoma 1 (6%) 

(20) 
1 (5%) 

(20) 
1 (5%) 

4 (20%) , 

(20) 
1 (5%) 

(18) 



~ . ~ o ~  a~ ~ o l ~ - ~ - ~ n ~  ~ v ~  Evanua~on t~ane ~ e ~  ~$~ 

T ~  E~ 
S¢~mm~a~' 3, ~ the 1~©~]eac~ o¢ H~p~as~s ~ l~la~e ]Rats ~n t~e ~o aa~ 1$-]~Ioat~ Stop-~t~s~n~ G~va~e ~va~aat~oa 
o~ 3 ~ D ~ y ~ u ~ m ~ a ~  (continued) 

Ve~nl©~e ~ t ~ n  
~-~on~ e ~ e r e )  ( l ~ o n t ~  ~ u ~ )  

Sg~ff~.~,.Z~ak~/~ . ~ ' 1 ~  (continued) 
~ d ~ n ~  ~ (mntinu~) 
P i t u i ~  ~and (49) 
- Pa~ dh~l~, adenom ~ ( 4 ~ )  

~ i d  g~nd (50) 
C~II ,  adenoma 1 (2%) 
Follicle, adenoma I (2%) 
Follicular ~11, a d e n ~ o m a  1 (2%) 

(is) (18) 
6 (33%) 3 (17%) 

(18) (18) 

1 (6%) 

G e n e ~  ]]~¢~y ~ys~em 
None 

Genital ~ y ~ m  
Preputial gland (47) (20) (20) 

Adenocarcinoma 1 (2%) 
Adenoma 8 (17%) 
Carcinoma 2 (4%) 

Prostate (45) (20) (20) 
Seminal vesicle (49) (17) (20) 
Testes (49) (20) (20) 

Interstitial cell, adenoma 43 (88%) 16 (80%) 16 (80%) 

Hema~llmietic ~ n ~  
Bone marrow (47) (19) (20) 
Lymph node (51) (20) (20) 
Lymph node, mandibular (51) (19) (18) 
Lymph node, mesenteric (50) (18) (20) 
Spleen (49) (19) (20) 
Thymus (46) (18) (19) 

~n~u'nnen~ary Syste~ 
Mammary gland 

Adenoma 
Fibroadenoma 

Shin 
Ba~l ~11 adenoma 

~ m o ~  tumor ~nign 
F i b m ~  
F i b ~ m a  
~ t ~ m n t h o m a  
~ u a m o ~  ~II ~ p i l l o ~  

(46) 
1 (2%) 
3 (7%) 

(51) 

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

(19) 

2 (11%) 
(2o) 

1 (5%) 

1 (5%) 

(15) 

(2o) 
3 (15%) 

2 (10%) 

I~Iusculoskele~l N ~ n a  
Bone 

Osteo~arcoma 
(51) (2o) (2o) 

1 (5%) 
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TABLE E l  
Summary  of the Incidence of Neoplasms in Male Rats in the 9- and l$-Month Stop-Exposure Gavage Evaluation 
of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 600 mg/kg 
O-month exposure) (IS-month exposure) 

Stop-Exposure Evaluation (continued) 
Nervous System 
Brain (48) 

Cerebrum, meningioma benign 1 (2%) 
Meninses, meningioma benign 1 (2%) 

09) (is) 

Respiratory System 
Lung (50) 

Alveolar/bronchiolar adenoma 2 (4%) 
Osteosarcoma, metastatic, bone 

~zo) (2o) 
1 (5%) 
1 (5%) 

Special Senses System 
None 

Urinary System 
Kidney (50) 

Ostec~arcoma, metastatic, bone 
Renal tubule, oncocytoma benign 

Urinaw bladder (49) 

(2o) 

(2o) 

(2o) 
1 (5%) 
1 (5%) 

(2o) 

Systemic Lesions 
Multiple organs c 

Leukemia mononuclear 
(~l) 

10 (20%) 
(20) 

6 (30%) 
(2o) 

2 (lO%) 

Neoplasm Summary 
Total animals with primary neoplasms d 

9-Month interim evaluation 
15-Month interim evaluation 
Stop-exposure evaluation 

Total primary neoplasms 
9-Month interim evaluation 
15-Month interim evaluation 
Stop~xposure evaluation 

Total animals with benign neoplasms 
9-Month interim evaluation 
15-Month interim evaluation 
Stop-exposure evaluation 

Total benign neoplasms 
9-Month interim evaluation 
15-Month interim evaluation 
Stop-exposure evaluation 

Total animals with malignant neoplasms 
9-Month interim evaluation 
15-Month interim evaluation 
Stop-~expveure evaluation 

2 
9 

2 
12 

130 

1 
9 

48 

1 
12 

114 

16 

7 
19 

9 
43 

7 
18 

9 

18 

17 

31 



] [ ~ o ~  ~n S ~ p - ] ~ ] ~  G a v a ~  ~a~uat~o~ l~a~e ~a t s  

T ~ E  ~ .  
S ~ a ~ y J  ~f  t h e  ~ f ~  o~ H~opgas~s  ~ ]~,~e ~a t~  i~ the  ~- ~n~ ~.5-Month Stop-ExI1~osu~ G ~ v ~ e  Eva~a t f ion  
o~ ~ * ~ ] ~ ) ~ h y ~ l ~ [ ~  (continued) 

~57 

Veh~cne Cont~o~ ~ m ~ / ~  
(g-mouth eapmure) (1S-month eaposu~e) 

I~ l~op~a  S u m ~ ' y  (continued) 
Total malignant neoplasms 

9-Month interim evaluation 
Stop-exposure evaluation 

Total animals with metastatic neoplasms 
Stop.-egpmure evaluation 

Total metastatic neoplaams 
Stop-extmsure evaluation 

Total animals with neoplasms uncertain- 
benign or malignant 

Stop.exposure evaluation 
Total uncertain neoplasms 

Stop.exposure evaluation 

1 
16 6 3 

1 

4 

a Number of animals examined microscopically at site and number of animals with lesion 
b Vehicle controls in stop-exposure evaluation are 2-year core study vehicle controls. 
¢ Number of animals with any timue examined microscopically 
d Primaw neoplasms: all neoplasms except metastatic neoplasms 



258 ~,4-Dihydrocoumarln, NTP TR 423 

T~BL~ ]~.a . 

Individual Animal Tumor Pathology of Rats In the Male 
of 3,4.Dihydrocoumarin: 600 mg/kg 

9-Month Stop-Exposure Gavage Evaluation ' 

N u m b e r  o f  Days  on  S tudy  
1 5 5 5 6 6  
8 4 5 5 5 5  
6 0 4 9 1 4  

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

C a r c a s s  I D  N u m b e r  
0 0 0 0 0 0  

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

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

Total 
Tmuesl 
Tumors 

Alimentary System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Leiomyoma 
Liver 

Hepatocellular adenoma 
Mescntery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 
Tongue 

+ + + + + +  

+ A + + + +  
A A + A + A  
A A + A + A  
+ A + ~ + +  
A A + A + +  
A A + A + +  
M A + A + A  
A A + A + +  

+ + + + + +  

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

+ A + + + +  

+ + + + + + ~ +  + + +  + + + 

+ + A + + A + A + + + + + +  
+ + A + ~ A + A + + + + + +  
+ + A + + A + A + + + + + +  
+ + A + + A + A + + + + + +  
+ + A + + A + + + + + + + +  
+ + A + + A + A + + + + + +  
+ A A + + A + A + + + + + +  
+ A A + + M + + + + + + + +  

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

X 
+ + + 

+ + A +  + + + + + + + + + + 
+ + + + + + + + + + + + + + 

+ + A +  + + + ~ + + + + + + 
+ + A +  + + + + + + + + + + 
+ + A +  + + + + + + + + + + 

+ 

16 
13 
1 3  
16 
15 
14 
12 .  
14 
1 

19 
1 
3 

19 
20 
19 
19 
18 
1 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart 

Schwannoma NOS 

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

+ + + + + + + + + + 

X 1 

E n d o c r i n e  S y s t e m  
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland . 

Adenoma 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicle, adenoma 

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

X X X X X  
+ + + + + M + + A + + + + + + + +  + + +  

X 
M + + + M + . + + + + + + + + + + + + ~ + ~  

X 
+ + + + + + + + A + + +  + + + + + M +  + 

X X .  X X  X X  
+ A + + + + + A + + + + + + + + + + + +  

: X 

20 
5 

~18 
1 

1 8  

1 
18 
6 

18 
1 • 

Gene ra l  Body S y s t e m  
None , ~ 

+: Tissue examined microscopically 
A~ Autolysis precludes examination 

M:. Missing tissue 
I: Insufficient tissue 

X: Lesion present 
Blank: Not examined 



L e ~ o ~  ~a ~ o ~ d ] ~ e ~  G a r a g e  E v a ~ a t ~ o a  I~aBe ]I~a~ 

T ~ L ~  ]E,2~ 

~ n ~ a ~  A ~ m ~  T ~ m c ¢  ~ e ~ h o ~ o ~ y  o~ M a l e  ~ a ~  ~ t h e  9o ] ~O~t~  S t c ~ ] ~ o s a r e  G a v a s e  E v a ~ a t ~ o ~  

o~ ~ D ~ y ~ r c e o ~ r ~ :  ~ ~ / ] k ~  (continued) 

2 ~  

I ~ e ~ r  ~ D~y~ o~ ~ d y  
1 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

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

C a N  lID I ~ n ~ r  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 5 5 5 6 6 5 5 5 5 5 5 5 5 5 5 5 6 6 6  
7 7 8 7 0 0 7 8 ~ 9 7 8 8 9 9 9 9 0 0 0 
5 2 1 3 5 4 ~ 5 2 5 1 3 4 1 2 3 4 1 2 3 

Total 
Ti~ues/  
Tumors 

~ n ~ m  
~ d i ~  + + + + + + + + + + + + + + + + + + + + 20 
P ~ t ~ l g ~  + + + + + + + + + + + + + + + + + + + + 20 
P ~  + + + + + + + + + + + + + + + + + + + + 20 
~ m i ~ l v ~ i c l e  + + + + + + + A A + + A + + + + + + + + 17 
T ~ t ~  + + + + + + + + + + + + + + + + + + + + 20 

I n t ~ t i t i a l ~ l l ,  a d e ~ m a  X X X X X X X X X X X X X X X X 16 

H ~ ~  ~ 

B o ~ m a ~  + + + + + + + + A + + + + + + + + + + + 19 
L ~ p h n ~ e  + + + + + + + + + + + + + + + + + + + + 20 
L ~ n ~ e ,  m a ~ i ~ r  + + + + + + + + + + + + + + + + + + + 19 
L ~ n ~ e , m ~ n t ~ c  + + + + + + + + A + + ~ + + + + + + + +  18 
Sp i~n  + + + + + + + + A + + + + + + + + + + + 19 
~ + + + + + + + + A + ~ + + + + + + + + + 18 

l l ~ m e ~ m ~ j  ~ y ~ e m  
M a m m a r y ~ n d  + M + + + + + + + + + + + + + + + + + + 19 

~ d ~ o m  X X 2 
SMn + + + + + + + + + + + + + + + + + + + + ~ 

~ b m ~  X 1 
~ m ~  ~11 ~ p i l l ~  X 1 

I ~ e ~ h ~ e n e ~ n  ~ y ~ e m  
Bone + + + + + + + + + + + + + + + + + + + + 20 
Skeletal muscle + 1 

~ o ~ S ~  
Bmin + + + + + + + + A + + + + + + + + + + + 19 

Lung + + + + + + + + + + + + + + + + + + + + 20 
N ~  + + + + + + + + + + + + + + + + + + + + 20 
~ + + + + + + + ÷ + + + + + + + + + + + + 20 

Eye ÷ 1 

U r ~ r y  ~ y ~ m ~  
Kidney ÷ + + + + + + -~ + + + + + + + + + + + + 20 
U ~ b ~  + + + + + + + + + + + + + + + + + + + + ~ 

~ ~ 

M ~ t i p ~ o ~  + + + + + + + + + + + + + + + + + + + + ~ 
~ ~ ~  X X X X X X 6 



~ 3 , 4 - D i h y d r o c o u m a r i n ,  N T P  T R  4 ~  

. 

T ~  F ~  

I n d i v i d u a l  A n i m a l  T u m ~  P a t h o l ~  o f  M a l e  R a ~  i n  ~ e  l $ - M o n ~  S m ~ s u ~  G a y  E ~ i u a f l o n  

o f  3 , ~ - D f i h y ~ u m ~ :  ~ m ~  ~ 

N u m b e r  o f  D a y s  on  S t u d y  

3 4 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7  

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

C a r c ~  gD N u m b e r  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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

Total 
Tissues/ 
Tumors 

A l i m e n t a r y  S y s t e m  
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

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

+ + + + + + + A + + + + + + + + + A + +  
+ + + + + + + A + A + + + A + + + A + +  
+ + + + + + + A + A + + + + + + + A + +  
+ + + + + + + A + + + + + + + + + A + +  
+ + + + + + + A +  + + + + + + + + + + + 
+ + + + + + + A  + + + + + ÷ + + + + + + 
+ + + + + + + A + + + + + + + + + A + +  
+ + + + + + + A +  + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + A + +  
+ + + + + + + + + + + + + + + + + + + + 

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

20 
18 
16 
17 
18 
19 
19 
18 
19 

' 19 
20 
18 
20 
20 
20 

C a r d i o v a s c u l a r  S y s t e m  
Blood vessel 
Heart 

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

4 

Endegr~ne S y s t e m  
Adrenal gland 
Adrenal gland, cortex 

Osteosarcoma, metastatic, bone 
Adrenal gland, medulla 

Osteosarcoma, metastatic, bone 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 

Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

+ + + + + + + + + + + + + ~ +  + + + + + 
+ +  + + + + + + + + + + +  4 + + + + + + 

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

X 
X X X X 

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

X 
+ + + + + + + + M M + + + + + + + + + +  
+ + + + + + + + M M + + + + + + + + + +  

X X X 
+ + + + + + + + M M + + + + + + + + + +  

20 
20 
1 

20 
1 
4 

20 
1 

18 
18 
3 

18 

Gene ra l  Body S y s t e m  
lqone 

Geni ta l  S y s t e m  
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cell, adenoma 

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

X X X X  X X X X X X X X X X  X X  

20 
20 
20 
20 
20 
16 



L ~ i ~  i~ S t o p - l ~ a ~  G a v a ~  Evanuatk~n ~ a ~  I],~at~ Y~. 

T , ~ L ~  E ~  

~ n ~ a l l  A n ~ a H  T ~ o r  ] ~ a t h o ~ ,  o~ l~,~a~e ~ a t s  ~n t h e  a S - M o n t h  S ~ . ~ i p ~ r ~  G a r a g e  E v ~ t ~ o n  

~ ~ o ~ h y ~ r ~ c ~ n :  ~ ~ / ~  (continued) 

N u ~ r  o~ D a y s  on  S t ~ y  
3 4 5 5 5 5 5 6 6 6 6 6 6 6 7 7 7 7 7 7  
8 5 0 2 2 2 2 0 3 3 5 6 6 9 1 1 1 2 2 2  
5 5 7 8 8 9 9 4 4 8 5 1 1 7 6 8 8 4 9 9  

C a ~  ~D I ~ u ~ e r  

H e m a ~ o i e f i c  S y s ~  

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

Total 
Ttssues/ 
Tumors 

B o n e m a ~  + + + + + + + + + + + + + + + + + + + + 20 
L ~ p h n ~ e  + + + + + + + + + + + + + + + + + + + + 20 
L ~ p h n ~ e ,  m a n d i ~ r  + + + + + + + + M M  + + + + + + + + + + 18 
L ~ p h n ~ e , m ~ n ~  + + + + + + + + + + + + + + + + + + + + 20 
Sp l~n  + + + + + + + + + + + + + + + + + + + + 20 
~ ~ + + + + + + + + + M + + + + + + + + + + 19 

~ n t e g n m e n ~ r y  ~ y s t ~  
Mammary gland + + M + M M + + + + + M + + + + + M + + 15 
Skin + + + + + + + + + + + + + + + + + + + + 20 

Basal cell adenoma X X X 3 
Fibroma X X 2 

i~ ,~uscu~o~e]e~ S y s ~ m  
Bone + + + + + + + + + + + + + + + + + + + + 20 

Osteosarcoma X 1 

N e ~ o n s  S y s ~  
B~in  + + + + + + + + M M + + + + + + + + + + 18 

i 

~esp~ra~ory S y s ~ m  
Lung + + + + +. + + + + + + + + + + + + + + + 20 

Alveolar/bronchiolar adenoma X 1 
Osteosarcoma, metastatic, bone X 1 

Nose + ÷ ++ ÷ ÷ ÷ + ++ M M  ÷ + ÷ + ++ ÷ ÷ ÷ ÷ ÷ 18 
Trachea + + + + + + + + + + + + + + + + + + + + 20 

Spec~a~ S e n s e s  S y s t e m  
None 

U ~ n a ~  Sys t em 
Kidney + + + + + + + + + + + + + + + + + + + + 20 

Osteosarcoma, metastatic, bone X 1 
Renal tubule, oncoeytoma benign X 1 

Urinary bladder + + + + + + + + + + + + + + + + + + + + 20 

Sys temic  Les ions  
Multiple organs + + + + + + + + + + + + + + + + + + + + 20 

Leukemia mononuclear X X 2 
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T A n S  E 3 a  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  .in M a l e  R a t s  i n  t h e  2 - Y e a r  G a v a g e  ~Eva lua t i on  

o f  3 , 4 - D i h y d r o c o u m a r i n :  2 - Y e a r  V e h i c l e .  C o n t r o l  G r o u p  v e r s u s  S t o p - E x p o s u r e . 6 0 0  m g / k g  D o s e  G r o u p s  

~ ' ~ Vehicle Cont ro l  
(9 -month  exposure)  (15-month  exposure)  

Adrena l  Medul la :  Ben ign  Pheochromocy toma  
Overall rotes a ~ • ' 
Adjusted raltes b 
Terminal rates c ~ 
First incidence.~days) 
Life table tests u 
Logistic regrmsion tests d 
Cochran-Armita~e test d 
Fisher exact test- , I 

17/50 (34%) 
52.5% 
13/28 (46%) 
634 
P=0.178 . .  

Pffi0.425N - • 
P=0.137N ~ i 

Adrenal Medulla: Benign or Malignant Pheochromocytoma 
Overall rates 
AdJusted rates 
Terminal rates 
First incidence (days) 
Life table tests ~ , 
Logistic regression tests ~ 
Cochran-Annitage test 
Fisher exact test 

lS/5o (36%) 
53.8% 
13/28 (46%) 
634 
Pffi0.241 
P=0.336N 
P--0.102N 

Kidney (Rena l  Tubule) :  A denom a  (Single and  Step Sect ions)  
Overall rates -, ,  ~ 1/50 (2%) 
Adjusted rates .~ 3.4% 
Terminal rates 0/28 (0%) 
First incidence (days) 717 
Life table tests P=0.007 
Logistic regression tests - - P=0.021 
Cochran-Atmitage test P=0.081 
Fisher exact test 

Lung:  Alveo la r /b ronch io la r  A denom a  
Overall rates ~ 
Adjusted rotes 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

~5o (4%) 
7.1% 
2/28 (7%) 
729 03 
P=0o380 
P=0.537 
Pffi0.640N 

M a m m a r y  Gland:  F i b r o a d e n o m a  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/51 (~%) 
9.3% 
2/2S (7%) 
619 
P •0.595 
Pf0.463N 
P=0.326N 

55.0% 
4/8 (50%) 
690 
P=0.610 
Pffi0.526N 

P=0.332N 

5/2o (25%) 
55.0% 
4/8 (50%) 
690 
P=0.569N 
P=0.432N 

Pf0.277N 

3/20 (15%) 
33.3% 
2/8 (25%) 
701 
Fffi0.0PA 
P=0.030 

P=0.067 

0/2o (o~) 
0.0% 
0/8 (0%) 
_e 

P=0.538N 
P •0.538N 

P=0.507N 

~ (lO%) 
25.0~ 
~S (25%) 
729 (T) 
P=0.352 
P--0.413 

P=0.436 

4~20 (~o~) 
39.2% 
0/2 (0%) 
529 , .  ~ . . 
P=0.192 
Pffi0.484N .. 

Pffi0.195N ,. 

(2o ) 
39.2% 
0/2 ( 0 ~ )  
529 

, . .  

P--0.251 
P=0.401N 

P=0.154N 

2/20 (10%) 
28.0~ • 

0/2 (o~) 
655 ~ ~ • 
P=0.064 
P=0.111 

Pffi0.194 

1/20 (5%) 
11.1% 
0/2 (o~) 
661 
P--0.380 
Pffi0.573 

Pffi0.642 

0/2o (0%) 
0.0~  
0/2 ( 0 ~ )  
- -  

P=0.612N 
Pffi0.386N 

P=0.364N 



~ ~ ~ . ~  ~ a ~  ~ n ~ t ~  ~ane ~ ~ 

T ~  ~ 
S t ~ t ~ e ~  ~Jaa~y~ ~ ~ ' ~ a ~ y j  I ~ p ~ a s ~  ~ ]~a~e ~ t s  ~n t~e ~ - Y ~  G a v ~  E v a ~ a f i o n  
~ ~ o D ~ y ~ n ~ a ~ :  ~ - ~ "  V ~ c ~  C ~ t ~  G ~ p  v ~  S ~ o ] ~ . ~  ~ ~ D ~  G ~ s  (continued) 

Vehtc~e Co~ o~  

I ~ i I a ~ j  G~an~: F l b ~ z ~ o r ~ a  or ~ e ~ o ~ e  
~ e ~ l l  ~tm 4/51 (8%) 
M j m t ~  mtm 12.7% 
T e p i d !  mtm 3 ~  (11%) 
~ n t  inciden~ (~D)  619 
~fe ~ble t ~  P=O.~2~ 
~ t ~  ~ i o n  t ~  P=O.~5~ 
~ h ~ n - ~ i ~ g e  tat P = 0 . ~  
W~her ~ c t  trot 

]?anere~c ~ e ~ :  ~ e n o ~ a  
Overall rates 4/49 (8%) 
Adjusted rates 14.3% 
Terminal rates 4/28 (14%) 
First inddence (days) 729 (T) 
Life table tests P=0.393 
Logistic regression tests P--0.598 
Cochran-Armitage test P--0.399N 
Fisher egact test 

~ t e ~ T  Gh~¢~ (Pa~  ~ n ~ s ) :  Adeaom~a 
~eml l  ~tm ~/49 ( 4 ~ )  
~ j m t ~  ~tm 63.4% 
T e ~ i ~ l  ~ t ~  1 5 ~  (54%) 
Fi~t i n ~  ( ~ )  5 ~  
~fe ~b~ t ~  P = 0 . ~  
~ t i c  ~ i o n  t ~  P=O.O32N 
~ h ~ n - ~ i ~ g e  rut P=O.OIOH 
~ h e r  ~ ta t  

~ p u ~  G~an~: ~ e ~ u ~ a  
Overall rates 8/47 (17%) 
Adjusted rates 27.3% 
Terminal rates 7/28 (25%) 
First incidence (days) 704 
Life table tests P=0.083N 
Logistic regression tests P=0.045H 
Cochran-Armitage test P=0.012N 
Fisher exact test 

~ p ~ a ~  G~a~:  C m ' ~ a a  
Overall rates 3/47 (6%) 
Adjusted rates 9.3% 
Terminal rates 2/28 (7%) 
First incidence (days) 619 
Life table tests P=0.26~N 
Logistic regr~ion testa P--0.152N 
Ccchran-Armitage test P=0.131N 
Fisher e~,act test 

@-~o~g~ z ~ u ~ )  (l~-~uo~ e~V~u~) 

2/20 (lO%) 0/20 (0%) 
25.0% 0.0% 
2/~ (25%) 0/2 (0%) 
729 O') - 
P=0.450 P=0.558N 
P=0.511 P~0.320N 

P=0.546 P--0.257N 

la8 (6%) 1/2o (5%) 
12.5% 11.1% 
1/B (13%) 0/2 (0%) 
729 (T) (~1 
P=0.672N P~0A82 
P=0.672N P--0.70~ 

P=0.592N P--0.547N 

6n8 (33%) 3~8 (17%) 
73.0% 39.9% 
5/7 (71%) 0,/2 (0%) 
554 529 
P=0.477N P=0.534N 
P--0.259N P--0.046N 

P=0.194N P=0.015N 

0/2o (0%) 0/2o (o~) 
0.0% 0.0% 
0/~ (0~) 0/2 (0~) 
~ ~ 

P--0.122N P=0.429N 
P=0.102N P=0.21~N 

P=0.048N P=0.048N 

0/2o (o~) 0/2o (o~) 
0o0~ O.O~ 
0~8 (O%) 0~ (0~) 
- -  ~ 

P ~ O ~  P~0.612~ 
P~0.318~ P~O.~2~ 

P=0.338N P--0.338N 



• : :"  - :  :". ~ : " ' 3 , 4 ~ D i h y d r 0 c o u m a r i n , .  N T P  T R  423  

T~L~ E ~  - 

Statistical Analysis of Primary N, e0plaSms~ inMale-R~ts~in the:2;Year"Gavage Evaluation ' , .  " i,,, : ~ , 
of 3,4-Dihydrocoumarin: 2-Year VehiCle ~ohtrol Group vershs Stol~FE~posure 600 mg/kg Dose Groups (continued) 

• , 

. . . . .  : '~ : ~ ~" "~ '~" Vehic le  Contro l"  - " 600  m g / k g  600  m g / k g  
~ ; '  ' " : ~  : ' ~ . . . . . . .  ' :" . . . . .  ' ( 9 - m o n t h  e x p o s u r e )  ( I S . m o n t h  e x p o s u r e )  

P r e p u t i a l  G l a n d :  A d e n o m a  o r  C a r c i n o m  a ~ ,.,~.~ 
Overall rates . ~ 
Adjusted rates 
Terminal  rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher erect test 

11/47'(23%) 0/20 (0%) 0/20 (0%) - 
M.8% • • 0.0% 0.0% 
9/28 (32~6) '. 0/8 (0%) 0/2 (0%) 

619 ' - - - " ' , • - 

P=0.034N P=0.057N P=0.287N :,~ 

P=0.009N'  ' P=0.033N P =0.076N 
P--0.003iq :' , .... , .... 

P=0.014N P=0.014N .,: 

Skin: Fibroma 
; 

Overall rates 
Adjusted rates ; 
Terminal  rates 
First incidence (days) 
Life table tests ! 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test  

.. - ~- , 

• ~" ~. 

~, ,~ 

~.~ ~ .~ . 

; ', ~ • 

1/51 (2%) 
3.6% ' ~ 

1/28 (4%): : ! ' 

729 i T ) ; . .  
P=0.013 • 

P--0.044 : 
• 

P=0.121 

Skin: S q u a m o u s  Cel l  P a p i l l o m a  
Overall rates 
Adjusted rates . . 
Terminal  rates , , 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

. . 
( , '~ : 

, :  J ~ 

' "  • . 2 ,  

2/51 (4%) ,' : 
5.4% ' : ~ 

0/28 (0%) ~ ~ ~, 
655 

P=0.533N 

P=0,397N 

P=0.365N 

Skin: B a s a l  Cel l  A d e n o m a  
Overall rates :,, 

Adjusted rates 

Terminal rates 

First incidence (days) 

Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0/51 (0%) 
0.0% 

,~ 

0/28 (o%) 
- -  

P<0.001 
P=0o002 
P=0o006 

Skin: Keratoacanthoma, Basal Cell Adenoma, or Squamous Cell Papilloma 
Overall rates 
Adjusted rates 
Terminal  rates 
First incidence (days). 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

4/5i (8%) 
12.2% 
2/2s (7%) 
655 

P=0.057 

P=0.164 
P=0.289 

,-,~ ~, ~ L ;  ~ 

1/20 (5%) 
12.5% 
1/8 (13%) 

729 (T) 
P=0.462 

P=0.462 

P = 0 A 8 7  

• 
: ~ '  : . .  

1/2o (5%) 
12.5% 
1/8 (13%) 
729 cr) 
Pffi0.629 
Pffi0.669 

P=0.636 
• 

0/2o (0%) 
0.0% 

0/8 (0%) 
-- 

1/2o (5%) 
12.5% 
1/8 (13%) 
729 (T) 
P=0.629N 
P=0.572N 

P~0 .564N 

• ~:." , 

2/2o (lO%) 
28.9% 
o/2 (o%) 
661 
P=0.035 
P=0o097 

P--0,189 

.. ,.!~ ,.- 

0/20 (0%) 
o.o% 
0/2 (o%) 
-- 

P--0.561N 
P--0.458N 

P=0.513N 

3/20 (15%) 
39.0% . " 
0/2 (0%) 
661 
P--O.O02 
P=O.O04 

P=0.020 

3/2o (15%) 
39.0% 

0/2 (0%) 
661 

P=0.066 

P=0.197 ~ 

P=0.3o6 
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I 

T~LE ~ 
SO~e~e~ ~e~ye~e ¢~ ~ e ~  Hec#ee~e ~ Me~e ~ ~ ~ e  g o ~  Ga~,.~ ~ s ~ e ¢ o ~  
¢~ ~ y ~ r c e o ~ :  ~ - Y ~  Ve~e~ C¢~r~  G~o~ ~ e ~ e  ~ ¢ ~ ~ ,  ~ ~ / ~  ~oee G ~ ¢ ~  (continued) 

, . 

. .  

.. ,. Vehicle ~..o~o~, 
,~ , : ~ ~ : .  ,~ (~-~m~ ~Vc~e~z) ( L ~ - ~  e~zc~u~) 

T ~ :  A ~ e ~ a  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table teats 
Logistic regression tests 
C~hran-Annitage test 
Fisher e ~  test 

Thy~t~t  G~mtl  ~ o ~ n ~ © ~ "  ~ a ) :  A t e e o ~ a  o r  ~ n o ~ a  
~ e ~ f i  ~ tm ' 
~ j m t ~  ~ t ~  
T e ~ i ~  r a t a  
~ n t  i n~den~  ( ~ )  
~ f e  ~ble  t ~  
~ t i c  ~ i o n  t ~  
~ h ~ n - ~ i ~ g e  t o t  
W ~  ~ t a t  

. ,~00l~m: l ~ I o ~ o ~ c n ~  C.~OO L e ~ m ~ a  
Overall ~ t m  
~ j ~ t ~  ~ t ~  
T ~ I  ~ t ~  " ' .' 
~ t  i n s  ( ~ )  
~ f e  rome tam 
~ t k  ~ i o n  tam 
~ h m n - ~ i m g e  t a t  
Wmh~ m e t  t a t  

,,~00~e~m: I]~m~ ~ e s ~ s  
Overall ~ tes  
~ j ~ t M  m t ~  
T e p i d !  ~ t ~  
F ~ t  i n ~ e n ~  ( ~ )  
~ e  ~ble  t ~  
~ t i ~  ~ i o n  t ~  
~ n - ~ i ~  t ~  
~ e r  ~ trot 

,~n o ~ :  I ~ a ~ a ~  I ~ m ~  
Overall ~ t ~  
~ j ~ t ~  ~ t ~  
T ~ i ~  i n t o  
~ t  i n ~ n ~  ( ~ )  
~ f e  ~ b k  t ~  
~ t ~  ~ n  t ~  
~ n - ~ i ~  ta t  
W~h~ ~ ta t  

43/49 (88%) 
1~0.0% 
~ (le0%) 
526 
P<0.001 .~ 
P=0.564~,. 
P--0.232N 

2/50 (4%) 
7.1% 
2/2S (7%) 
729 (T) 
P=0.642N 
P=0.491~ 
P=0.390N 

10/51 (20%) 
~ . 5 %  . 
2/28(7%) ,: .  
526 
P=0.3~. 
Pffi0.~3N 
P ~ 0 . 3 ~ N  

,~/51 (94%) 
100.0% 
28/28 (lC0%) 
526  
P~0.C~I 
P~0.379N 
P~0.156N 

1 6 ~  ( ~ o ~  ' . . . .  1 6 ~  (~o~) 
9~.1% " 100.0% 
7/8 (88%) 2/2 (100%) 
5~0 507 
P=0.2~0 P < 0 . ~ l  
p ~ 0 A 2 ~  P=0.595 

P--0.315N P--0.315N 

1/18 (6%) on8 (o%) 
8.3% 0.0% 
0/8 (0%) 0/2 (0%) 
6~9 - 
P=0.699 P--0.855N 
P--0.635 P=0.855N 

P=O.~9 P = 0 . 5 ~ N  

' ~  ~ ~ 

6/20 (30%) 2/20 (10%) 
49.2% 53.8% 
3/8 (3g%) 1/2 (50%) 
651 604 
P=0.182 P--0.651 
P=0.260 P=O..268N 

P=0.261 ~=0.276~ 

18/20 (~0%) 17/20 (85%) 
100.0% 100.0% 
8/8 ( 1 0 ~ )  2/2 (100%) 
5~0 507 
P--0.2~2 P--0.0Ol 
P--0.623N P=0.501N 

P=0A26N P=0.215N 

16/51 0 1 % )  7/20 (35%) 3/20 (15%) 
~0.1% 54.3% 56.3% 
6/28 (21%) 3/8 (3~%) 1/2 (50%) 
526 651 455 
P ~0A17 P--0.328 P ~0.620 
P=0.180N P=0.47~ P--0.137N 
P~0.150N 

P~0.489 P = O . I ~ N  
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TABLE E3a 
Stat is t ical  Analys i s  of  P r i m a r y  Neoplasms in  Male  R a t s . i n  the  2-Year Gavage Eva lua t ion  
of 3 ,4 -Dihydrocounmrin :  2-Year Vehicle Cont ro l  G r oup  versus  Stop-Exposure  600 mg/kg Dose Groups  (continued) 

Vehicle Control 
(9.month e0qmsure) (1S-month exposure) 

All Organs: Benign or Malignant Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
Firu i n d d e ~  (days)~ 
Life table tests 
Logistic regression tests 
Cochran-Armitnge test 
Fisher e~act teat 

48/51 (94%) 19/20 (95%) 18/20 (90~) 
100.0% 100.0% 100.0% 
2S/2S 000%) S/S 000%) :Zrz 000~)  
526 540 455 
P<0.001 P--0.164 P<0.001 
P=0.616N P=0.551 Pffi0.677N 
P=0.389N 

P~0.686 P=0.4~N 

a Number of neoplasm-bearing animals/number ofanimals examined. Denominator is number of animals examined microscopically for adrenal 
gland, bone marrow, brain, epididymis, gallbladder, heart, kidney, lawnx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial 
gland, prostate gland, sniiva~y gland, spleen, testes,' thyroid gland, and urinary bladder, for other tissues, denominator is number of animals 
necrol~ied. 

b Kaplan-Meier estimated neoplasm incidence after adjustment for intercurrent mortality. 
© Observed incidence at terminal kill. 
d Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values 

corresponding to paitwise comparisons between the controls and that dined group. The life table test regards neoplasms in animals dying prior 
to terminal kill as being (directly or indirectly) the cause of death. The logistic regression test regards these lesions as nonfatal. The 
Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower incidence in a 
dose group is indicated by N. 

e Not applicable; no neoplasms in animal group 
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TA~L~ ~ 

~ ~  A~Hy~t~ o~ ]~Hm~ry H ~ ~  ~ I~I~lle ~ t ~  ~n ~he 2 o Y ~ r  C ~ , ~  E~,~ll~t~on 

o~ ~ - ~ y ~ h ~ e o w ~ :  ~-Ye~r ~ ~ ~ ¢ e e  G ~ o ~  v e ~  ~ o ~ e  ~ ~ ~3oee G ~ u p ~  

~ ~x~/~ ~ / ~  ~ m ~ / ~  
(~m~o~th e ~ u ~ )  ( l ~ o n ~  ~ c ~ u ~ )  (~-~oath ~ u ~ )  

A ~ r ~  I ~ u ] ~ a :  ~ n ~ n  ]?~ch~omo~zytoma 
Overall rata a 
~ j ~ t ~  ~ t ~  b 
T e ~ i ~ l  ~ t ~  c 
Fist i n c i d e n t a l S )  
Life ~ble t ~ "  
~ t i c  ~ i o n  t ~  d - 
~ h ~ n - ~ i ~ e  t a t  d 
F~her ~ c t  ta t"  

8/50 (16%) 4/20 (20%) 5/20 (25%) 
66.0% 39.2% 55.0% 
1/2 (50%) 0/2 (0%) 4/8 (50%) 
577 529 690 
Pf0.158N • Pf0.599N Pf0.134N 
P ffi 0.398 P ffi 0.494 P = 0.574 
Pffi0.237 

L~ve~ H e ~ t ' e ~ a r  . ~ n o n ~ a  
Overall rates : ' 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Pffi0.4~6 Pffi0.289 

2/50 (4%) 0/19 (0%) 1/19 (5%) 
8.4% 0.0%. 12.5% 
0/2 (0%) 0/2 (0%) 1/8 03%) 
640 _e 729 (T) 
P=0.345N P=0.482N • P=0.478N 
P=0.556N Pffi0.466N P=0.720N 
P=0.626 

Pf0.522N P=0.626 • 

~,~¢~ney (l~e~a~ TnbuHe): ~ e n o ~ a  (SinGe ~ c t ~ o ~ )  
Overall rates 2/50 (4%) 0/20 (0%) 0/20 (0%) 
Adjusted rates 15.0% 0.0% 0.0% 
Terminal rates 0/2 (0%) 0/2 (0%) 0/8 (0%) 
First incidence (days) (605 - - 
Life table tests P=0.149N P=0.369N P=0.307N 
Logistic regression tests Pf0.213N Pf0A48N Pf0.425N 
Cochran-Annitage test Pffi0.233N 
Fisher exact test P=0.507N P=0.507N 

~ d a e y  ~enan Tubule): ~ e n o m a  (S~ng~e and Step Sectfions) 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

6/50 (12%) 2/20 (10%) 3/20 (15%) 
69.3% 28.0% 33.3% 
1/2 (50%) 0/2 (o%) 2/8 (25%) 
605 655 701 
Pffi0.070N Pffi0.261N Pffi0.092N 
Pf0.307N Pf0.501N Pf0.448N 
Pffi0.509 

I ~ l a ~ a ~  V G~a~:  ~ n ~ a  
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

o15o (0%) 
0.0% 
0/2 (0%) 
- -  

P=0.314 
P=0.314 
P =0.029 

P=0.5~N P=0.505 

o/'~.~ Co%) ~ ( 1 ~ )  
0.0% 25.0% 
0/2 (0%) ~ (25%) 
- ~29 (T) 
- P=0.574 
- P=0.574 

P=0.079 
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T A a t ~  E 3 b  

S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  Neop!a~sms in  M a l e  R a t s  in  t h e  2 - Y e a r  G a v a g e  E v a l u a t i o n  

o f  3 , 4 - D l h y d r o c o u m a r i n :  2 - Y e a r  600 m g / k g  D o s e  G r o u p  v e r s u s  S t o p - E x p o s u r e  600.mg/kg Dose G ~roups (continued) 

• (24-month exposure) (IS:month exposure) (9-month exposure) 

Pancreas:  Adenoma 
Overall rates 
Adjusted rates 
Terminal rales 
First incidence (days) 
Life table tests 
Logistic regremion tests 
Cochran-Armitage test 
Fisher exact test 

Pitui tary Gland (Pare Distalis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Skin: Fibroma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Skin: Basal Cell Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regremion tests 
Cochran-Annitage test 
Fisher exact test 

2/28 (5%) 
21.9% 
0/2 (0%) 
537 
P=0.128N 
Pffi0.190N 
P--0.191N 

9/46 (20%) 
74.9~ 
0/2 (0%) 
483 
P =0.105N 
P=0.294 
P=0.193 

0/50 (0%) 
0.0% 
0/2 (0%) 
- -  

P=0.523 
P=0.310 
P=0.140 

o/50 (0%) 
0.0% 
o/2 (0%) 
- -  

P=0.580N 
Pffi0.523 
1'=0.360 

Skin: Squamous Cell Papilloma or Basal Cell Adenoma 
Overall rates 0/50 (0%) 
Adjusted rates ~ 0.0% 
Terminal rates 0/2 (0%) 
First incidence (days) - 
Life table tests P-0.554 
Logistic regression tests . P=0.306 
Cochran-Armitage test / P -- 0.125 
Fisher exact test 

0/20 (0%) 
0.0% 
0/2 (0%) 
- -  

Pffi0.335N 
P=0.387N 

Pffi0.425N 

3/18 (17%) 
30.9% 
0/2 (0%) 
529 
Pffi0.184N 
P=0.543N 

P=0.549N 

2/2o (lO%) 
28.9% 
0/2 (0%) 
661 
P=0.189 
Pffi0.096 

P=0.079 

3/20 (15%) 
39.0% 
0/2 (0%) 
661 
Pffi0.104 
P =0.027 

Pffi0.021 

3/2o (15%) 
39.0% 
0/2 (0%) 
661 
Pffi0.104 
Pffi0.027 

P=0.021 

0/19 (0%) 
0.0% 
0/S (0%) 
- -  

Pf0.265N 
P=0.401N . 

P=0.440N 

6/18 (33%) 
73.0% 
5/7 (71%) 
554 
P=0.091N 
P--0.371 

P=0.198 

.¸ . 

1/20 (5%) 
12.5% 
1/8 (13%) 
729 (T) 
P--0.773 
P=0.773 

P=0.286 

o/2o (0%) 
0.0% 
0/S (0%) 
- -  

- -  

- -  

1/20 (5%) 
12.5% 
1/s (13%) 
729 (T) 
P=0.773 
P=0.773 

P--0.286 



L~to~m tn S ~ o p - ~ . ~ V ~  Garage Evaluation I~a~e ~ a ~  269 

T ~ L ~  E.~b 
S ~ H  A ~ y ~  ~ l P n - ~ r y  H ~ p ~ s ~  ~n MIe~ 11,~  ti~ ~ ¢  ~- '~ '~r  G a v ~  E v ~ u ~ h ~ n  
~[~ ~ - ~ y ~ ~ :  ~ - ' ~ r  ~ ~ ~ G ~ ' ~  ff~II '~ ~[~.-]~J~$~l~'~ ~ ~ / ~  D ~  G l r ~  (continued) 

c ~  m~e/M ce~ ~me~/M ~ mt~/M 
(M-~o~h ¢ ~ U ~ )  (l~-~no~*h e ~ u ~ )  (9-enough ex~tt~ure) 

Te~.t~: A~¢nona 
Ove~II rotes 42/46 (91%) 
Adjusted rates 100.0% 
Terminal rates 2/2 (100%) 
First incidence (days) 483 
Life table tests P<0.001N 
Logistic regression tests P=0.017N 
Cochran-Armitage test P=0.118N 
Fisher exact test 

Aln o ~  ~ o ~ o ~ n ~ r  ~nn ~ u n ~ n t a  
Overall rates 4/50 (8%) 
Adjusted rates 19.8% 
Terminal rates 0/2 (0%) 
First incidence (days) 605 
Life table tests P=0.352 
Logistic regremion tests P--0.046 
Cochran-Armitage test P=0.018 
Fisher esact test 

AlE O~ans: ~enhgn I~leop~as~ms 
Overall rates 45•50 (90%) 
Adjusted rates 100.0% 
Terminal rates 2/2 (100%) 
First in~den~ ( ~ )  ~ 45 
~fe ~ble t ~  P<0.~IN 
~ t i c  ~ i o n  t ~  Pf0.~5N 
~ m n - ~ i m g e  ta t  P f0.527N 
Fisher ~ c t  trot 

All O~ans :  MaHignan~ ~op~asms 
Overall rates 9•50 (18%) 
Adjusted rates 66.8% 
Terminal rates 1/2 (50%) 
First incidence (days) 444 
Life table tests P--0.369N 
Logistic regression tests P=0.141 
Cochran-Armitage test P=0.113 
Fisher e~.act test 

Aln o~n~ I~m~ ~" Mmaf~ma~* I ~ o p n ~  
~ m l l  rata ~/50 (~%) 
~ j m t ~  rata 1 ~ . ~  
T ~ i ~ l  ~ t ~  ~ (1~%) 
~ t  inciden~ ( ~ )  45 
Life ~ble t ~  P=0.~2N 
~ t i c  ~ i ~  t ~  P f 0 . ~ N  
~ h ~ n - ~ i ~ g e  tat  Pff i0 .~  
F~her t ac t  tot  

16/20 (80%) 16/20 (80%) 
100.0% 94.1% 
2/2 (100%) 7/8 (88%) 
507 540 
Pf0.142N Pf0.001N 
P=0.168N P=0.036N 

Pf0.186N P--0.186N 

2/2o (1o%) 6/2o (30%) 
53.8% 49.2% 
1/2 (50%) 3/8 (3S%) 
604 651 
P=0.668 P=0.394 
P =0.594 P =0.060 

P=0.556 P=0.027 

17/2o (85%) 18/20 (90%) 
100.0% 100.0% 
2/2 000%) 8/8 (I00%) 
507 540 
P=0.131N P=0.001N 
P=0.339I~I P=0.565N 

P =0.412N P =0.652N 

3/20 (15%) 7/20 (35%) 
56.3% 54.3% 
I/2 (50%) 3/8 (3S%) 
455 651 
P = 0.370N P = 0.433N 
P=0.519N P=0.157 

P=0.534N P=0.114 

18/20 (90~) 19/20 (95%) 
100.0% 100.0% 
2/2 (100%) g/8 (100%) 
455 540 
P=0.162H P=0.002N 
P=O.488N P=0.677 

P=0.556N P=0.556 
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TABLE E 3 b  
S t a t i s t i c a l  A n a l y s i s  o f  P r i m a r y  N e o p l a s m s  in  M a l e  R a t s  in  t h e  2 - Y e a r  G a r a g e  E v a l u a t i o n  . . 

o f  3 , 4 - D i h y d r o c o u m a r i n :  2 - Y e a r . 6 0 0  m g / k g  D o s e  G r o u p  v e r s u s  S t o p - E x p o s u r e  600 m g / k g  D o s e  G r o u p s  (continued) 

Number of neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal 
gland, bone marrow, brain, .epididymis, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland, 
prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number" of animals necropaied. 
Kaplan-Meier estimated neoplasm, incidence after adjustment for intercurrent mortality. • • 
Observed incidence at terminal kill. 
Beneath the 24-month eXlx~ure group incidence are the P values associated with the trend test. Beneath the 15-month and 9-month exposure " 
group incidences are the P values corresponding to paitwise comparisons between the 24-month exposure group and that exposure group. The- " 
life table test regards neoplasms in animals dying prior to terminal kill as being (directly or indirectly) the cause of death. The logistic 
regression test regards these lesions as nonfatal. The Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. For 
all tests, a negative trend or a lower incidence in an exposure group is indicated by N. 
Not applicable; no neoplasms in animal group 



None 

T ~  ~ 
S ~ 7  ~ ~ H ~  ~ H c ~ o ~ e ~ t ~ e  ]L.e~one ~ ~s~e ~l~e 
~n ~ e  ~-t~on~ ~ R~I~Ion~ ~ ¢ ~ I ] ~ ¢ e ~  Gsvs~e ~,s~us~on o~ 3~D~I~y~rceo~msHn ° 

~71 

D ~ o ~  ~m~u~ V 
A~in~ls ~ i t ~  in s t y  
~ ~ ~ 
~ ~ ~ 
~ d ~ t ~  

Ho~bund 
~ d e n ~  d ~ t ~  
~atu~l d ~  

S u ~ n  
D i d  l~t  ~ ~ s tun  
T e ~ i ~ l  ~ 

Animals examined microscopically 

Veh~r.~e Co~tro~ 
@ - ~  ~ )  { 1 ~ o ~  ~q~uz~) 

~0 
19 
10 

1 
6 

5 

1 
7 

39 

10 

10 

8 

2 

~ - ~ o ~  ~ ' ~  ~ , ~  
~men~ ~ 
~er 

~elop~nml ~Ifo~tion 
Fat~ c~nse 
~ ,  ~ g u ~ t ~ e  
Bile duct, h ~ i ~ i a  
Kupffer ~ll,  h ~ l ~ i a  

M ~ n t e ~  
Gmnulo~ 

P a n ~  
~mphy  
I n f r a c t i o n ,  c ~ n i c  

Sto~ch, f o ~ t o m ~  
H ~ ,  ~ m o m  

(19) 

10 (53%) 
1 (5%) 
2 (11%) 

(1) 
1 

(19) 
2 

(19) 

(1~0%) 

(11%) 

(19) 
1 (5%) 

6 (32%) 
1 (5%) 

(19) 

1 (5%) 
(19) 

1 (5%) 

C a r d ~ o v ~ c u ~  S y e ~  
Heart 

Cardiomyopathy 
(19) 
17 (89%) 

(19) 
13 (6S%) 

]~.ndec~ne Sys~m 
None 

~ e n e r ~  ~n~y S y ~  

Gen~n  System 
Prostate 

Inflammation, chronic active 
Inflammation, suppurative 

(19) 

1 (5%) 

(19) 
4 (21%) 
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TABLE E4 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats - ,, . 
in the  9 -Month  and IS-Month  Stop .Exposure  Garage Evaluat ion  o f  3 ,4 -Dihydrocoumarin  (continued) • 

Vehicle Control 600 mg/kg 600 mg/kg 
~ (9-month exposure) (15-mouth exposure) 

9-Month Interim Evaluation (continued) 
Genital System (continued) 
Testes 

Degeneration • 
Interstitial cell, hypeq~L~ 
Seminiferous tubule, degeneration 

(19) (19) 
1 (5%) 
II (58%) 9 (47%) 

3 (16%) 

Hematopoietic System 
None 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Lung 

Alveolar epithelium, hyperplasia 
(19) 

1 (5%) 
(19) 

Special Senses System 
None 

Urinary System 
Kidney 

Nephropathy 
(19) 

19 (100%) 
(19) 

18 (95%) 

15-Month Interim Evaluation 
Alimentary System 
Liver 

Clear cell focus 
Fatty change 
Inflammation, chronic 
Bile duct, hype~plasia 
Periductular, inflammation, chronic 

Mesentery 
Fat, inflammation, chronic 
Fat, necrosis, chronic 

(lO) 
1 (lO%) 
1 (lo%) 
1 (10%) 
4 (40%) 
1 (lO%) 

(1) 
1 (100%) 

(lO) 

1 (10%) 

(1) 

1 (lOO%) 



L~5o~ nn S ~ o p - E ~  Garage Evan~a~non Mane ~ 

TA~LZ F~ 
S a ~ a ~  o~ ~ e  ~I~©~e~e o~ Nonneop~st~© Lee~one ~ 1~Ia~e ~ e ~  
fi~ f~ll~e ~-1~Io~  e ~  ~5-I~o~tI~ S ~ o p . - ~ ~  G e ~ ' ~  ~ o m l  o~' ~ - D f i ~ y ~ o ~ m ~ n l l  (continued) 

Vehnc~e Co~t~o~ 
(9-mo~ e ~ a ~ )  (15-moats a~mur~) 

~ S - ~ ' O ~  Z V ~ O ~  (continued) 
Alimentary Sy~Wm (continued) 
Pancreas 

Fibrosis 
Interstitium, infilt~tion ~llular, 

~ p h ~ e  
Stomach, glandular 

E ~ i o n  

(lO) (lO) 
2 (20%) I (10%) 

(I0) 
1 (10%) 

(10) 
1 (10%) 

Car~ov~mcunar System 
Heart 

Cardiomyopathy 
(lO) (lO) 

6 (~0%) s (s0%) 

Snd~cHne System 
Adrenal gland, medulla 

Infiltration cellular, lymphocyte 
Pituitary gland 

Pars distalis, congestion 
Pars distalis, cyst 
Pars distalis, hypertrophy 

(9) (lO) 
1 (lO%) 

(9) (lO) 
1 (lO%) 
2 (20%) 

2 (22%) 

General ~o~ly System 
None 

Genital System 
Preputial gland 

Abscess 
Inflammation, chronic 

Testes 
Interstitial cell, hyperplasia 

(10) (10) 
1 (10%) 
2 (20%) 

(lO) (lO) 
2 (20%) 3 (30%) 

Hemato~one~e System 
None 

[ ~n~2~umen~ry S y ~ m  
None 

Muscugaskenetan System 
None 

Nervous System 
None 
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TABLE FA 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 
in the 9-Month and IS-Month Stop-Exposure Gavage Evaluation of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 
(9-month exposure) (1S-month exposure) 

15-Month Evaluation (continued) 
Respiratory System 
Lung (10) 

Alveolar epithelium, hyperplasia 1 (10%) 
Alveolus, inflammation, suppurative 1 (10%) 

Nose (10) 
Inflammation, chronic 3 (30%) 
Inflammation, suppurative 
Lumen, fungus 3 (30%) 

(10) 

~ ( 1 0 )  

2 (20%) 

Special Senses System 
None 

Urinary System 
Kidney : (10) 

Nephropathy \ 10 (100%) 
(10) 
10 (100%) 

Stop-Exposure Evaluation b 
Alimentary System 
Intestine large, colon (44) 

Polyarteritis 
Intestine large, rectum (44) 

Polyarteritis 
Intestine small, jejunum (41) 

• Dieerticulum 
Liver (49) 

Angiectasis 
Basophilic focus 1 (2%) 
Clear cell focus 3 (6%) 
Congestion 1 (2%) 
Cytologic alterations 1 (2%) 
Developmental malformation 6 (12%) 
Ectasia 
Fatty change 9 (18%) 
Inflammation, chronic 5 (I0%) 
Inflammation, suppurative 
Mixed cell focus 1 (2%) 
Necrosis, coagulative 
Bile duct, hyperplasia 24 (49%) 
Centrilobular, necrosis, coagulative 2 (4%) 
Hepatocyte, hyperplasia 
Periductular, fibrosis 7 (14%) 
Periportal, necrosis, coagulative 1 (2%) 
Periportal, pigmentation, hemosiderin I (2%) 

(13) 
1 (8%) 

(16) 
1 (6%) 

(14) 

(19) 

2 (11%) 

2 (11%) 

2 (11%) 
2 (11%) 

1 (5%) 

(17) 

(18) 

(19) 
1 (5%) 

(19) 
1 (5%) 

1 (5%) 
1 (5%) 
1 (5%) 

1 (5%) 

1 (5%) 



~7~ 

i 

TA~L~ ~ 
S u ~ a r y  oil ~ e  ~¢i~enoe o~ i~Ionneop~ast~© Lesions ~n ~a~e  ~a t s  
~n ~ e  ~oi~O~t~ a ~ l  ~-I~ont l~ S~op-~p~os~re Garage  S~all~at~on o~ S ~ - D ~ y ~ r c c o ~ a r ~  (continued) 

Vehlde Con~ro~ 6 ~  n~/k~g ~ ~ 
(9-month e~qm~u~) (IS-month e~ure) 

S~O~F~?A~'11~ ~ P ~  (continued) 
. ~ i ~ r y  ~y~n~ (continued) 
M~ntew 

Po~nefit~ 
Fat, in~mtibn, chronic 
Fat, i~mtion, ~nulomato~ 
Fat, infraction, suppumtNc 

(17) (3) 
1 (33%) 

I (6%) 
1 (6%) 
1 (6%) 

Fat, necrosis, coagulative 
Pancreas 

Atrophy 
Hyl~rplasia 
Polyarteritis 
Acinar cell, hYI~rplasia 

Stomach, forestomach 
Cyst epithelial inclusion 
Hyperplasia, sqnamous 
Intflammation, chronic 
Inflammation, suppurative 
Ulcer 

Stomach, glandular 
Erosion 
Inflammation, chronic 
Mineralization 
Polyarteritis 
Ulcer 

Tongue 
Parenchyma, edema 

11 (65%) 3 (100%) 
(49) (19) 

7 (14%) 
• 

1 (5%) 
i (2%) 

(47) (19) 
1 (2%) 
3 (6%) 2 (11%) 
3 (6%) 2 (11%) 
1 (2%) 
4 (9%) 2 (11%) 

(46) Os) 
1 (2%) 
1 (2%) 

1 (6%) 
,I (6%) 

(1) 
1 (100%) 

(~) 
1 (5%) 
3 (15%) 

(~) 

1 (5%) 
4 (20%) 

4 (20%) 
(20) 

1 (5%) 

5 (z~%) 

1 (5%) 

C C ~ o v ~ r  ~ y ~  
Blood vessel 

Aorta, mineralization 
Pulmona W artery, mine~l~tion 

H ~  
O~iomyo~thy 
N ~ ,  ~nke~s 
P o ~ t ~  
~ W ,  ~ m l ~ t i ~  
~ t f i ~ r  ~ ,  f i b ~  
~ u m ,  t h m m ~  
Va~e, f i b ~  

(50) 
36 (72%) 

(3) 
i (33%) 

(2O) 
8 
1 
1 

(40%) 
(5%) 
(5%) 

(5%) 
(5%) 
(5%) 

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

(~0) 
9 (45%) 
1 (5%) 

1 (5%) 

~ e  ~ e ~  
Adrenal gland, cortex 

Basophilic focus 
Clear cell focus 
Cytoplasmic alteration 
Vacuolization cytoplasmic 

(50) 
i (2%) 

(2o) 

1 (5%) 
i (5%) 
1 (5%) 

(2o) 

i (5%) 
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TABLE E4 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 
in the 9-Month and IS-Month Stop-Exposure Garage Evaluation of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 600 mg/kg 
(9-month exposure) ( l~mon th  exposure) 

Stop-Exposure Eevaluation (continued) 
Endocrine System (continued) 
Adrenal gland, medulla (50) (20) (20) 

Cyst 1 (2%) 
Hyperplasia 3 (6%) 1 (5%) 1 (5%) 
Necrosis, coagulative 1 (2%) 
Necrosis, liquifactive 1 (5%) 

Parathyroid gland (47) (18) (18) 
Hyperplasia 6 (33%) 9 (50%) 

Pituitary gland (49) (18) (18) 
Pars distalis, cyst 2 (4%) 1 (6%) 
Pars distalis, cyst multilocular 1 (2%) 
Pars distalis, hemorrhage, acute 1 (6%) 
Pars distalis, hyperplasia 2 (4%) 

Thyroid gland (50) (18) (18) 
eolyarteritis 1 (6%) 
C-cell, hyperplasia 2 (4%) 1 (6%) 1 (6%) 
Follicle, cyst 1 (6%) 1 (6%) 
Follicle, hyperplasia 1 (2%) 

General Body System 
None 

Genital System 
Coagulating gland 

Inflammation, suppurative 
Lumen, dilatation 

Preputial gland 
Abscess 
Hyperplasia 
Inflammation, chronic active 
Inflammation, suppurative 
Polyarteritis 
Duct, dilatation 
Duct, inflammation, chronic 
Duct, inflammation, suppurative 

Prostate 
Hyperplasia 
Inflammation, suppurative , 

Seminal vesicle 
Inflammation, suppurative 
Lumen, dilatation 

Testes 
Atrophy 
Infiltration cellular, lymphocyte 
Interstitial cell, hyperplasia 

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

(47)) 

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

(45) 
1 (2%) 
9 (2o%) 

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

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

(2o) (2o) 
1 (5%) 

2 

1 (5%) 3 
1 (5%) 
1 (5%) 

(2O 

3 (15%) 
(17) , 

(2o) 

1 (5%) 

1 
1 

(2O 

3 
(2O 

(2O 
1 

(10%) 

(15%) 

(5%) . 
(5%) 

(15%) 

(5%) 

(5%) 



L e ~ o ~  1~ ~ t o p . l ] ~ q ~  Garage ~va~t~on I~a~ ll~t~ 

T ~  F.~ 
~ u ~ r ~ z ~  o~ ~ ~ I k ~  o~ I ~ l o ~ o ~ ©  L~,~o~ ~ I ~ z ~  1 ~  
~n the ~oI~I~l]~' ~ I  ~-i~Io~t~ ~ t ~ l ~ . ~ l l ~  G ~ v ~  ~ l l ~ t ~ ¢ ~  o~ ~ D ~ y ~ m ~ H ~  (continued) 

~77 

I 

Ve~lene Con~ro~ 
(~-~o~t~ e~o~ur~) (l~-mo~t~ ~ u ~ )  

5fO.~'~.,.~.~Y~' Z l ~ l g ~  (continued) 
Henm~o~oiet~c ~y~em 
L~ph n~e  (51) (~)  (~)  

H ~ l ~ i a ,  plasma ~!1 1 (5~) 
M ~ t i n a l ,  hemo~ge ,  a~te 1 (5%) 
M ~ t i ~ l ,  ~ a ~ e f i t ~  1 (5%) 
Re~l, mng~tion 1 (5%) 
Re~l, h ~ i a ,  ~ p ~ g e  1 (5%) 
Re~l, pigmen~tion, hem~ide~n 1 (5%) 

L~ph  n~e, mandibu~r (51) (19) (18) 
~ g i ~  1 (6%) 
H ~ i a ,  ~phoid  2 (4%) 
H ~ ,  plasma ~11 2 (4%) 

L~ph n~e, m~nte~c (50) (18) (~)  
~ g i ~  1 (5%) 
Pigmen~tion, hem~ide~n 1 (2%) 

S#~n (49) 09) (~) 
m~phy 2 (4%) 
~ng~tion 4 (8%) 1 (5%) 
~elopmen~l  malfo~tion 1 (2%) 
~ b ~  1 (5%) 
H ~ s i a ,  ~phoid  1 (2%) 1 (5%) 
Inflammation, chronic 1 (2%) 
Pigmen~tion, hem~ide~n 1 (5%) 

~ u s  (~) 0s) (19) 
Hemo~hage 1 (6%) 

~ntegumen~ry Sys~n  
Mammary gland 

Galactoeele 
Lactation 

Skin 
Cyst epithelial inclusion 
Hemorrhage 
Inflammation, chronic active 
Polyarleritis 

(46) (19) (15) 
1 (7%) 

1 (5%) 
(51) (2O) (20) 

~ (2%) 1 (5%) 
1 (5%) 

1 (5%) 
1 (5%) 

Mu~e[o~l~e~a Sy~m~ 
Bone (51) (20) (20) 

Degeneration I (2%) 
Degeneration, cystic 1 (5%) 
Fibrous osteodystrophy 1 (5%) 

Skeletal muscle (1) 
Polyarteritis 1 (100%) 
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TABLE FA 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 
in the 9-Month and IS-Month Stop-Exposure Gavage Evaluation of 3,4-Dihydrocoumarin (continued) 

Vehicle Control 
(9-month exposure) OS-month exposure) 

Stop-Exposure Evaluation (continued) 
Nervous System 
Brain 

Hydrocephalus 
Polyarteritis 
Hypothalamus, compression 
Thalamus~ compression 

Peripheral nerve 
Degeneration, seeonda W wallerian 

(48) (19) (18) 
1 (5%) , 
1 (5%) 

1 (6%) 
2 (4%) 

(2) 
1 (50%) 

Respiratory System 
Lung 

Polyarteritis 
Alveolar epithelium, hyperplasla 
Alveolus, congestion 
Alveolus, edema 
Alveolus, hemorrhage 
Alveolus, inflammation, chronic 
Alveolus, inflammation, suppurative 
Bronchiole, inflammation, suppurative 

Nose 
Fungus 
Metaplasla, sqnamous 
Lumen, foreign body 
Lumen, fungus 
Lumen, inflammation, suppurative 
Mucosa, inflammation, suppurative 
Mucosa, metaplasia, sqnamous 
Mueo~a, septum, inflammation, chronic 

Trachea 
Inflammation, suppurative 

(50) 

4 (s%) 

I (2%) 

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

(50) 
1 (2%) 
1 (2%) 
1 (2%) 
3 (6%) 
8 (16%) 
1 (2%) 

1 (2%) 
(51) 

(20) (20) 
i (5%) 

1 (5%) 

(2o) 

1 (5%) 

(20) 
1 (5%) 

1 (5%) 
1 (5%) 
1 (5%) 
1 (5%) 
1 (5%) 

1 (5%) 
(18) 

1 (6%) 
1 (6%) 
2 (11%) 
1 (6%) 

(2o) 

Special Senses System 
Eye 

Anterior chamber, hemorrhage, chronic 
Lens, cataract 
Retina, degeneration 

(I) 
1 (100%) 

(1) 

1 (lOO%) 
1 (100%) 

Urinary System 
Kidney 

Nephropathy 
Polyarteritis 
Cortex, cyst 
Pelvis, inflammation, suppurative 
Renal tubule, hyperplasla 
Renal tubule, hyperplasla, cystic 
Renal tubule, hyperplasia, oncocytic 

Ureter 
Mueo~a, inflammation, suppurative 

(so) 
5o (100%) 

3 (6%) 
2 (4%) 

1 (2%) 
1 (2%) 

(1) 
1 (lO0%) 

(20) 
19 (95%) 
1 (5%) 

1 (5%) 

(20) 
20 000%) 

3 (15%) 

2 (lO%) 



~ o ~  ~ ~op-l~,~u~e~ Gava~ Evaluation ~aOe ~ ~7~ 

TA~L~ ] ~  
S a m m a ~  o~ t~e ~ c ~ e ~ c ~  o~ Nona~op~ast~© L~s~ons ~n 1~a~e ~at~ 
~n the ~-1~Io~  a ~  ~go1~onth S top- ]~11~s~  Ga~'a~e ] ~ a g o n  o~ ~ - D ~ y ~ o a m a H a  (continued) 

Vel~ie~e Co~t~o~ 
@-~oe~n~ z~zc~u~) (l~-~no~ ~Vc~u~) 

S ~ O ~ ' ~ ' ~  Z ~ / ~  (continued) 
UH~ary ~ y ~ m  (continued) 
Urinary bladder (49) 

Mucosa, inflammation, suppurative 1 (2%) 
Submuco~a, inflammation, suppurative 1 (2%) 

(20) (20) 

a Number of animals examined micrescopically at site and number of animals with lesion 
b Vehicle controls in stop-exposure evaluation are 2-year core study vehicle controls. 
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GENETIC TOXICOLOGY 

SALMONELLA~TYPHIMURIUM M U T A G E N I C I T Y  T E S T  P R O T O C O L  

Testing was performed as reported by Haworth et aL (1983). 3,4-Dihydrocoumarin was sent to the 
laboratory as a coded aliquot from Radian Corporation (Austin, TX). It was incubated with the 
Saltnonella typhimurium tester strains TA98, TA100, TA1535, and TA1537 either in buffer or $9 mix 
(metabolic activation enzymes and cofactors from Aroclor 1254-induced male Sprague-Dawley rat or 
Syrian hamster liver) for 20 minutes at 37 ° C. Top agar supplemented with/-histidine and d-biotin was 
added, and the contents of the tubes were mixed and poured onto the surfaces of minimal glucose agar 
plates. Histidine-independent mutant colonies arising on these plates were counted following incubation 
for 2 days at 37 ° C. • 

Each trial consisted of triplicate plates of concurrent .positive and negative controls, and of at least five 
doses of 3,4-dihydrocoumarin. The high dose was limited by toxicity. All positive trials were repeated 
under the conditions that elicited the positive response. If no positive responses were seen, all negative 
trials were repeated. 

In this test, a positive response was defined as a reproducible, dose-related increase in histidine- 
independent (revertant) colonies in any one strain/activation combination. An .equivocal response was 
defined as an increase in revertants that was not dose related, not reproducible, or was of insufficient 
magnitude to support a determination of mutagenicity. A response is judged negative when no increase 
in revertant colonies is observed following chemical treatment. There was no minimum percentage or 
fold increase required for .a chemical to be judged positive or weakly positive. ~ 

. 

C H I N E S E  H A M S T E R  OVARY C E L L  CYTOGENETICS T E S T  P R O T O C O L S  
Testing was performed as reported by Galloway etaL (1987). 3,4-Dihydrocoumarin was gent to the 
laboratory as a coded aliquot by Radian Corporation. It was tested in cultured Chinese hamster ovary 
(CHO) cells for induction of sister chromatid exchanges (SCEs) and chromosomal aberrations (Abs), 
both in the presence and absence of Aroclor 1254-induced male Sprague-Dawley rat liver $9. Cell 
cultures were handled under gold lights to prevent photolysis of bromodeoxyuridine-substituted DNA. 
Each test consisted of concurrent solvent and positive controls and of at least three doses of 3,4- 
dihydrocoumarin; the high dose was limited by toxicity. A single flask per dose was used, and tests 
yielding equivocal or positive results were repeated. 

Sister Chromatid Exchange Test: In the SCE test without $9, CHO cells were incubated for 26 hours with 
3,4-dihydrocoumarin in McCoy's 5A medium supplemented with fetal bovine serum,/-glutamine, and, 
antibiotics. Bromodeoxyuridine (BrdU) was added 2 hours after culture initiation. After 26 hours, the 
medium containing 3,4-dihydrocoumarin was removed and replaced with fresh medium plus BrdU .and 
Colcemid, and incubation was continued for 2.5 hours. Cells were harvested by mitotic shake-off, fixed, 
and stained with Hoechst 33258 and Giemsa. In the SCE test with $9, cells were incubated with 
3,4-dihydrocoumarin, serum-free medium, and $9 for 2 hours. The medium was then removed and 
replaced with medium containing serum and BrdU and no 3,4-dihydrocoumarin, and incubation 
proceeded for an additional 26 hours, with Colcemid present for the final 2 hours. Harvesting and 
staining were the same as for cells treated without $9. All slides were scored blind and those from a 
single test were read by the same person. Fifty second-division metaphase cells were scored for 
frequency of SCEs/cell from each dose level. Because significant chemical-induced cell cycle delay was 
seen at the top dose with $9, incubation time was lengthened to ensure a sufficient number of scorable 
(second-division metaphase) cells. 
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Statistical analyses were conducted on the slopes of the dose-response curves (Galloway et a t ,  1987). 
For individ~u~ doses, an SCE frequency 20% above the concurrent solvent control value was chosen as a 
statistically conservative positive response. The probability of this level of difference occurring by 
chance at one dose point is less than 0.01; the probability for such a chance occurrence at two dose 
points is less than 0.001. An increase of 20% or greater at any single dose was considered weak 
evidence of activity; increases at two or more doses resulted in a determination that the trial was 
positive. A statistically significant trend (P<0.05) in the absence of any responses reaching 20% above 
background led to a call of equivocal. 

L C ~ . ~ g ~ u d  A ~ t i o ~ s  T~s~: In the Abs test without S9, cells were incubated in McCoy's 5A medium 
with 3,4-dihydrocoumarin for 10 hours; Colcemid was added and incubation continued for 2 hours. The 
cells were harvested by mitotic shake-off, fixed, and stained with Giemsa. For the Abs test with $9, cells 
were treated with 3,4-dihydrocoumarin and S9 for 2 hours, after which the treatment medium was 
removed and the cells were incubated for 12 hours in fresh medium, with Colcemid present for the final 
2 hours. Harvesting and staining were the same as for cells treated without $9. 

CAlls were selected for scoring on the basis of good morphology and completeness of karyotype 
(21 ± 2 chromosomes). All slides were scored blind and those from a single test were read by the same 
person. Two hundred first-division metaphase cells were scored at each dose level. Classes of 
aberrations included simple (breaks and terminal deletions), complex (rearrangements and 
translocations), and other (pulverized cells, despiralized chromosomes, and cells containing 10 or more 
aberrations). 

Chromosomal aberration data are presented as percentage of cells with aberrations. Statistical analyses 
were conducted on both the dose response curve and individual dose points. For a single trial, a 
statistically sign~icant (P<0.05) difference for one dose point and a significant trend (P<0.015) are 
considered weeal~ evidence for a positive response; significant differences for two or more doses indicate 
the trial is positive. A positive trend test in the absence of a statistically significant increase at any one 
dose results in an equivocal call (Galloway eta/.,  1987). 

i~IOU~E ~EII~dI~HEI~L ~IL~3C~D iV/[]IC~NUCLEILI~ '~E~T ~ T ~ C ~ 3 L  
A detailed discussion of this assay can be found in MacGregor et aL (1990). Peripheral blood samples 
were obtained from male and female B6C3F1 mice at the end of the 13-week toxicity study. Smears 
were immediately prepared and fixed in absolute methanol. They were later stained with a chromatin- 
specific fluorescent dye mixture of Hoechst 33258/pyronin Y (MacGregor et aL, 1983), and coded. Slides 
were scanned to determine the frequency of micronuclei in 10,0~30 normochromatic erythrocytes (NCEs) 
for each animal per dose group. The criteria of Schmid (1976) were used to define micronuclei, with 
the additional requirement that the micronuclei exhibit the characteristic fluorescent emissions of DNA 
(blue with 360rim and orange with 510 nm UV illumination); the minimum size limit was 
approximately one-twentieth the diameter of the NCE cell. 

Log transformation of the NCE data, and testing for normality by the Shapiro-Wilk test, and for 
heterogeneity of variance by Cochran's test, were performed before statistical analyses. The frequencies 
of micronucleated cells among NCEs were analyzed by analysis of variance using the SAS GLM 
procedure. The NCE data for each dose group was compared with the concurrent solvent control using 
Student's t-test. 
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I~ESULTS 
3,4-Dihydrocoumarin (10 to 6,666/zg/plate) was not mutagenic in Salmonella typhirnurium strains TA98, 
TA100, TA1535, and TA1537, when tested in a preincubation protocol with and without Aroclor 
1254-induced male Sprague-Dawley rat or Syrian hamster liver S9 (Haworth et aL, 1983; Table F1). In 
cytogenetic tests with Chinese hamster ovary (CHO) cells, 3,4-dihydrocoumarin (effective doses, 
50 to 300/.tg/mL) induced a dose-related increase in SCE in the absence of $9; with $9, a significant 
increase in SCE was observed only at the highest doses tested (1,600 and 2,000 ~tg/mL) in each of two 
trials (Table F2); the response in the second trial with $9 was dose-related. In the second SCE trial 
with $9, cytotoxicity was apparent at the 2,000/zg/mL dose level and only 36 cells could be scored. 
3,4-Dihydrocoumarin did not induce chromosomal aberrations in CHO cells, at doses up to 500/zg/mL 
without $9 and up to 1,600/~g/mL with $9 (Table F3). No increases in the frequencies of 
micronucleated normochromatic erythrocytes were noted in peripheral blood samples obtained from male 
and female mice at the end of the 13-week toxicity study (Table F4). The elevated micronucleated 
erythrocyte frequency seen in male mice in the high-dose group was based on counts obtained from only 
2 animals (8 out of 10 mice died at this dose). These data were not included in the overall analysis. 

In conclusion, 3,4-dihydrocoumarin does not appear to be mutagenic and does not induce chromosomal 
damage/n v/tro o r /n  vivo. However, 3,4-dihydrocoumarin induced SCFEs in CHO cells/n vitro. 



Oe~e~© T o ~ c o ~ ,  

T ~ L z  ~1 
M ~ n ~ c ~  ~ 3~-D~hy~ln-~nmm~n ~n ..f~ffa~o~e~ ~Mm~'~a~ ~ 

~ e v e r f J ~ . ~ g e  b 

S~r~i~ ~ t ~  -S~ + ~ I ~  h a ~ r  ~ 

~ / p ~  Tr~an ~. Train 2 T r ~  ~ Tr~a~ 2 
+10% ~ S~ 

Tr~a~ 1 Tr~an ~ 

"~A~]~ 0 121 _+ 7.8 128 _+ 6.5 114 _+ 7.0 137 _+ 8.4 
10 126 _+ 3.8 119 _+ 12.7 
33 130 _+ 6.2 121 _+ 11.0 118 - 6.9 133 _+ 4.4 

100 138 _+ 7.0 130 _+ 7.2 114 _+ 4.5 121-+ 9.5 104 _+ 2.1 122 _+ 7.7 
333 103 _+ 0.6 121 _+ 7.0 98 _+ 2.8 93 _+ 4.7 122 _+ 12.3 125 _+ 3.8 

1 , ~  122 _+ 8.5 c 116 _+ 7.8 c 95 _+ 0.7 116 _+ 5.0 132 _+ 4.6 128 _+ 6.6 
3,333 102 _+ 11.7 108 _+ 8.1 c 121 ± 11.2 c 
4,500 73 _+ 7.2 c 
6,666 Toxic Toxic 

Trial summary Negative Negative Negative Negative Negative Negative 
Positive control d 2,115 _+ 43.6 1,410 _+ 41.6 1,311 ± 94.2 2,282 _ 54.3 1,278 _ 89.2 1,197 _+ 10.1 

~A~.~3~ 0 26 _+ 4.7 26-+ 1.5 11 -+ 0.9 11 -+ 2.0 14 _+ 0.9 14 _+ 2.3 
10 22 _+ 3.2 22 _+ 2.7 
33 21 _+ 1.8 22 _+ 1.7 11 _+ 1.2 16 ± 2.6 

100 22_+ 3.2 26_+ 1.2 11 _+ 1.5 9_+ 1.5 11 _+ 0.9 9 ± 1.5 
333 25 _+ 3.8 17 _+ 2.4 10 _+ 2.0 11 _+ 1.2 15 ± 2.3 11 _+ 0.9 

1,0~0 18_+ 1.2 c 18 ± 2.8 c 14 ± 1.5 9 ± 3.4 7_+ 1.0 9_+ 1.5 
3,333 11 _+ 1.9 12 _+ 4.4 7 _+ 2.6 
4,500 5 _+ 2.0 c 
6,6~6 Tcetic Toxic 

Trial summary Negative Negative Negative Negative 
Positive control 1,354 _+ 3.2 1,103 _+ 11.7 147 _+ 10.5 170 ± 4.8 

T,A.~..~37 0 8 _+ 2.6 8 _+ 1.5 9 _+ 1.2 10 _+ 0.9 
10 10 _+ 2.3 7 _+ 0.7 
33 9_+ 0.6 6_+ 1.8 10_+ 1.5 

1~) 8_+ 0.9 9_+ 1.5 11 ± 2.6 9 ± 1.7 
333 9-+ 1.7 7-+ 3.0 9 ±  1.8 10 ± 2.0 

1 , ~  7 -+  1.8 c 7-+ 1.7 c 11 -+ 0.6 8-+ 2.3 
3,333 10 _+ 1.0 
4,500 4 ± 0.7 ¢ 
6,66~ Toxic 

Trial summary Negative Negative Negative Negative 
Positive control 399 ± 34.2 245 _+ 20.1 162 _+ 9.8 243 _+ 26.8 

T A N  0 25 _+ 1.2 19 _+ 0.3 34 ± 2.1 34 _+ 3.8 
10 27 _+ 1.5 23 ± 1.0 
33 22 -+ 4.0 18 _+ 2.6 37 _+ 3.0 

100 22 _+ 2.4 19 ± 2.1 39 _+ 5.0 38 ± 2.1 
333 25 _+ 1.9 18 _+ 2.0 29 _+ 0.9 31 __. 4.3 

1,000 21 -+ 3.0 17 _+ 4.2 26 -+ 0.3 32 _ 1.5 
3,333 27 ± 1.8 
4,500 16 _+ 1.7 c 
6,666 20 ± 1.5 c 

Trial summary Negative Negative Negative Negative 
Positive control 1,445 _+ 20.2 1,754 _+ 64.6 1,471 _+ 16.7 2,640 _+ 184.3 

120 _+ 8.1 145 _+ 5.5 

Negative Negative 
103 -+ 8.1 107 -+ 13.7 

10_+ 2.6 6-+ 3.0 

8 -+  2.4 
10-+ 2.3 8_+ 1.2 

9_+ 0.6 6_+ 2.7 
10_+ 0.6 8 ± 1.2 
6_+ 0.7 9-+  1.9 

Toxic 

Negative Negative 
109 ± 11.4 86 -+ 2.6 

36-+ O.5 36_+ 1.2 

39_+ 7.0 
33_+ 2.9 29_+ 3.8 
37_+ 2.1 35_+ 4.4 
32_+ 1.5 30_+ 1.7 
28-+ 2.7 c 30-+ 2.6 

Toxic 

Negative Negative 
1,402 _+ 27.7 1,108 _+ 84.4 
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TABLE FI 
Mutagenicity of 3,4-Dihydrocoumarin in Sahnone//a/yp/dmm-/um (continued) 

a Study performed at E G & G  Mason Research Institute. The detailed protocol and these data are presented in Haworth et a/. 
(1983). 0//.g/plate dose is the solvent control. 

b Revertants are presented as mean _+ the standard error  from three plates. 
c Slight toxicity 
d 2-aminoanthracene was used on all strains in the presence of $9, In the absence of metabolic activation, 

4-nitro-o-phenylenediamine was tested on TA98, sodium azide was tested on TAI00 and TA1535, and 9-aminoacridine was 
tested on TA1537. 
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T ~ L ~  F 2  

~ I m ~ o n  o~ ~ t ~ r  C ~ r ~ f i ¢ ~  F ~ c h e n ~  ~ C ~ n e ~  H ~ r  O v a r y  C e ~ s  ~y 3 , ~ - D ~ y c ~ r ~ n ~ r ~  a 

I~1o. o~ g C I ~  II~e~ag~ve SC~e~ 
C o ~ a ~  ~ T o ~  Chromo-  I~o. o~' Chromo-  gCEs~ H m  C h ~ o ~ o ~ o ~  

~ L )  c~n~ ~ ~ c ~  ~ e  c~nn ~ ~ u  (%)b 

-$9 

T r i a l  
Summaw: Wea~ positive 

Dimethylsuifo~ide 

Mitomycin-C 

3,4-Dihydrocoumarin 

T r ~  2 
Summary: Positive 

Dimethylsulfo~ide 

Mitomycin-C 

3,4-Dihydrocoumarin 

50 1,050 491 0.46 9.8 26.5 

0.0~05 50 1,049 574 0.54 11.5 26.5 17.02 
0.0050 10 210 329 1.56 32.9 26.5 235.04 

5 50 1,051 414 0.39 8.3 26.5 -15.76 
16 50 1,048 415 0.39 8.3 26.5 -15.32 
50 50 1,048 506 0.48 10.1 26.5 3.25 

160 50 1,048 589 0.56 11.8 26.5 20.19 ° 
5~0 0 26.5 

50 1,048 427 0.40 8.5 26.0 

P_~O.O01 c 

0.~05 50 1,050 569 0.54 11.4 26.0 33.00 
0.~050 10 209 329 1.57 32.9 26.0 286.35 

50 50 1,046 523 0.50 10.5 26.0 22.72 ~ 
100 50 1,048 528 0.50 10.6 26.0 23.65 ° 
160 50 1,049 563 0.53 11.3 26.0 31.72 ° 
300 50 1,051 780 0.74 15.6 31.0 d 82.15 ° 

P_~O.OOl 
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TABLE F 2  ' .~ • 

I n d u c t i o n  o f  S i s t e r  C h r o m a t l d  E x c h a n g e s  i n  C h i n e s e  H a m s t e r  O v a r y C e i l s  b y  3 , 4 - D i h y d r o c o u m a r l n  .~ 
.(continued) 

C o m p o u n d  Dose Total  Hrs 
(~g/mL) Cells in  B r d U  

No. of  S C E s /  " 
Chromo-  No. of  Chromo-  SCEs/  

somes  SCEs  some Cell 

Rela t ive  SCEs/  
C h r o m o s o m e  

(%)b 

+$9  

Trtal 1 
Summary: Weak positive 

Dimethyisulfcedde 

Cyclopho~pbamide 

3,4-Dihydrocoumarin 

50 1,046 518 0.49 

0.1 50 1,046 629 0.60 
0.6 10 209 274 1.31 

10.4 

. • 

12.6 
27.4 

50 50 1,049 468 0.44~ 9.4 
160 50 1,049 526 0.50 10.5 
500 50 1,042 520 0.49 10.4 

1,600 50 1,037 667 0.64 13.3 

T r b d 2  
Summary: Weak ~ i t i v e  ~.~ ~:* " 

Dimethylsulfoxide 

: ~ , . ~  ~ " ~ - .  

C~clophosphamide 

~ • 

50 1,046 514 0.49 10.3 26.0 

- . -  

3,4-Dihydrocoumarin 

26.0 21.43 
26.0 164.74 

, , .  
. 

26.0 -9.91 
26.0 1.25 " 
26.0 0.77 
26.0 29.88* 

P_<0.001 
. ~  

• 
; . . . . . . .  

~ i .  ~ ~ .~. ~ .. 

0.15 50 1,051 731 0.69 14.6 26.0 41.54 
0.60 10 210 238 1.13 23.8 26.0 130.64 

500 50 1,048 536 0.51 10.7 26.0 4.08 
1,000 50 1,049 544 0.51 10.9 26.0 5.53 
1,600 50 1,048 593 0.56 11.9 26.0 15.15 
2,000 36 e 754 551 0.73 15.3 31.0 d 48.71" 

P~.O.O01 

* Positive (>_20% increase over solvent control) 
a Study performed at Environmental Health Research & Testing. SCE = sister chromatid exchange; BrdU -- bromodeoxyuridine. 

A detailed description of the SCE protocol is presented by Galloway et a/. (1987). 
b SCEMchromo~ome of culture exposed to 3,4-dihydrocoumarin relative to those of culture exposed to solvent. 
c Significance of relative SCEMchromosome tested by the linear regression trend test vs. log of the do~e 
d Because 3,4-dihydrocoumarin induced a significant cell cycle delay, incubation times were lengthened as needed to ensure a 

sufficient number of scorable second-division metaphase cells. 
e Only 36 cells could be scored due to the toxicity of 3,4-dihydrocoumarin. 



~ T ~  

T , ~  ~ 
~ I ~ l ~  ~? ~ ~ 1 1  A ~ ~  ~ C I ~  ~ 0 ~ , ~  C ~ a  by ~Dt l l l~ ,~II~ '~:~t '~  ~ 

,~9 ,6~9 
~ T~n~,~ H~ of A~/  ~ c ~ n ~  ~ 

~ . j ~ , )  ~ A ~  ~ ~ ~ / ~ , )  
w / A ~  

T o ~  H ~  of  ~ I P ~  
~ A ~  ~?~e~ ~ . ~  

~ , / , ~  

~ n  ~ - H ~ w ~ t  time: 12.0 hours 
Summa~j: Negative 

Dimcthyisulfoxide 
2~0 3 0.02 

I~iitomycin-C 
0.0~25 200 30 0.15 
0.25~) 50 27 0.54 

1~0 200 3 0.02 
160 2~0 4 0.02 
5~0 2~) 3 0.02 

~ n  ~ - H ~ e s t  time: 13.0 hours 
Seminary: Negative 

Dimethyisnifcefide 
1.5 200 1 0.01 0.5 

Cyclophosphamide 
13.0 2.5 200 3~ 0.18 
3~.0 5.0 50 11 0.22 

3,4-Dihydrocoumarin 
1.5 500 200 3 0.02 
1.5 1,000 200 2 0.01 
1.5 1,600 200 5 0.03 

P=0.500 b 

16.5 
22.0 

1.5 
1.0 
2.5 

P=0.077 

a Study performed at Environmental Health Research & Testing, Inc. A ~  = aberrations. A detailed presentation of the 
technique for detecting chromosomal aberrations is found in Galloeeay eta/.  (1987). 

b Significance of l~rcent cells with aberrations tested by the linear regression trend test vs. log of the dose 
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TABLE F 4  

F m l u e n c y  o f  M i c r o n u c l e i  i n  P e r i p h e r a l  B l o o d  E r y t h r o c y t e s  o f  M i c e  T r e a t e d  w i t h  3 , 4 - D i h y d r o c o u m a r i n  

f o r  13  W e e k s  b y  G a v a g e  a 

( ~ l ~ / k ~ , ~  ~ 

.Micmnuclea ted  
Normochroma t i c  N u m b e r  

of  Mice 

M a l e  

0 
40O 
80O 

1,600 

F e m a l e  

0 
40O 
800 

1,600 

0.49 ± 0.10 
0.55 + 0.12 
0.54 ± 0.09 
1.78" 

0.32 -+~ 0.O7 
0.42 ± 0.08 

~ 0.41 + 0.10 
. 0.27 + 0.11 

9 
9 

10 
2 

10 
10 
10 

4. 
. ~  

. .  

* Significantly different from control (P_~O.O1) 
a Values are presented as mean ± standard error. Micronucleus frequency of each treated group was compared to the concurrent 

control by Student's t-test. ~ . 
b 10,000 normochromatic erythrocytes scored per animal. " . -~. 

. , 
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o ~ a ~  ~ e ~  aa~ O ~ a a - ~ e ~ t - ~ y - ~ e ~ t  ~ t~os  ~o~ ~ a ~  
at ~ ~ - ~ o n t ~  ~ ~va~ua~oa ~ t~e 2-Y~r  Gava~ Study 
~ ~ - D ~ y ~ a ~ a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
O ~ a n  W e ~  an~ O ~ a a - ~ e ~ g ~ t - ~ y - W e ~ g ~ t  ~at~os ~or M ~  
~n ~ e  I S - ~ k  Garage S t ~ y  o~ ~ - D ~ y ~ o ~ a ~ n  . . . . . . . . . . . . . . . . . .  , . . . . . .  ~ 
O ~ a n  ~ e ~  aa~ O~an-~e~g~t-~-S~y-~e~g~t Sat~os ~or ~ 
at ~ e  15-~ont~ ~ n ~  ~va~uat~on ~n the ~-Y~r Garage Study 
o~ ~ - D ~ y ~ o a ~ a ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
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TABLE G I  

O r g a n  W e i g h t s  a n d  O r g a n - W e i g h t . t o - B o d y . W e i g h t  R a t i o s  f o r  R a t s  i n  t h e  1 3 - W e e k  G a v a g e  S t u d y  

o f  3 , 4 - D i h y d r o c o u m a r i n  a 

Vehicle Cont ro l  75 mg/kg 150 mg/kg  300 mg/kg  600 mg/kg  1,200 mg/kg 

Male  

n 9 10 10 10 10 8 
Necropsy body wt 321 ± 8 328 ± 3 325 ± 6 327 ± 9 317 ± 7 279 ± 8** 

Brain 
Absolute 
Relative 

Heart 
Absolute 
Relativ~e 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

Lungs 
Absolute 
Relative 

R. Testis 
Absolute 
Relative 

Thymus 
Absolute 
Relative 

1.83 ± 0.02 1.82 ± 0.02 1.83 ± 0.02 1.82 ± 0.03 1.80 ± 0.03 1.75 ± 0,02 
5.72 ± 0.13 5.56 ± 0.09 5.65 ± 0.12 5.59 ± 0.10 5.72 ± 0.16 6.31 ± 0.13"* 

1.063 ± 0.023 1.078 ± 0.024 1.090 ± 0.027 1.070 ± 0.039 1.112 ± 0.025 1.000 ± 0.033 
3.33 ± 0.11 3.29 ± 0.08 3.36 ± 0.09 3.27 ± 0.11 3.52 ± 0.11 3.59 ± 0.10 

1.09 ± 0.02 1.13 ± 0.02 1.16 ± 0.04 1.19 - 0.03* 1.27 ± 0.04** 1.28 ± 0.04** 
3.40 ± 0.09 3.44 + 0.07 3.56 ± 0.08 3.66 ± 0.10 4.03 ± 0.11"* 4.58 ± 0.07** 

9.07 ± 0.21 9.65 ± 0.18 10.00 ± 0.30 10.27 ± 0.36* " 10.89 ± 0.35** 12.04 -+ 0.54** 
28.3 ± 0.5 29.4 ± 0.6 30.8 ± 0.8** 31.3 ± 0.6** 34.3 ± 0.6** 43.1 ± 0.9** 

1.49 ± 0.05 1.44 ± 0.05 1.39 ± 0.06 1.38 ± 0.04 1.36 ± 0.04 1.39 ± 0.06 
4.66 + 0.15 4.40 ± 0.17 4.28 ± 0.16 4.24 ± 0.12 4.29 ± 0.13 4.98 ± 0.15 

1.43 ± 0.03 1.48 ± 0.02 1.47 ± 0.03 1.44 ± 0.05 1.42 ± 0.03 
4.47 ± 0.15 4.51 ± 0.04 4.55 + 0.06 4.41 + 0.12 4.48 ± 0.08 

0.254 ± 0.013 0.230 ± 0.011 0.254 4- 0.016 0.278 ± 0.018 b 0.240 ± 0.011 
0.79 ± 0.04 0.70 ± 0.03 0.78 ± 0.05 0.86 ± 0.05 b 0.76 ± 0.03 

1.31 ± 0.01" 
4.70 ± 0.11 

0.228 + 0.013 
0.82 ± 0.04 
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O~aa  ~ e ~ t  ~ a ~  

T ~ L ~  G~ 

O ~ e ~  ~ e ~ l ~ t ~  ~ O ~ r ~ a n . W e ~ h t - t ~ - E ~ t ~ y o ~ ' e ~ h t  lP~at~os ~or ~ a ~  ~n t h e  ~ - W e e ~  G a r a g e  S t u d y  

o~ ~ o ~ y ~ l ~ a ~ r i ~ i i ~  (continued) 

: ~ 3  

V e ~ c ~  ~ t r e ~  75 ~ ~ ~ ~ mn~/~ ~0~ ~ a g / ~  1,~0~ mn~/~ 

F e m a ~  

n 10 10 10 10 10 5 
Necropsy body wt 182 ± 2 187 ± 3 194 ± 2 ° 190 ± 3 ° 192 ± 3 ° 195 ± 3 ° 

I 

I 

Brain 
Absolute 1.72 ± 0.02 1.73 ± 0.02 1.72 ± 0.02 1.66 ± 0.02 1.72 ± 0.02 1.62 ± 0.02 °° 

Relative 9.42 ± 0.12 9.29 ± 0.22 8.88 ± 0.11 ° 8.76 ± 0.11 ° 8.98 ± 0.14 ° 8.30 ± 0.22 °° 
Heart 

Al~olute 0.718 ± 0.015 0.703 ± 0.012 0.734 ± 0.017 0.712 ± 0.017 0.747 ± 0.019 0.767 ± 0.026 
Relative 3.95 ± 0.10 3.77 + 0.08 3.79 ± 0.08 3.74 ± 0.07 3.89 ± 0.08 3.94 ± 0.16 

R. Kidney 
Absolute 0.634 ± 0.013 0.6~6 ± 0.012 0.666 ± 0.011 0.655 ± 0.019 b 0.758 ± 0.010 °° 0.885 ± 0.012 °° 
Relative 3.47 ± 0.04 3A6 ± 0.05 3.44 ± 0.07 3.44 ± 0.07 b 3.95 ± 0.04 °° 4.54 ± 0.05 °° 

Liver 
Absolute 4.93 ± 0.12 4.97 ± 0.15 5.19 ± 0.12 5.22 ± 0.16 6.19 ± 0.14 °° 8.05 ± 0.28 °° 
Relative 27.0 ± 0.6 26.6 ± 0.6 26.7 ± 0.4 27.4 ± 0.6 32.3 ± 0.6 °° 41.3 + 1.3 °° 

Lungs 
Absolute 1.~) ± 0.05 b 1.06 ± 0.03 1.07 ± 0.03 1.01 ± 0.02 1.12 ± 0.03 1.10 +_ 0.03 
Relative 5.46 ± 0.26 b 5.67 ± 0.14 5.51 ± 0.12 5.30 ± 0.11 5.83 ± 0.17 5.63 ± 0.22 

Thymus 
Absolute 0.236 ± 0.015 0.234 ± 0.012 0.255 ± 0.013 0.255 +_ 0.007 b 0.254 ± 0.~)7 0.262 ± 0.021 
Relative 1.30 ± 0.10 1.25 ± 0,06 1,31 ± 0.06 1.34 ± 0.04 b 1.33 ± 0.05 1.35 ± 0.13 

o Significantly different (P_~.05) from the control group by Williams' or Dunnett 's test 
o~ P_¢0.01 
a Organ weights and tmdy weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight (mean ± standard 

error) 
b n--9 



294 3,4-Dihydrocoumarin,  NTP TR 4233 

TABLE G2  

O r g a n  'Weigh ts  a n d  O r g a n . W e i g h t - t o . B o d y - W e i g h t  R a t i o s  f o r  M a l e  R a t s  a t  t h e  9 - M o n t h  I n t e r i m  E v a l u a t i o n  
in  t h e  S t o p - E x p o s u r e  G a v a g e  E v a l u a t i o n  o f  3 , 4 - D i h y d r o c o u m a r i n  a 

Vehicle Control  .600  mg/kg 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

L. Kidney 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

19 19 
475 ± 8 425 ± 10"* 

2.095 _+ 0.019 2.137 ± 0.016 
4.44 ± 0.10 5.09 __. 0.14"* 

1.500 _+ 0.025 1.917 ± 0.056 **b 
3.17 ± 0.06 4.54 ± 0.08 **b 

1.489 _ 0.019 1.937 ± 0.119"* 
3.15 ± 0.05 4.55 ± 0.24** 

15.705 _+ 0.341 17.211 ± 0.512" 
33.06 + 0.40 40.50 ± 0.60** 

• . . 

* Significantly different (P~,0.05) from the control group by Williams' or Dunnett's test 
** P_¢0.01 
a Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body~weight (mean ± standard 

e r r o r ) .  

b nffi18 



l 

I 

@ ~ a  W e ~  Aa~y,ae~, 

T ~ , ~  G3  

O ~ a n  W e ~ g h ~  a ~  O~an-We~gh~-~-ll~o~:~y-We~gh~ ~ f l o s  ~ r  l~ I~e  ~ ~ ~he ~ - ~ o n ~ h  ~ n ~ e ~  E v ~ u ~ o n  

~n ~ e  ~ o ~ - E , ~ i ~ m ~  G a r a g e  E v ~ u ~ o n  o~ 3 , , 4 - D ~ h y ~ o c o u ~ n  ~ • • 

Vehicle ~oa¢~on ~ ~ 

n 10 10 
Necropsy body wt 543 ± 10 472 ± 7** 

Brain 
Absolute 2.030 ± 0.021 1.990 ± 0.031 
Relative 3.75 ± 0.07 4.223 ± 0.09** 

L, Kidney 
Absolute 1.760 ± 0.065 2.240 ± 0.045 °0 
Relative 3.24 ± 0.69 4.74 ± 0.07 ~* 

R. Kidney 
Absolute 1.6(~ ± 0.037 2.160 ± 0.043** 
Relative 3.06 ± 0.05 4.58 ± 0.08** 

Liver 
Al~solute 17.840 ± 0.497 20.070 __. 0.502 °0 
Relative 32.81 ± 0.41 42.46 ± 0.59 °0 

0* Significantly different (P=,,0.01) from the control group by Williams' or Dunnett's test ' 
a Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight 

(mean +_ standard error). ~ 

~ 5  

i 
i 



2 9 6  3,4-Dlhydrocoumar in ,  NTP TR, 423 

TArtLY: G4 

Organt  W e i g h t s  a n d  O r g a n - W e i g h t - t o - B o d y - W e i g h t  R a t i o s  f o r  R a t s  a t  t h e  1 5 - M o n t h  I n t e r i m  E v a l u a t i o n  

in  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n  a 

Vehicle Control  1.~0 mg/kg 300 mg/kg 600 mg/kg 

Male 

• n 9 10 10 
Necropsy body wt 507 ± 8 536 ± 13 507 ± 13 

Brain 
Absolute 2.067 ± 0.041 2.050 ± 0.027 2.010 ± 0.023 . 
Relative 4.08 ± 0.07 3.85 ± 0.10 3.99 ± 0.10 

L. Kidney 
Absolute 1.667 ± 0.037 1.890 ± 0.055** 1.890 ± 0.043** 
Relative 3.29 ± 0.05 3.53 ± 0.06* 3.74 ± 0.06** 

R. Kidney 
Absolute 1.622 ± 0.040 1.880 ± 0.055* 1.870 ± 0.060* 
Relative 3.20 ± 0.08 3.51 ± 0.06 3.69 ± 0.07* 

Liver 
Absolute 16.878 ± 0.668 20.100 ± 0.497"* 19.450 ± 0.577** 
Relative 33.24 ± 0.93 37.59 ± 0.73** 38.39 ± 0.44** 

F e m a l e  

n 10 9 10 
Necropsy body wt 293 _+ 7 316 ± 11 301 ± 6 

Brain . . . .  : 

Absolute 1.850 ± 0.027 1.878 ± 0.028 1.850 ± 0.027 
• Relative 6.34 ± 0.14 - 6.00 ± 0.24 6.16 ± 0.15 

L. Kidney 
Absolute 0.890 ± 0.018 1.011 ± 0.020** 1.050 ± 0.027** 
Relative 3.05 ± 0.04 3.23 ± 0.14 3.49 ± 0.10"* 

R. Kidney 
Absolute 0.860 ± 0.037 0.956 ± 0.018 1.000 ± 0.021"* 
Relative 2.94 ± 0.09 3.05 ± 0.11 3.33 ± 0.09** 

Liver 
Absolute 8.480 ± 0.219 9.811 ± 0.345** 10.090 ± 0.244** 
Relative 29.01 ± 0.55 31.07 ± 0.67* 33.50 ± 0.56** 

10 
478 ± 15 

2.040 ± 0.031 
4.30 ± 0.14 

2.240 ± 0.056** 
4.70 ± 0.08** 

2.150 ± 0.050** 
4.50 ± 0.05** 

21.150 ± 0.734** 
44.17 ± 0.39** 

9 

274 ± 7 
• 

• . 

.~ 

1.844 ± 0.024 
6.76 ± 0.22 

1.156 ± 0.04~** 
4.21 ± 0.10'* 

1.111 ± 0.051'* 
4.04 ± 0.12"* 

10.011 ± 0.407** 
36.40 ± 0.82"* 

* Significantly different (P_~0.05) from the control group by Williams' or Dunnett's test 
** P_¢0.01 
a Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight (mean ± standard 

e l T o r ) .  



O ~ n  W e ~  Ane~ye~ 

T~L~ G$ 
O~'gs~n W e ~  e~ l  O ~ e n - W e ~ - ~ y - W e ~ g h ~  ~s~fioe for l~I~ee ~n ~he ~ ' e e I ~  Gev~ge ~u~y  
o~ ~ - ~ y ~ e o u ~  ~ 

2~7 

Vehicle Conga 1 ~  ~ ~ ~mg]~ ~ ~ e¢0 ~ 1,6¢0 m ~  

I~iIe~e 
n 9 
Necropsy body wt 24.7 ± 0.7 

Brain 
Absolute 0.411 ± 0.011 
Relative 16.7 ± 0.2 

He.an 
Absolute 0.151 ± 0.0~9 
Relative 6.08 ± 0.26 

R. Kidney 
Absolute 0.214 ± 0.007 
Relative 8.67 ± 0.11 

Liver 
Absolute 0.971 ± 0.043 
Relative 39.3 ± 1.3 

Lungs 
Absolute 0.182 ± 0.007 
Relative 7.37 ± 0.26 

R. Testis 
,Absolute 0.105 ± 0.005 
Relative 4.28 ± 0.22 

Thymus 
Absolute 0.026 ± 0.0~2 
Relative 1.07 ± 0.09 

9 10 10 10 2 
25.6 ± 0.7 25.4 ± 0.9 24.6 ± 0.7 25.7 ± 0.6 23.0 ± 1.0 

0.418 ± 0.006 0.419 ± 0.005 0.420 ± 0.005 0.438 ± 0.022 0.403 ± 0.013 
16.4 ± 0.4 16.6 ± 0.5 17.2 ± 0.5 17.1 ± 0.7 17.5 ± 0.2 

0.144 ± 0.089 0.163 ± 0.008 0.152 ± 0.00~ 0.154 ± 0.005 0.134 ± 0.003 
5.61 ± 0.24 6.44 ± 0.28 6.21 ± 0.27 5.98 ± 0.12 5.84 ± 0.38 

0.219 ± 0.008 0.232 ± 0.010 0.221 ± 0.009 0.212 ± 0.006 0.230 ± 0.009 
8.55 ± 0.17 9.11 ± 0.20 9.00 ± 0.26 8.26 ± 0.18 10.00 ± 0.04 ° 

1.019 ± 0.035 1.061 ± 0.050 1.016 ± 0.036 1.082 ± 0.031 1.189 ± 0.063 ~ 
39.9 ± 1.0 41.7 ± 1.2 41.3 ± 0.9 42.1 ± 0.8 51.7 ± 0.5 °° 

0.180 ± 0.007 0.193 ± 0.010 b 0.181 ± 0.006 0.187 ± 0.008 0.161 ± 0.010 
7.0~ ± 0.22 7.54 ± 0.34 b 7.40 ± 0.29 7.27 ± 0.22 6.97/ ± 0.11 

0.112 ± 0.~02 0.110 ± 0.~02 0.110 ± 0.002 0.110 ± 0.004 0.112 ± 0.006 
4.39 ± 0.08 4.36 ± 0.18 4.48 ± 0.10 4.29 ± 0.14 4.87 ± 0.05 

0.031 ± 0.002 0.032 ± 0.002 0.026 ± 0.002 0.035 ± 0.0022 ° 0.029 ± 0.003 
1.21 ± 0.07 1.26 ± 0.09 1.03 ± 0.08 1.38 ± 0.09 1.25 ± 0.16 



298 3,4-Dihydrocoum~rin,  NTP TR 423 

T A ~  135 

O r g a n  W e i g h t s  a n d  O r g a n - W e i g h t - t o - B o d y , W e i g h t  R a t i o s  f o r  M i c e  in  t h e  1 3 - W e e k  G a v a g e  S t u d y  

o f  3 , 4 - D i h y d r o c o u m a r l n  (continued) 

Vehicle Control  100 mg/kg 200 .mg/kg 400 mg/kg 800 mg/kg 1,600 mg/kg 

F e m a l e  
n 10 10 10 10 10 5 
Necropsy body wt 20.5 ± 0.4 20.6 ± 0.5 20.5 ± 0.8 20.6 ± 0.5 21.8 ± 0.6 20.6 ± 0.2 

Brain 
Absolute 0.439 ± 0.005 0.444 ± 0.008 0.435 ± 0.004 0.440 ± 0.004 0.441 ± 0.008 0.449 ± 0.010 
Relative 21.4 ± 0.3 21.7 ± 0.7 21.4 ± 0.7 21.5 ± 0.5 20.3 ± 0.5 21.8 ± 0,7 

Heart 
Alw, olute 0.123 ± 01003 0.116 ± 0.003 0.118 ± 0.006 0.122 ± 0.005 0.126 ± 0.007 0.128 ± 0.008 
Relative 6.02 ± 0.22 5.64 ± 0.19 5.73 ± 0.16 5.90 ± 0.20 5.82 ± 0.33 6.25 ± 0.45 

R. Kidney 
Absolute 0.167 ± 0.003 0.161 ± 0.006 0.163 ± 0.008 0.161 ± 0.008 0.174 ± 0.005 0.183 ± 0.003 
Relative 8.17 ± 0.17 7.83 ± 0.22 7.92 ± 0.17 7.81 ± 0.37 8.00 ± 0.24 8.89 ± 0.25 

Liver 
Absolute 0.932 ± 0.022 0.955 ± 0.032 0.953 ± 0.038 0.988 ± 0.029 1.047 ± 0.023** 1.158 ± 0.014"* 
Relative 45.5 ± 1.0 46.5 ± 1.5 ~46.5 ± 0.6 47.9 _ 0.6 48.2 ± 1.1 56.3 ± 1.1"* 

Lungs . 
Absolute • 0.187 ± 0.008 0.179 ± 0.009 0.163 ± 0.007 0.170 ± 0.005 0.186 + 0.011 0.181 ± 0.009 
Relative 9.16 ± 0.42 8.73 + 0.46 7.96 ± 0.27 8.27 ± 0.27 8.53 ± 0.42 8.80 ± 0.49 

Thymus 
Absolute 0.038 _+ 0.002 0.036 ± 0.002 0.033 ± 0.003 0.038 ± 0.002 0.037 ± 0.003 0.034 ± 0.004 
Relative 1.85 ± 0.09 1.74 ± 0.11 1.62 ± 0.11 1.83 ± 0.08 1.70 _ 0.14 1.66 ± 0.21 

* Significantly different (P:~O.05) from the control group by Williams' or Dunnett's test 
** P_~O.O1 " ~ 
a Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight 

(mean ± standard error) 
b n=9 



= : :  ' ~  ~ ~ _ . _ ~ _ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O~r~,~ W e ~ t  ~ 

T ~  C ~  

O ~ a ~  W e ~ h ~  an~l O n , ~ a ~ - W e i g h t - ~ l y - W e ~ h t  ~ , ~ g c s  ~ r  I ~ o ~  a t  ~ e  l $ - M o n t h  ] [ n ~  EvaB~at~on 

~n ~h~e ~-~'e.~r G ~ v ~  ~ y  o~ 3 ~ 4 - D ~ h y ~ l ~ r ~  a 

ve~cn~  ~ t ~ n  ~ ~ ~ ~ ~ ~ 

I~aBe 

n 10 9 9 10 
Necropsy body wt 51.4 + 1.5 49.5 -+ 1.6 50.3 _+ 1.7 52.1 _+ 1.3 

Brain 
Absolute 0.4~0 :t: 0.010 0.500 + 0 . ~  0.5~0 ± 0.0~0 0.490 +_ 0.010 
Relative 9.59 + 0.30 10.18 ~- 0.33 10.04 _ 0.38 9.47 _+ 0.35 

L Kidn~  
Absolute 0.4(~ :t: 0.043 0.422 ± 0.015 0.444 + 0.018 0.400 ± 0 . ~ 0  
Relative 8.89 ± 0.6~ 8.59 ± 0.39 8.89 ± 0.37 7.72 ± 0.20 

R. Kidney 
Absolute 0.460 + 0.022 0.411 +_ 0.011 0.444 +- 0.024 0.430 + 0.015 
Relative 8.93 ± 0.26 8.35 +_ 0.27 8.85 ± 0.38 8.25 _+ 0.22 

Liver 
Absolute 2.270 ± 0.1~0 2.367 ± 0.220 2.0~7 ± 0.167 2.490 ± 0.131 
Relative 43.87 ± 3.08 48.57 + 5.79 40.6~ ± 2.10 47.63 +_. 1.90 

Fe~ane 

n 9 10 9 9 
Necropsy body wt 49.2 ± 3.3 53.5 ± 1.5 48.4 ± 3.7 44.3 _+ 1.1 

Brain 
Al~olute 0.511 ~ 0.011 0.500 ± 0 . ~  0.511 ± 0.011 0.500 ± 0 . ~  
Relative 10.65 ± 0.52 9.40 +_ 0.26 11.06 ± 0.89 11.36 ± 0.31 

L Kidney 
Absolute 0.289 +_. 0.020 0.3~0 ± 0 . ~ 0  0.289 .4- 0.020 0.300 +_ 0.O~0 
Relative 5.89 + 0.23 5.64 _+ 0.16 6.02 ± 0.24 6.81 ± 0.19 e° 

R. Kidney 
Absolute 0.278 ± 0.022 0.3~) ± 0.0~0 0.311 ± 0.020 0.289 _+ 0.011 
Relative 5.65 + 0.28 5.64 + 0.16 6.48 ± 0.20 ° 6.57 _ 0.33 ° 

Liver 
Abf, olute 1.688 + 0.181 b 1.670 ± 0.056 1.911 .4- 0.309 1.933 + 0.053 
Reiative 24.55 ± 1.43 b 31.22 ± 0.69 38.25 ± 3.16 43.71 _+ 0.80 °o 

2 ~  

o Significantly different (P.¢0.05) from the control group by Williams' or Dunnett 's test 
oo P_¢0.01 
a Organ weights and body weights are given in ~rams; organ-weight-to-body-weight ratios are given as mg organ weight/g body weight 

(mean ± standard error). 
b nffi8 

[ 
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XESULT5 

T ~  HI 
T ~  H2 

T ~  H3 

T ~ L ~  H~ 

T ~ L z  H~ 

T ~  H6 

T ~  H7 

~ L E  Hg 

~ m ~ g y  D ~  fort ~ ~ ~ ~6-D~y G~,~,s~g~ ~ l y  e~ ~ D ~ h y ~ ~  . . . . .  ~ 
~ ~  ~ C ~ n ~  C h ~ t ~  DaM fo~ ~ 
~ ~ ~ - W ~ k  G a v ~  S t ~ y  o~ ~ . D ~ h y ~ a ~  . . . . . . . . . . . . . . . . . . . . . . .  ~ 
H ~ a ~  a ~  C ~ a ~  C h ~ s t ~  Dan  ~or ~ a ~  ~ a ~  
~t ~ ~ - ~ a t ~  ~ a ~  E~a~aat~oa ~n ~ S ~ s ~  
G a v ~  ~vaH~at~on ~ ~ - D ~ h y ~ a ~ a ~ a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
H ~ a ~  aad Cg~n~  C ~ e ~ s t ~  Dan  ~o~ ~ a ~  ~ 
at ~ IS-Month ] n ~  ~vag~at~oa ~n the S ~ p - ~ s ~  
Gav~¢ Eva~aat~oa ~ 3 , ~ - D ~ h y ~ a ~ n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
~ a ~  and C~n~9  C ~ ¢ ~ s ~  DaM ~o~ ~ a ~  
at the IS-Month ] a ~  Eva~aat~on ~n the 2 - ~ r  Gav~e  S t ~ y  
o~ g ~ - D ~ y ~ a ~ a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
~ a ~  DaM ~or M ~  ~n the ~6-Day Gava~ S t ~ y  
~ g ~ - D ~ y ~ a ~ n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
H e ~ a ~ 9 ~  DaN ~or ~ fin the ~ - W ~  Garage S t ~ y  
o~ ~ D ~ h y ~ u ~ a ~ n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 
H e ~ a ~ 9 ~  and C ~ 9  C h e ~ s t ~  DaM ~o~ ~ 
~ ~ e  ~5-Month ~ n t e ~  E~a~aafion fin the 2 - ~  Garage S t ~ y  
of ~ D ~ h y ~ u ~ a ~ n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 



302 3 ,4-Dihydrocoumar in ,  NTP  T R  423 

TABLE H I  

H e m a t o l o g y  D a t a  f o r  R a t s  i n  t h e  1 6 - D a y  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n  a • 

Vehicle Cont ro l  190 mg/kg 375 mg/kg 750 mg/kg 1,500 mg/kg 
. ,  

Male 

n 5 5 3 4 I b 

Platelets (103/~L) 554.8 ± 28.7 645.6 ± 25.3* 650.3 ± 35.8 577.0 ± 70.7 
Fibrinogen (mg/dL) 171.6 ± 5.8 165.4 ± 5.4 160.0 ± 2.0 161.0 ± 5.4 
APTI" (sec) 18.9 ± 2.1 17.1 ± 2.4 20.1 ± 2.4 18.2 ± 2.5 
Thromboplastin time (sec) 12.1 ± 0.2 12.0 ± 0.53 12.8 ± 0.3 12.9 ± 0.3 
Clotting time (rain) 1.55 ± 0.05 2.25 ± 0 .27 1.75 ± 0.32 c 1.60 ± 0.26 d 

695.0 
164.0 

15.7 
12.60 
2.25 

Female  

5 5 5 5 

Platelets (103/~L) 584.4 + 21.4 641.8 ± 4.3 517.4 ± 43.8 550.0 + 57.7 
Fibrinogen (mg/dL) 150.4 ± 3.4 147.8 ± 5.1 158.0 + 9.2 154.8 ± 2.8 
APT]" (sec) 18.5 ± 2.1 17.8 ± 2.6 18.9 ± 0.4 17.3 ± 0.9 
Thromboplastin time (sec) 12.2 ± 0.3 12.1 _+ 0.2 12.2 _ 0.1 e 12.0 ± 0~2 c 
Clotting time (min) 1.80 ± 0.24 2.20 ± 0.20 1.45 ± 0.09 1.95 ± 0.18 

Significantly different (P_~0.05) from the control group by Dunn's or Shirley's test 
Mean ± standard error..  AP'VI'.-- activated partial thromboplastin time. No data for females receiving 1,500 mg/kg due to 
100% mortality. 
No statistics computed due to high mortality 
rt--4 
n--5 
n--3 " " 



~ e ~ a t o ~ g y  a ~  C ~ c ~  C h e ~ g ~ r y  

T ~  H2 
H~m~s~g~ s~r~ C ~ n ~  C h ~  D ~  ~o~ g ~  ~n ~h~ ~ W ~  G ~ v ~  ~ y  
o~ ~ - ~ h y ~ u ~ a ~ n  ~ 

V~hide Canton 7~ ~ 1.~ n~/~8 ~ ~ ~ ms/kS 1 , ~  ~ 

Iblia~e 

Hematology 

n 9 10 10 10 10 8 

Hematocri t  (%) 
42.7 ± 0.6 

Hemoglobin (g/dL) 
17.0 ± 0.3 

E~ylhroo/tcs (106/ .L)  
8.36 ± 0.11 

Mean cell volume (fL) 
51.2 ± 0.2 

Mean cell hemoglobin (pg) . 
20.3 ± 0.1 20.1 ± 0.1 

Mean cell hemoglobin concentration (g/dL) 
39.8 ± 0.2 39.8 ± 0.2 

Platelets (103/~L) 
584.7 ± 13.5 

~eu~ocytes (I@/~L) 
8.80 ± 0.53 

Segmented neutrophils (103/~L) 
1.42 ± 0.19 

Lymphocytes (103/~L) 
7.01 ± 0.36 

Monocytes (103/#L) 
0.26 ± 0.03 

Eosinophils (103/~L) 
0.09 ± 0.03 

Thromboplast in t ime (see) 
11.52 ± 0.26 

Clotting time (min) 
3.06 ± 0.07 

40.7 ± 0.5* 

16.2 ± 0.2* 

8.07 ± 0.10 

50.3 ± 0.3 

572.6 ± 9.1 

7.67 ± 0.45 

1.17 ± 0.15 

6.13 ± 0.40 

0.21 ± 0.04 

0.14 ± 0.03 

11.3~ ± o.12 b 

2.95 ± 0.09 

Clinical ChemisUy 

41.8 ± 0.5 39.9 ± 0.7** 40.4 ± 0.6 *0 38.6 ± 0.3** 

16.5 ± 0.2 15.7 ± 0.3** 15.9 ± 0.3** 15.3 ± 0.1 *0 

8.27 ± 0.12 7.93 ± 0.14" 7.98 ± 0.12" 7.51 ± 0.07 *0 

50.7 ± 0.3 50.4 ± 0.2 50.6 ± 0.2 51.3 ± 0.2 

20.0 ± 0.1 19.9 ± 0.1" 19.9 ± 0.1 20.4 ± 0.1 

39.5 ± 0.2 39.4 ± 0.2 39.3 ± 0.2 39.6 ± 0.2 

557.0 ± 12.1 551.2 ± 14.4 538.2 ± 9.3 °0 524.4 ± 16.4 °0 

8.19 ± 0.55 7.44 ± 0.51. 7.28 ± 0.38 6.83 ± 0.31"* 

1.72 ± 0.18 1.23 ± 0.13 1.36 ± 0.13 1.28 ± 0.09 

6.08 ± 0.42 5.93 ± 0.43 5.64 ± 0.31 ° 5.23 ± 0.28** 

0.22 ± 0.05 0.19 ± 0.03 0.18 ± 0.03 0.24 ± 0.04 

0.16 ± 0.05 0.09 ± 0.03 0.08 ± 0.02 0.06 ± 0.02 

10.92 ± 0.24 11.12 ± 0.65 ° 10.65 ± 0.30* 10.49 ± 0.16 *0 

2.93 ± 0.05 2.93 ± 0.07 2.98 ± 0.11 3.13 ± 0.17 

9 10 10 10 10 8 

Urea  nitrogen (mg/dL) 
11.9 ± 0.5 11.5 ± 0.6 12.6 ± 0.5 12.6 ± 0.4 13.7 ± 0.8 15.0 ± 0.6** 

Creatinine (mg/dL) 
0.62 ± 0.04 0.60 ± 0.03 0.57 ± 0.04 0.52 ± 0.03 0.54 ± 0.03 0.46 ± 0.03** 

Sodium (mEq/L) 
146 ± 0 148 ± 1 146 ± 0 146 ± 0 146 ± 1 145 ± 0 

Potassium (mEq/L)  
5.5 ± 0.1 5.5 ± 0.1 5.6 ± 0.1 5.8 ± 0.1" 5.8 ± 0.1 ° 5.6 ± 0.1 

Chloride (mEq/L) 
105 ± 0 105 ± 0 105 ± 0 105 .± 0 106 ± 0 104 ± 0 

Calcium (mg/dL) 
10.57 ± 0.05 10.50 ± 0.03 10.49 ± 0.05 10.57 ± 0.05 10.66 ± 0.09 10.75 ± 0.08 

~ 3  



304 3 ,4-Dihydrocoumar in ,  N T P  T R  423 

TAm.E H 2  

H e m a t o l o g y  a n d  C l i n i c a l  C h e m i s t r y  D a t a  f o r  R a t s  i n  t h e  1 3 - W e e k  G a v a g e  S t u d y  

o f  3 , 4 - D i h y d r o c o u m a r l n  (continued) 

Vehicle Con t ro l  75 mg/kg 1$0 mg/kg 300 mg/kg 600 mg/kg 1,200 mg/kg 

M a l e  (continued) 

Clinical Chemistry (continued) 

n 9 10 10 10 10 8 

Phosphorus (mg/dL) 
6.5 _+ 0.2 6.5 ± 0.1 6.5 ± 0.2 6.3 ± 0.1 6.6 4- 0.2 

Total protein (g/dL) 
6.9 __. 0.1 6.8 _+ 0.1 6.9 ± 0.1 6.9 ± 0.1 7.1 ± 0.2 

Albumin (g/dL) 
3.5 ± 0.0 3.5 ± 0.1 3.5 ± 0.0 3.5 ± 0.0 3.6 4- 0.1" 

A/G ratio 
1.0 4- 0.0 1.1 + 0.0 1.0 -+ 0.0 b 1.1 4- 0.0 1.1 + 0.0" 

Total bilirubin (mg/dL) 
0.I ± 0.0 0.I 4- 0.0 0.I 4- 0.0 0.I ± 0.0 0.I ± 0.0 

Alanine aminotransfcrase (IU/L) 
47_+1  4 3 ± 2  4 5 ± 2  4 0 ± 2  4 5 ± 2  

Aspartate aminotransferase (IU/L) 
6 5 _ + 3  6 0 ± 2  6 2 ± 3  5 8 ± 4 *  6 0 - + 3  

Lactate dehydrogenasc (IU/L) 
406 4- 39 354 -+ 37 353 -+ 34 318 -+ 29 269 ± 29* 

Ornithine carbamoyltransferase (IU/L) 
1.4 ± 0.6 1.6 4- 0.5 1.2 4- 0.5 b 1..6 -+ 0.6 2.5 4- 0.7 

Sorbitol dehydrogenase (IU/L) 
1 4 ±  1 15 4- 1 1 3 ±  1 14 ± 1 1 3 ±  1 

Cholinesterase (Ill/L) 
996.6 ± 30.5 890.1 -+ 16.0" 946.4 ± 13.7 840.2 ± 11.3'* 782.7 -+ 20.0** 

6.9 ± 0.2 

7.1 ± 0.1 

3.7 ± 0.1"* 

1.1 ± 0.0"* 

0.1 ± 0 .0  

4 8 4 - 2  

55 ± 2* 

226 ± 19"* 

3.1 ± 0.9 

12 4- 1" 

687.9 ± i3.9"* 

Female  

Hematology 

n 10 10 10 9 10 5 

Hematocrit (%) 
39.7 ± 0.5 41.3 ± 0.7 41.3 ± 0.4 40.7 ± 0.3 41.0 ± 0.6 38.2 ± 0.8 

Hemoglobin (g/dL) 
15.4 _+ 0.3 16.2 4- 0.3 16.1 - 0.2 15.9 + 0.2 15.8 4- 0.3 15.2 4- 0.3 

E~ythrocytes (106/~tL) 
7.38 4- 0.10 7.62 4- 0.14 7.59 ± 0.08 7.49 + 0.04 7.53 _+ 0.13 7.19 4- 0.17'  

Mean cell volume (fL) 
53.8 _+ 0.5 54.3 4- 0.2 54.4 4- 0.2 54.3 -+ 0.2 54.5 ± 0.3 53.2 _ 0.2 

Mean cell hemoglobin (pg) 
20.9 ± 0.2 21.2 __. 0.1 21.2 -+ 0.1 20.3 ± 1.0 21.0 - 0.1 21.1 _+ 0.1 

Mean cell hemoglobin concentration (g/dL) 
38.9 + 0.2 39.1 -+ 0.2 39.1 + 0.1 39.1 + 0.4 38.6 ± 0.1 39.8 ± 0.1" 

Platelets (103/~L) 
683.6 4- 17.2 620.9 ± 16.0" 662.4 + 13.4 576.8 ± 27.4** 551.1 4- 18.6"*'" 505.6 ± 50.4** 

Leukocytes (103/~L) 
6.45 ± 0.22 6.20 -+ 0.33 7.45 4- 0.50 6.86 _+ 0.35 6.67 ± 0.58 5.72 ± 0.45 



I I - I I~maf~n~ ~ C ~  C h e m i s t r y  

T ~ L ~  ~ 

~I~m$~Ik~iD '  a ~ l  C ~ n ~ c ~  C h e m [ ~ l r y  D ~ t ~  ~ r  ~ ~n f~he [ ~ - W e e l k  G ~ v ~ g e  S~uc~y 

~ ~ h y ~ r ~ m ~ H n  (continued) 

~veha©ne Oc~neron 7~ m m e ~  1 . ~  ~ ~ m~/~q~ ~ en~/~q~ 1 , 2 ~  ~ 

]Fen~u~e (continued) 

Hematology (continued) 
Sesmented  neutmphi ls  (103/uL) 

1.15 ± 0.14 0.89 ± 0.11 1.18 ± 0.14 1.01 ± 0.14 1.14 ± 0.15 1.10 ± 0.09 
Lymphocytes (103/~L) 

5.07 ± 0.19 5.11 ± 0.28 6.03 ± 0.47 5.63 ± 0.25 5.39 ± 0.45 4.45 ± 0.44 

Clinical Chemis tw 

n 10 10 10 10 10 5 

Monocytes  (103/~L) 
0.19 ± 0.04 0.14 ± 0.02 0.14 ± 0.03 0.15 ± 0.03 0.10 ± 0.03 0.12 ± 0.05 

Eosinophils (103/~L) 
0.04 ± 0.02 0.07 ± 0.01 0.08 ± 0.03 0.07 ± 0.02 0.04 ± 0.01 0.05 ± 0.03 

Thromboplasfin t ime (see) 
10.60 ± 0.27 10.73 ± 0.33 10.43 ± 0.19 b 10.54 ± 0.29 c 10.26 ± 0.21 9.52 ± 0.23 ~ 

Clotting time (rain) 
2.88 ± 0.10 2.95 ± 0.09 2.85 ± 0.04 2.80 ± 0.08 d 2.85 ± 0.08 3.00 ± 0.08 

Urea  nitrogen (mg/dL) 
13.7 ± 0.5 14.6 ± 0.5 13.7 ± 0.6 13.7 _+ 0.8 13.7 ± 0.7 13.2 ± 1.0 

Creatinine (mg/dL) 
0.55 ± 0.03 0.58 ± 0.04 0.57 ± 0.04 0.61 ± 0.05 0.50 ± 0.04 0.48 ± 0.02 

Sedium (mEq/L)  
145 -+ 0 145 ± 1 145 - 0 146 ± 1 145 -+ 1 145 ± 1 

Potassium (mEq/L)  
5.9 ± 0.2 5.7 ± 0.1 5.6 + 0.1 5.7 _+ 0.2 5.6 ± 0.2 5.6 ± 0.2 

Chloride (mF.q/L) 
1 0 6 ± 0  107 ± 0 1 0 6 + 0  1 0 6 ± 0  1 0 6 ±  1 1 0 6 ±  1 

Calcium (ms/dL)  
10.55 ± 0.08 10.59 ± 0.07 10.58 ± 0.0~ 10.74 ± 0.09 10.67 ± 0.10 10.98 ± 0.06 ~ 

Phosphorus  (mg/dL) 
6.3 ± 0.1 5.5 ± 0.3 5.9 ± 0.1 6.7 ± 0.5 6.0 ± 0.3 7.3 ± 0.3 

Total protein (g/dL) 
6.7 ± 0.1 6.9 ± 0.1 6.9 +_ 0.1 7.2 _ 0.1 *~ 7.1 ± 0.1 ~ 7.2 _ 0.1 ee 

Albumin (g/dL) 
3.3 ± 0.1 3.5 ± 0.0 *~ 3.5 ± 0.1 °e 3.7 ± 0.1 eo 3.7 + 0.1 ~u 3.9 ± 0.1 ~ 

A/G ratio 
1.0 ± 0.0 1.1 ± 0.0 1.1 + 0.0 1.0 ± 0.0 1.1 _ 0.0 ° 1.1 _ 0.0 ~ 

Total bilirubin (mg/dL) 
0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 

Alanine aminotransferase (IU/L) 
47 ± 2 44 ± 2 45 ± 3 47 ± 2 45 ± 2 47 ± 3 

Aspartate  aminotransferase (IU/L) 
71 ± 4  64 ± 2 6 9 ±  4 6 9 ±  2 64 ± 2  6 2 ±  2 

Lactate dehydrogenase (IU/L) 
333 ± 29 269 ± 18 283 ± 33 302 ± 33 263 .4- 26 275 ± 41 

. Ornithine carbamoyltransferase (IU/L) 
2.0 ± 0.8 2.5 ± 0.8 2.4 ± 0.6 3.9 ± 1.0 3.3 ± 0.9 2.3 ± 0.7 



306 3,4-Dihydrocoumarin,  NTP T R  423 

TABLE H 2  

H e m a t o l o g y  a n d  C l i n i c a l  C h e m i s t r y  D a t a  fo r  R a t s  In t h e  1 3 - W e e k G a v a g e  S t u d y .  

o f  3 , 4 - D i h y d r o e o u m a r i n  (continued) 

Vehicle Control  75 mg/kg 1~0 mg/kg 300 mg/kg 600 mg/kg 1,200 mg/kg 

Female  (continued) 

Clinical Chemist W (continued) 

n 10 

Sorbitol dehydrogenase (IU/L) 
i 1 ± 1  

Cholinesterasc (IU/L) : 
2,675.0 ±, 182.0 

10 10 10 10 5 

15 ± 1"* ' 1 0 ± 1  

2,971.0 ± 84.0 

11 ± 1 13 ± 1"* 13 ± 1"* 

3,083.0 ± 104.0 2,764.0 ± 117.0 1,814.0 ± 75.0**.' 1,078.0"± 33.0** 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_<0.01 
a Mean ± standard error. A/G/'atio ffi albumin/globulin ratio. 
b n=9 
c n=8 
d n=10 .~ 



i i = -  ~,__ _____~ :~:~:~.~_._~ __~ . . . . .  

Hem~to~¢~ '  ~ C ~ c . ~  Chemis t ry  

TA~L~ ~ 

~ e ~ a t ~ [ l ~  em~ Ctltink~s~H Che~i~st~ry Da~a  ~or ]~,~alle ] ~ a ~  a t  t ~ e  9 - I ~ o n t h  ] [ ~ t e ~  Eva l i aa t~on  

fimx ~ e  S ~ E ~ u ~  G a r a g e  E v a H u a ~ o n  o~ ~ , 4 - D ~ h y ~ u ~ a ~  a 

~I~7 

v~hficne ~eat~on ~ mg/~qg 

n 19 19 

Hematology 

Hematocrit (%) 
Hemoglobin (g/d.L) 
Erythrocytes (IO~/~L) 
Mean cell volume (fL) 
Mean cell hemoglobin (pg) 
Mean cell hqmoglobin concentration (g/dL) 
Piatelets (I~/~,L~)~ 
Reticulocytes (1_0/~L) 
Leukocytes ( I~ /~L)  . 
Segmented neutr~phils (10"/~L) 
Lymphocytes (IO~/~L) . 
Atypical ~ympnpcytes (10~/~,L) 
I~onocytes (10"./~L) 
Eminophiis (I&/~L) 
Nucleated e~throcytes (I~/;~L) 
Activated partial thromboplastin time (see) 
Thrombopiastin time (see) 

Clinical Chemistry 

Calcium (mg/dL) 
Alkaline phmphatase (IU/L) 
Alanine aminotramferase (IU/L)  
Sorbitol dehydrogenase (IU/L) 
• ~-glutamyltransferase (IU/L) 

40.9 ± 0.4 38.9 ± 0.400 
14.6 ± 0.1 13.9 ± 0.1 °0 
8.36 ± 0.09 7.94 ± 0.100~ 
49.0 _+ 0.2 49.1 ± 0.3 
17.5 ± 0.1 17.5 ± 0.2 
35.8 ± 0.2 35.8 ± 0.2 

543.9 -+ 15.4 549.8 -+ 23.1 
0~2 -+ 0.0 0.2 ± 0.0 

3.59 _+ 0.15 3.61 ± 0.12 • 
1.09 ± 0.11 1.18 ± 0.08 
2.40 _+ 0.11 2.30 _+ 0.10 
0.01 _+ 0.~0 0.04 ± 0.01 °~ 
0.01 ± 0.~0 0.01 ± 0.00 
0.04 _+ 0.01 0.05 ± 0.01 
0.02 ± 0.01 0.03 ± 0.01 

2 2 _ + 0  2 2 - + 0  
14 ± 0 15 ± 0 °* 

11.58 ± 0.14 11.74 -+ 0.13 
187 -+ 8 232 ± 12" 
81 _+ 7 108 ± 12 °0 
2 9 _ + 2  3 2 + _ 2  

0.0 -+ 0.0 0.0 ± 0.0 

o Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
oo P_<O.01 
a Mean + standard error 



308  3,4-Dihydrocoumar in ,  N TP  T R  423 

TABLE H 4  

H e m a t o l o g y  a n d  C l i n i c a l  C h e m i s t r y  D a t a  f o r  M a l e  R a t s  a t  t h e  1 5 - M o n t h  I n t e r i m  E v a l u a t i o n  

i n  t h e  S t o p - E x p o s u r e  G a v a g e  E v a l u a t i o n  o f  3 , 4 - D i h y d r o c o u m a r i n  a 

Vehicle Cont ro l  600 mg/Itg 

Hematology 

n 10 10 

Hematocrit (%) 
Hemoglobin (g/d~.) 
Erythrocytes (10~/#L) 
Mean cell volume (fL) 
Mean cell hemoglobin (pg) 
Mean cell hemoglobin concentration (g/dL) 
Platelets (103/#L) 
Reticulocytes (I_06/~L) 
Leukocytes (I~/#L) 
Segmented neutr~phils (103/#L) 
Lymphocytes (10~/~L) ~ 
Atypical lymph~ocytes (I~/#L) 
Monocytes (10~/#L) ' 
Eosinophils (10~/#L) 
Nucleated erythrocytes (103/~L) 
Activated partial thromboplastin time (sec) 
Thromboplastin time (sec) 

Clinical Chemistry 

Calcium (mg/dL) 
Alkaline phosphatase (IU/L) 
Alanine aminotransferase (IU/L) 
Sorbitol dehydrogenase (IU/L) 
7-glutamylt ransferase (IU/L) 

39.5 -+ 0.6 37.5 _+ 0.5* 
14.7 .4- 0.2 13.7 -+ 0.2** 
8.38 -+ 0.13 7.98 -+ 0.12" 
47.2 + 0.4 47.1 _+ 0.3 
17.6 _+ 0.1 17.1 -+ 0.1" 
37.3 -+ 0.3 36.4 + 0.1'  

540.7 +_ 16.9 530.3 _ 15.6 
0.2 -+ 0.0 0.2 -+ 0.0" 

3.30 -+ 0.08 3.54 _+ 0.22 
1.07 -+ 0.08 1.15 _+ 0.12 
1.97 _+ 0.11 2.24 _+ 0.14 
0.13 _+ 0.03 0.06 _+ 0.02 
0.01 _+ 0.00 0.00 _+ 0.00 
0.05 _+ 0.01 0.01 _+ 0.01" 
0.03 _+ 0.01 0.01 _+ 0.01 

2 1 - + 0  2 0 _ + 0  
15 _+ 0 16 _+ 0"* 

10 10 

11.20 + 0.13 10.80 + 0.13 
175 _+ 8 227 + 5** 

69 _+ 5 51 _+ 3** 
2 5 _ + 2  2 1 _ + 2  

0.0 -+ 0.0 0.0 -+ 0.0 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_<0.01 
a Mean _+ standard error 
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H ~ a t o ~ c ~ y  arts C~ln~ee~ C h e ~ i e t ~  

T ~ L ~  H~  

H e ~ e ~ o ~ ¢ ~ ,  e e l  C~l[~l~ll Che~m~e~ry ~ e ~  ~or ~ e ~  e t  ~ e  ~ o ~ , ~ I ¢ ~  ~ n ~ r ~  E ~ l l ~ e ~ k ~  

~n ~ e  ~-~ 'e~r  Ge~,s~e ~ ¢ y  o~ ~ O o ~ h y ~ l r c e o ~ a r ~  ~ 

Vehicle Cone-on L ~  ~ ~ ~ ~ ~ 

l~iIaie 

n 9 10 10 10 

Hematology 

Hematocrit (%) 38.9 ± 0.9 39.6 ± 0.4 39.5 ± 0.6 38.3 ± 0.6 
Hemoglobin (g/d,L) 14.3 ± 0.4 14.6 ± 0.1 14.5 ± 0.1 14.0 ± 0.1 ° 
Erythrocytes (106/tEL) 8.44 + 0.17 8.37 ± 0.12 8.41 ± 0.20 8.08 ± 0.14 
Mean cell volume (fL) ~6.3 ± 1.6 47.3 ± 0.5 47.4 ± 0.8 47.5 ± 0.7 
Mean cell hemoglobin (pg) 17.0 ± 0.7 17.5 ± 0.2 17.3 ± 0.4 17.4 ± 0.3 
Mean cell hemoglobin concentration 

(g/dL) 36.7 ± 0.5 36.9 ± 0.2 36.7 ± 0.4 36.7 ± 0.5 
Platelets (103/~L). 640.0 ± 82.4 564.4 ± 6.3 450.9 _+ 24.3 °0 555.3 ± 13.6 
Reticulocytes (1.06/~L) 0.2 ± 0.0 0.1 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 
Leukocytes (10"/~L) 3.28 ± 0.22 3.29 ± 0.20 3.34 ± 0.25 3.66 ± 0.21 
Segmented neutr~phils (103/~L) 1.07 ± 0.06 1.10 ± 0.12 1.09 ± 0.11 1.20 ± 0.12 
Lymphocytes (10~/~L) ~ 2.04 ± 0.18 2.07 ± 0.14 2.14 ± 0.19 2.32 ± 0.18 
Atypical lymph.ocytes (10~/~L) 0.06 ± 0.03 0.03 _ 0.01 0.02 ± 0.01 0.05 ± 0.01 
Monocytes (10",/t~L) 0.01 ± 0.01 0.00 ± 0.0O 0.00 ± 0.00 0.O0 ± 0.00 
Eosinophils (I&/~L) 0.03 ± 0.01 0.04 ± 0.01 0.03 ± 0.01 0.03 ± 0.01 
Nucleated e~ythrocytes (10~/~L) 0.02 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 0.02 ± 0.01 
Activated partial thromboplastin 

time (see) 21 ± 0 20 ± 0 20 ± I 19 ± 0 °0 
Thromboplastin time (see) 14 ± 0 14 ± 0 14 ± 0 14 _ 0 

Clinical Chemistry 

Calcium (mg/dL) 
Alkaline phosphatase (IU/L) 
Alanine aminotransferase (IU/L) 
Sorbitol dehydrogenase (IU/L) 
,~-glutamyltransferase (IU/L) 

11.00 _+ 0.00 10.90 ± 0.10 10.80 ± 0.13 10.80 ± 0.13 
18,3 ± 10 174 ± 8 186 ± 7 253 ± 8 °0 
64 ± 5 78 ± 8 84 ± 8 ° 220 ± 47 °0 
2 2 ± 2  2 9 ± 2  ° 2 6 ± 2  ° 34 ± 3  °0 

0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.7 ± 0.3 °0 



:310 3 ,4 -Dihydroc0umar in  , N T P  T R  423 

:FAnL~ H 5  

H e m a t o l o g y  a n d  C H n i c a l  C h e m i s t r y  D a t a  f o r  R a t s  a t  t h e  I S - M o n t h  I n t e r i m  E v a l u a t i o n  

i n  t h e  2 - Y e a r  G a r a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n  (continued) 

Vehlde C o u t m l  150 mg/kg 300 mg/kg 600 mg/kg 

Female  

n 10 9 10 9 

Hematology 

Hematocrit (%) 36.8 + 0.4 35.9 ± 0.5 36.8 ± 0.3 
Hemoglobin (g/d~.) 14.0 ± 0.1 13.8 ± 0.2 13.9 _ 0.1 
Erythrocytes (106/~L) 6.79 _+ 0.06 6.76 ± 0.07 6.97 ± 0.08 
Mean cell volume (fL) 54.3 ± 0.2 53.2 ± 0.6 52.9 ± 0.2** 
Mean cell hemoglobin (pg) 20.7 ± 0.2 20.5 ± 0.2 20.0 ± 0.2* 
Mean cell hemoglobin concentration , 

• (g/dL) , 38.2 ± 0.3 ~38.5 ± 0.4 37.8 ± 0.2 
Platelets (10~/uL) 591.i ± 18.6 510.8 ± 20.3* 579.2 ± 20.8 
Ret/culocytes (1~061/~L) . 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 
Leukocytes (10~h~L) 1.42 _ 0.09 1.60 ± 0.11 1.94 ± 0.09"* 
Segmented neutr?phils (103/~L) 0.40 ± 0.04 0.47 ± 0.06 0.49 ± 0.07 
Lymphocytes (103/~L) 0.96 ± 0.06 1.09 ± 0.07 1.39 ± 0.07** 
Atypical lymph~ocytes (103/~L) 0.01 ± 0.00 0.01 _ 0.08 0.03 ± 0.01" 
Monocytes (l~/~tL) 0.00 ± 0.00 0.00 ± 0.00 0.08 ± 0.00 
Eosinophiis (I&/uL) 0.02 ± 0.00 0.02 ± 0.01 0.01 ± 0.00 
Nucleated e~ythrocytes (103/~L) 0.01 ± 0.00 0.01 ± 0.01 0.02 ± 0.00 
Activated partial thromboplastin time (see.) 

1 8 ± 0  1 8 ±  0 1 8 ±  0 
Thrombopiastin time (sec) 14 ± 0 !4 ± 0 14 ± 0 

Clinical Chemist W 

Calcium (mg/dL) 
Alkaline phosphatase (IU/L) 
Alanine aminotransferase (IU/L) 
Sorbitol dehydrogenase (IU/L) 
-~ -glutamyltransferase (IU/L) 

35.6 ± 0.7 
13.6 _+ 0.2* 
6.80 ± 0.13 
52.4 ± 0.5** 
20.1 ± 0.2* 

3 8 . 3 ±  0.4 
561.1 ± 16.4 

0.2 ± 0.0 
2.03 ± 0.18"* 
0.63 - 0.09 
1.33 ± 0.14"* 
0.02 ± 0.01 
0.00 ± 0.00 
0.01 ± 0.01 
0.02 ± 0.00" 

1 8 ± 0  
1 4 _ + 0  

10.90 ± 0.10 11.11 ± 0.11 10.90 ± 0.10 10.89 ± 0.20 
169 ± 5 183 ± 6 191 ± 5* 209 ± 14"* 
4 2 +  1 5 0 ± 6  37 ± 2 33 ± 2** 
15 _ 1 19 ± 2 16 ± 1 15 ± 1 

0.0 ± 0.0 0.0 ± 0.0 0.3 ± 0.2 1.4 ± 0.2** 

* Significantly different (P_<0.05) from the control group by Dunn's or Shirley's test 
** P_~0.01 
a Mean + standard error 



~ -  ~ . . . . . . . .  . . . . . . . . . .  ~ . . . . . . . . . .  

H e ~ n ~ o ~  a ~ i  C~fla~ca9 C h e ~ s t ~  

T ~ L ~  ~ 

~ a ~ ] ~ 3 ~ y  D a M  ~ r  I~II~ce fi~ t ~  ~ - D a y  G a ~  S t ~ l y  o~. ~ - D ~ y ~ c ~ a m a a ~  a 

31~ 

Vehicae C o ~ t ~  ~ ~ ~ e a g / ~  . f ~  ~ ~,~25 ~ 

I ~ $  

n 5 5 5 5 5 

Platelets (103/~L) 103.2 + 11.1 180.0 + ~6.5 181.6 + 45.4 157.4 + 35.5 121.0 -*- 20.9 
Clotting time (rain) 1.69 +_ 0.40 1.70 +_ 0.4~ 1.80 _+ O.2A 1.50 +_ 0.39 1.45 _ 0.22 

F e ~  

n 5 4 5 5 5 

Platelets (103/~L) 13~.2 ± 19.0 94.8 ~ 16.8 197.4 ± 50.4 156.0 ± 40.7 150.8 ± 27.1 
Clotting time (rain) 2.20 + 0.28 2.13 :t: 0.43 1.90 _+ 0.30 1.75 +_ 0.37 2.10.4- 0.23 

Mean ± standard error 



3112 3,4-Dihydrocoumarin,  NTP T R 423 

TABLE H 7  

H e m a t o l o g y  D a t a  f o r  M i c e  in  the 1 3 - W e e k  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n  a . 
u 

Vehicle Control  100 mg/kg 200 mg/kg 400 mg/kg 800 mg/kg 1,600 mg/kg 

Male  

n 8 7 10 8 10 

Hematocrit (%) 
32.3 ± 0.6 

Hemoglobin (g/dL) 
13.6 _ 0.2 

E~ythrocytcs (106/~L) 
6.48 ± 0.11 

Mean cell volume (fL) 
49.9 ± 0.2 

Mean cell hemoglobin (pg) 
21.0 ± 0A 21.0 4- 0.2 

Mean cell hemoglobin concentration (g/dL) 
42.2 ± 0.2 42.2 + 0.2 

Platelets (103/~L) 
532.4 ± 63.0 .' . 

L e u k o ~  ( le~.~  
• ' 3.48 ± 0.54 

Segmented neutrophils (103/~L) 
0.79 _ 0.14 

Lymphocytes (103/~L) 
2.56 ± 0.42 

Mo~o~y~ (10%L) 
0.O9 ± 0.02 

Eosinophils (103/~L) 
• 0.02 ± 0.01 

Thromboplastin time (sec) 
1 0 ± 0  b 

Clotting time (min) 
3.19 _ 0.15 b 

31.3 ± 1.2 

13,2 ± 0.5 

6.31 ± 0.24 

49.6 _+ 0.2 

456.7 _+ 94.8 

4.71 ± 0.85 

0.91 ± 0.18 

3.60 ± 0.66 

0.14 ± 0.03 

0.07 4- 0.04 

104" 0 

2.94 ± 0.22 b 

33.7 ± 0.5 32.5 _ 0.8 32.5 _+ 0.7 

14.2 ± 0.2 13.8 ± 0.4 13.9 ± 0.3 

6.72 ± 0.11 6.45 ± 0.13 6.45 ± 0.12 

50.2 ± 0.4 50.3 ± 0.4 50.4 ± 0.3 

21.2-± 0.2 21.4 ± 0.2 21.5 ± 0.2 

42.2 ± 0.2 42.5 ± 0.4 42.7 _ 015 

602.7 ± 66.6 538.4 ± 6 3 . 1  409.5 ± 48.6 

3.93 ± 0.67 3.01 ± 0.37 4.94 _+ 0.42 

1.09 ± 0.30 0.73 ± 0.12 0.82 ± 0.11 

2.77 ± 0.50 2.22 ± 0.32 3.92 ± 0.32 

0.03 ± 0.02 0.04 ± 0.01 0.14 ± 0.04 ~ 

0.04 + 0.02 0.01 ± 0.01 0.06 ± 0.02 

10 ± 0 10 ± 0 ¢ 10 ± 0 b 

3.20 ± 0.15 3.03 ± 0.07 d 2.88 ± 0.16 

2 

31.4 ± 111 

13.0 ±" 0.4 

6.26 _ 0.14 

5O.5 _+ O.5 

20.8 ± 0.2 

4i.5 + 0.1 

513.5 _ 189.0 

3.30 _ O.60 

0.34 _ 0.07 

2.90 ± 0.69 

0 .o6±  0.02 

0.00 ± 0.00 

1 0 ±  0 

2.63 _ 0.13 

" . .  
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lI~m~t~t~y ~im¢~ ~ Ch~mis~ 

T ~ L ~  H7 
~ ~  ~ e ~  f f ~  ~ ~ ~h~ ~ W ~  G ~  ~ y  @~ ~ D ~ h y ~ u ~  ( ~ n t i n u ~ )  

Vehicle ~n~ X~ m~ 2~ ~ ~ ~ ~ ~ ~,~ ~ 

F~sS~ 

n I0 10 I0 9 I0 

Hematocrit (%) 
I 33.3 ± 0.7 33.7 + 0.9 33.9 ± 0.7 34.6 ± 0.5 34.6 ± 0.4 33.8 ± 0.6 

Hemoglobin (~dL) 
13.9 ± 0.3 

Etvthrocytes (I06/#L) 
6.53 ± 0.14 

Mean cell volume (fL) 
51.1 _ 0.2 

Mean cell hemoglobin (pg) 
21.3 +_ 0.1 21.5 ± 0.1 

Mean cell hemoglobin concentration (g/dL) 
41.8 ± 0.2 41.6 ± 0.2 

Platelets ( I~/~L)  
506.6 ± 59.5 

Leukocytes (103/~L) 
4.45 ± 0.52 

Segmented neutrophils (103/~L) 
0.63 +_ 0.09 

Lymphocytes (103/~L) 
3.69 +_ 0.49 

Monocytes (103/~L) 
0.06 ± 0.01 

Eosinophils (103/~L) 
0.07 ± 0.02 

' I ~ ' ~ m ~ # ~ f i ~  f i~e  (see) 
1 0 ± 0  

CI~U|~g time (m|~) 
3.23 ± 0.1~ 

14.0 ± 0.4 

6.53 ± 0.19 

51.5 ± 0.3 

510.7 ± 51.0 

3.91 ± 0.58 

0.84 +_ 0.18 

2.93 _ 0.46 

0.07 _ 0.02 

0.06 ± O.03 

I0±0 

3.20 ± 0.17 

14.2 + 0.3 14.4 ± 0.2 14.5 _ 0.2 14.0 ± 0.3 

6.62 + 0.13 6.75 ± 0.10 6.71 ± 0.08 6.61 ± 0.12 

51.2 ± 0.1 51.3 ± 0.2 51.6 ± 0.3 51.0 -4- 0.3 

21.4 + 0.1 21.3 - 0.1 21.6 ± 0.1 21.2 ± 0.2 

42.0 ± 0.2 41.5 ± 0.2 41.8 ± 0.2 41.5 ± 0.4 

532.6 ± 43.8 465.2 ± 35.5 d 423.8 ± 52.8 509.2 ± 43.4 

4.33 ± 0.61 4.98 ± 0.52 5.45 ± 0.43 4.98 ± 0.81 

0.97 ± 0.13 0.95 ± 0.13 0.88 ± 0.07 1.01 ± 0.18 

3.26 ± 0.49 3.76 ± 0.50 4.33 ± 0.39 3.88 ± 0.69 

0.05 ± 0.03 0.12 _ 0.02 0.13 ± 0.02 ° 0.06 ± 0.02 

0.04 ± 0.01 0.06 ± 0.02 0.10 ± 0.03 0.03 ± 0.02 

10 ± 0 b 10 ± 0 d 10 +_ 0 b 10 .4- 0 e 

3.33 ± 0.iS 3.48 _ 0.15 d 3.08 ± 0.12 3.00 ± 0.08 

3~3 

o Significantly different (P_~0.05) from the control group by Dunn's or Shirley's test 
a Mean + standard error 
b n=9 
c 11=6 
d n=lO 
e !i----4 
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TAmJ~ H 8  

H e m a t o l o g y  a n d  C l i n i c a l  C h e m i s t r y  D a t a  f o r  M i c e  a t  t h e  I S . M o n t h  I n t e r i m  E v a l u a t i o n  

i n  t h e  2 - Y e a r  G a v a g e  S t u d y  o f  3 , 4 - D i h y d r o c o u m a r i n  a 

Vehicle Cont ro l  200 mg/kg 400 mg/kg 8 0 0  mg/kg 

Male  

Hematology 
n 10 9 8 10 

Hematocrit (%) 37.5 ± 
Hemoglobin (g/d.L) 13.1 ± 
Ewthrocytcs (106/~L) 8.08 ± 
Mean cell volume (fL) 46.5 + 
Mean cell hemoglobin (pg) 16.3 -+ 
Mean cell hemoglobin concentration 
(g/dL) ~ 35.0 -+ 

Platelets (1~/.~26 821.3 ± 
Reticulocytes (1_0/#L) 0.2 + 
Leukocytes (10~/aL) 1.00 -+ 
Segmented neut~phils (103/aL) 0.24 _+ 
Lymphocytes (10~/aL) 0.76 -+ 
Atypical lymph~ocytes (103/~L) 0.00 -+ 
Monocytes (10~//~L) 0.00 + 
Eosinophils (10~/aL) 0.00 -+ 
Nucleated erythrocytes (103/aL) 0.00 _+ 

Clinical Chemistry 
n 8 

Alkaline pho~phatase (IU/L) 51 _+ 
Alanine aminotransferase (IU/L) 55 ± 
Sorbitol dehydrogenase (IU/L) 38 _+ 
~-glutamyltransferase (IU/L) 5.2 _+ 

1.0 35.6 _+ 2.1 39.7 __. 0.5 39.3 .4- 0.5 
0.3 13.6 + 0.3 13.6 + 0.1 13.6 _ 0.2 
0.22 7.74 -+ 0.36 8.48 -+ 0.14 8.36 -+ 0.10 
0.6 45.8 + 0.9 46.9 + 0.3 46.9 _+ 0.5 
0.3 17.9 + 1.3 16.0 -+ 0.2 16.2 _+ 0.1 

0.2 39.8 -+ 3.9 34.2 -+ 0.3 
23.1 832.3 ± 39.1 794.3 -+ 20.2 
0.0 0.2 -+ 0.0 0.2 __. 0.0 
0.09 1.48 + 0.22 1.01 -+ 0.18 
0.03 0.33 -+ 0.05 0.20 _ 0.05 
0.07 1.14 -+ 0.17 0.80 ± 0.13 
0.00 0.00 -+ 0.00 0.00 -+ 0.00 
0.00 0.00 -+ 0.00 0.00 -+ 0.00 
0.00 0.00 -+ 0 . 0 0  0.00 -+ 0.00 
0.00 o.o0 -+ o.o0 0.00 -+ 0.00 ~ 

34.5 _+ 0.3 
796.9 + 27.7 

0.2 _+ 0.0" 
1.22 -+ 0.25 

-0.28 ± 0.06 
0.93 _+ 0.20 
0.01 -+ 0.00 
0.00 ± 0.00 
0.00 -+ 0.00 
0.00 ± 0.00 

8 9 10 

3 4 5 - + 3  5 0 _ + 2  48 
11 28_+5  28_+ 2 56 
2 b 38_+ 1 c 37-+ 2 42 
2.8 b 1.0 -+ 0.5 c 0.6 _+ 0.6 0.7 

-+1 
-+ 12" 
-+1 
-+ 0.5 
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H e ~ o ~ o ~ y  e ~ l  C~¢~ C h e ~ e ~ r y  

T ~ L ~  H~  

He~e~oHc~y e ~  CHanSon C h e ~ e ~ r y  D ~  IMr ~ e e  e~ ~ e  ~ o M O n ~  ~ r ~  E v ~ n ~ o n  

~I~ ~l~ ~ o ~ i ~  ~ v ~  ~ i i ~ y  o~ ~ o D ~ y ~ . o ~ o ~ l ~ l r ~  (continued) 

Wehicle ~ o m ~ n  ~ m ~  ~ ~ ~ ~ 

~ e ~ e  

315 

Hematolo~t 
n 9 8 9 8 

Hematocrit (%) 38.6 ± 1.0 
Hemoglobin (g/d~L) 13.8 ± 0.2 
Erythrocytes (106/~L) 8.23 ± 0.15 
Mcan cell volume (fL) 46.9 ± 1.0 
Mean cell hemoglobin (pg) 16.8 ± 0.2 
Mean cell hemoglobin concentration 

(g/dL) . 35.9 ± 0.5 35.0 
Platelets (10"/~L!6 672.9 ± 12.9 604.8 
Reticul~ytes (1~0/~L) 0.2 ± 0.0 0.2 
Leukocytes (IO°/~L) 1.00 ± 0.19 0.75 
Segmented neutr~phiis (103/teL) 0.27 ± 0.05 0.17 
Lymphocytes (IO"/~L) 0.73 ± 0.14 .0.59 
Atypical lymph~ocytes(IO3/~L) 0.00 ± 0.~0 0.00 
Monocytes (10°,/~L) 0.00 ± 0.00 0.0O 
Eminophils (1&/teL) 0.OO ± 0.0O 0.00 
Nucleated erythrocytes (103/~L) . 0.00 ± 0.00 0.00 

38.9 ± 1.2 ~0.0 ± 0.7 38.7 ± 0.5 
13.6 ± 0.3 13.9 ± 0.2 13.7 ± 0.2 
8.16 ± 0.26 8.38 ± 0.11 8.11 + 0.14 
47.9 ± 0.2 47.6 ± 0.5 47.6 ± 03 
16.7 ± 0.2 16.5 _ 0.2 16.9 ± 0.2 

_ 0.3 34.7 + 0.3 35.3 _ 0.2 
+ 72.5 591.9 ± 65.3 647.0 _+ 41.4 
± 0.0 0.2 ± 0.0 0.2 ± 0.0 
± 0.14 1.01 ± 0.14 c 1.01 ± 0.18 
± 0.03 0.30 ± 0.11 0.22 ± 0.05 
± 0.11 0.81 ± 0.11 c 0.80 ± 0.14 
± 0.00 0.01 ± 0.01 0.01 ± 0.01 
± 0.0O 0.00 ± 0.00 0.09 ± 0.00 
± 0.0O 0.0O ± 0.00 0.00 ± 0.00 
± 0.0O 0.00 ± 0.00 0.0O ± 0.00 

Clinical Chemistry 
n 9 9 9 

Alkaline phosphatase (IU/L) 118 + 21 107 __. 8 128 _ 9 
Alanine aminotransferas¢ (IU/L) 65 + 14 28 ± 3* 41 + 2 
Sorbitol dehydrogenase (IU/L) 29 _ 3 22 _ 3 28 _+ 3 
,~-glutamyltransferase (IU/L) 6.5 ± 3.5 d 15.2 ± 7.0 26.4 _+ 9.3 

120 ± 12 
6 6 _ + 1 3  

32_+2 
24.3 ± 9.8 

~ Significantly different (Ps0.05) from the control 
a Mean ± standard error 
b n=10 
¢ nffi9 
d nffi8 

group by Dunn's or Shirley's test 
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C H E M I C A L  CHARACTERIZATION A N D  • 

D O S E  F O R M U L A T I O N S  S T U D I E S  
• . 

P R O C U R E M E N T  AND C H A R A C T E R I Z A T I O N  OF 3 ~ 4 - D I H Y D R O C O U M A R I N  • .• .'.: 
3,4-Dihydrocoumarin was obtained from Givaudan Corporation (Clifton, N J) in two lots (lot 57599 and' 
lot 44981). Lot 57599 was used throughout the 16-day and 13-week studies in rats and mice and lot 
44981 was used throughout the 2-year studies in rats and mice. Identity, purity, and stability analyses ~ 
were conducted by the analytical chemistry laboratory, Midwest Research Institute (MRI; Kansas City; 
MO). MRI reports on analyses performed in support of the 3,4-dihydrocoumarin studies are on file at 
the National Institute of Environmental Health Sciences. 

Both lots of the  chemical, a colorless liquid, were identified as 3,4-dihydrocoumarin by infrared~ . . . .  ~ " 
ultraviolet/visible, and nuclear magnetic resonance spectroscopy. All spectra were ~consistent with the k 
literature spectra of 3,4-dihydrocoumarin (Sadder Standard Spectra)~ as shown in Figures I1 and I2. ~ " • 

• 

The purity of lot 57599 was determined by elemental analyses, Karl Fischer water analysis, functional 
group titration, thin-layer chromatography (TLC), and gas chromatography. Titration was performed by 
the hydrolysis of lactone with 0.6 N alcoholic potassium hydroxide and back-titration with 1 N sulfuric 
acid to the phenolphthalein endpoint. Thin-layer chromatography was performed on Silica Gel 60 F~254 
plates with two solvent systems: 1) hexane:ethyl acetate (70:30) and 2) toluene:acetone (90:10). Plates 
were examined under shortwave (254. nm) ultraviolet light .and a spray of 0.5 g potassium permanganate 
dissolved in 100 mL N sodium hydroxide. Gas chromatographic analysis was performed with a flame 
ionization detector with a nitrogen carrier gas at a flow. rate of 70 mL/minute.. Two systems were used: 
A) 20% SP-2100/0.1% Carbowax 1500 on 100/120 Supelcoport, with an oven temperature program o f .  
50 ° C for 5 minutes, then 50 ~ to 170 ° C at 10 ° C per minute and B) 1% SP-1000 on 100/120 
Supelcoport, with an oven temperature program of 50 ° C for 5 minutes, then,50 ° to 250 ° C at. 10~.~C ..per~ 
minute.. .~ . . . .  

Elemental analyses of lot 57599 for carbon and hydrogen were in agreement with the theoretical values 
for 3,4-dihydrocoumarin. Karl Fischer water analysis indicated less than 0.05% water. Functional group 
titration indicated a purity of 99.1 _+ 0.4%. TLC by, the fi~st system indicated a major spot. and one 
trace impurity, and the second system indicated a major spot and two trace impurities. Gas .. , 
chromatography using the first system indicated a major peak and five impurities. Two impurities with a 
total area of 0.06% relative to. the major peak area cluted before the major peak, while three impurities 
cluted after the major peak and had a total area of 0.83% relative to the major peak. System 2 
indicated a major peak and seven impurities. Four impurities cluting boforc the major peak had a total 
area of 0.22% relative to the major~ peak, and three impurities cluting after the majorpeak had a •total. ~ 
area of 0.15% relative to the major peak. The overall purity was determined to bc  approximately 99%. ~. 

The purity of lot 44981 was determined by elemental analysis, Karl Fischer water analyses, free acid . 
titration, functional group titration, thin-layer chromatography, and gas chromatography. Free  acid 
titration was performed by dissolving the sample in absolute ethanol and titrating with 0.1 N aqueous • 
potassium hydroxide. Functional group titration was performed as described above except the titration 
was monitored potcntiomctrically with a pH/mV electrode filled with saturated potassium chloride. TLC 
was performed on Silica Gel 60 F-254 plates with two solvent systems: 1) hcxanc:cthyl acetate (70:30) 
and 2) toluene:acetone (90:10). Plates wcrc examined under shortwave (254 rim) and longwavc 
(366 rim) ultraviolet light and a spray of 0.5% (w/v) potassium permanganate in 1 N sodium hydroxide. 
Gas chromatographic analysis was performed with a flame ionization detector with a nitrogen carrier gas 
at a flow rate of 70 mL/minutc. Two systems wcrc used: A) 20% SP-2100/0.1% Carbowax 1500 on 
100/120 Supelcopon, with an oven temperature program of 50 ° C for 5 minutes, then 50 ° to 170 ° C at 
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100 C per minute and B) 1% SP-1000 on 100/120 Supelcoport, with an oven temperature program of 
50 ° C for 5 minutes, then 500 to 250 ° C at 10 ° C per minute. 

Elemental analyses of lot ~981  for carbon and hydrogen were in agreement with the theoretical values 
for 3,4-dihydrocoumarin. Karl Fischer water analysis indicated 0.014 ± 0.002% water. Free acid 
titration indicated 0.0ztO~ ± 0.(~308 mEq of acid per g of sample. Functional group titration indicated a 
purity of 100.6 ± 0.5%. Each TLC system indicated one major spot and one impurity. Gas 
chromatography using the first system indicated a major peak and two impurities with a total area of 
0.5% relative to the major peak area. A major peak and one impurity with an area totaling 0.2% 
relative to the major peak area were detected with the second system. The overall purity was 
determined to be greater than 99%. 

Stability studies were performed by the analytical chemistry laboratory on lot 57599. Gas 
chromatography was performed using the system A describe~:l for this lot, but with dodecane added as an 
internal standard and an isothermal temperature program of 170 ° C. These studies indicated that 
3,~-dihydrocoumarin was stable as a bulk chemical for at least 2 weeks when stored protected from light 
at temperatures up to ~0 ° C. The stability of the bulk chemical was monitored periodically at the study 
laboratory with infrared, gas chromatography, and free acid titration methods similar to those described 
above. No degradation of the bulk chemical was observed. 

~ g E ~ A g A T ] I ~ N  AND ~ L Y S ~ S  GF D O S E  ~ G ~ U L A T ~ D N S  
The d o n  fo~ula t ion  ~lutions were prepar~ by m ~ n g  3A~ihyd r~umar in  and Ma~ la  ~ ~ oil 
(wN) ~o ~ve the r ~ u i r ~  ~n~nt ra t ions  ~ab le  I1). ~ e  dose fo~ulat ions  were storm in the dark at 
~ o  C. D ~  fo~u la t i om were prepar~ o n e  for the 1 G ~ y  studio, ~ e ~  2 w ~  du~ng the 13-w~k 
s t u d ~ ,  and w ~ y  then even 2 w e b  in the 2-y~r studio. Fo~ula t ions  were d ~ r d ~  21 dan  aher 
the ~ t e  of pre~ration. 

. 
. 

~ f o ~ u ~ t i o n  s~bfl i~ stu~i~ were ~ f f o ~  by the anal~i~l  chem~t~ l a~ra to~ .  ~ i q u o ~  were 
~ r ~  ~ t ~  ~ t o n i t f i l e .  ~ e  e ~ r a ~  w ~  d i lu t~  ~ t h  methylene chloride ~nmining d ~ l  a l ~ h o l  ~ 
~n i n t e r 1  smn~rd.  O ~  chromatopaphic a n a l ~  ~ then ~ f f o r m ~  ~ t h  the tint s~tem d ~ i ~  
for the bolk puri~ a n a l ~  of lot ~981,  but ~ t h  a ~ e r  ~ flow rate of 30 mL/minute, an oven 
tem~ramre  program of  1 ~  C, ho thc~a l ,  and an inte~al standard of d ~ l  al~hol.  ~ ¢  stabili~ of  
~ e  d o n  ~o~u la t i o~  w ~  ~ n f i ~  for at l ~ t  3 w ~  at r a m  tcm~rature  when storm in the dark, 
~ well ~ for at l ~ t  3 hou~ when e ~ s ~  to air and light. 

Periodic analyses of the dose formulations of 3A-dihydrocoumarin were conducted at the study 
laboratory and analytical chemistry laboratory using ultraviolet spectroscopy. During the 16-day studies 
all formulations were analyzed (Table I2). During the 13-week studies, the dose formulations were 
analyzed every 6 weeks (Table D). During the 2-year studies, the dose formulations were analyzed every 
4 to 10 weeks (Table I4). In the 2-year studies all dose formulations were within 10% of the target 
concentrations. Periodic peroxide analyses of the corn oil vehicle by the study laboratory indicated that 
peroxide levels were within the acceptable limit of 10 mEq/kg. Results of the periodic referee analyses 
performed by the analytical chemistry laboratory were in good agreement with the results obtained by 
the study laboratory (Table I5). 

i 

I 

/ i -  



320 3,4-Dihydrocoumarin, NTP TR 423 

0 

0 

~I  0 
0 

0 

D 
! I ,  , I ~ 

0 ~ ~ o o ~  
~1 

(%) NOISSI~SNVEI1 

I~GUgE I1 

,I 
I ~ 

Z 

W 

Z 

0 

w 

0 

W 

z I ~ 

W 

0 

zj I 

I 

i 

W 

~ z  
I11 

Z ~ 
w 

Z Q 

O 
Z 
O 
O 

~! 

~" i 

UJ 

8 ~ 0  

~, ~ ~  
~ , ~ 3  

Infrared Absorption Spectrum of  3,4-Dihydrocoumarin 



:~,. :  ~ ..... : ~'~ ~ : ~ * ~  ~ . . . . . . . . . . . . . . . . . .  . . . . . . .  ~ . . . . . . . . . . . . .  ~ -- 

C~m~ Cl~a~gom mind ~ Fo~m~m~o~ 

~J_3~Ol:J.J_O3d$ ElaN ZHI/Y 09 0 9 ~ - ~ B  

I~ 

~ a  
I~l 

I~ ~'~ ~'~ 

~-~I ~,.. 0 04 

.~.~ .o EI~.~ ~ 
, 5 - ~ '  ~'  ° ° ° --~,~ ~ ~I~ I~'~ 

~ ~ ~ ~ -=? ~ i ~  ~ ~ 
~o. o ~ 

~ ~  
~ NI ~ ~ ~ 

~ l ~  " - ~  
~ ~ ~ ~ 

~ ~ ~ l ~  
~ o I ~  

o 

~ v ~  ~2 
~ c H ~ r  ~g~e~© ~e~n~nc~ S ~ r ~ m  o~ ~ - D ~ y ~ r ~ o ~ r ~ n  

32~ 

6 z 

0 ~ ~ 

E 

~ o 

~ 6 

I~  N N 

E E 

~,0 (/) U..l 

o, , ~ E  

x 

O 



3~2 ,3,4-Dihydrocoumarin, NTP TR 423 

TABLE I1 

P r e p a r a t i o n  and  Storage of Dose F o r m u l a t i o n s  in  the  Gavage Studies  of 3 ,4 -Dihydrocoumar in  

16-Day Studies 13-Week Studies 2~Year Studies 

Preparation 
3,4-Dihydrocoumarin was mixed with 
cont oil while being stirred. 

Chemical Lot Number 
57599 

• 

Maximum Storage Time 
14 days ., 

Storage Conditions 
Stored at room temperature and 
protected from light. 

Study Laboratory 
International Research and 
Development Corporation, 
Mattawan, M I  

Referee Laboratory 
Midwest Research Institute, 
Kansas City, MO 

• ~ 
~ ~ .  

Same as 16-day studies Same as 16-day studies 

57599 44981 

21 days 

Same as 16-day studies 

Same as 16-day studies 

Same as 16-day studies 

Same as 13-week studies 

Same as 16-day studies 

American Biogenics Corporation, 
.Woburn, MA 

Same as 16-day studies 

• . 

• 

, 



C~t~<m~ C ~ - ~ : ~ m  ~ ~ : ~ 0 : ~  ~ o r ~ o ~  3 ~  

T ~  ~ 
~ m ~  ++ .~mmi~3m~m +IP ~ P+rmmtmltm+It+mm ~+mm~mtm~rm~ + ~.~m~ mtm:~ ~ i t ~  tm ~<~ ~.~,~my G m v m ~  ~+tm+l~+~, 
+ P  ~ + ~ l ~ y < $ ~ t m m ~ m  " " 

I T ~ r ~  ~ r n ~ n ~  % ~ o ~  
~ m ~  ]P~'~pm~',~m:]) ~ m ~  . ~ m ~ y ' ~  ~ o ~ ¢ ~ . r e ~ o ~  C.~mmm+m+~o~ ~ ~ ' o ~  T ~  

(~/~) (~/~) 

20 January 1981 16 March 1981 19.0 15.9 -16 
37.5 32.3 -14 
75.0 67.5 -10 

150 119 -21 
~00 220 -27 

I~°~¢ / 

20 January 1981 12 March 1981 14.0 12.9 -8  
28.0 25.2 -10 
56.0 52.5 -6  ~ 

112.5 100.4 -11 
225 206 -8  

a Resul ts  o f  duplicate analyses 
b Mg/mL values: 19.0 mg/mL = .190 mg/kg, 37.5 mg/mL = 375 mg/kg, 75.0 mg/mL = 750 mg/kg, 150 mg/mL - 1,500 mg/kg, and 

300 mg/mL = 3,0~) mg/kg; dosing volume = 10 mL/kg. 
¢ Mg/mL values: 14.0 mg/mL = 140 mg/kg, 28.0 mg/mL = 280 mg/kg, 56.0 mg/mL = 560 mg/kg, 112.5 mg/mL = 1,125 mg/kg, 

and 225 mg/mL = 2,250 mg/kg; dosing volume = 10 mL/kg. 



324 3 ,4-Dihydrocoumar in ,  N T P  T R  423. 

T ~ L l g  I 3  

g,  e s u l t s  o f  A n a l y s i s  o f  D o s e  F o r m u l a t i o n s  A d m i n i s t e r e d  to  R a t s  a n d  M i c e  

i n  t h e  1 3 - W e e k  G a r a g e  S t u d i e s  o f  3 , 4 - D i h y d r o c o u m a r i n  

Da te  P r e p a r e d  Date  Analyzed 
Targe t  D e t e r m i n e d  % Difference 

Concen t r a t i on  C o n c e n t r a t i o n  a f rom Targe t  
(mg/mL) (mg/mL) 

R a t s  b 
16 April 1981 17 April 1981 

28 May 1981 3 June 1981 

M i c e  ¢ 

17 April 1981 21 April 1981 

29 May 1981 3 June 1981 

7.50 7.60 +1 
7.50 7.37 -2  

15.0 15.3 +2  
15.0 15.1 +1 
30.0 31.8 +6 
30.0 31.7 +6 
60.0 60.9 +2  
60.0 65.8 +10 

120 123 +3 
120 120 0 

7.50 7.45 -1 
7.50 7.53 0 

15.0 15.6 +4 
15.0 15.1 +1 
30.0 30.7 +2  
30.0 31.2 +4 
60.0 60.8 +1 
60.0 61.8 +3 

120 117 -3  
120 123 +3 

10.0 10.5 +5 
10.0 10.1 +1 
20.0 19.4 -3  
20.0 19.5 -3  
40.0 42.3 +6 
40.0 40.7 +2 
80.0 80.8 +1 
80.0 80.3 0 

160 162 +1 
160 173 +8 

10.0 9.56 -4 
10.0 9.20 -8  
20.0 19.1 -5 
20.0 18.9 -6  
40.0 38.2 -5 
40.0 38.9 -3  
80.0 78.9 -1 
80.0 80.1 0 

160 173 +8 
160 147 -8  

a Results of dupficate analyses 
b MghnL values 7.50 mg/mL -- 75 mg/kg, 15.0 mg/mL -- 150 mg/kg, 30.0 mg/mL = 300 mg/kg, 60.0 mg/mL = 600 mg/kg, 

120 mg/mL -- 1,200 mg/kg; dosing volume -- 10 mL/kg. 
¢ MghnL valuer 10.0 mg/mL -- 100 mg/kg, 20.0 m~/mL -- 200 mg/kg, 40.0 mg/mL -- 400 mg/kg, 80.0 mg/mL = 800 mg/kg, 

160 mg/mL = 1,600 mg/kg; dosing volume = 10 mL/kg. 
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T ~ . ~  lid 
~ u I ~  o~ ,~eI~y~[e o~ ~I3o~ ~ ' o ~ u ~ o n e  A~m~fin~'~l  ~ ~ en~l l~,~I~ ~n ~he 2 - Y ~ r  Gevege ~u~lfie~ 
o~ ~ D ~ h y ~ o ~ u ~ H n  

T ~  D e ~ e ~ e ~  % Difii'e~e~ce 
~ e  IP~re~'e~ ~ e  A ~ s ~ y ~  Concen~m~io~ C o n c e n ~ i o ~  a ~ m  T~r~e~ 

(n~/m~) (~/~) 

I 

28 September 198~ 1 October 1984 30.0 29.1 -3  
.60.0 59.2 -1 

120 121 +1 

2 November 198~ 5 November 1984 30.0 30.0 0 
60.0 58.9 -2  

120 129 +8 

6 November 1984 

6 December 198~ 

7A January 1985 

13 November 1984 c 

7 December 1984 

25 ,26January1985 

28 January 1985 30 January 1985 

21 March 1985 22 March 1985 

25 March 1985 26 March 1985 

4 April 1985 11 April 1985 c 

30 May 1985 31 May 1985 

25 July 1~¢5 26 July 1985 

30.0 32.1 +7 
60.0 61.0 +2 

120 119 -1 

30.0 30.1 0 
60.0 60.1 0 

120 120 0 

30.0 32.1 +7 
60.0 61.7 +3 
60.0 59.9 0 

120 121 +1 
120 121 +1 

30.0 29.6 -1 

30.0 29.2 -3 
30.0 29.2 -3  
60.0 57.2 -5 
60.0 57.6 -4  

120 115 -4  

120 120 0 

~0.0 29.4 -2  
60.0 58.4 -3  

120 116 -3  

30.0 29.3 -2 
30.0 29.5 -2  
60.0 61.4 +2 
60.0 60.5 +1 

120 121 +1 
120 121 +1 

30.0 29.5 -2  
30.0 29.8 -1 
60.0 57.6 -4  
60.0 59.1 -2  

120 117 -3  
120 119 -1 



326 " 3 ,4-Dihydrocoumar in ,  N TP  T R ' 4 2 3  

T ~ i ~  I4  • 

Resu l t s  o f  Analys i s  o f  D o s e  F o r m u l a t i o n s  A d m i n i s t e r e d  to  R a t s  a n d  M i c e  i n  t h e  2 . Y e a r  G a v a g e  Studies  • 
o f  3 , 4 - D i h y d r o c o u m a r i n  (continued) ' . 

' Ta rge t  D e t e r m i n e d  % Difference 
Date  P r e p a r e d  Da te  Analyzed Concen t r a t i on  Concen t r a t i on  f rom Targe t  • 

(mg/mL) (mg/mL) 

k 

Rat s  (continued) 
19 September 1985 20 September 1985 

9 October 1985 c 

30.0 28.5 -5 
30.0 28.1 ..-6 
60.0 59.1 -2  
60.0 59.5 -1 

120 123 +3 
120 124 +3 

60.0 59.4 
120 120 

-1 
0 

31 October 1985 

9 January 1986 

6 March 1986 

10 March 1986 

1 May 1986 

1.-4 November 1985 

20 November 1985 c 

10 January 1986 

7 March 1986 

13 March 1986 
" ~  • 

2 May 1986 

20 May 1986 ¢ 

30.0 30.7 
30.0 30.3 
60.0 64.1 
60.0 64.4 

120 121 
120 122 

30.0 29.2 
60.0 58.1 

120 122 

30.0 ~0.0 
30.0 29.6 
60.0 59.9 
60.0 59.1 

120 120 
120 121 

30.0 32.8 
30.0 33.3 
60.0 60.0 
60.0 59.1 

120 117 
120 119 

30.0 30.3 
, • 

3o.0 3i .o 
30.0 30.4 
60.0 61.3 
60.0 61.4 

120 125 
120 125 

30.0 32.1 
60.0 60.2 

120 119 

+2 
+1 
+7 
+7 
+1 
+2 

-3  
-3  

+2  

0 
-1 

0 
-2  

0 
+1 

+9 
+11 

0 
-2  
-3  
-1 

+1 

+3 
+1 
+2 
+2  
+4 
+4 

÷7 
0 

-1 
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T , ~  I[,~ 
~ ~ A ~ y ~  o~ D ~  ~ o ~ o ~ s  A~n~s~e~-~  ~o ~ ~n~ M~e~ ~n ~h¢ 2-~e~r G~v~ge ~ e s  
~ ~ D ~ l h l y ~ l l ' ~ l ~ q I ~ l ~ n  (continued) 

TarBe~ De~-m~ne¢~ % D~ffee-ence 
D n ~  Ilhr~p~re¢ll D a n  Anany~cn C . o n c e n ~ o ~  Concen~n~ion  f rom Targe~ 

( ~ L )  (me,/mL) 

] ~ a  (continued) 
26 June 1986 27 June 1986 

• - 

3 September 1986 4 September 1986 

~ o ~  d 

13 December 198~ 

28 December 198,l 

7 February 1985 

14 December 1984 

3 January1985 

10 ~ebt~tary 1985 

26 February 1985 c 

4 A p ~ i  1985 5Apri l  1985 

30May 1985 31May1985 

18 June 1985 ¢ 

2 5 J u ~  1985 2 6 J u ~  1985 

19 September 1985 20 September 1985 

30.0 29.6 -1 
30.0 28.5 -5 
60.0 58.8 -2  
60.0 58.7 -2  

120 116 -3  
120 117 -3  

30.0 29.2 -3  
60.0 61.7 +3 
60.0 58.4 -3  

120 119 -1 

20.0 19.7 -2  
40.0 39.7 -1 
80.0 80.8 +1 

20.0 19.5 -3  
40.0 38.4 -4 
80.0 78.9 -1 

20.0 19.3 -4 
40.0 39.5 -1 
80.0 81.9 +2 

20.0 20,5 +3 
40.0 40,2 +1 
80.0 80.8 +1 

20.0 19.8 -1 
40.0 39.1 -2  
80.0 76.7 -4 

20.0 19.8 -1 
40.0 40.6 +2 
80.0 81.3 +2 

20.0 20.2 +1 
40.0 40.2 " +1 
80.0 80.2 0 

20.0 19.6 -2  
40.0 39.3 -2  
80.0 76.9 -4 

20.0 . 19.7 -2  
40.0 41.6 +4 
80.0 80.9 +1 



3 2 8  ° • ' ~::. 3 ,4-Dihydrocoumartn,  N T P T R .  47~33 

T A ~ i ~  14 

R e s u l t s  o f  A n a l y s i s  o f  D o s e  F o r m u l a t i o n s  A d m i n i s t e r e d  to  R a t s  a n d  M i c 6  I n  t h e  2 , Y e a r  G a v a g e  S t u d i e s  

o f  3 , 4 - D i h y d r o c o u m a r i n  (continued) ~ " , 

. . '  % Difference 
Date P repared  : Date Analyzed f rom Target  

Target  
Concentra t ion  

(mg/mL) 

Dete rmined  
Concent ra t ion  

(mg/mL) 

Mice (continued) 
31 October 1985 

9 January 1986 " 

6 March 1986 

1-4 November 1985 

20 November 1985 c 

20.0 
40.0 
80.0 

20.9 +5 
39.6 - -1 
83.0 +4 

20.0 19.3 -4  
40.0 38.1 -5 
80.0 79.1 -1 

10 January 1986 20.0 19.7 -2  
40.0 39.3 -2  
80.0 79.0 -1 

• 

7 March 1986 20.0 20.8 +4 
40.0 39.2 .. • -2  
80.0 80.1 0 

20.0 20.6 +3 
40.0 42.5 +6 
80.0 82.1 +3 

1 May 1986 2 May 1986 

20 May 1986 c 20.0 21.3 +7 
40.0 40.9 +2 
80.0 82.2 +3 

26 June 1986 27 June 1986 

4 September 1986 

17 October 1986 

4 November 1986 c 

3 September 1986 

16 October 1986 

24 November 1986 

20.0 19.6 -2  
40.0 37.7 -6  
80.0 78.3 -2  

20.0 20.5 +3 
40.0 38.7 -3  
80.0 80.3 0 

20.0 20.4 +2 
40.0 40.2 +1 
80.0 78.6 -2  

20.0 20.3 +2 
40.0 40.4 +1 
80.0 79.0 -1 

20.0 20.2 +1 
40.0 40.0 0 
80.0 78.7 -2  

26 November 1986 

a Results of duplicate analyses 
b Mg/mL values: 30.0 mg/mL -- 150 mg/kg, 60.0 mg/mL -- 300 mg/kg, and 120 mg/mL -- 600 mg/kg; dose volume -- 5 mLJkg. 
c Animal room samples 
d Mg/mL values: 20.0 mg/mL = 200 mg/kg, 40.0 mg/mL = 400 mg/kg, and 80.0 mg/mL = 800 mg/kg; dose volume = 10 ml.~kg. 



I C ~ c a ~  C ~ a ~ . ~ o ~ m  ~n~ ~ F o ~ i o ~  ~ 

T,~x~ ~$ 
~ ~ ~ , ~ y ~  ~ ~ ~ ' ~ . ~ ~  ~ v ~  ~ ~ ~u~ I ~  
~u~ ~ ~ - ~  G ~  ~ ~ ~ o ~ y ~ u ' ~ u ~  

~ e ~  ~ r ~ o ~  ~ L ~  
" ~  ~ u n c ~ n ~ o ~  ~ y  

28 September 1~,~ 120 121 
25 July 1985 ~).0 57.6 
26 June 1986 120 117 

I~lc~ 

7 February 1985 20.0 19.3 
9 Janna W 1986 80.0 79.0 

111 ± 2 
58.1 ± 0.2 
1 2 0 ±  1 

19.6 + 0.2 
78.1 + 0.2 

a Results of duplicate analyses 
b Results of triplicate analyses (mean _+ standard error) 
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332 3,4-Dihydrocoumarin, NTP TR 423 

T A m ~  J l  
Ing red ien t s  of NIH-07 Ra t  and  Mouse  Ra t ion  a 

Ingredients b Percent by Weight 

Ground 4/2 yellow shelled corn 24.50 
Ground hard winter wheat 23.00 
Soybean meal (49% protein) 12.00 
Fish meal (60% protein) 10.00 
Wheat middlings 10.00 
Dried skim milk 5.00 
Alfalfa meal (dehydrated, 17% protein) 4.00 
Corn gluten meal (60% protein) 3.00 
Soy oil 2.50 
Dried brewer's yeast 2.00 
Dry molasses 1.50 
Dicalcium phosphate 1.25 
Ground limestone 0.50 
Salt 0.50 
Premixes (vitamin and mineral) 0.25 

a NCI, 1976; NIH, 1978 
b Ingredients were ground to pass through a U.S. Standard Screen No. 16 before being mixed. 

T ~ L ~  J2  
Vi tamins  and  M i n e r a l s  in  NIH-07 Rat  a nd  Mouse  Ra t ion  a 

Amount Source 

Vitamins 
A 5,500,000 IU 
D 3 4,600,000 IU 
K 3 2.8 g 
d-a-Tocophe~yi 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/tg 
Pyridoxine 1.7 g 
Biotin 140.0 mg 

Mlnsrala 
Iron 120.0 g 
Manganese 60.0 g 
Zinc 16.0 g 
Copper 4.0 g 
Iodine 1.4 g 
Cobalt 0.4 g 

Stabilized vitamin A palmitate or acetate 
D-activated animal sterol 
Menadione 

Choline chloride 

d-Calcium pantothenate 

Thiamine mononitrate 

Pyridoxine hydrrochloride 
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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T ~  23 
Nutr ient  C o m ~ t ~ o ~  off I~H-07 ~ a t  aug Mouse ~at~o~ 

M e a n  ± S t a n d a r d  

N u t ~ e n t  De~a t~on  ~ n g e  H u m O r  o~ S a m p l e s  

Protein (% by weight) 22.15 ± 0.48 
Crude fat (% by weight) 5.64 ± 0.42 
Crude fiber (% by weight) 3.47 ± 0.46 
Ash (% by weight) 6.46 ± 0.25 

A~rmo Ac~s (% of ~ o ~  d ~ 0  
Arginine 1.308 ± 0.060 
Cystine 0.306 + 0.084 
Glycine 1.150 +_ 0.047 
Histidine 0.576 ± 0.024 
Isoleucine 0.917 ± 0.029 
Leucine 1.946 ± 0.055 
Lysine 1.270 ± 0.058 
Methionine 0.448 ± 0.128 
Pbenylalanine 0.987 ± OA40 
Threonine 0.877 ± 0.042 
Tryptopban 0.236 ± 0.176 
Tyrosine 0.676 ± 0.105 
Valine 1.103 ± 0.040 

E s s ~ n ~  F ~ y  A c ~  (% of to~l  ~i*0 
Linoleic 2.393 ± 0.258 
Linolenic 0.280 ± 0.040 

VA~r~l~ 
Vitamin A (IU/kg) 8,426 ± 2,660 
Vitamin D (IU/kg) 4,450 ± 1,382 
~-Tocopherol (ppm) 37.95 ± 9.41 
Thiamine (ppm) 20.52 ± 1.67 
Riboflavin (ppm) 7.92 ± 0.87 
Niacin (ppm) 103.4 ± 26.59 
Pantothenic acid (ppm) 29.54 ± 3.60 
Pyridoxine (ppm) 9.55 ± 3.48 
Folic acid (ppm) 2.25 ± 0.73 
Biotin (ppm) 0.254 ± 0.042 
Vitamin B12 (ppb) 38.45 ± 22.01 
Choline (ppm) 3,089 ± 328.69 

M~m~n~ls 
Calcium (%) 1.13 ± 0.I0 
Phosphorus (%) 0.92 ± 0.05 
Potassium (%) 0.883 ± 0.078 
Chloride (%) 0.526 ± 0.092 
Sodium (%) 0.313 ± 0.390 
Magnesium (%) 0.168 ± 0.010 
Sulfur (%) 0.280 ± 0.064 
Iron (ppm) 360.5 ± 100 
Manganese (ppm) 92.0 ± 6.01 
Zinc (ppm) 54.72 _ 5.67 
Copper (ppm) 11.06 ± 2.50 
Iodine (ppm) 3.37 ± 0.92 
Chromium (ppm) 1.79 _ 0.36 
Cobalt (ppm) 0.681 ± 0.14 

21.1 - 23.1 
4.7 - 6.4 
2.7 - 5.4 
6.1 - 7.0 

1.210 - 1.390 
0.181 - 0.400 
1.069 - 1.210 
0.531 - 0.607 
0.881 - 0.944 
1.850 - 2.040 
1.200 - 1.370 
0.306 - 0.699 
0.665 - 1.110 
0.824 - 0.940 
0.107 - 0.671 
0.564 - 0.794 
1.050 - 1.170 

1.830 - 2.570 
0.210 - 0.320 

4,700 - 15,000 
3,0~0 - 6,300 

22.5 - 48.9 
17.0 - 23.0 
6.10 - 9.00 
65.0 - 150.0 
23.0 - 34.0 
5.69 - 14.0 
1.80 - 3.70 
0.19 - 0.32 
10.6 - 65.0 

2,400 - 3,439 

0.95 - 1.41 
0.73 - 0.99 

0.772 - 0.971 
0.380 - 0.635 
0.258 - 0.371 
0.151 - 0.181 
0.208 - 0.420 
255.0 - 523.0 
81.70 - 99.40 
46.10 - 64.50 
8.090 - 15.39 

1.52 - 4.13 
1.04 - 2.09 

0.490 - 0.780 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

27 
4 
8 

27 
8 
8 
8 
8 
8 
8 
8 
8 

27 
27 

6 
8 
8 
8 
8 
8 
8 
8 
8 
6 
8 
4 



334 3 , 4 - D i h y d r o c o u m a r i n ,  N T P  T R  423  

TA~L~ J4 
Contaminant Levels in NIH-07 Rat and Mouse. Rat ion ,  " , .  

• , 

Contaminants 
Mean :k S t a n d a r d  ..... • " .. 

D e v i a t i o n  a R a n g e  N u m b e r  o f  S a m p l e s "  
. 

Arsenic (ppm) 0.72 ± 0.22 

Cadmium (ppm) . ~ <0.1. 

Lead (ppm) ' " 0.~8 ±' 0:27 ~ ' . 

Mercury (ppm) <0.05 
Selenium (ppm) 0.35 ± 0.08 

Aflatoxins (ppb) <5.0 
Nitrate nitrogen (ppm~  bc" " " " . ' ' '16.95 ± 6;93 -' " 

Nitrite nitrogen (ppm) u 0.40 ± 0.70 

BHA (ppm). ~ 2.51 ± 1.01 
BHT (ppm) d 1.67 ± 0.96 

Aerobic plate count (CFU/g) e 36,251 ± 40,816 

Coliform (MPN/g) f 14.48 ± 45.74 
E. coli ( M P N / g ~  5.81 ± 7.94 
E. coli (MPN/g) "~ 3.04 ± 0.20 
Total ni t rosoamines (ppb) i 7.93 ± 3.22 
N-Nitrosodimethylamine (ppb) i 6.79 _+ 3.06 
N-Nitrosopyrrol idine (ppb) ! 1.14 ± 0.53 

Pesticides 

a - B H C  j <0.01 
8--BHC <0.02 
y-nHc <0.01 
~8-BHC <0.01 

Heptachlor <0.01 

Aldrin <0.01 
Heptachlor epoxide <0.01 

D D E  <0.01 
D D D  <0.01 
D D T  <0.01 
HCB <0.01 
Mirex <0.01 
Methoxychlor < 0.05 
Dieldrin <0.01 
Endrin <0.01 
Telodrin <0.01 
Chlordane <0.05 
T ~ a p h e n e  <0.1 
Estimated PCBs <0.2 
Ronnel  <0.01 
Ethion <0.02 
Trithion <0.05 
Diazinon <0.1 
Methyl parathion <0.02 
Ethyl parathion <0.02 
Malathion k 0.22 ± 0.62 
Endosulfan 1 <0.01 
Endosulfan 2 <0.01 
Endosulfan sulfate <0.03 

0 . 1 8  - 1 . 0 7  

• ~ 0105-  1.32 

0.17 - 0.48 

2 . s 0  - 41.6 
<0.10 - 2.60 
<ZOO - 5.00 
< 1.00 - 4.00 

770 - 130,000 
<3.00 - 240 
< 3.00 - 43.0 
<3.00 - 4.00 

3.80 - 16.0 
2.8O - 15.0 

< 1.00 - 3.40 

0.05 - 3.20 



~ . ~ s ~ O y ~  ~$ 
. .  

T ~  J~ 
C C o ~ e ~  ~ve~e ~ H ~ 7  ~ ~ ~ ¢ ~ e e  ~ o ~  (continued) 

a For values lem than the limit of detection, the detection limit i~ ~iven for the mean. 
b Sources of contamination: alfalfa, ~'ains, and fmh meal 
c Includes one large value of 1.32 ppm obtained from the lot'milled on 10 Dec~mt~ 1~4.  
d Sources of contamination: soy oil and fish meal 
e C F U  -- colony forming unit 
f MNP ffi most probable number 
g Excludes one high value of 7A0 I~iPIq/g obtained from the lot milled on 14 September 1 ~ .  
h Includes one value of 4.0 MPN/g obtained from the lot milled on 17 Octob~" 19~.  
i All values were cogrected for percent recovery. 
J B H C  -- hexachlorocyclohexane or benzene hexachloride 
k Ten lots contained more than 0.05 ppm, including one,lot milled on 7 I ~ y  I ~ 5  that contained 3.20 ppm. 

. ~ 
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SENTINEL ANIMAL PROGRAM 
M E T H O D S  

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 serology on sera from extra (sentinel) animals in the study rooms. These animals and the study 
animals are subject to identical environmental conditions. The sentinel animals come from the same 
production source and weanling groups as the animals used for the studies of chemical compounds. 

R a t s  : ' 

During the 2-year study~ 15. F344/N rats of each sex were maintained with th e study animals to serve as 
sentinel animals. At 6, 12, and 18 months into the studies, blood was drawn from five rats of each sex. 
Additional analyses were conducted at the final sacrifice (24 months) on samples collected from vehicle 
control animals. Blood collected from each animal was allowed to clot and the serum was .separated. 
The serum was cooled on ice and shipped to Microbiological Associates (Bethesda, MD) for 
determination of antibody titers. The following tests were performed: 

Method of Analysis Time 
ELISA 

~ , 

Mycoplasma arthritidis 6, 12, 
• 

Mycoplasma pulmonis 6, 12, 
PVM (pneumonia virus of mice) ~ 6, 12, 
Sendal 6, 12, 
RCV/SDA (rat coronavirus/sialodacryoadenitls virus) 

- . 

Hemagglutinat.io n Inhibition 
KRV (Kilham rat virus) 
H- l (T0olan ' s  H-I  virus) 

of Analysis .. 

18, and 24 months 
18, and 24 mo~nths 
18, and 24. months 
18, and 24 months 

6, 12, 18, and 24 mo,nths 

, v  

" ' 6, 12, 18, and 24 months 
• 6, 12, 18, and 24 months 

M i c e  

During the 2-year study, 15 B6C3F1 mice of each sex were maintained with the study animals to serve as 
sentinel animals. At 7, 12, and 18 months into the studies, blood was drawn from five mice of each sex. 
Analyses were also conducted on 3 males at 5 months. Additional analyses were conducted at the final 
sacrifice (24 months), on samples collected from vehicle control animals. Blood collected from each 
animal was allowed to clot and the serum was separated. The serum was cooled on ice and shipped to 
Microbiological Associates (Bethesda, MD) for determination of antibody titers. The following tests 
were performed: 
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Metho~ of Anal~is 
Complement F~r~ration 

LCM 0ymphoeytic choriomeningitis virus) 

Time of Analysis 

5, 7, 12, and 18 months 

ELISA 
" M. arthritidis 

, . 

M. pu lmon i s  
P V M  
Sendal 
MHV (mouse hepatitis virus) 
Ectromelia virus 
GDVII (mouse encephalomyelitis virus) 
Reovirus 3 
Mouse ~denoma virus 

5, 7, 12, 18, and 24 months 
5, 7, 12, 18, and 24 months 
5, 7, 12, 18, and 24 .months 
5, 7, 12, 18, and 24 months 

. 

5, 7, 12, 18, and 24 months 
5, 7, 12, 18, and 2~ months 
5, 7, 12, 18, and 24 months 
5, 7, 12, 18, and 24 months 
5, 7, 12, 18, and 24 months 

Henmgglutinafion Inhibition 
K (papov~virus) 
Polyonm virus 
MVM (minute virus of mice) 

5, 7, 12, 18, and 24 months 
5, 7; 12, 18, and 24 months 
5, 7, 12, 18, and 24 months 

Immunofluorescent Assay 
EDIM (Epizootic diarrhea of infant mice) 
LCM (Lymphocytic choriomeningitis virus) 

5, 7, 12, 18, and 24 months 
24 months 

Results of serology testing for rats and mice are presented in Table K1. 

T~L~ ~ 
b~I~r~ne Vtr~s ~ y  De~ern~n~ons ~or ] ~  ~ ]V~lce ~n ~ e  ~-Ye~r Garage ~ e s  
~ ~D~hy~zc~on~a~n  

~I~r~en ~m~c~c~enc~ o~ , A ~ g i ~ y  ~osigive ,~eroaogic 
(mm~n~) In ,~n~tne~ A~ime~  ~eact~orm ~or 

6 months 10/10 
1/10 

12 months 10/10 

' 18 months 9/9 

24 months 10/10 

5 months 0/3 

7 months 0/10 

12 months 0/10 

18 months 0/10 

7A months 0/10 

PVM 
Possible M. arthdtidis 

PVM 

PVIVI 

PVM 

None positive 

None pmitive 

None l~ i t ive  

None p~itive 

None positive 



NATIONAL TOXICOLOGY PROGRAM TECHNICAL REPORTS 
PRINTED AS OF SEPTEMBER 1993 

TR No..CHEMICAL TR No. CHEMICAL 

201 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Dermal) 
206 1,2-Dibromo-3-chloropropane 
207 Cytembena 
208 FD & C Yellow No. 6 
209 2,3,7,8-Tetrachlorodibenzo-p-dioxin (Garage) 
210 1,2-Dibromoethane 
211 C.L Acid Orange 10 
212 Di(2-ethyihexyl)adipate 
213 Butyl Benzyl Phthalate 
214 Caprolactam 
215 Bisphenol A 
216 ll-Aminoundecanoic Acid 
217 Di(2-Ethylhexyl)pht halate 
219 2,6-Dichloro-p-phenylenediamine 
220 C.I. Acid Red 14 
221 Locust Bean Gum 
222 C.I. Disperse Yellow 3 
223 Eugenol 
224 Tara Gum 
225 D & C Red No. 9 
226 C.L Solvent Yellow 14 
227 Gum Arabic 
228 Vinylidene Chloride 
229 Guar Gum 
230 Agar 
231 Stannous Chloride 
232 Pentachloroethane 
233 2-Biphenylamine Hydrochloride 
234 Allyl Isothiocyanate 
235 Zearalenone 
236 D-Mannitol 
237 1,1,1,2-Tetrachloroethane 
238 Ziram 
239 Bis(2-chloro-l-Methylethyl)ether 
240 Propyl Gallate 
242 Diailyl Phthalate (Mice) 
243 Trichlorethylene (Rats and Mice) 
244 Polybrominated Biphenyl Mixture 
245 Melamine 
246 ChWsotile Asbestos (Hamsters) 
247 L-A.~corbic Acid 

t . . . . .  248 4,4 -Methylenedtamhne Dthydrochionde 
249 Amosite Asbestos (Hamsters) 
250 Benzyl Acetate 
251 2,4- & 2,6-Toluene Diisocyanate 
252 Geranyl Acetate 
253 Allyl Isovalerate 
254 Dichloromethane (Methyle~6 Chloride) 
255 1,2-Dichlorobenzene 
257 Diglycidyl Resorcinol Ether 
259 Ethyl Acrylate 
261 Chlorobenzene 
263 1,2-Dichloropropane 
266 Monuron 
267 1,2-Propylene Oxide 
269 Telone II® (1,3-Dichloropropene) 
271 HC Blue No. 1 
272 Propylene 

273 Trichloroethylene (Four Rat Strains) 
274 Tris(2-et hylhesyl)phosphate 
275 2-Chloroethanol 
276 8-Hydroxyquinoline 
277 Tremolite 
278 2,6-Xylidine 
279 Amosite Asbestos 
280 Crocidolite Asbestos 
281 HC Red No. 3 
282 Chlorodibromomethane 
284 Diallylphthalate (Rats) 
285 C.I. B~sic Red 9 Monohydrochloride 
287 Dimethyl Hydrogen Phosphite 
288 1,3-Butadiene 
289 Benzene 
291 Isophorone 
293 HC Blue No. 2 
294 Chlorinated Trisodium Phosphate 
295 Chrysotile Asbestos (Rats) 
296 Tetrakis(hydroxymethyl) phosphoniumSuifate& 

Tetrakis(hydroxymethyl) phosponium Chloride 
298 Dimethyl Morpholinophosphoramidate 
299 C.I. Disperse Blue 1 
300 3-Chloro-2-methylpropene 
301 o-Phenylphenol 
303 4-Vinylcyclohexene 
304 Chlorendic Acid 
305 Chlorinated Paraffins (C23 , 43% Chlorine) 
306 Dichioromcthane (Methylene Chloride) 
307 Ephedrine Sulfate 
308 Chlorinated Pariffins (C12 , 60% chlorine) 
309 Dccabromodiphcnyl Oxide 
310 Marine Diesel Fuel and JP-5 Navy Fuel 
311 Tetrachloroethyicnc (Inhalation) 
312 n-Butyl Chloride 
313 Mirex 
314 Methyl Methacrylate 
315 Oxytetracycline Hydrochloride 
316 1-Chloro-2-met hylpropene 
317 Chlorpheniramine Maleate 
318 Ampicillin Trihydrate 
319 1,4-Dichlorobenzene 
320 Rotenone 
321 Bromodichloromethane 
322 Phenylephrine Hydrochloride 
323 Dimethyl Methylphosphonate 
324 Boric Acid 
325 Pentachloronitrobenzene 
326 Ethylene Oxide 
327 Xylenes (Mixed) 
328 Methyl Carbamate 
329 1,2-Epoxybutane 
330 4-Hexylresorcinol 
331 Malonaldehyde, Sodium Salt 
.332 2-Mercaptobenzot hiazole 
333 N-Phenyl-2-nsphthylamine 
334 2-Amino-5-nitrophenol 
335 C.I. Acid Orange 3 
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NATIIONAL TOI~ICOLOG~ ~OG~I~AII~I TECHN~ICAL ~]E~O~T~ 
P~INT~D A~ OF ~/EYTEIViI~EII~ ~1~:3 (CONT.) 

T~ N¢. CH~M~ICAL T~ No. CHeMiCAL 

3~6 Penicillin V'K 378 Benzaldehyde 
337 Nitrofurazone 379 2-Chloroacetophenone 
338 Erythromycin Stearate 380 Epinephrine Hydrochloride 
339 2-Amino-~-nitrophenol 381 d-Carvone 
340. lodinated Glycerol 382 Furfural 
341 Nitrofurantoin 385 Methyl Bromide 
342 Dichlorvos 386 Tetranitromethane 
343 Benzyl Alcohol 387 Amphetamine Sulfate 
~ Tetracycline Hydrochloride 388 Ethylene Thiourea 
345 Roxarsone 389 Sodium Azidc 
346 Chloroethane 390 3,3%Dimethylbenzidine Dihydrochloride 
347 D-Limonene 391 .Tris(2-chioroethyl) Phosphate 
348 ~-Methyldopa Sesquihydrate 392 Chlorinated Water and Chloraminated Water 
349 Pentachlorophenol 393 Sodium Fluoride 
350 Tribromomethane 394 Acetaminophen 
351 p-Chloroaniline Hydrochloride 395 Probenecid 
352 N-Methylolacrylamide 396 Monochloroacetic Acid 
353 2,4-Dichlorophenol 397 C.I. Direct Blue 15 
354 Dimethoxane 398 Polybrrominated Biphenyls 
3,55 Diphenhydramine Hydrochloride 399 Titanocene Dichloride 
356 Furosemide 401 2A-Diaminophenol Dihydrochloride 
357 Hydrochlorothiazide 402 Furan 
358 Ochratoxin A 403 Resorcinol 
359 8-Metho~typsoralen 405 C.I. Acid Red 114 
360 N,N-Dimethylaniline 406 ,~-Butyrolactone 
361 Hexachloroethane 407 C.I. Pigment Red 3 
362 4-Vinyl-l-Cyclohexene Diepoxide 408 Mercuric Chloride 
363 Bromoethane (Ethyl Bromide) 409 Quercetin 
~ Rhodamine 6G (C.I. Basic Red 1) 410 Naphthalene 
365 Pentaerythritol Tetranitrate 411 C.I. Pigment Red 23 
366 Hydroquinone 412 4,4-Diamino-2,2-Stilbenedisulfonic Acid 
367 Phenylbutazone 413 Ethylene Glycol 
368 Nalidixic Acid 414 Pentachloroanisole 
369 Alpha-Methylbenzyl Alcohol 415 Polysorbate 80 
370 Benzofuran 416 o-Nitroanisole 
371 Toluene 417 p-Nitrophenol 
372 3,3-Dimethoxylmnzidine Dihydrochloride 418 p-Nitroaniline 
373 Succinic Anhydride 419 HC Hellow 4 
374 Glycidol 427 Turmeric Oleoresin 
375 Vinyl Toluene 434 1,3-Butadiene 
376 Allyl Glycidyl Ether 443 Oxazepam 
377 o-Chlorolxmzalmalononitrile 

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 Central Data Management, NIEHS, P.O. Box 12233, MD A0-01, Research Triangle Park, NC 
27709. 



DEPARTMENT OF 
HEALTH & HUMAN SERVICES 

Public Health Service 
National Toxicology Program 
Central Dam Management 
P.O. Box 12233, MD A0.01 
Research Triangle Park, NC 27709 

SPECIAL FOURTH-CLASS RATE 
POSTAGE AND FEES PAID 

DHHS/NIH 
Permit No. G-763 

. .  

Official Business 
Penal ty  for  Pr ivate  Use  - $300 

• ~ ( .  IDONNA CARDEN CARDEN 

"" !REL~EARCH TRIANGLE 

I~~ , " 
' ~:':' "~"2,, ;~i ~.. ~ ..... 

~ ~"~ 
-~- 

,~C:. 
: ~ , ~  

. . 

~. 
: ~  

pARK, 

. ,  

NC 

NIH Publ ica t ion No. 93-3154 
Sep tember  1993 


	CONTENTS
	ABSTRACT
	EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY
	TECHNICAL REPORTS REVIEW SUBCOMMITTEE
	SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION AND CONCLUSIONS
	REFERENCES
	APPENDIX A: Summary of Lesions in Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin
	APPENDIX B: Summary of Lesions in Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin
	APPENDIX C: Summary of Lesions in Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin
	APPENDIX D: Summary of Lesions in Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin 
	APPENDIX E: Summary of Lesions in Male Rats in the Stop-Exposure Gavage Study of 3,4-Dihydrocoumarin
	APPENDIX F: Genetic Toxicology
	APPENDIX G: Organ Weights and Organ-Weight-to-Body-Weight Ratios
	APPENDIX H: Hematology and Clinical Chemistry Results
	APPENDIX I: Chemical Characterization and Dose Formulations
	APPENDIX J: Ingredients, Nutrient Composition, and Contaminant Levels in NIH-07 Rat and Mouse Ration
	APPENDIX K: Sentinel Animal Program
	NTP Reports Page
	NTP Home Page
	EHIS Home Page

