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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 NTP develops, 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 per 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-DIHYDROCOUMARIN

CAS No. 119-84-6

Chemical Formula: CH O,

Molecular Weight: 148.17

Synomyms: 1,2-benzodihydropyrone, 2H-1-benzopyran-2-one, 2-chromanone, 3,4-dihydro-2H-1-benzopyran-2-one, dihydrocoumarin,
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 gavage to groups of male and female
F344/N rats and B6C3F, mice for 16 days, 13 weeks,
and 2 years. Genetic toxicology studies were con-
ducted in Salmonella typhimurium, cultured Chinese
hamster ovary cells, and peripheral blood cells of
mice.

16-DAY STUDY IN RATS

Groups of five male and five female rats received -

3,4-dihydrocoumarin in corn oil by gavage at doses of
0, 180, 375, 750, 1,500, or 3,000 mg/kg body weight
S 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
1,500 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.

16-DAY STUDY IN MICE

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
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.

13-WEEK STUDY IN RATS

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 per week for 13 weeks. Two male rats and
five female rats given 1,200 mg/kg died. The body
weight gain and final mean body weight of male rats
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. Platelet counts
were significantly lower in males and females receiv-
ing 600 and 1,200 mg/kg and in females receiving
300 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




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.

13-WEEK STUDY IN MICE

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 relative liver
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-YEAR 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, and Clinical Findings
Survival rates of dosed male rats were lower than that
of the controls (0 mg/kg, 28/51; 150 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.

3,4-Dihydrocoumarin, NTP TR 423

Hematology and Clinical Chemistry

At the 15-month interim evaluation, the hemoglobin
concentrations, mean erythrocyte 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 y-glutamyltransferase in the 300
and 600 mg/kg male rats were significantly higher
than those in the controls. In females, alkaline phos-
phatase and y-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 of single kidney sections, renal tubule
adenomas were observed .in one 150 and two
600 mg/kg males and one each in the control, 150,
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 incidence of forestomach ulcers in all groups of
dosed male rats was sngmﬁcantly greater than that of
the controls (4/47 14/48 20/50 16/46) '

Loarer
2

STOP-EXPOSURE EVALUATION

A group of 40 male rats received 600 mg/kg 3,4- dlhy-
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 15 months, when 10 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



3,4-Dihydrecoumarin, NTP TR 423

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-YEAR STUDY IN MICE

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 mgkg 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.

Survival, Bedy Weights, and Clinical 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.

Hematology and Clinical Chemistry

There were no differences in hematology or clinical
chemistry parameters that were considered to be
chemical related.

Pathology 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 (combined): 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.

GENETIC TOXICOLOGY
3,4-Dihydrocoumarin did not induce gene mutations
in Salmonella typhimurium strains TA98, TA100,
TA1535, or TA1537 with or without exogenous meta-
bolic activation (S9). It induced sister chromatid
exchanges but not chromosomal aberrations in
cultured Chinese hamster ovary cells, with and
without S9. No induction of micronuclei was noted
in peripheral blood erythrocyte samples obtained
from male and female B6C3F, mice at the end of the
13-week toxicology study.

CONCLUSIONS

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, mice receiving 200, 400, or
800 mg/kg. There was some evidence of carcinogenic
activity in female B6C3F; mice based on increased

3,4-Dihydrocoumarin, NTP TR 423

incidences of hepatocellular adenoma and 5ilepato-
cellular adenoma or carcinoma (combined).

3,4-Dihydrocoumarin caused ulcers, hyperplasia, and
inflammation of the forestomach, parathyroid giand
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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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of 3,41-Dihydmcbummrm

Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F, Mice

Female
B6C3F, Mice

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

Body weights
High-dose group lower than
controls

2-Year survival rates
28/51, 12/50, 8/50, 2/50

Nonneoplastic effects
Forestomach: ulcer (4/47,
14/48, 20/50, 16/46);
hyperplasia (3/47, 11/48,
14/50, 11/46); inflammation
(3747, 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 (0/50, 3/48, 6/47,
6/50); nephropathy severity
grades (2.2, 2.9, 3.2,3.2)

Neoplastic effects
Kidney: renal tubule
adenoma - single sections
(0/50, 1/48, 0/47, 2/50); step
sections (1/50, 0/48, 3/47,
5/50)

Uncertain findings
Kidney: transitional cell
carcinoma (0/50, 0/48, 0/47,
2/50)

0, 150, 309, or 600 mg/kg in
corn oil by gavage

Dosed groups similar to
controls

31/50, 21/51, 26/50, 23/51

None

None

None

Level of evidence of carcinogenic activity

Some evidence

Genetic toxicology

Salmonella typhimurium gene mutation:

Sister chromatid exchanges

Chinese hamster ovary cells in vitro:
Chromosomal aberrations

Chinese hamster ovary cells in vitro:
Micronucleated erythrocytes

B6C3F; mouse peripheral blood:

No evidence

0, 269, 409, or 800 mg/kg in
corn oil by gavage

Dosed groups similar to
controls

42/50, 39/51, 34/51, 38/50

None

None

None

No evidence

Positive without 89; weakly positive with S9
Negative with and without S9

Negative at 13 weeks

0, 200, 409, or 860 mg/kg in
corn oil by gavage

Dosed groups similar to
controls

36/51, 39/50, 41/50, 28/52

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

Some evidence

Negative with and without S9 in strains TA98, TA160, TA1535, and
TA1537
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

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

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence
observed in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain
findings (equivocal evidence); one category for no observable effects (no evidence); and one category for 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
five 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 studlm that are interpreted as showmg 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 chemlcal related
increases in malignant or benign neoplasms.

¢ Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quanmatlve
limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic acuvnty

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would mend 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 neoplasia as well as from preneoplastic to neoplastic lesions;

< some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present,
it is impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent
course is to assume that benign neoplasms of those types have the potential to become malignant;

* combining benign and malignant tumor mcndcnce known or thought to represent stages of progression in the same
organ or tissue; i

¢ 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 neoplasm,

¢ survival-adjusted analyses and false positive or false negative concerns;

¢ structure-activity correlations; and

¢ in some cases, genetic toxicology.
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NATIONAL TOXICOLOGY PROGRAM BOARD OF SCIENTIFIC COUNSELORS
TECHNICAL REPORTS REVIEW SUBCOMMITTEE

The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on 3,4-dihydrocoumarin
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Curtis D. Klaassen, Ph.D.®
Department of Pharmacology and Toxicology
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Daniel S. Longnecker, M.D.*
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Department of Safety Assessment
Merck, Sharp & Dohme Research Laboratories
West Point, PA

Lauren Zeise, Ph.D.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

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 male B6C3F; mice, and some evidence of
. carcinogenic activity in female B6C3F, mice.

Dr. 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-dihydrocoumarin 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
‘femalé mice; and (4) sxgmﬁcant treatment-related
" lung lesions were observed after 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 selectmg
the high dose :

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

Dr. Hayden moved that the 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 rats and male mice, no
evidence of carcinogenic activity. Dr. Bailey seconded
the motion, which was accepted unammously with
eight votes.
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3,4-DIHYDROCOUMARIN

CAS No. 119-84-6

Chemical Formuia: C;HgO,

Molecular Weight: 148.17

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

CHEMICAL AND PHYSICAL PROPERTIES
3,4-Dihydrocoumarin is a colorless liquid with a
sweet odor. It is insoluble in water, but soluble in
alcohol, chloroform, and ether. The melting point of
3,4-dihydrocoumarin is 25° C and the boiling point is
272° C. 3,4-Dihydrocoumarin has an odor similar to
coumarin and is synthesized by’ the reduction of
coumarin under pressure in the presence of nickel at
150° to 200° C (Hawley, 1977, Kirk-Othmer, 1978).

USE AND HUMAN EXPOSURE

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’ Asscciation 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 tasie to beverages (7.8 ppm), frozen
desserts (21 ppm), baked goods (28 ppm), gelatins

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 (Kirk-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).

ABSORPTION, DISTRIBUTION,
METABOLISM, AND EXCRETION
Experimental Animals

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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Coumarin Metabolites Identified in the Urine and Feces of Various Species?

Rabbit® Rat Man®
Metabolites in Urine

Coumarin, Unchanged 12.3-16.7 3.1-74 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 2047 03 -
7-Hydroxycoumarin 10.0-16.0 0.3-0.5 68-92
8-Hydroxycoumarin 1.3-2.5 0.3-0.5 -
o-Coumaric Trace Trace -
o-Hydroxyphenyliactic acid 2.6-35 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  803-924 47.0-60.5 80-100
Total in Feces 0.2-0.7 32.4-388 -

Expressed as percent of dose administered
From Kaighen and Williams (1961)

From Shilling et al. (1969)

Metabolite not measured for this species.

[- VO -

Coumarin is rapidly absorbed from the intestinal tract
after oral administration. In rats given a single oral
dose of [3-"C]-coumarin, “C 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 er 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
[3-1*C]-coumarin, *C 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
etal, 1991). Coumarin is first metabolized by
cytochrome P-450 enzymes resulting in hydroxylation
prior to conjugation with glucuronide. Hydroxylation
occurs primarily at positions 3 and 7 to yield
3-hydroxycoumarin and 7-hydroxycoumarin, respec-
tively. 3-Hydroxycoumarin can be further metabo-
lized by nonenzymatic 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 1A and IIB subfamilies, resulting in
hydroxylation primarily at position 3 with subsequent




16

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 er al., 1991). Based
on these studies, Peters er 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
species are 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-“C]-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 coumarin are found in the urine,
suggesting that enterohepatic circulation of coumarin
in humans is substantially less than that in rats.

3,4-Dihydrocoumarin, NTP TR 423

Humans ’ :

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

ToxiCiTy

Experimental Animals .

The oral LDy, for 3,4-dihydrocoumarin in rats was
reported as 1,460 mg/kg (Jenner et al., 1964). The
LDs, 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, for
coumarin was reported as 420 mg/kg in C3H/Hel
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 centrilobular hepatic 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 by
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
produce liver 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
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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).

Humans
No information concerning the toxic effects of
3,4-dihydrocoumarin in humans is available.

REPRODUCTIVE AND DEVELOPMENTAL
ToxiCITY

Experimental Animals

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 Bir, 1967). The purity of the coumarin used in
these studies was not given.

Humans it
No information on reproductive ordevelopmental
toxicity in humans has been reported.

CARCINOGENICITY

Experimental Animals

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 mgkg per day for 2 years
(Hagan et al., 1967). .

Coumarin administered at a dietary level of
5,000 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 ez al. (1989) reported
that long-term administration of coumarin at dietary
levels. of 5,000 ppm produced cholangiofibrosis in
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Sprague-Dawley rats, but no treatment-related
neoplasms. Groups of Syrian golden hamsters fed -
diets containing 0, 1,000, or 5,600 ppm coumarin for
up to 2 years showed no evidence of hepatotoxicity 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).

Bir 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 1,000 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 1,000 or 2,500 ppm coumarin (Bir 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 560 to
15,000 ppm 6-methylcoumarin for up to 2 years
(Hagan e al., 1967).

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

GENETIC TOXICOLOGY

Published genotoxicity data for 3,4-dihydrocoumarin
are limited to two Salmonella typhimurium gene
mutation tests conducted with and without S9.
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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yphimurium strain TA100 with S9; no mutagenic
activity was noted in any other tester strains with or
without S9 (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 S9 (Ide et al.,
1981). Chromosomal effects (breakage, sister chrom-
atid exchanges, mitotic inhibition) have been reported
in mammalian cells (Galloway et al., 1987, NTP,
1993) and plants (D’Amato and D’Amato-Avanzi,
' 1954; Riley and Hoff, 1960; Sarma and Tripathi,

3,4-Dihydrocoumarin, NTP TR 423

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. '
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MATERIALS AND METHODS

PROCUREMENT

AND CHARACTERIZATION

OF 3,4-DIHYDROCOUMARIN
3,4-Dihydrocoumarin was obtained from Givaudan
Corporation (Clifton, NJ) in two lots (lot 57599 and
lot 44981). 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.

PREPARATION AND ANALYSIS
OF DOSE FORMULATIONS
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, I3,
and I4). 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 I5). 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).

16-DAY STUDIES

Male and female F344/N rats and B6C3F, 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.

13-WEEK 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; 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
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 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,
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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 parametérs 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 in situ, 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 receiving 1,200 mg/kg, and all mice receiving
1,600 mg/kg were examined microscopically. In
addition, the livers of all rats were examined. -

2-YEAR STUDIES

Study Design

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 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 mgkg
3,4-dihydrocoumarin 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 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 10 vehicle
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.

Source and Specification of Animals

Male and female F344/N rats and B6C3F, 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).

Animal Maintenance

Rats were housed five per cage; mice were housed
individually,. = Feed and water were available
ad libium.  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.

Clinical Examinations and Pathology

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,
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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




22

tissue type were evaluated separately or combined
according to the guidelines of McConnell et al.
(1986).

Statistical Methods

Survival Analyses

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
were censored from the survival analyses 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 Al, AS, B1, BS, C1, C5, D1,
DS, E1, 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 s1gn1ﬁcance,
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 of animals 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
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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 (Mcnght 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; Gart et 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. * - For
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 always the
first and most appropriate control group used for
evaluation, there are certain instances in which
historical control data can be helpful in the overall
assessment of lesion incidence. Consequently, lesion
incidences from the NTP historical control database
(Haseman et al., 1984, 1985) are included in the NTP
reports for lesions appearing to show compound-
related effects.
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Analysis of Continuous Variables

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 Methods

The 16-day, 13-week, and 2-year studies were con-
ducted in compliance with Food and Drug
Administration 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.

GENETIC TOXICOLOGY
The genetic 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-
genicity in experimental animals from the structure of
the chemical and its responses in short-term in 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-
cinogenicity 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 ez 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 in 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

3,4-Dihydrocoumarin, NTP TR 423

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;

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;

Charles River Breeding
Laboratories, Inc.,
Wilmington, MA

Rats: 15 days
Mice: 16 days

Average Age When Studies Began

Rats: 44-51 days
Mice: 51-58 days

Date of First Dose
7 January 1981

Duration of Dosing
16 days

Date of Last Dose
23 January 1981

Rats: 43-50 days
Mice: 51-58 days

Rats: 22 April 1981
Mice: 23 April 1981

Rats: 14 weeks
Mice: 13 weeks

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 October 1984

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

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

study

29 September 1986

American Biogenics
Corporation, Woburn, MA

Rats: F344/N
Mice: B6C3F;

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)
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TABLE 2

Experimental Design and Materials and Metheds in the Gavage Studies of 3,4-Dihydrocoumarin

(continued)

16-Day Studies 13-Week Studies Stop-Exposure 2-Year Studies
Evaluation
Necropsy Dates
23 January 1981 Rats: 23 July 1981 9-month stop-exposure: Rats:
Mice: 27 July 1981 Interim: 9-11 July 1985 15-month interim —
15-month stop-exposure: 2-3 January 1986 (males)
Interim: 8 January 1986 6-7 January 1986 (females)

Terminal: 7 October 1986 Terminal ~

Average Age at Necropsy
Rats: 60-67 days Rats: 134-141 days
Mice: 67-74 days Mice: 142-149 days

Size of Study Groups
5 males and 5 females 10 males and 10 females

Metheod of Distribution

Animals assigned by random Same as 16-day studies
numbers; average cage

weights were approximately

equal

Animals per Cage
5 5

Method of Animal Identification
Ear tag Toe clip

9-month interim: 46 weeks
15-month 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.

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

Same as 16-day studies

Toe clip

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

Toe clip
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TABLE 2

3,4-Dihydrocoumarin, NTP TR 423

Experimental Design and Materials and Methods in the Gavage Studies of 3,4-Dihydrocoumarin

(continued)

16-Day Studies

13-Week Studies

Stop-Exposure

Evaluation

2-Year Studies

Diet

NIH-07 open formula mash

diet (Zeigler Bros., Inc.,
Gardners, PA), available
ad libitum

Same as 16-day studies

Maximum Storage Time for Feed

120 days from date of
milling

Water
Automatic watering system,
available ad libitum

Cages
Polycarbonate, changed
twice weekly

Bedding

Beta-Chip® hardwood
laboratory bedding
(Northeastern Products
Corporation, Warrensburg,
NY), changed twice weekly

Cage Filters
Nonwoven polyester,
changed every other week

Racks
Stainless steel, changed
every other week

Animal Room Envirom_nent

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

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 libitum

Same as 16-day studies

Hardco Automatic Watering
System, available ad libitum

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:
231°C=x=11°C
Relative humidity:
55.1% % 14%
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-day studies

Same as 16-day studies

Temperature:
Rats-231°C = 1.1°C
Mice ~21.7°C £ 0.8° C

Relative humidity:

Rats - 55.1% = 7.4%
Mice - 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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TABLE 2
Experimental Design and Materials and Methods in the Gavage Studies of 3,4-Dihydrecoumarin
(continued)
16-Day Studies 13-Week Studies Stop-Exposure 2-Year Studies
Evaluation
Doses
Rats: 0, 190, 375, 750, 1,500 Rats: 0, 75, 150, 300, 600 or 0 or 660 mg/kg Rats: 0, 150, 309, or 600 mg/kg
or 3,000 mg/kg 1,200 mg/kg 3,4-dihydrocoumarin in corn 3,4-dihydrocoumarin in corn oil

3,4-dihydrocoumarin in corn
oil by gavage; 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

3,4-dihydrocoumarin in corn
oil by gavage; once daily,

5 days per week

Mice: 0, 109, 200, 409, 809,
or 1,660 mg/kg
3,4-dihydrocoumarin in corn
oil by gavage; once daily,

5 days per week

Type and Frequency of Observation

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.

Methed of Sacrifice
Carbon dioxide asphyxiation

Necropsy
Necropsy performed on all
animals

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.

Same as 16-day studies

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.

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
recorded 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.

by gavage; once daily, 5 days per
week

Mice: 0, 209, 460, or 8¢0 mg/kg
3,4-dihydrocoumarin in corn oil
by gavage; once daily, S days per
week

Same as stop-exposure
evaluation

15-Month interim: anesthetized
with an overdose of
methoxyflurane followed by
exsanguination

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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Experimental Design and Materials and Methods in the Gavage Studies of 3,4-Dihydrocoumarin

(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 surviving
animals at necropsy
Hematology: clotting time,
fibrinogen (rats), activated
partial thromboplastin time
(rats), prothrombin time
(rats), platelet count

Histopathology
None

Blood was collected from
the orbital sinus of all
surviving animals
Hematology: 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)

Clinical Chemistry: 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 surviving
animals at the 9- and
15-month interim
evaluations

Hematology: 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
Clinical Chemistry: alkaline
phosphatase, alanine
aminotransferase, calcium,
sorbitol dehydrogenase,
y-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
surviving core study rats and
mice at the 15-month interim
evaluation and from the
additional groups of mice slated
for clinical pathology analyses
only

Hematology: hematocrit,
hemoglobin, mean cell
hemoglobin, mean cell volume,
mean cell hemoglobin
concentration, erythrocytes,
nucleated erythrocytes, platelets,
reticulocytes, atypical
lymphocytes, leukocyte count
and differential, activated partial
thromboplastin time (rats only)
Clinical Chemistry: alkaline
phosphatase, alanine
aminotransferase,
y-glutamyltransferase, sorbitol
dehydrogenase, calcium (rats

only)

Complete histopathologic
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, galibladder (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 2
Experimental Design and Materials and Metheds in the Gavage Studies of 3,4-Dihydrocoumarin
(continued)
16-Day Studies 13-Week Studies Stop-Exposure 2-Year Studies
Evaluation
Histopathology (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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RESULTS

RATS
16-DAY STUDY

All male and female rats receiving 3,000 mg/kg died
within the first two days of dosing, and four male rats
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.

TABLE 3

Survival and Mean Body Weights of Rats in the 1¢6-Day Gavage Study of 3,4-Dihydrecoumarin

Mean Body Wejehts® (g)

Final Weight

Dose Survival® Imitial Final Change Relative to Controls
(mg/kg) (%)
Male
0 5/5 153+ 8 196 + 8 43+3
190 5/5 148 + 7 202 + 7 54+3 103
375 4/5¢ 158 + 10 207 + 9 50 + 4 106
750 5/5 154 + 12 205 + 9 51+3 105
1,500 1s5¢ 154 + 9 167 37 8s
3,000 0/5¢ 151 = 7 - - -
‘Female
0 5/5 117 £ 2 141 + 4 24 + 1
150 5/5 112+ 5 140 + 6 27 +1 99
375 5/5 115+ 3 141 £ 2 26+ 2 100
750 5/5 116 + 2 142+2 26 + 1 99
1,560 0/5¢ 116 + 3 - - -
3,000 o/st 115 + 4 - -

o

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

from the control group are not significant by Dunnett’s test.

Death attributed to gavage accident
Day of death: 2, 3, 4,4

Day of death: 1,2, 2,2,2

Day of death: 1,1,2,2,2

-0 a0
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13-WEEK STUDY

Two males and four fémales 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 gavage 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

TABLE 4
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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.

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

Mean Body Weights® (g) Final Weight
Dose Survival® Initial Final Change Relative to Controls
(mg/kg) (%)
Male
0 9/10° 143+ 5 331+8 190 + 4
7 10110 145 + 4 338 %2 193 + 4 102
150 10110 144+ 5 334+ 6 190 £ 5 101
300 10/10 144 + 4 335+ 9 191 %5 101
600 10110 144 = 4 325+ 6 1815 98
1,200 8r10d 145 + 4 282 + 7** 140 + 6** 85
Female
0 10710 11 %2 196 + 2 85+ 2
7 10110 111 +3 202 + 4 91 + 2 103
150 1010 1152 209 + 2* 93 = 2* 106
300 "10/10 11 =2 203 + 3¢ 92 + 2* 103
600 10110 110 £ 2 203 + 3* 93 + 3¢ 104
1,200 5/10° 113+ 3 205 x 4 95 + 5 104

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

: Number of rats surviving/number initially in group.
the study.

Death attributed to gavage accident
4 Week of death: 1,1

¢ Week of death: 1,1,1,1, 12

[

Weights and weight changes are given as mean * standard error. Subsequent calculations are based on rats surviving to the end of



Results

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 mitrogen 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
1,260 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 300, 600, and 1,200 mg/kg dose
groups. Increased albumin production has not been
known to occur in animals, and elevated levels of
serum albumin are usually atiributed to dehydration.

Serum levels of aspartate aminotransferase, lactate

dehydrogenase, and sorbitol dehydrogenase in males
receiving 1,200 mg/kg were significantly lower than

TABLE §
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those of controls, while the sorbitol dehydrogenase
activity in 1,200 mg/kg females was significantly
greater than that in comtrols. 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, 600, and
1,200 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 kidney weights of
male and female rats that received 600 and
1,200 mg/kg 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 600 mg/kg.

Liver Lesions of Rats in the 13-Week Gavage Study of 3,4-Dihydrecoumarin

Dose 0 mg/kg 75 mg/kg 1SO mg/kg 3O mgks 600 mgks 1,200 mg/ks
Male
Liver® 10 10 - 10 10 10 10
Hepatocellular Hypertrophy? 0 0 0 10°°(1.3)° 10°°(1.0)  10°°(1.2)
Female
Liver : 10 10 10 10 10 9
Hepatocellular Hypertrophy 0 1 0 10°°(1.0) 10°°(1.0) 9°°(1.0)

¢ Significantly different (P<0.01) from the control group by the Fisher exact test

3 Number of rats with organ examined microscopically.
Numbser of rats with lesion.

¢ Average severity grade of lesion in affected rats: 1=minimal, 2=mild, 3=mecderate, 4=marked




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

TABLE 6
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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 (Tables 7 and 8, and
Figure 3). Although there were no clinical findings
attributed to chemical administration, the male rats
resisted the daily gavage procedure.

Survival of Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin

' Vehicle Control

"~ 150 mg/kg 300 mg/kg -~ 600 mg/kg
Male
Animals initially in study .60 60 60 . 60
15-Month interim evaluation® 9 " 10 10 10
Moribund 12 24 26 17
Accidental deaths? 2 1 : 1 2
Natural deaths : 10° 13 15 29
Animals surviving to study termination 27 12 8 2
Percent probability of survival at end of study ) 57 27 - 16 4
Mean survival (days)® 640 611 633 581
Survival analysm P<0.001 P=0.004 P<0.001 P<0.001
Female
Animals initially in study 60 60 . 60 ‘60
15-Month interim evaluation® 10 9 10 9
Moribund 13 17 - 20 19
Accidental deaths® 2 5 ] 4
Natural deaths "4 8 4 5
Animals surviving to study termination 31 21 26 23
Percent probability of survival at end of study 65 - - 46 52 50
Mean survival (days) 649 - 600 650 610
Survival analysis P=0.213 P=0.106 P=0.300 P=0.134

Censored from survival analyses
Kaplan-Meier determinations
Mean of all deaths (uncensored, censored, and terminal sacrifice).

a0 o e

(Cox, 1972) with the controls are in the dosed columns.
Includes one rat that died the last week of study

The result of the life table trend test (Tarone, 1975) is in the control column, and the mults of the hfe table pamvxse compansons

Sy
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TABLE 7 -
Mean Body Weights and Survival of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin

Week Vehicle Control 150 mg/kg 300 mg'kg 600 mp/kg

on Av. Wt . No.of . Av.WtL WtL.(%of No.of Av.WL WL (% of No.of Av. WL. Wt (% of No. of
Study ® Survivors . ® controls) Survivors ® controls) Survivors ® controls) Survivors
1 128 60 125 98 60 129 101 60 125 98 60
2 184 60 181 99 60 185 101 60 182 99 60
3 229 60 226 99 60 231 101 60 226 99 60
4 250 60 247 9 60 .
5 267 60 264 99 60 252 94 60 239 90 60
"6 284 60 . 280 99 60 284 100 60 270 95 60
7 297 59 293 99 60 298 100 60 279 94 58
8 313 59 309 99 60 31 99 60 293 94 58
9 323 59 323 100 60 321 9 60 307 95 58
10 330 59 - 331 100 60 332 101 60 316 96 58
11 339 59 340 100 60 339 100 60 324 96 58
12 349 59 352 101 60 351 101 60 337 96 58
13 358 59 - 362 101 60 360 101 60 344 9% 58
17 382 59 385 101 60 381 100 60 361 95 58
21 397 59 - 397 100 60 387 - 97 60 366 92 58
25 424 59 426 101 60 414 98 60 395 93 58
29 437 59 440 101 - 60 426 98 60 402 92 58
.33 452 - 59 - 456 101 60 438 97 60 413 .91 58
37 465 59 466 100 59 450 97 60 420 90 58
41 474 59 © 477 101 59 459 97 60 426 ‘90 58
.45 483 59 . 490 101 59 470 97 60 435 90 58
49 500 59 - 500 100 59 478 9% 60 440 88 . 58
53 507 59 515 101 59 490 97 60 . 451 89 57
57 517 - 58 523 101 59 - 494 96 60 - 459 89 . 57
61 521 58 527 101 59 502 97 60 468 90 57
65 520 58 534 103 58 503 97 60 462 89 56
69" 529 49 541 102 46 516 98 50 468 89 46
73 529 49 552 104 46 522 99 49 475 90 44
77 517 47 540 104 46 513 99 47 467 9 42
81 522 45 539 103 40 526 101 46 481 92 40
85 510 45 543 107 35 511 100 45 476 .93 36
90 494 43 540 109 32 516 105 39 4 95 28
93 480 39 526 - 110 30 502 104 36 455 95 24
97 471 33 503 107 23 487 104 26 454 96 13
102 459 30 490 107 16 471 103 15 436 95 6
103 459 28 486 106 13 47 103 10 414 90 -2
Mean for weeks :
1-13 281 279 99 283 101 270 96
14-52 446 : 449 101 434 97 : 406 91
53-103 503 526 105 502 100 460 91

3 Interim evaluation occurred during week 65.
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Mean Bedy Weights and Survival of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumarin

Weels Vehicle Comntrol 150 me/ke 300 me/ke 680 me/ke
om Av, Wt, No. of Av. Wt, Wt (% of No.of Av. WL Wt (%of No.of Av. Wt. Wt (% of No. of
Study ® Survivors ® controls) Survivors ® comtrels) Survivors ® comtrols) Survivors
1 103 60 105 103 60 104 101 60 102 100 60
2 130 60 132 102 59 133 103 60 131 101 60
3 148 60 148 100 59 151 102 60 150 102 60
4 156 60 159 102 59 160 103 60 160 102 60
5 166 60 169 102 59 171 103 60 169 102 60
6 172 60 174 101 59 176 102 60 175 102 59
7 176 60 179 101 59 182 103 60 181 102 59
8 184 69 185 101 58 188 102 60 184 100 59
9 187 60 189 101 58 192 103 60 189 101 59
10 192 60 195 101 58 196 102 60 194 101 59
11 195 60 197 101 57 202 104 60 201 103 59
13 199 60 204 103 57 207 104 60 207 104 59
14 201 60 208 103 57 211 105 60 208 103 58
17 209 60 215 103 57 214 103 60 210 101 58
21 208 60 215 103 57 216 104 60 215 103 58
25 216 60 222 103 57 224 103 60 223 103 58
29 228 60 234 103 57 234 103 60 235 103 58
33 231 60 240 104 57 241 104 60 240 104 58
37 238 60 249 105 57 247 104 60 244 102 58
41 45 60 256 104 57 253 103 60 247 101 58
45 251 60 262 105 56 262 105 60 252 101 58
49 259 60 274 106 56 265 102 60 256 99 57
53 267 60 283 106 55 280 105 60 267 100 57
57 276 59 293 106 55 290 105 59 269 98 57
61 283 59 299 106 55 3060 106 59 278 98 57
65 29 59 307 166 54 308 106 59 281 96 56
69" 297 48 317 107 4 317 107 49 287 97 47
73 296 47 316 107 43 325 110 49 298 101 45
77 304 46 324 106 41 328 108 48 299 98 41
81 304 45 327 108 40 334 110 47 310 102 40
85 313 43 334 107 37 343 110 45 311 99 38
89 313 42 333 106 35 337 108 42 305 98 34
93 316 40 335 106 34 346 110 39 309 98 30
97 319 38 332 104 31 343 108 36 309 97 29
102 320 34 327 102 29 357 112 30 314 98 28
103 323 31 341 106 21 360 111 27 329 102 23
Meam for weeks
1-13 167 170 102 172 103 170 102
14-52 229 238 104 237 103 233 102
53-103 302 319 166 326 108 298 99

2 Interim evaluation occurred during week 65.
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Results

Hematology and Clinical Chemistry

At the 15-month interim evaluation, the hemoglobin
concentrations, mean erythrocyte volumes, or mean
erythrocyte hemoglobin concentrations in the 300 and
600 mg/kg female rats were slightly, but significantly,
lower than those in the controls (Table H5). In
males, only the hemoglobin concentration of the
600 mg/kg group was significantly lower. While these
differences were statistically significant and possibly
related to the anticoagulant effect of 3,4-dihydro-
coumarin, they were not clinically important. The
total leukocyte counts in 300 and 600 mg/kg females
were higher, primarily because of an increase in the
number of lymphocytes. The cause of this effect is
unknown.

Serum activities of alkaline phosphatase, alanine
aminotransferase, sorbitol dehydrogenase, or
y-glutamyltransferase were significantly higher in the
300 and 600 mg/kg male rats than those in controls
(Table HS5). In females, only alkaline phosphatase
and y-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.

Pathology and Statistical Analyses of Resulis

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 Appendixes A for male rats and B for female rats.

Kidney: 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 cccurred 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.

39

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 300 and 600 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 300 mg/kg female rat (Tables 9, 10, Al, 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 not significantly
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 Ada).
Similarly, the occurrence of renal tubule adenomas or
carcinomas (combined) in two 300 mgkg 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
600 mg/kg female (Tables9, 10, AS5, and BS5).
Transitional cell carcinomas of the renal pelvic
urothelium were also observed in two 600 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 of Neoplasms and Nonneoplastic Lesions of the Kidney of Male Rats
in the 2-Year Gavage Study of 3,4-Dihydrocoumarin

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

Single Sections (Standard Evaluation)

15-Month Interim Evaluation

Kidney? 9 10 10 10
Nephropathy" 9 (1.0)° 10 (1.8)** 10 (1.4) 10 (1.7)**

2-Year Study

Kidney 50 48 47 50
Nephropathy 50 (2.2) 47 (29)** 47 (3.2)** 47 (32)**
Renal Tubule Hyperplasia 0 3 0 3
Renal Tubule Adenoma® 0 1 0 2
Transitional Cell Carcinoma® 0 0 0 2

Step Sections (Extended Evaluation)

15-Month Interim Evaluation

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 s+

Single and Step Sections Combined

15-Month Interim Evaluation . .

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

2 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

¢ Historical incidence for 2-year corn oil gavage studies with vehicle control groups (mean x standard deviation): 8/1,019
(0.8% =+ 1.0%); range 0%-2%

: Historical incidence: 1/1,019 (0.1% = 0.5%); range 0%-2%

One adenoma in the step section is the same adenoma seen in the original single section.
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TABLE 10
Incidences of Neoplasms and Nonneoplastic Lesions of the Kidney of Female Rats
im the 2-Year Gavage Study of 3,4-Dihydrocoumarin

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

Single Sections (Standard Evaluation)

15-Month Interim Evaluatiom

Kidney® 10 9 10 9
Nephropathyb 2 (0.2)° 1(0.1) 1(0.1) 1(0.1)
2-Year Study
Kidney 50 49 49 49
Nephropathy 20 (0.5) 20 (0.4) 37°¢(1.0)°¢ 31°%(0.9)°¢
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 Carcinomad 1 1 2 0

Step Sections (Extended Evaluation)

15-Momnth Interim Evaluation

Kidney 10 9 10 9
Renal Tubule Hyperplasia 0 0 0 0
Renal Tubule Adenoma 0 0 0 0

2-Year Study

Kidney 50 49 49 49
Renal Tubule Hyperplasia 0 0 0 1
Renal Tubule Adenoma 1° 1¢ 1° 0

Simgle and Step Sections Combined

15-Month Interim Evaluation

Kidney 10 9 10 9
Renal Tubule Hyperplasia 0 0 0 0
Renal Tubule Adenoma 0 0 0 0

2-Year Study

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

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

Number of rats with organ examined microscopically.

Number of rats with lesion.

Group average severity grade of lesion: 0 = normal, 1 = minimal, 2 = mild, 3 = moderate, 4 = marked

Historical control incidence for 2-year corn oil gavage 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.

a0 o e
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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 adenomas were discrete, sometimes
multinodular masses at least 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
parathyroid gland hyperplasia were significantly
increased in dosed male rats (vehicle control, 0/47;
150 mg/kg, 15/41; 300 mg/kg, 26/48; 300 mg/kg, 19/41;

¢
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Table AS); 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 tissue. .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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TABLE 11
Incidences of Selected Lesions of the Forestomach of Rats in the 2-Year Gavage Study
of 3,4-Dihydrecoumarin
Dose Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
Male
Forestomach? 47 48 50 46
Ulcer® 4 14° 20°° 16°°
Squamous Hyperplasia 3 11° 14°2 ] 11°
Inflammation, Chronic 3 8 1592 8
Female
Forestomach 50 49 50 49
Ulcer 3 1 1 1
Squamous Hyperplasia 1 0 1 2
Inflammation, Chronic 1 0 0 2
Squamous Ceil Papilloma or Carcinoma®
Overall rates' 0/50 (0%) 0/51 (0%) 0/50 (0%) 2/51 (4%)
Logistic regression tests® P=0.037 f - P=0.175

® Significantly different (P<0.05) from the control group by the logistic regression test

¢ P<0.01
3 Number of rats examined microscopically.
Number of rats with lesion.

(0.3% =+ 0.7%); range 0%-2%

Historical incidence for 2-year corn oil gavage studies with vehicle control groups (mean =+ standard deviation): 3/1,020 .

Number of rats with neoplasm per number of rats with organ examined microscopically.
Beneath the contro! 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 logistic regression test regards these

lesions as nonfatal.
Not applicable; no neoplasms in animal group

Adrenal gland: There was a marginally increased
incidence of benign or malignant pheochromocytoma
(combined) in low-dose female rats (2/50, 7/51, 6/49,
4/50, Table B3). All incidences fell within the
historical range for control female rats from recent
NTP 2-year gavage studies (range 0%-14%; 59/1,001,
5.9%; Table B4c), and the incidence of adrenal gland
hyperplasia, a lesion generally considered to be the
precursor to phecchromocytoma, was similar between
control and female dosed groups (9/50, 10/51, 8/49,

8/50; Table BS5). There was no increased incidence of
benign or malignant pheochromocytoma (combined)
in male rats (18/50, 11/49, 12/49, 8/50; Table A3).
The slightly increased incidence of adrenal gland
neoplasms in dosed female rats was not considered
to be chemical related because the incidence was
within the range of historical controls, the increased
incidence was not dose related, and there was
no treatment-related increased incidence of
hyperplasia.




Pituitary gland: The incidences of adenomas of the
pituitary gland pars distalis were significantly lower in
the 300 and 600 mg/kg male rats and in the
600 mg/kg female rats than in the control groups
(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.

STOP-EXPOSURE 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 (Bir and Griepentrog, 1967;
Griepentrog, 1973). Groups of 20 male rats were

o
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given 600 mg/kg 3,4-dihydrocoumarin for 9 or
15 months followed by.administration of only the
gavage vehicle until the end of the study. To
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).

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.

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

600 mg/kg

(9-month exposure)

600 mg/kg
(15-month exposure)

Animals initially in study

9-Month interim evaluation®

15-Month interim evaluation®

Natural deaths

Moribund kills

Accidental deaths®

Animals surviving to study termination

Percent probability of survival at end of studyb \
Mean survival (days)® ' 651

i

Bomounuo8 &

30

0
10
8
10
0

2
10
617

3 Censored from survival analyses
b Kaplan-Meier determinations

¢ Mean of all deaths (uncensored, censored, and terminal sacrifice)
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Bedy Weights and Clinical Findings

The mean body weights of male rats in the 9- and
15-month stop-exposure 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 week 40, when the administration of

3,4-dihydrocoumarin to this group ceased. The body”

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

45

the mean body weight of the 9-month stop-exposure
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-
trols during the period that the rats received 3,4-di-
hydrocoumarin. The final mean body weight of this
group was 15% lower than that of the controls.
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TaBLE 13 | - : \ . p o
Mean Body Weights and Survival of Male Rats in the 9-Month and 15-Month
Stop-Exposure Gavage Evaluation of 3,4-Dihydrocoumarin '

Weeks - _.__Vehicle Control __600mgkg (9-month) . ___600 mg/kg (IS-month)

_ om Av. WL No. of Av.Wt. Wt (% of No.of Av. Wt, Wt (% of No. of
Study ® Survivers (8  controls) Survivors (g8  controls) Survivors
1 128 60 122 9 20 S 125 98 20
2 184 60 190 103 20 189 103 20
3, 229 .60 _218 95 20 213 93 20
4 250 . 60 . 237 95 20 233 93 . 20
5 © 267 60 256 9% 20 253 . 95 20
"6 284 60 266 94 20 265 - 93 “20
T 297 59 284 - 95 20 281 . 95 . 20
8" :313 59 - 301 9% 20 297, 95 - 20 -
.9 .. 323 .59 o 303 94 20 309 . .96 20
10 . 330 59 315 % 20 316 . 9% 20
11 339 59 331 98 20 329 97 20
12 349 59 337 97 20 336 96 20
13 358 59 354 99 20 351 98 20
17 382, 59 356 93 20 372 97 20
S22 .397 59 . 379 95 20 382 9% 20
25 24 59 . 397 94 20 . 402 95 20
29 437 59 403 92 19 417 " 96 20
©33 452 59 412 91 19 T 417 92 20
37 .. 465 59 : 416 % | .19 . 425 92 20
a4 44 59 : 429 91 19 430 91 20
s 483 59 434 9% 19 440 91 20
49 500 - 59 449 9 19 432 87 . .20
53 507 59 468 7] 19 443 87 20
57 517 58 488 94 19 460 -89 - 19
61 521 58 491 94 19 467 90 19
65 520 58 502 97 19 474 . 9 19
69 529 49* 503 95 19 487 92 18
73 529 49 i 507 9 19 484 91 17
77 517 47 509 98 19 469 91 13
81 522 45 511 98 16 465 - 89 13
85 510 45 503 99 16 451 88 13
89 . 494 43 486 98 16 431 87 12
93 480 39 454 94 15 420 87 10
97 4 33 425 ] 1 396 84 7
101 459 30 438 95 8 391 85 6
103 . 459 28 . 422 92 -8 - 390 85 3
Mean for weeks
1-13 281 270 % 269 9% .
14-52 446 408 91 413 93 .
53-103 503 479 95 445 88

2 Interim evaluation occurred during week 65.
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Pathology and Statistical Analysis of Reswults
Summaries of the incidences of neoplasms and
nonneoplastic lesions and the individual animal
diagnoses for male rats of the stop-exposure 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 600 mg/kg for 2 years (Table E3b).

Progression or Regression

of Chemical-Induced Lesions

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

TABLE 14
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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

-600 mg/kg for 9 or 15 months followed by the re-

covery period was significantly greater than that of

"the controls (Table 14). The severities of nephrop-

athy in stop-exposure male rat groups at the end -of
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

Incidences of Neoplasms and Nonnecplastic Lesions of the Kndlney, Forestomach, and Parathyroid Gllmrmdl
of Male Rats in the Stop-Exposure Gavage Evaluation of 3,4-Dihydrecoumarin

: Vehicle Control 600 mg/kg 680 mg/kg
Dose (9-month exposure) (15-month exposure)
Single Sections (Standard Evaluation)
9-Month Interim Evaluation

Kidney® 19 19
Nephropathy? 19 (1.0)° 18 (1.0)

15-Month Interim Evaluation?

Kidney i 19 20
Nephropathy 19 (1.1) 20 (1.6)°°

Stop-Exposure Groups :

Kidney ' 50° 20 _ 20
Nephropathy 50 (2.2) 19 2.9)°* 20 (3.6)°*
Renal Tubule Hyperplasia 0 1 2
Renal Tubule Adenoma 0 0 0
Renal Tubule Oncocytoma 0 0 1

Parathyroid Gland 47 18 18
Hyperplasia C 0 6% geo

Forestomach 47 19 20
Ulcer 4 2 4

(continued)
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TABLE 14
Incidences of Neoplasms and Nonneoplastic Lesions of the Kidney, Forestomach, and Parathyroid Gland
of Male Rats in the Stop-Exposure Gavage Evaluation of 3,4-Dihydrocoumarin (continued) -

Vehicle Control 600 mg/kg 600 mg/kg

Dose - (9-month exposure) (15-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 o

Kidney 50 20 20
Renal Tubule Hyperplasia 0 0 2
Renal Tubule Adenoma 1 3 2

Single and Step Sections Combined

15-Month Interim Evaluation

Kidney 19 20
Renal Tubule Hyperplasia 0 1
Renal Tubule Adenoma 0 1

Stop-Exposure Groups

Kidney 50 20 20
Renal Tubule Hyperplasia . 0 ) 1 . 3+
Renal Tubule Adenoma ] . 1 ' 3¢ v 2
Renal Tubule Oncocytoma 0 0 1

* Significantly different (P<0 05) from the control group by the logistic regression test (stop-exposure groups), or Mann-Whitney U
test (severity grades)

** (P<0.01)

2 Number of rats with organ examined microscopically.
Number of rats with lesion.

¢ Group average severity grade of lesion: 0 = normal, 1 = minimal, 2 = mild, 3 = moderate, 4 = marked
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.

¢ For comparison the data for the vehicle control group of the regular 2-year study is included here.
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TABLE 15
Comparison of the ®-M01m&}}n Interim Evaluation with the 9-Month Stop-Exposure Gmunlp
in the Stop-Exposure Gavage Evaluation of 3,4-Dnhyd]mcounmmmrﬁun

9-Month 9-Month

Dose (600 mg/kg) " Imterim Evaluation Stop-Exposure Group
Kidney® 19 20

Nephropathy® 18 (1.0)° 19 (2.9)°°
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)
~%¢ (P=0.01)
3 Number of rats with organ examined microscopically.
Number of rats with lesion.
¢ Group average severity grade of lesion: 0 = normal, 1 = minimal, 2 = mild, 3 = moderate, 4 = marked

TABLE 16
Comparison of the 1S-Month Interim Evaluation with the 15-Month Stop-Exposure Group.
im the Stop-Exposure Gavage Eveluation of 3,4-Dihydrecoumsarin

15-Month 15-Month

Dose (600 mg/kg) Interim Evaluation® Stop-Exposure Group
Kidney? 20 20

Nephropathy® 20 (1.6)¢ 20 (3.6)°°
Parathyroid Gland 19 18

Hyperplasia 0 9ee
Stomach, Forestomach 19 20

Ulcer 0 4°

°® Significantly different (P<0.05) from the 15-month interim group by the logistic regression test (incidence data) or Mann-Whitney
U test (severity grades)

°¢ (P=0.01)

2 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.
Number of rats with organ examined microscopically.

¢ Number of rats with lesion.
Group average severity grade of lesion: 0 = normal, 1 = minimal, 2 = mild, 3 = moderate, 4 = marked




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

TABLE 17
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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).

Incidences of Selected Lesions of the Kidney, Parathyroid Gland, and Stomach of Male Rats:
Comparison of the 9- and 15-Month Stop-Exposure Groups with the 2-Year Core Group

in the Gavage Study of 3,4-Dihydrocoumarin

9-Month 15-Month 2-Year
Dose (600 mg/kg) Stop-Exposure Stop-Exposure Core Group
Kidney? 20 20 ' 50
Nephropathyb 19 (2.9)° 20 (3.6) 47 (3.2)
Renal Tubule Hyperplasiad 1 4 8
Renal Tubule Adenoma? ‘ 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

Number of rats with organ examined microscopically.
Number of rats with lesion.

a0 o e

Group average severity grade of lesion: 0 = normal, 1 = minimal, 2 = mild, 3 = moderate, 4 = marked
Includes standard (single section) and extended (step section) evaluations.
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MICE -

16-DAY STUD

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.

TABLE 18
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A\

There were no treatment-related findings at necrépsy,
no differences in the 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.

Survival and Mean Bedy Weights of Mice in the 16-Day Gavage Study of 3,4-Dihydrocoumarin

Mean Body Weights® (g)

Final Weight

Dose Survival® Initial Final Change Relative to Controls
(mg/kg) (%)
Male
0 5/5 220 £ 09 234 12 14 £ 04 .
140 5/s 218 £ 10 236 £ 1.0 18 £ 02 101
280 5/5 230+ 1.2 248 +1.1 1.8 +£02 106
560 5/5 222 £ 07 242 £ 0.6 2003 103
1,125 5/5 222 +04 236 13 14 +12 101
2,250 0/5° 230 + 0.7 - - -
Female
0 5/5 198 £ 0.7 210 £ 07 12 £ 0.2
140 4/5d 190 = 09 200 £ 08 1.5+ 05 95
280 5/5 200 £ 05 212 £ 04 1.2 £ 02 101
560 55 196 £ 0.5 204 + 04 08 +£02 97
1,125 5/5 19.0 £ 0.5 208 =09 18 £ 0.7 99
2,250 0/5¢ 194 % 05 - - -

Number of mice surviving at 16 days/number initially in group

from the control group are not significant by Dunnett’s test.
¢ Day of death: 1,2,2,2,3
Death attributed to gavage accident
€ Day of death: 1,2,2,2,2

Weights given as mean + standard error. Subsequent calculations based on mice surviving to the end of the study. Differences
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13-WEEK 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 gavage 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

TABLE 19
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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 Rationale: 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.

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

Mean Body Weightsb (g) Final Weight
Dose Survival® Initial Final Change Relative to Controls
(mg/kg) (%)
Male
o 9/10° 224206 309 £ 0.7 88 £ 05
100 9/10d . 225 £ 04 299 + 0.5 76 £ 03 97
200 10/10 ‘ 222 + 04 308 + 0.7 86 + 0.7 100
400 10/10 218 £ 04 297 £ 08 79 £ 05 96
800 10/10 . 21805 303 + 0.7 85 + 0.5 98
1,600 2/10¢ 217 £ 04 270 £ 1.0 5.0 = 0.0* 87
Female
0 10/10 18.6 £ 0.3 251+ 05 65+ 04
100 10/10 183 £ 0.5 255 07 72+ 04 102
200 10/10 189 = 0.5 247 £ 08 5804 98
400 10/10 ’ 183 £ 04 239 £ 0.6 56 £05 95
800 : 10/10 ‘ 188 + 0.6 258 £+ 0.7 70 £ 03 103
1,600 5/10f 17.7 £ 0.5 244 £ 0.2 68 + 08 97

Number of mice surviving/number initially in group.

[- Y

of the study. ) N
Death attributed to gavage accident
Death attributed to gavage accident

Week of death: 1,1,1,1,1,1,1,1

Week of death: 1,1,1,1,5

-aao oo

Significantly different (P<0.05) from the control group by Dunnett’s test

Weights and weight changes are given as mean = standard error. Subsequent calculations are based on mice surviving to the end



Results

2-YEAR STUDY

Survival
Estimates of survival probabilities

83

Body Weights and Clinical Findings

for male and There were no treatment-related differences in the

female mice are shown in Table 20 and in the body weights of dosed male and female mice
Kaplan-Meier curves in Figure 4. Survival of dosed  (Figure 5 and Tables 21 and 22). There were no

male and female mice was similar
controls.

TABLE 20

to that of the clinical findings in mice that could be related to
chemical administration.

Survival of Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarin

Vehicle Control 200 mg/kg 400 mg/kg 800 meg/kg
Male
Animals initially in study 70 70 70 70
15-Month interim evaluation® 20 19 19 20
Moribund 3 3 8 4
Accidental deaths® 1 1 1 0
Natural deaths 4 8 8 8
Animals surviving to study termination 4?2 39 34 38
Percent probability of survival at end of studyb 87 79 69 77
Mean survival (days)® 626 623 621 625
Survival analysis$ P=0.287 P=0.443 P=0.071 P=0.315
Female
Animals initially in study 70 70 ' 70 70
15-Month interim evaluation® 19 20 19 18
Moribund 5 9 4 5
Accidental deaths® 2 0 1 0
Natural deaths 8 2 S 19¢
Animals surviving to study termination 36 39 41 28
Percent probability of survival at end of study 74 79 83 57
Mean survival (days) 612 638 639 603
Survival analysis P=0.014 P=0.698N P=0.396N P=0.063

Censored from survival analyses
Kaplan-Meier determinations
Mean of all deaths (uncensored, censored,

a6 o

and terminal sacrifice).

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons

(Cox, 1972) with the controls are in the dosed columns. A lower mortality in a dose group is indicated by N.

Includes one mouse that died the last week of study
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Meal n Body Weights and Sui-vival of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin
Weel 3 Vehicle Control 200 mg/kg 400 mp/kg 800
on- Av, Wt, No. of Av. Wt. Wt. (% of No.of Av.Wt WL (% of No. of Av. Wt. Wt (% of No. of
Study, ® Survivors ® controls) Survivors ® controls) Survivors @® controls) Survivors
1. 231 70 2.6 98 70 227 98 70 227 98 70
2. 258 69 249 97 70 253 98 69 24.9 97 70
3 26.2 69 ;254 97 70 26.0 929 69 253 97 70
4. 273 69 26,7 98 70 272 100 69 26.0 95 70
5 278 69 . 26.7 . 96 70 215 99 69 27.0 97 70
6 29.1 69 , 282 97 70 290 100 69 283 97 70
7. 29.6 69 . 285 96 70 29.7 100 69 288 97 70
8 303 69 . 29.6 98 70 304 100 69 29.1 9 70
9 30.9 69 \ 30.7 29 70 317 103 69 305 99 70
10 324 69 , 322 99 70 332 103 69 31.7 98 70
11 325 69 327 101 70 334 103 69 321 9 70
12 329 69 32.7 9 70 333 101 69 32.0 97 70
13 34.0 69 331 97 70 337 99 69 317 93 70
17 352 . 69 35.2 100 69 36.4 103 69 344 98 70
2 373 69 374 100 69 378 101 69 36.5 98 70
25 . 11.5 69 . 409 99 69 419 101 69 399 96 70
29 13.5 69 .433 100 69 45.1 104 69 423 97 70
33 4 48 69 ,44.0 98 69 458 102 69 4238 96 70
38 4 6.4 69 146.6 100 69 481 104 69 45.1 97 70
41 & 5.2 69 47.1 102 69 479 104 69 44.2 96 70
45 4t i.6 69 46.0 101 69 4715 104 69 439 96 70
9 45 7 69 46.7 102 69 47.6 104 69 453 99 70
s3 471 0 69 417 102 69 48.5 103 69 46.4 99 70
57 48 4 69 483 100 69 50.5 104 68 48.1 9 70
62 49. 1 69 483 98 68 49.9 102 67 48.2 98 69
65 su. T 64 5i.0 29 60 529 102 62 50.7 98 63
69 511 47 50.8 99 47 520 102 48 49.3 97 47
73 516 47 51.9 101 47 52.4 102 48 51.0 99 46
77 518 46 52.0 100 47 512 99 48 513 9 45
81 531 46 52.5 9 45 528 9 47 522 98 44
85 527 45 5249 100 44 53.0 101 46 529 100 4
90 530° 45 52.0 98 44 529 100 44 53.0 100 43
s 522 45 52.8 101 43 524 100 42 534 102 41
97 519 - 4 536 103 41 51.7 100 39 538 104 40
101 494 42 50.7 103 4 50.0 101 38 51.6 105 40
103 489 42 50.1 103 40 49.4 101 35 51.2 105 39
Mean for weeks .
113 294 | 288 - 98 29.5 100 285 97
1452 429 430 100 442 103 41.6 97
53103 509 i 51.0 100 514 101 50.9 100

3 Interim evaluation S occurred duﬁng week s 65 and 66.
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TABLE 22
Mesn Body Weights and Survival of Female Mice in the 2-Yesr Gavage Study o'_(r 3,4-Dihydrecoumerin

Weel Vehicle Comtrol 200 mg/ke 400 me/ke 800 mp/ke
om Av. Wt. Ne. of Av. Wit Wt (% of No.ef Av. Wt Wt (%of No.of Av. Wt. Wt (% of No. of
Study ® Survivors ® controls) Survivors ® comnirols) Survivors ® controls) Survivors
-1 179 70 184 103 70 180 . 101 70 18.0 101 70
2 197 70 19.8 101 70 19.7 100 70 19.7 100 70
3 213 69 213 100 70 21.0 99 70 208 98 69
4 223 68 227 102 70 21.7 97 70 222 100 69
5 23.0 68 231 100 70 224 97 70 22.6 98 69
6 233 68 4.0 103 70 233 100 70 235 101 69
7 239 68 248 104 70 23.5 98 70 237 99 69
8 243 68 253 104 70 4.2 100 70 4.5 101 69
9 256 68 262 102 70 245 9% 70 247 97 69
10 260 68 272 105 70 256 99 70 258 99 69
11 26.2 68 27.0 103 70 25.6 98 70 255 97 69
12 261 68 273 105 70 25.5 98 70 26.0 160 69
13 261 68 273 105 70 254 97 70 254 97 69
17 29.7 67 30.0 101 70 288 97 70 28.7 97 69
21 310 67 323 104 70 313 101 70 311 100 69
25 343 67 36.9 108 70 351 102 70 35.0 102 69
29 371 67 38.2 103 70 36.7 99 70 374 101 69
33 376 67 40.1 107 70 39.1 104 70 381 101 69
38 384 67 420 109 70 404 105 70 40.0 104 69
41 393 67 418 106 70 40.9 104 70 40.7 104 69
45 38.8 67 42.0 108 70 41.0 106 70 394 102 69
49 386 67 414 - 107 70 413 107 70 409 106 69
53 406 67 43.0 106 70 422 104 70 419 103 69
57 432 67 453 105 70 44.9 104 70 444 103 69
62 433 67 45.5 105 70 458 106 70 453 105 66
65 441 63 48.6 110 67 47.7 108 - 617 470 107 64
69 440 48 47.1 107 49 46.8 106 50 46.8 106 47
74 445 48 47.7 107 49 473 106 50 47.1 106 46
77 461 48 49.3 107 49 49.6 108 7 47.8 104 44
81 413 47 51.0 108 49 51.7 109 47 48.9 103 41
85 488 46 534 109 47 533 109 47 498 102 38
90 485 44 54.1 112 46 534 110 47 50.0 103 38
93 487 42 54.0 111 45 529 109 47 51.2 105 36
97 495 39 54.0 109 44 52.0 105 46 49.7 100 35
101 46.7 36 50.1 107 42 516 111 42 49.4 106 29
103 464 36 510 110 39 51.7 111 41 488 105 29
Meamn for weelss
113 235 24.2 103 23.1 98 233 99
1452 361 383 106 37.2 103 36.8 102
53-103 457 49.6 109 49.4 108 41.7 104

2 Interim evaluations occurred during weeks 65 and 66.




Hematology and Clinical' Chemistry

There were no differences ir1 hematology and clinical
chemistry parameters at the 15-month interim evalua-
tion that were considered 1to be biologically signif-
icant (Table HS8). .

Pathology and Statisticai! Analyses of Results
This section describes the sitatistically significant or
biologically noteworthy chainges in the incidences of
neoplasms or nonneoplastic lesions of the liver, lung,
and kidney. Summaries of’ the incidences of non-
neoplastic lesions and neoplasms, the individual
animal tumor diagnoses, and the statistical analyses
of primary neoplasms that oi>curred with an incidence
of at least 5% in at least on¢ group are presented in
Appendix C for male mice and Appendix D for
female mice.

Liver: The relative liver weight of 800 mg/kg female
mice was significantly greateir than that of the con-
trols at the 15-month interim evaluation (Table G6).
There was a significantly iincreased incidence of
hepatocellular adenoma in all dosed groups of female
mice; the number of dosed female mice with multiple
hepatocellular adenoma was also increased
(Table 23). The incidence of hepatocellular car-
cinoma in dosed female mice, was not significantly
increased, but the incidence of hepatocellular
adenoma or carcinoma (combined) in females receiv-
ing 400 or 800 mg/kg was significantly greater than
that in controls (Table 23). There was no increased
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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 endoplasmic
reticulum (eosinophilic), rough endoplasmic retic-
ulum or ribosomes (basophilic), or glycogen (clear).
Architecture of the hepatic plates was generally
normal within foci of cytoplasmic 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 foci 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
degrée of cellular pleomorphism and atypia than did
adenomas.  Hepatoblastomas usually  consisted
predominantly of neoplastic cells similar to those of

‘carcinomas, but with an added component of small,

undifferentiated cells with intensely basophilic
cytoplasm. ' '
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TABLE 23
Imcidemces of Neoplasms and Nonneoplastic Lesions of the Liver of Mice in the 2-Year Gavage Study
of 3,4-Dihydrecoumarin ‘

Dose Vehicle Comtrol 200 mg/kg 400 mg/kg 800 mg/lg
Male
15-Month Interim Evaluation
Liver? 10 7 5 10
Basophilic Focus® 0 2 1 0
Clear Cell Focus 1 0 0 0
Mixed Cell Focus 0 0 1 0
Hepatocellular Adenoma 3 4 2 3
2.Year Study
Liver 50 51 51 50
Basophilic Focus 3 1 4 4
Clear Cell Focus 2 7 1432 7
Eosinophilic Focus 9 8 13 12
Mixed Cell Focus 1 2 0 2
Multiple Hepatocellular Adenoma t
Overall rates® 8/50 (16%) 5/51 (10%) 19/51 (38%) 19/50 (38%)
Hepatocellular Adenoma .
Overall rates 29/50 (58%) 23/51 (45%) 36/51 (71%) 31/50 (62%)
Adjusted rates? 64.2% 546% 81.6% 71.8%
Terminal rates® 26/42 (62%) 20739 (51%) 26/34 (76%) 26/38 (68%)
First incidence (days) 449 553 555 438 -
Logistic regression testst P=0.147 P=0.153N P=0.105 P=0.410
Hepatocellular Carcinoma .
Overall rates 11/50 (22%) 11/51 (22%) 11/51 (22%) 6/50 (12%)
Adjusted rates 24.3% 23.3% 25.5% 13.4%
Terminal rates 8/42 (19%) 4/39 (10%) 4/34 (12%) 2/38 (5%)
First incidence (days) 591 423 583 477
Logistic regression tests P=0.110N P=0.566N P=0.581N 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% 53%
Terminal rates 0/42 (0%) 0/39 (0%) 0/34 (0%) 2/38 (5%)
First incidence (days) -5 - - 729 (T)
Logistic regression tests P=0.044 - - P=0.217
Hepatocellular Adenoma, Carcinoma, or Hepatoblastoma (combined)'l
Overall rates 36/50 (72%) 30/51 (59%) 40/51 (78%) 34/50 (68%)
Adjusted rates 74.9% 63.7% 833% 75.3%
Terminal rates 30/42 (71%) 22/39 (56%) 26/34 (76%) 27/38 (11%)
First incidence (days) 449 423 555 438
Logistic regression tests P=0.508N P=0.125N P=0.264 P=0.415N
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TABLE 23
Incidences of Neoplasms and Nonneoplastic Lesions of the Liver of Mice in the 2-Year Gavage Study
of 3,4-Dihydrocoumarin (continued) .

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

Female

15-Month Interim Evaluation

Liver 9 10 9 9
Basophilic Focus 0 0 1 0
Hepatocellular Adenoma 2 0 2 2

2-Year Study

Liver 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 (171%)
Hepatocellular Adenoma

Overall rates 10/51 (20%) 20/50 (40%) 22/50 (44%) 20/52 (38%)

Adjusted rates 278% 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%) 1739 (3%) 3/41 (7%) 2/29 (1%)

First incidence (days) 674 685 . 444 504

Logistic regression tests P=0.131 P=0.490N P=0.470 P=0.254
Hepatocellular Adenoma or Carcinoma (combined)! .

Overall rates 13/51 (25%) 21/50 (42%) 25/50 (50%) 24/52 (46%)

Adjusted rates 34.1% 46.5% 58.0% 60.3%

Terminal rates 11736 (31%) 15/39 (38%) 23/41 (56%) 14/29 (48%)

First incidence (days) 674 594 444 420

Logistic regression tests P=0.013 P=0.100 P=0.020 P=0.014

** Significantly different (P<0.01) from the control group by the logistic regression test

(T)Terminal sacrifice

4 Number of mice necropsied.

Number of mice with lesion.

Number of mice with neoplasm per number of mice with organ examined microscopically.

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality.

Observed incidence at terminal kill

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 logistic regression test regards these
lesions as nonfatal. A negative trend or a lower incidence in a dose group is indicated by N.

& Not applicable; no neoplasms in animal group

Historical incidence for 2-year corn oil gavage studies with vehicle control groups (mean + standard deviation): 370/901

. (41.1% = 15.5%), range 14%-72%

! Historical incidence: 129/898 (14.4% * 8.1%); range 2%-34%

-0 oo o



Results

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

TABLE 24

61

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).

Incidences of Neoplasms and Nonneoplastic Lesions of the Lung of Mice in the 2-Year Gavage Study

of 3,4-Dihydroconmarin

Dose Vehicle Control 200 mg/kg 400 mg/kg 800 mg/kg
Male
15-Month Interim Evaluation
Lung? 10 7 5 10
Alveolar Epithelium Hyperplasiab 1 1 0 1
Alveolar/bronchiolar Adenoma 1 1 1 1
Alveolar/bronchiolar Adenoma, Multiple 0 0 1 0
2-Year Study
Lung 50 50 51 50
Alveolar Epithelium Hyperplasia 0 3 0 1
Alveolar/bronchiolar Adenoma
Overall rates® 8/50 (16%) 15/50 (30%) 15/51 (29%) 10/50 (20%)
Adjusted rates® 19.0% 38.5% 41.4% 25.5%
Terminal rates® 8/42 (19%) 15/39 (38%) 13/34 (38%) 9/38 (24%)
First incidence (days) 729 (T) 729 (T) 679 634
Logistic regression tests 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% 72%
Terminal rates 0/42 (0%) 1739 (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 (cémbined)g
Overall rates 9/50 (18%) 18/50 (36%) 16/51 (31%) 13/50 (26%)
Adjusted rates 20.9% 438% 43.0% 32.0%
Terminal rates 8/42 (19%) 16/39 (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)
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TABLE 24 »
Incidences of Neoplasms and Nonneoplastic Lesions of the Lung of Mice in the 2-Year Gavage Study
of 3,4-Dihydrocoumarin (continued) '

+

Dose ‘ . Vehicle Control 200 mg/kg 400 mg/kg © 800 mg/kg

Female

15-Month Interim Evaluation

Lung 9 10 ‘ 9 .. . l 9

Alveolar Epithelium Hyperplasia 0 0 0 0
Alveolar/bronchiolar Adenoma ‘ 0 0 0 0

2-Year Study : ‘

Lung 51 50 48 51
Alveolar Epnthehum Hyperplasia 0 0 0 1
Alveolar/bronchlolar Adenoma

Overall rates : 2/51 (4%) © 5/50 (10%) 1/48 (2%) 3/51 (6%) .
Adjusted rates 5.6% 12.3% 24% 9.5%
Terminal rates 2/36 (6%) 4/39 (10%) 1/41 (2%) 2/28 (1%)
First incidence (days) 729 (T) 671 729 (T) 595
Logistic regression tests P=0.554 P=0.245" P=0.455N ~ P=0.460
Alveolar/bronchiolar Carcinoma
Overall rates 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%) 3/51 (6%)
Adjusted rates 5.6% 14.1% 2.4% ’ 9.5% -
Terminal rates 2/36 (6%) 4/39 (10%) 1/41 (2%) 2/28 (1%)
First incidence (days) 729 (T) 615 729 (T) 595

Logistic regression tests ) P=0.531N P=0.143 P=0.455N P=0.460

(T)Terminal sacrifice

Number of mice necropsied.

Number of mice with lesion.

Number of mice with neoplasms per number of mice examined microscopically.

Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortahty

Observed incidence in mice surviving until the end of the study.

In the control column are the P values associated with the trend test. In the dosed group columns are the P values corresponding

to the pairwise 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.

& Historical incidence for 2-year corn oil gavage studies with vehicle control groups (mean + standard dewauon) 166/900
(18.4% =+ 5.9%); range 6%-28%

a
b
c
d
e
f



Results

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
400 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
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taken at 0.5 um 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 25

Incidences of Selected Lesions ¢f the Kidney of Male Mice in the 2-Year Gavage Study

of 3,4-Dihydrecoumarin
Dose Vehicle Control 209 mg/kg 400 mg/kg 800 mg/kg

Single Sections (Standard Evaluation)

Kidney® , 50 51 51 49
Nephropathy? 45 (1.3)° 46 (1.2) 45 (1.9). 43 (1.1)
Renal Tubule Hyperplasia 0 1 1 0
Renal Tubule Adenoma? 0 0 2 0
Renal Tubule Carcinoma® 0 1 0 1

Step Sections (Extended Evaluation)

Kidney 50 51 51 49
Renal Tubule Hyperplasia 0 0 3 1
Renal Tubule Adenoma 0 0 if 1

Single and Step Sections Combined

Kidney 50 51 51 49
Renal Tubule Hyperplasia 0 1 3 1
Renal Tubule Adenoma 0 0 2 1
Renal Tubule Carcinoma 0 1 0 1
Renal Tubule Adenoma or Carcinoma 0 1 2 2

2 Number of mice with kidney examined microscopically.

®  Number of mice with lesion.

: Average severity grade of lesion in affected mice: 1=minimal, 2=mild, 3=moderate, 4=marked

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%
Historical incidence: 0/899

L]

The adenoma in the step section is the same adenoma seen in the original single section.




GENETIC TOXICOLOGY

3,4-Dihydrocoumarin (10 to 6,666 pig/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 89 (Haworth et al., 1983; Table F1). In cyto-
genetic tests with Chinese hamster ovary cells,
3,4-dihydrocoumarin  (effective doses, 50 to
300 pg/mL) induced a dose-related increase in sister
chromatid exchanges in the absence of S9; with S9, a
significant increase in sister chromatid exchanges was
observed only at the highest doses tested (1,600 and
2,000 pg/mL) in each of two trials (Table F2). The
response in the second trial with S9 was dose-related.
In the second sister chromatid exchange trial with S9,
cytotoxicity was apparent at the 2,000 pug/mL dose
level and only 36 cells could be scored. 3,4-Dihydro-
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coumarin did not induce chromosomal aberrations in
Chinese hamster ovary cells at doses up to 500 pig/mL
without S9 or up to 1,600 pug/mL with S9 (Table F3).
No increases in the frequencies of micronucieated
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 only two .
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 in vitro or in vivo. However, 3,4-dihydro-
coumarin induced sister chromatid exchanges in
cultured Chinese hamster ovary cells in vitro.



65

DISCUSSION AND CONCLUSIONS

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 B6C3F, 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, 660 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

male rat particularly susceptible to chemical toxicity
at this site.

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
causing an increase in the severity of nephropathy.
Treatment-related kidney toxicity was not observed in
B6C3F, mice treated with either 3,4-dihydrocoumarin
or coumarin. The mouse kidney has a lower back-
ground of nephropathy and in these studies was less -
susceptible to chemical-induced nephropathy. Treat-
ment-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-dihydrocoumarin 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 extensively reported (Paré, 1986; Rozman and
Hénninen, 1986; Kleiman er al, 1988). Factors
contributing to the forestomach ulcers may include




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 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
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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 from-
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 er 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 neoplasms 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



Discussion

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; 800 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 hepatocellular 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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incidence 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 200 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 in 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




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 *H-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-y-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,
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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).

CONCLUSIONS

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, mice receiving 200, 400, or
800 mg/kg. There was some evidence of carcinogenic
activity in female B6C3F, 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 Techmcal Reports Review

Subcommittee comments and public discussion on this Technical Report appears on page 12.
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Lesions in Male Rats

TABLE Al

77

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin®

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
Dispositicn Summary
Animals initially in study 60 60 60 60
15-Ronth interin eveleetion 9 10 10 10
Early deaths
Moribund 12 24 26 17
Accidental deaths 2 1 1 2
Natural deaths 9 13 15 29
Survivors |
Died last week of study 1
Terminal sacrifice 27 12 8 2
Animals examined microscopically 60 60 60 ‘ 60
15-Month Interim Evaluation
Alimentary System
Liver ) [0)) 0) 10)
Hepatocellular adenoma 1 (25%)
Cardiovascular System
None
Endocrine System
Pituitary gland ® 6 ® (10)
Pars distalis, adenoma 1 (160%) 1 (50%)
Pars intermedia, adenoma 1 (11%)
General Body System
None
Genital System
Testes ) 3 ? (10)
Interstitial cell, adenoma 5 (56%) 2 (67%) 2 (160%) 4 (40%)

Hematopoietic System
None

Integumentary System
None

Musculoskeletal System
None

Nervous System
None
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TABLE Al
Summary of the Incidence of Neoplasms in Malé 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)
Respiratory System
None
Special Senses System
None
- Urinary System
None
2.Year Study
Alimentary System T . o . e . .
Intestine large, cecum 41) 42) (41) 4
Intestine large, colon . 449) . 42) . 43 309
Intestine large, rectum o 44 . “44) o 44 32) .
Intestine small, duodenum ‘ “3) (44) . (45) 33 .
Intestine small, ileum : 42) _ “43) 42) (23)
Intestine:small, jejunum 41 . 42 . . 43) (30)
Liver o 49 . ¢ 49) (50)
Hepatocellular, carcinoma = . 1 (2%)
Hepatocellular adenoma , L 102%) 1(2%) 2 (4%)
Leiomyosarcoma o . L L 1w
Mesentery ‘ an as) , (10) . )
+ »' Leiomyosarcoma : SR v S : - S 1(17%) .
Pancreas 49 “7 (48) (38)
Adenoma . _ 2 (4%) ‘ 5 (11%) 2 (4%) A 2 (5%)
Leiomyosarcoma . ) 1 (3%)
Acinar cell, adenoma ( ' 2 (4%) '
Salivary glands o (51) o (50) 47 . (42)
Stomach, forestomach o 47 L 48) T (50) ' - (46)
Leiomyosarcoma, metastatic S o 1 (2%) : )
Stomach, glandular B (46) o “@nH 50) “43)
Leiomyosarcoma ' o 1 (2%)
«.Tongue . .-~ .. ..., .. e oo . - )} . e e . Q)
Papilloma squamous 1 (100%) 1 (100%)
Tooth ‘ ' " OR
Cardiovascular System _ ' o C
Heart ' 50) P (50) o (50) (50)
Endocrine System . "

Adrenal gland, cortex o (590) 49) (49) - (50)
Adrenal gland, medulla (50) . (49) 49 1)
Pheochromocytoma malignant 1(2%). .. . , .

Pheochromocytoma complex 1 (2%) ‘
- Pheochromocytoma benign-- C e e 17.(34%) : .10 (20%) Lo 11 (22%) . 8 (16%)
Bilateral, pheochromocytoma benign 1 (2%) o )
Islets, pancreatic . “49) o “7n ‘ (48) B (42)

Adenoma - A 4 (8%) 2(4%) 4 (8%) 1(2%) -
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TABLE Al

- 79

Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarim (eontinued)

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
2-Year Study (continued)
Endecrine System (continued)
Pituitary gland 49 (1)) (46) (46)
Pars distalis, adenoma 24 (49%) 20 (43%) 13 (28%) 9 (20%)
Thyroid gland 50y . (48) “y) - : (40)
C-cell, adenoma 1 (2%) 1 (2%) 1 (3%)
Follicle, adenoma 1 (2%) 2 (4%) 1 (2%) 1 (3%)
Follicle, carcinoma 1 (2%)
Follicular cell, adenocarcinoma 1 (2%)
General Bedy System
Tissue NOS ) 1) 1)
Fibroma 1 (100%)
Genital System .
Epididymis (49) (50) (48) 47
Preputial gland “@n (49) (48) (49)
Adenocarcinoma 1 (2%) '
Adenoma 8 (17%) 1 (2%) 1 (2%) 1 (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%)
Hematopoietic System
Blood o (1) o)
Bone marrow “n 49) (50) (46)
Lymph node (51) 49) (50) (48)
Lymph ncde, mandibular (51) 48) 44 42)
Lymph node, mesenteric (50) (49) (50) ' “n
Spleen (49) (48) (45) 45)
Thymus (46) 1) 7 (45)
Integumentary System
Mammary gland 46) (46) “n 44
Adenoma 1 (2%) ' :
Fibroadenoma 3 (1%) 2 (4%) :
Skin (51) (50) (48) ) 49)
Basosquamous tumor benign 1 (2%)
Fibroma 1 (2%) 4 (8%)
Fibrosarcoma 1 (2%)
Keratoacanthoma 2 (4%) 3 (6%) 2 (4%)
Lipoma 1 (2%)
Neurofibroma 1 (2%)
Papilloma squamous 2 (4%) 1 (2%) 1(2%) .
Musculoskeletal System ‘
Bone 51) (50 (50) (50
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TABLE Al
Summary of the Incidence of Neoplasms in Male 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)

Nervous System : )

Brain 48) 49 (46) 47
Cerebrum, meningioma benign 1 (2%)

Meninges, meningioma benign 1 (2%)

Spinal cord ()] “) 8) “@

Respiratory System o

Lung (59 (50) , - (50) - ~ (59
Alveolar/bronchiolar adenoma 2 (4%) 1 (2%) 1 (2%)

Trachea 51) (50) (50) (48)

Special Senses System

Ear - o o) ©)
Fibroma 1 (50%)
Papilloma . 1 (50%)

Zymbal’s gland Q)

Squamous cell carcinoma ’ 1 (100%)

Urinary System - _

Kidney (50 (48) 47 (50
Cortex, lipoma 1 (2%)
Renal tubule, adenoma 1 (2%) 2 (4%)
Transitional epithelium, carcinoma 2 (4%)

Urinary bladder 49 48) 44) (38)

Systemic Lesions

Multiple organs® (51) (50) (50) (50)
Leukemia mononuclear 10 (20%) 5 (10%) 8 (16%) 4 (8%)
Lymphoma malignant 2 (4%) .
Mesothelioma benign 2 (4%) 1 (2%)

Neoplasm Summary

Total animals with primary neoplasms®

15-Month interim evaluation 6 3 4 4

2-Year study 48 46 47 45
Total primary neoplasms

15-Month interim evaluation 6 3 4 4

2-Year study 130 109 93 83
Total animals with benign neoplasms

15-Month interim evaluation 6 3 4 4

2-Year study 48 45 46 . 4“4
Total benign neoplasms

15-Month interim evaluation 6 3 4 4

2-Year study 114 98 83 73
Total animals with malignant neoplasms

2-Year study 16 12 11 8

Total malignant neoplasms
2-Year study 16 12 11 10
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TABLE Al o
Summary of the Incidence of Neoplasms in Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin (continued)

Vehicle Control 150 mg/kg 380 mg/kg 600 mg/kg
Neoplasm Swummary (continued)
Total animals with metastatic neoplasms
2-Year study 1
Total metastatic neoplasms
2-Year study 1

? Number of animals examined microscopically at site and number of animals with lesion
Number of animals with any tissue examined microscopically

¢ Primary neoplasms: all neoplasms except metastatic neoplasms
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4- Dnhydrocoumarm-
Vehicle Control

=)
>
=)
[}
[}
=)
. :
-}
~2
~
~)
~
~

. 0355555266 66 7
Number of Days on Study 4 723449133345555779001122
5964016947 98445602804 517299
- 0 00O0O0OO0OOOOOOOOOOOOOOOOOOOO0ODO
Carcass ID Number 000001000101 0000110100000
5414207481632 88¢691152625T1]1
214223342251451254343152S5
Alimentary System
Esophagus B T T R T R A A A
Intestine large A+ ++++++++A++++A+++AA++++
Intestine large, cecum A++++AA+++AA+++A+++AAMAY + +
Ingestine large, colon A+ ++++++++A++++A+A+AA++ + +
Intestine large, rectum A+ ++++++++A++++M+A+AM+ + + +
Intestine small A+ ++++++++AA+++A+++AA++ + +
Intestine small, duodenum A+ ++++A+++AA+F+A+++AAF+ + +
Intestine small, ileum A+ ++++++++AA++AA+M+AA++ + +
Intestine small, jejunum A+ +++AA+++AM+++A+A+AA++ + +
Liver ++++++++++++++ A+ A+
Mesentery + + + + + T+ o+ o+ + + +
Pancreas A+ ++++++++++++FAF+F++++ ++
" Adenoma
‘Salivary glands +++++++++++F A+
Stomach ++++++++++A+F++FFA+LA A+ +F A
Stomach, forestomach ++++ +++FF A+ FAFTAF A+ A+ +F
Stomach, glandular A+ +F++ AT F A FTAF AT F
Cardiovascular System
Heart ‘ o SR R S N S T T A 2 S
Endocrine System )
Adrenal gland +++++++++++++++ + 4+ 4+ +++ + ++
Adrenal gland, cortex +++4++++++H A FAF A+
. Adrenal gland, medulla + ++++++++F A+ F + 4+ + T+
Pheochromocytoma malignant X » ) o
Pheochromocytoma benign X X XX X
Islets, pancreatic = Ct+t A+ A A AR+
Adenoma ’ ' '
Parathyroid gland ' M+ + A+ A+ A A+
Pituitary gland ' ++H++++ AT AT +F
_Pars distalis, adenoma X X XXX X X X X'X X
Thyroid gland - ’ R T T S N R AV W N S i Gk
"C-cell, adenoma ' : o X ' ‘
Follicle, adenoma
" Follicular cell, adenocarcinoma .
General Body System
None
+ +: Tissue examined microscopically M: Missing tissue X: Lesion present

A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined
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TABLE A2

Individual Animel Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarimn:

Vehicle Control (continued)

Total
Tissues/
Tumors

51

33333333
0000O0OO0O0TO

1771777117117 17171r7717717717171T7171T7T1T71T7T7T7717
0000O0OOOOOOOOOOOOOOOOOOOOO
00000O0GCO0OOO0OO0OO0OO0OTIT1O0O0CO0OO0OOO0OOOOOTI11
233355777899 02112446¢6789°01
53 451424533442 134352411153
S I T S I R I T S N O N A A 2 A A -

g 8
5§32
-
858
0 U U U=
bhBRE
So 893
UV VLY
EEEEE
ot g dad gd b
88888
IR E-R=EG)
Py e pumd S

Esophagus

Number of Days on Study
Carcass ID Number
Alimentary System

45
41
44
44
44

A+ +++++++++++++++++++
M+ +++++++++++++++++++
A+ +++++++++4++++++++++
A+ ++ 4+ ++++++++4++++++++

+
+
+
+
+

+++++
+4++++
+4++++
+++++

43
42
a
49
17
49
2
51
47
47
46

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

+++++A+ A+ A A+
+++++A+F A A A4+
T Tk - S S T o e S S e A A A T AR I A -
T T T T T A S e A s e i i i st S R N S
O T o T T T T e e A S A A
A R T IRk T I A S A S R R
+++++++ A A A+
O T Tk TE T T S A e A A e i
R I T T T T S T 2k i 2 A A

Adenoma

Salivary glands

Intestine small, duodenum
Stomach

Intestine small, ileum
Intestine small, jejunum

Liver
Stomach, forestomach

Stomach, glandular

Pancreas

Mesentery

50

R T T T e A A I S R i I

Cardiovascular System

50
50
50

1
17
49

++++++++ A
I T N T T A B R A A S S S T N O &
R IR I I T I T R S A R A ik T 2k A 2k 2 . I T

Adrenal gland

Adrenal gland, cortex

Adrenal gland, medulla
Pheochromocytoma malignant

Heart

Endccrime System

4+
» +
-+
X +

+ 4+ + 4+

Pheochromocytoma benign

Islets, pancreatic

4
47
49

‘24
50

++ 0+
++ o+
++ X+
+4+ o+
++ o+
M+ 4K+
2 +x+
++ %+
++ o+
++ %+
R
®E+ X+

+ %+
+¥+
+ o+
+ 4+

+ 4+ P4
+
X
+

Pars distalis, adenoma

Thyroid gland

Adenoma
Parathyroid gland
Pituitary gland

1
1
1

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

None

General Bedy System
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
Vehicle Control (continued)

0355555666666 6¢6666¢67771777
Number of Days on Study 4723449133345555779001122
596 1 9 47 938 4 5 08 0451 9 9
0000O00O0O0O0COOOO0OOOOOOO0OCOOO0O0OO
Carcass ID Number 000001000101 0000110100000
54142074816 28869115262511
214223342251451254343152S5S
Genital System
Coagulating gland
Epididymis + + + + + ++++++++M++++M++ + +
Preputial gland T+t ++++++ M+ ++FM+EM+ M+ + o+
Adenocarcinoma : X
Adenoma X
Carcinoma X
Prostate +++++++++++++++M++++M++ M+
Seminal vesicle +++++++++++++++M++++M++++
Testes +++++++++++++++M++++M++ + 4+
Interstitial cell, adenoma XXXXXX X X X XX XX XXXX
Hematopoietic System
Bone marrow + 4+ ++++++++A++++A+A+ A+ A+ + 4
Lymph node +++++++++++ A+
Lymph node, mandibular +++++++ A+
Lymph node, mesenteric ++++++++++++++ AT+ FF
Spleen ++++++++++++ A+ AT+
Thymus +++++++++++++++AM+ M+ +++ 4+
Integumentary System ) .
Mammary gland + M+ ++++++++++++++M+++M+ ++
Adenoma
Fibroadenoma X X
Skin ++++++++++++++++++++++ + + +
Basosquamous tumor benign '
Fibroma
Fibrosarcoma
Keratoacanthoma
Papilloma squamous ' : X X
Musculoskeletal System

Bone ++++ ++ +F A+ 4

Nervous System .
Brain . ++++++A+++A++HFFAFFE A+
Cerebrum, meningioma benign
Meninges, meningioma benign
Peripheral nerve \ +
Spinal cord +

>
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydroccoumarin:
Vehicle Control (continued)

7711717771171 717171717717777T7177T171717T17717
Number of Days on Study 22222222222222333333333333
9999999999999 0000O0OO0OOOOO
0000O0O0O0OOCOOOO0OOOOCOOO0OOOOO0O0OO
Carcass ID Number 00000O00O0OO0OO0OO0OO0OT1I1O0O0O0OO0O0OGOOOOOT171 Total
23335577789902112446¢6789°901 Tissues/
53451424533 442134352411153 Tumors
Genital System
Coagulating gland + + 2
Epididymis + +++++++++ 4+ 4+ 4+ 4++++4+4++++++ 4+ + 49
Preputial gland ++++++++++++++++++++++++ + + 47
Adenccarcinoma 1
Adenoma XX XXX X X 8
Carcinoma X 2
Prostate + +MM++++++++++M+++++++++ 4+ + 45
Seminal vesicle + 4+ + 4+ ++F A+ F A F A+ 49
Testes ++ 4+ +++ 4+ o+ 49
Interstitial cell, adenoma XXXXXXXXXYXXXXXXXXXXXXXXXXXX 43
Hematopoietic System
Bone marrow +++++++++ A+ 47
Lymph node +++++++++H+ A FF A+ 51
Lymph node, mandibular + ++++++++++++++++++++ 4+ 51
Lymph ncde, mesenteric ++++++++++++++++ A+ + 50
Spleen ++t++ 4+t F AR+ 49
Thymus +++M+++M++++++++++++++++++ 46
Integumentary System
Mammary gland ++++M++++++M++++++++++++++ 46
Adenoma X 1
Fibroadenoma X 3
Skin +++++++++ A E A+ 51
Basosquamous tumor benign X 1
Fibroma X 1
Fibrosarcoma X 1.
Keratoacanthoma X X 2
Papilloma squamous 2
Musculoskeletal System
Bone ++++++++ A+ 51

Nervous System
Brain ++++++++++++
Cerebrum, meningioma benign
Meninges, meningioma benign
Peripheral nerve +
Spinal cord +

D=

-
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
Vehicle Control (continued)

0355555626666 ¢666¢66¢6¢6¢67 77777
Number of Days on Study 4723449133345555779001122
5964016947 984452¢620238T0 4 1799
0000O0O0O0OO0OOOOOOOOOOOOOOOOOGO
Carcass ID Number 000001000101 0000110100U000
54142074816288¢69115262511
214223342251451254343152%5
Respiratory System
Lung +++++++++++++++++++M++++
Alveolar/bronchiolar adenoma :
Nose ++++++A+++++++++++++++F+++
Trachea : ++++++++++++++ A+ +
Special Senses System
Eye +
Urinary System
Kidney A+ +++++++++++++++++++++++
Ureter +
Urinary bladder - ' +++++++++++++++M++++M+ +++

Systemic Lesions ’
Multiple organs + +
Leukemia mononuclear

>+
"+
X+
>+
>+
w o+
%+
>+
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study. of 3,4-Dihydrocoumarin:
Vehicle Control (continued) '
7717717771717 717717717717177777177T7T1771717
Number of Days on Study 22222222222222333333333333
9999999999999 9000000O0O0O0CO0O0O00
000O0O0CO0OO0OOGCOOOOOOOOOOOOOOODODOO
Carcass 1D Number 0000000000001 100000000001T1. Total
233355777899 02112446¢67289°01 Tissues/
5$53451424533442134352411153 Tumors
Respiratory System : SE
Lung : +++++++++++ A+ o+ 50
Alveolar/bronchiolar adenoma X X L : o 2
Nose ’ ++++++++++++++F A+ 50
Trachea ++++++++++ A+ 51
Special Senses System
Eye 1
Urinary System :
Kidney ++++++++ A+ 50
Ureter 1
Urinary bladder ++++++++++ A+ 9
Systemic Lesions )
Multiple organs +++++++++++F+H++ A+ 51
Leukemia mononuclear X X B 10
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24445555555555555¢6¢6¢6266666
35674445556 7178288992345%686°¢6 7
852238906776 44899345728283

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

TABLE A2

Q w N
S =0

0

-0 W
-
(o I ]
N - <
- W
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- M
QN v
(o BT ]
NN T
- o0
-0 <
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< N
o~ <
Ll ]
T N
S~
oo
A n
T N
oS¢

000O0O0OOOOOOOOOOOCOOOO0O0OO

1221121111

O

Carcass ID Number

++++F+ A+ T+

g

g 5.8

Bg5 .mmn

828 5383

B

882 ©-=%2

v oSS o=

EREREETE

REEEREREREE

O U LVLVLOL LY

SEEEEESEEE
SESE5EE8E
808888880
= e A e A e e = P
—mnnnnnnnﬂu

Pt G el gt el P | e

Alimentary System

+tCCC <L F

EEEEEE R

++++++++++
++++
tg<<<H << H
++++++++++
+++++++++
+C<++++<+
+H++ 4+t
+++++++++
<L
+++++++++
+++++++++
+4+ 4+t
++++ o+
+++++++++
+++++++++
+++++++++
teg gt
<A<+
+++++++++
++++++++++
+++ A+
teCLLLLLC
+CCCE <L

+
X
+ .

+
+
X
+

+ +
X

+
SR TE Tk T T I S S S S A S S S SR

+
<+
X

+
+ A+ ++++ 4+ +++ o+
+ A+ +++++++++

+ +

+

+
+A+++A+F+F+H++ 4+ FFA+ S+ ++

+
++++++FF A+

+ + +++AFF+FF A FAEF o+
T Tk Tk T T S S A R S S S T S
+H+++ A+ FF AT+
++++++ A+
+A+++A+F++++ AT+

Pheochromocytoma benign

Islets, pancreatic

Pheochromocytoma complex
Adenoma

Hepatocellular adenoma
Mesentery
Pancreas

Adenoma
Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular
Tongue

Papilloma squamous
Adrenal gland
Adrenal gland, cortex
Adrenal gland, medulla

Heart

Cardiovascular System
Endocrine System

+ 4+ %+
++ ¥+
++ +
++ 4+
++ <
=+ ¥+
=z +
++ X+
++ %+
++ +
g <
++ ¥+
++ o+
++ o+
++ +
=+ X+
++ +
++ +
+4+  +
++ 4+
++ o+
++ +
++ o+
+4+ o+
=+ o+
:
muu
3dz
2wig
£E:3
28
LR

C-cell, adenoma
Follicle, adenoma
Follicle, carcinoma
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Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 150 mg/kg

(continued)

Lesions in Male Rats

TABLE A2

6 6 666 6667777777777 777T17T7173

7788899912 22222222222333134

Number of Days on Study

371154558113999999999000°0

000000O0OOCOOOOCOOOOOOOOOCOOOO

Total

12121212212111111122211132

Carcass 1D Number

Tissues/
Tumors

838360521625 34457823457281

3225254423111 14335234221373

Alimentary System

50
44
42
42
44
44
44

43

SR TR S I S A S S A i I A I R A T

Esophagus

R IR I I R A A R

Intestine large

I T T T T S S S S S e e S S A

Intestine large, cecum
Intestine large, colon

I T T S S T T T T T I S S S P S S S S

S T I S A e T T T T T 0 I T S S S S S S
I s S T e S s T A T T SO S S A T

Intestine large, rectum

Intestine small

+++++++++ A+

Intestine small, duodenum
Intestine small, ileum

+++++ A A F A+ o+

Intestine small, jejunum

Liver

42
47

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

S T R S R T e S T S S S S S S e

15
47
5

Hepatocellular adenoma

Mesentery

Pancreas

X X

S T S S AR Rk I T S S S S e A A A
+++++++F A+ o+

Adenoma

Salivary glands
Stomach

50
48
48

47

SR R I T I S S A S S A A

IR R I I 2 TR 2 T T T S S o S T T S S
++t+++ A+

Stomach, forestomach
Stomach, glandular

Tongue

Papilloma squamous

Heart

Cardiovascular System

50

I S R T T s s S S S S S S S S S R G U

Endecrine System

49
49
49

+++++ A+

Adrenal gland

+++++ A+ A F A+ o+

Adrenal gland, cortex

R S S R A e T S i T S I I S S S S A R

Pheochromocytoma benign

Islets, pancreatic

Pheochromocytoma complex

Adrenal gland, medulla

X

X

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

Adenoma
Parathyroid gland
Pituitary gland

+ 4+ X+
+ 4+ X+
+4+ o+
+ o+
+ o+
+ X+
+ o+
+ %+
+ X+
+ o+
+ X+
+ %+
+ o+
+ %+
= +
+ X+

+

+ M+ 1
+
+

Pars distalis, adenoma

Thyroid gland

Follicle, adenoma
Follicle, carcinoma

C-cell, adenoma
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TABLE A2

Individual Animal Tumor Pathology of Male Rats ;in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 150 mg/kg.
(continued)

5
Number of Days on Study 35617 4445556788899 2345%46266:7
: - 852238906 7.764489934572883
0 000O0O0OO0O0OOOO0O0OOOOOOOOOOOOOO0
Carcass ID Number 1221121111211221121221111
: 6 0493047741628 339943113¢673
1355313142144 411235452554
General Body System
Tissue NOS + M
Genital System
Epididymis - ++++++++++++++++ + + + 4+ + + + +
Preputial gland - U D ¥ O s S s S S e T S S S S S S S S S
Adenoma '
Carcinoma X XX
Prostate +++++F A+ A+ A+ o+
Seminal vesicle ++++++++++++++++++++A+ 4+ + 4+
Testes _ ++++++++ A A+ o+
Interstitial cell, adenoma - X X X X X XX XX X X X XX XXX
Hematopoietic System
Blood ) +
Bone marrow ++++++++++++++A+++++ 4+ 4+ + +
Lymph node . ++t++++ A+ FAF A+
Lymph node, mandibular . ++++++++++++++A+++++M++ ++
Lymph node, mesenteric +++++++++H+HFFFFAF A+
Spleen A+ ++++++++++++HA+++++++++ +
Thymus ++++++++++++++F++++MF M+ +
Integumentary System
Mammary gland : . o+ ++++M+++M++ AL+ M
Fibroadenoma X X
Skin ) +++++++++++++++++++++++ 4+ +
Fibroma ' ' X
Keratoacanthoma X
Neurofibroma

Papilloma squamous

Musculoskeletal System N
Bone BRSNS B R R R
Skeletal muscle :
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TABLE A2
Individus! Animsl Tomor Pathology of Male Rats im the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 150 mg/kg
(continued)
6 666666 6771777717777 7T7T7T17773
Number of Days om Study 77 8889991222222222222333314
3711545581139999999990000
0000O0O0OO0O0OOOOOOOOOOOOOO0OOOOO
Carcass 1D Number t1212121221211111112221112 Total
838360521625 344578234517281 Tissues/
3225254423111 143352342213 Tumors
General Bedy System
Tissue NOS 1
Genital System
Epididymis + + 4+ +++++++++++++++4++++++ + 50
Preputial gland ++ ++ ++++++++++++++++++++ + 49
Adenoma X 1
Carcinoma 3
Prostate ++++++++F A+ o+ 48
Seminal vesicle +++++++++++++++++++++++++ 49
Testes ++ +++++++r++FFF A+ 49
Interstitial cell, adenoma XXXXX XXXXXXXXXXXXXX XXX 39
Hematopoietic System
Blcod 1
Bone marrow ++++++t++ A+ 49
Lymph node +++++++++++ A+ 49
Lymph nocde, mandibular +++++++++++++++++++++++++ 48
Lymph node, mesenteric +++++++++++ 49
Spleen +++++++++++ A+ 48
Thymus ++++++++++++++++++++++++M 47
Integumentary System
Mammary gland +++++++++++++++++++++++ 4+ + 46
Fibroadenoma 2
Skin ++++++++++F A+ 50
Fibroma X X X 4
Keratoacanthoma X 3
Neurofibroma X 1
Papilloma squamous 1
Musculoskeletal System
Bone +++++++++F+HF A+ o+ 50

Skeletal muscle
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 150 mg/kg
(continued) '

2444555555555595556¢6¢6¢6266 66
Number of Days on Study 3567444555 ¢6788899234562636 7
8 522389046776 4 899345 2883
0000O0O0OO0O0OO0OOO0OOOOOOOOOOOOOO 0O
. Carcass ID Number 1221121111211221121221111
6 0493047741618 339943113¢673
1355313142144 4112354525754
Nervous System _
Brain A+ ++++++++++++++++++++++ 4+
Peripheral nerve
Spinal cord o . +
Respiratory System
Lung : S I R T I A I I A T Ak T I N I
Alveolar/bronchiolar adenoma )
Nose ++++++++++++++++++++++ 4+ + +
Trachea +++++++ A+
Special Senses System
Ear +
Eye
Urinary System
Kidney +A++++++++++++A+FFH+H+ A+ FF+ 4+ +
Renal tubule, adenoma . X
Urinary bladder ++++++++++++++AFF A+ ++
Systemic Lesions
Multiple organs ++++++++++++++++++++++++ +
Leukemia mononuclear X X X
Lymphoma malignant X X

Mesothelioma benign X
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 150 mg/kg
(continued) .
6 6666666777777 7T7T77T77T777173
Number of Days om Study 778889991222222222222333:+4
3711545581139999999990000
0000O0CO0OO0OOOO0OOOOOOOOOOOOCOOOO
Carcass ID Number 1212121221211111112221112 Total
8383605216253 445782345781 Tissues/
3225254423111143352342213 Tumors
Nervous System
Brain ++++++++++++++++++++++++ + 49
Peripheral nerve + 1
Spinal cord + + + 4
Respiratory System
Lung ++++++ A+ 50
Alveolar/bronchiolar adenoma X 1
Nose ++++++F+ A FFF A+ 50
Trachea ++++++F o+ + 50
Special Senses System
Ear 1
Eye + + 2
Urinary System
Kidney +++ 4+ +++++r A+ 48
Renal tubule, adenoma 1
Urinary bladder ++++++++++++++++++++++ 4+ + + 48
Systemic Lesions
Multiple organs ++++++++ A+ A F o+ 50
Leukemia mononuclear X X 5
Lymphoma malignant 2
Mesothelioma benign X 2




94 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: 300 mg/kg

4 55555666666 6666666666666
Number of Days on Study 922599001113335¢6¢6¢6¢6777 778
: 4 2742635359344 4225246043528291
0000O0OOCOOOOOOOOOOOCOOOOOOOO
Carcass ID Number 2333333232232333323322333
94534028157¢681633615¢67¢62S:5
3112412241213 5435232333354
Alimentary System .
Esophagus ++++++++++++++++++++++++ +
Intestine large +A++++++F+A++H+H+F+++ 4+ +FAFALA
Intestine large, cecum + A+ A+ ++++A++++++++++A+A+A
Intestine large, colon + A+ ++++++A++++++++++A+FAL+A
Intestine large, rectum + A+ ++++++A++H+H A+ +H++H++HA+FA+FA
Intestine small + A+ ++++++A++++++++++++A+A
Intestine small, duodenum + A+ ++++++A++H+H+H+H+HF+H++H++A+FA
Intestine small, ileum +A+A++++F+A++HF A+ +HFA+AFA
Intestine small, jejunum +A+A+++++A++++++++++A+AL+A
Liver +++++++++++++++++++++M++ 4+
Hepatocellular carcinoma X
Hepatocellular adenoma
Mesentery + + + +
Pancreas ++++++++++++++++++++ A+ + A
Adenoma X
Acinar cell, adenoma X .
Salivary glands +++++++++++++++++F++F M+ +
Stomach ++++++++++++++++++++4+++++
Stomach, forestomach - ++++++++++F+++++++++++++++
Leiomyosarcoma, metastatic - : :
Stomach, glandular ++++++++++++++++++++++++ +
Leiomyosarcoma :
Cardiovascular System
Blood vessel
Heart +++++F++F A+
Endocrine System
Adrenal gland ++++++++ A+
Adrenal gland, cortex + ++++ A+
Adrenal gland, medulla +++F+++F+H+E A+
Pheochromocytoma benign ' X XXX X
Bilateral, pheochromocytoma benign .
Islets, pancreatic . . ++++++++++F+F+++ A
Adenoma X
Parathyroid gland +++++++++++++++M++++++++M
Pituitary gland C + + 4+ ++++ M+ AL A+t
Pars distalis, adenoma X X X X X .
Thyroid gland +A++++++++++++++++++++++ +

Follicle, adenoma
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TABLE A2 v
Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 300 mg/kg
(continued)
6 6666 66 6777777777777 17T17T17717
Number of Days on Study 8999999900000122222223333
401445771899 96035999900°00
00000O0OO0OO0O0O0OO0OO0OO0OOO0OOOOOCOOO0O0OO0OO0
Carcass ID Number 2233322322223332222332233 Total
55413680756 920099772¢635¢6612 Tissues/
24514415455 43421215423121 Tumors
Alimentary System
Esophagus ++ M+ ++++++++++++++++++++ + 49
Intestine large ++++++++++++++A++++++++ 4+ 44
Intestine large, cecum ++ +A+++F++A++++A++ A+ A+ A+ A+ F 41
Intestine large, colon +++++++++A+HFH A+ A+ A+ 43
Intestine large, rectum ++++++++++++++AF++++++++ 4+ 44
Intestine small ++++++++++++++A+F+++++++ + + 45
Intestine small, duodenum ++++++++++++++A+++++++++ + 45
Intestine small, ileum ++++++++++++A+A+++++++ + + + 42
Intestine small, jejunum ++++++++++++++M++++++4++++ 43
Liver "+ +++++++++++++++++++++++ 49
Hepatocellular carcinoma i 1
Hepatocellular adenoma X 1
Mesentery + + M + + 10
Pancreas +++++++++ A+ 48
Adenoma X 2
Acinar cell, adenoma X 2
Salivary glands ++ M+ +++++++++++M++4++++++ + 47
Stomach + 4+ ++++++ A F A+ 4 50
Stomach, forestomach + ++++++++++HF A A A F+ 50
Leiomyosarcoma, metastatic X 1
Stomach, glandular ++++++ A+ 4 50
Leiomyosarcoma X 1
Cardiovascular System
Blood vessel + + 2
Heart +++++++ A+ o+ 50
Endocrine System .
Adrenal gland ++M++++++++++++ A+ ++ 49
Adrenal gland, cortex + 4+ M+ +++++++++++++++++++++ 49
Adrenal gland, medulla ++M++++++++++++++++++++++ 49
Pheochromocytoma benign X X X X X X - 11
Bilateral, pheochromocytoma benign X ‘ : 1
Islets, pancreatic ' M+ ++++++++++ o+ 48
Adenoma X X X 4
Parathyroid gland ++++++++++++++4+++++++++++ 48
Pituitary gland ++M++++++++++++MF+++++++++ 46
Pars distalis, adenoma X X XX XX X X ) 13
Thyroid gland + 4+ ++++++++++F A+ o+ 49
Follicle, adenoma X 1




3,4-Dihydrocoumarin, NTP TR 423

TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumari : 300 mg/kg

(continued)

4 5555566666666 666¢66¢6 626666

922599001113335¢6¢6¢6¢6777778
4 27 426353593444225¢60452891

Number of Days on Study

000O0O0OOOO0OOCOCOOOOOOOOOOOOOOO
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Total
Tissues/
Tumors

6 6 6 666 6677717717177 771777T7T177
8999999900000122222223333
4014457171899 96103599990000
000000O0OOCDO0OO0OOOO0OOO0OOO0OOOCOOO0OOODO0
22333223222233322223322233
55413680756 920099772¢635¢612
24514415455 43421215423121

Tissue NOS
Fibroma

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumarin: 360 mg/kg

(continued)
Number of Days on Study

Lesioms im Male Rats
Carcass D Number
General Bedy System

TABLE A2

CX- 2k R 2R

X

+++++ A+ MY+ o+
+M+M++++++++++++++++++++ +
+H++ A+ A+ F My o+

Adenoma

Preputial gland
Prostate
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Interstitial cell, adenoma

Blood

Bone marrow
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Lymph node, mandibular
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Mammary gland

Skin

Thymus
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+ +
X
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+ M
+ M
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50
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Papilloma squamous
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98" 3,4-Dihydrocoumarin, NTP TR 423
TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihiydrocoumarin: 300 ‘mg/kg
(continued) ) ) . o

_ 4555556666666 6666666666 6 6
Number of Days on Study 9225990011133356¢6¢6¢6777778
S 4274263535934 44225¢620452891
) _ 0000000O0OCO0OOO0OOCOO0OOO0OOOOO0OO0GOO0O
Carcass ID Number 2333333232232333323322333
- '94534028157681633615¢67625
31124122412135435232333354
Respiratory System i
Lung ' o EEE S I I T T T e T T i i i e S S S R
Alveolar/bronchiolar adenoma _ SRR o
Nose B S S S s i S S S S S S S R R S A
Trachea o : : ++ 4+ F++++
Special Senses System
Ear
Zymbal’s gland
Squamous cell carcinoma
Urinary System , _ v
Kidney C ' +++++H++F A+ +
Urinary bladder +++++++F A+ FAME +
Systemic Lesions ‘ ‘
Multiple organs ‘ ++++++F+++++F++ A+ F
Leukemia mononuclear ‘ X XXX R

Mesothelioma benign
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 300 mg/kg
(continued)
6 6 66 666 6777771717777 7T7T717777
Number of Days on Study 8999999900000122222223333
4 0144577189996 2035999940¢000
0000O0O0OO0OO0OOO0OOOOOOOOCOOOOOOO
Carcass 1D Number 2233322322223332222332233 Total
55413680756 9200997726156172 Tissues/
2451441545543 421215423121 Temors
Respiratory System
Lung +++++ A+ F o+ 50
Alveolar/bronchiolar adenoma X 1
Nose ++M++++++++++++M++ 4+ +++ 4+ 4+ + 48
Trachea ++++ A A A A A+ o+ 50
Special Senses System
Ear + 1
Zymbal’s gland + 1
Squamous cell carcinoma X 1
Urinary System
Kidney +MM++++++++++++M+++++ 4+ + + + 47
Urinary bladder ++M+++++++++++AM+++++ ++ + + 4
Systemic Lesions
Multiple organs +++++++++++++ A 50
Leukemia mononuclear X X X 8

Mesothelioma benign

o




100 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: 600 mg/kg
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101
Tissues/

Total
Tumeors

6 6 6 6 66 666 66 6666664666777 777
455666677777 8889999111233
0192388223371 7800946012000
000O0O0OO0OOOOOO0OO0OOOOOOOOOOO0O0OO
4 4 4 433 4443444433 4444431434
8653790079622 47946057717S35
1554445341313323214355112

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumarim: 600 mg/kg

(continued)

LLesioms im Male Rats
Number of Days om Study
Carcass [ Number
Alimentary System

TABLE A2
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3,4-Dihydrocoumarin, NTP TR 423
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Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 600 mg/kg

(continued)
Number of Days on Study’

Carcass ID Number
General Body System
Genital System
Hematopoietic System

TABLE A2
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Lesioms im Male Rats

TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of-3,4<Dihydrocoumarin: 600 mg/lg

(continued)

6 6 6 6 66 666 666666666467 7T7T7T7717
"4 556 6667777788899 99111233 "

Number of Days on Study

0'192388223371780046012000

000000O0OOO0OO0O0OO0OCO0OO0OO0OOOOOOO0COO0ODO0
"4 44433 44 434 444334444434234
865379007962247946057717S5

Total

Carcass 1D Number

Tissues/

1554445341313323214355112
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TABLE A2

Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 600 mg/kg“
(continued)

5555555555666 66 6 6 6
Number of Days on Study 4464802355678 990000011224
4 55431872497 438555¢67618S570
0000000000O0OO0OO0OO0OOOO0OO0OO0OOOCOOT 0O
Carcass ID Number 4 4 444 434343444444 44444 434.
1041348582814 7801628835787E6
215321214214 4252543241432
Respiratory System
Lung ++++++++++4+++++++++++++ 4+ +
Nose ++++++++++FMF A F A+
Trachea +++A+++++++M++++++ A+ +
Special Senses System
- Ear +
Fibroma
Papilloma X
Eye
Urinary System
Kidney . ) ++++++++++++++++++++++ 4+ + +
Cortex, lipoma
Renal tubule, adenoma X
Transitional epithelium, carcinoma X X L _
Urinary bladder ot + A+ AL AAFA+LAAAASF A+ + 4+

Systemic Lesions

Muiltiple organs ++++++++++++++++F++++++F A+
Leukemia mononuclear X X
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TABLE A2
Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of 3,4-Dihydrccoumarin: 600 mg/ig
(continued)
6 6 6 6 666666 666¢6¢66¢6¢6¢6777777
Number of Days on Study 45566667777 78889999111233
01923882233717800460120200
000000O0O0CO0O0OOOO0OOOO0OOOOOOOOO
Carcass 1D Number 4 4 4 4334443 4444334444434 34 Total
86 53790079622479460357717S5 Tissues/
1554445341313323214355112 Tumors
Respiratory System
Lung ++++++++++++++++++++++++ + 50
Nose +++++++++ A+ 49
Trachea PR T I I I S A 2 S e i R S 48
Special Senses System
Ear + 2
Fibroma X 1
Papilloma 1
Eye + 1
Urinary System
Kidney +++++++++++ A+ 4 50
Cortex, lipoma X 1
Renal tubule, adenoma X 2
Transitional epithelium, carcinoma 2
Urinary bladder ++A+++++++AA++FA+FF A+ F++++ 38
Systemic Lesions
Multiple organs +++++++++++++++++++++++++ 50
Leukemia mononuclear X X 4




106 3,4-Dihydrocoumarin, NTP TR 432

TABLE A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
Adrenal Medulla: Benign Pheochromocytoma .
Overall rates® 17/50 (34%) 10/49 (20%) 12/49 (24%) 8/50 (16%)
Adjusted rates” 52.5% 482% 553% 66.0%
Terminal rates® 13/28 (46%) 4/13 (31%) 2/8 (25%) 1/2 (50%)
First incidence Jdays) 634 668 615 577
Life table tests P=0.024 P=0474 P=0.123 P=0.030
Logistic regression tests? P=0.34IN P=0.356N P=0.420N P=0.345N
Cochran-Armitage test P=0.042N :
Fisher exact test ’ P=0.098N P=0.207N P=0.032N
Adrenal Medulla: Benign, Malignant, or Complex Pheochromocytoma .
Overall rates 18/50 (36%) 11/49 (22%) 12/49 (24%) 8/50 (16%)
Adjusted rates 53.8% 50.9% 553% 66.0%
Terminal rates 13/28 (46%) © 413 (31%) 2/8 (25%) 172 (50%)
First incidence (days) 634 668 615 577
Life table tests P=0.043 P=0.443 P=0.180 P=0.058
Logistic regression tests P=0.238N "~ P=0355N P=0.312N P=0.242N
Cochran-Armitage test P=0.024N :
Fisher exact test P=0.104N P=0.152N P=0.020N
Kidney (Renal Tubule): Adenoma (Single Sections)
Overall rates , 0/50 (0%) 1/48 (2%) 0/47 (0%) 2/50 (4%)
Adjusted rates - .0.0% 3.6% 0.0% 15.0%
Terminal rates : 0/28 (0%) 0/13 (0%) 0/8 (0%) 0/2 (0%)
First incidence (days) - T 668 - 605
Life table tests P=0.060 P=0.455 - P=0.090
Logistic regression tests P=0.128 - P=0.489 - P=0.217
Cochran-Armitage test P=0.143 i
Fisher exact test : P=0.490 - P=0.247
Kidney (Renal Tubule): Adenoma (Single and Step Sections)
Overall rates 1/50 (2%) 1/48 (2%) 3/47 (6%) 6/50 (12%)
Adjusted rates 3.4% 3.6% 14.9% 69.3%
Terminal rates ' 0/28 (0%) © 013 (0%) 0/8 (0%) 172 (50%)
First incidence (days) . 717 668 694 605
Life table tests P<0.001 P=0.675 P=0.124 P<0.001
Logistic regression tests : P=0.002 P=0.723 P=0.210 P=0.013
Cochran-Armitage test P=0.013
Fisher exact test P=0.742 P=0.285 P=0.056
Kidney (Transitional Epithelium): Carcinoma . '
Overall rates 0/50 (0%) - 0/48 (0%) 0/47 (0%) 2/50 (4%)
Adjusted rates : 0.0% 0.0% 0.0% 4.4%
Terminal rates 0/28 (0%) 0/13 (0%) 0/8 (0%) 072 (0%)
First incidence (days) - - - 444
Life table tests . . P=0.043 - - P=0.226
Logistic regression tests P=0.105 - - P=0.378
Cochran-Armitage test P=0.048

Fisher exact test ’ - - P=0.247
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TABLE A3

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumarin
(continued)

Vehicle Control 150 mg/kg 380 mg/kg 609 mg/kg
Mammary Gland: Fibroadenoma
Overall rates 3/51 (6%) 2/50 (4%) 0/50 (0%) 0/50 (0%)
Adjusted rates 9.3% 5.7% 0.0% 0.0%
Terminal rates 2/28 (1%) 0/13 (0%) 0/8 (0%) 0/2 (0%)
First incidence (days) 619 584 - -
Life table tests P=0.128N P=0.661 P=0.291N P=0.485N
Logistic regression tests P=0.041N P=0.512N P=0.133N P=0.193N
Cochran-Armitage test P=0.040N
Fisher exact test P=0.509N P=0.125N P=0.125N
Mammary Gland: Fibroadenoma or Adenoma
Overall rates 4/51 (8%) 2/50 (4%) 0/50 (0%) 0/50 (0%)
Adjusted rates 12.7% 5.7% 0.0% 0.0%
Terminal rates 3/28 (11%) 0/13 (0%) 0/8 (0%) 0/2 (0%)
First incidence (days) 619 584 - -
Life table tests P=0.094N P=0.580N P=0.227N P=0.445N
Logistic regression tests P=0.021N P=0.365N P=0.080N P=0.148N
Cochran-Armitage test P=0.019N
Fisher exact test P=0.348N P=0.061N P=0.061N
Pancreatic Islets: Adenoma -
Overall rates ' 4/49 (8%) 2/47 (4%) 4/48 (8%) 1/42 (2%)
Adjusted rates 14.3% 11.0% 24.8% 5.0%
Terminal rates : 4/28 (14%) 1/13 (8%) 18 (13%) 0/2 (0%)
First incidence (days) 729 (T) 668 662 668
Life table tests ' - P=0295 . P=0.665N P=0.165 P=0.577
Logistic regression tests P=0.523N P=0.545N P=0.424 P=0.647TN
Cochran-Armitage test P=0.234N
Fisher exact test P=0.359N P=0.631 P=0.232N
Pancreas: Adenoma
Overall rates 2/49 (4%) 5/47 (11%) 4/48 (8%) 2/38 (5%)
Adjusted rates 71% 24.2% 18.7% 21.9%
Terminal rates 2/28 (%) 213 (15%) 0/8 (0%) 0/2 (0%)
First incidence (days) 729 (T) 549 662 537
Life table tests P=0.127 P=0.063 P=0.102 P=0.144
Logistic regression tests P=0.510 P=0.152 P=0.243 P=0.555
Cochran-Armitage test P=0.574N
Fisher exact test P=0.201 P=0.329 P=0.5%0
Pituitary Gland (Pars Distalis): Adenoma
Overall rates 24/49 (49%) 20/47 (43%) 13/46 (28%) 9/46 (20%)
Adjusted rates 63.4% 73.7% 50.6% 74.9%
Terminal rates 15/28 (54%) N3 (54%) 18 (13%) 072 (0%)
First incidence (days) 534 557 527 483
Life table tests P=0.216 P=0.112 P=0.494 P=0.149
Logistic regression tests P=0.006N P=0.572N P=0.039N P=0.021N
Cochran-Armitage test P<0.001N

Fisher exact test P=0.335N P=0.031N P=0.002N s
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TABLE A3

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin
(continued) ‘

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
Preputial Gland: Adenoma
Overall rates 8/47 (17%) 1/49 (2%) 1/48 (2%) 1/49 (2%)
Adjusted rates 273% 7.7% 12.5% 71.7%
Terminal rates 7/28 (25%) 1/13 (8%) 1/8 (13%) 0/2 (0%)
First incidence (days) 704 729 (T) 729 (T) 681
Life table tests . P=0.392N P=0.141N P=0.298N P=0.689
Logistic regression tests P=0.146N P=0.082N P=0.140N P=0.336N
Cochran-Armitage test P=0.008N
Fisher exact test P=0.013N P=0.014N P=0.013N
Preputial Gland: Carcinoma
Overall rates . 3/47 (6%) 3/49 (6%) 0/48 (0%) 1/49 (2%)
Adjusted rates 9.3% 1.7% 0.0% 2.6%
Terminal rates - 2/28 (7%) 0/13 (0%) 0/8 (0%) 0/2 (0%)
First incidence (days) v 619 576 - 577
Life table tests P=0.307N P=0.481 P=0.291IN P=0.734
Logistic regression tests P=0.110N P=0.630N P=0.125N P=0.328N
Cochran-Armitage test P=0.128N
Fisher exact test P=0.641N P=0.117N P=0.293N
Preputial Gland: Adenoma or Carcinoma
Overall rates :11/47 (23%) - 4/49 (8%) 1/48 (2%) 2/49 (4%)
Adjusted rates 35.8% 14.8% 12.5% 10.1%
Terminal rates 9/28 (32%) 1/13 (8%) 1/8 (13%) 0/2 (0%)
First incidence (days) 619 576 . 729 (T) 571
Life table tests P=0.218N P=0.313N P=0.124N P=0.639
Logistic regression tests P=0.006N P=0.061N P=0.012N P=0.068N
Cochran-Armitage test P=0.002N
Fisher exact test P=0.037N P=0.002N P=0.006N
Skin: Fibroma i
Overall rates 1/51 (2%) 4/50 (8%) 0/50 (0%) 0/50 (0%)
Adjusted rates 3.6% 22.1% 0.0% 0.0%
Terminal rates 1728 (4%) 2/13 (15%) 0/8 (0%) 02 (0%)
First incidence (days) 729 (T) 599 - -
Life table tests P=0.507N P=0.049 P=0.748N P=0.959N
Logistic regression tests : P=0.208N P=0.115 P=0.748N P=0.959N
Cochran-Armitage test P=0.128N
Fisher exact test P=0.175 P=0.505N P=0.505N
Skin: Keratoacanthoma
Overall rates 2/51 (4%) 3/50 (6%) 2/50 (4%) 0/50 (0%)
Adjusted rates C11% 11.5% 16.0% 0.0%
Terminal rates 2/28 (7%) 0/13 (0%) 1/8 (13%) 0/2 (0%)
First incidence (days) 729 (T) 634 684 -
Life table tests P=0.540N P=0.282 P=0.319 P=0.855N
Logistic regression tests P=0.244N P=0.419 P=0.521 P=0.855N
Cochran-Armitage test P=0.138N

Fisher exact test P=0.491 P=0.684 P=0.252N
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TABLE A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumarin
(continued)

Vehicle Control 150 mg/kg 309 mg/kg 609 mg/kg
Skim: Keratoacanthoms or Squamous Papilloma
Overall rates 4/51 (8%) 3/50 (6%) 3/50 (6%) 0/50 (0%)
Adjusted rates 12.2% 11.5% 21.6% 0.0%
Terminal rates 2/28 (7%) 0/13 (0%) 1/8 (13%) 072 (0%)
First incidence (days) 655 634 684 -
Life table tests P=0.322N P=0.588 P=0.470 P=0.299N
Logistic regression tests P=0.097N P=0.562N P=0.580N P=0.114N
Cochran-Armitage test P=0.052N
Fisher exact test P=0.511N P=0.511N P=0.061N
Testes: Adenoma
Overall rates 43/49 (88%) 39/49 (80%) 39/49 (80%) 42/46 (91%)
Adjusted rates 100.0% 91.3% 100.0% 100.0%
Terminal rates 28/28 (160%) 12113 (92%) 8/8 (160%) 2/2 (160%)
First incidence (days) 526 . 462 522 483
Life table tests P<0.001 P=0.009 P<0.001 P<0.001
Logistic regression tests P=0.039 P=0.395N P=0.178N P=0.062
Cochran-Armitage test P=0.273
Fisher exact test P=0.207N. P=0.207N P=0.411
Thyroid Gland (Follicular Cell): Adenoma or Carcinoma :
Overall rates 2/50 (4%) 3/48 (6%) 1/49 (2%) 1/40 (3%)
Adjusted rates 7.1% 20.7% 5.9% 3.7%
Terminal rates 2/28 (71%) 2113 (15%) 0/8 (0%) 0/2 (0%)
First incidence (days) 729 (T) 721 701 627
Life table tests P=0.272 P=0.196 P=0.651 P=0.513
Logistic regression tests P=0.623N P=0.231 P=0.686N P=0.727TN
Cochran-Armitage test P=0.348N
Fisher exact test P=0.480 P=0.508N P=0.584N
All Organs: Mononuclear Cell Leukemia
Overall rates 10/51 (20%) 5/50 (10%) 8/50 (16%) 4/50 (8%)
Adjusted rates 25.5% 21.2% 46.0% 19.8%
Terminal rates 2/28 (7%) 1/13 (8%) 3/8 (38%) 0/2 (0%)
First incidence (days) 526 550 603 605
Life table tests P=0.402 P=0.388N P=0.382 P=0.604N
Logistic regression tests P=0.131N P=0.139N P=0.415N P=0.094N
Cochran-Armitage test P=0.104N
Fisher exact test P=0.141N P=0.416N P=0.080N
All Organs: Benign Necplasms
Overall rates 48/51 (94%) 47/50 (94%) 48/50 (96%) 45/50 (90%)
Adjusted rates 160.0% 97.9% 100.0% 160.0%
Terminal rates 28/28 (100%) 12/13 (92%) 8/8 (100%) 2/2 (160%)
First incidence (days) 526 238 522 45
Life table tests P<0.001 P=0.0603 P<0.001 P<0.001
Logistic regression tests P=0.582N P=0.631 P=0.664N P=0.677TN
Cochran-Armitage test P=0.257N .
Fisher exact test P=0.652N P=0.509 P=0.346N
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TABLE A3
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Gavage Study of 3, 4-D|hydrocoumarin
(continued)

Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg
All Organs: Malignant Neoplasms
Overall rates 16/51 (31%) 12/50 (24%) 11/50 (22%) 8/50 (16%)
Adjusted rates 40.1% 39.9% 51.9% 33.6%
Terminal rates 6/28 (21%) 213 (15%) 3/8 (38%) 02 (0%)
First incidence (days) 526 462 603 444
Life table tests P=0.325 P=0.450 P=0.430 P=0.362
Logistic regression tests P=0.049N P=0.261N P=0.204N P=0.065N
Cochran-Armitage test P=0.047N :
Fisher exact test P=0.273N P=0.201N P=0.056N
All Organs: Benign or Malignant Neoplasms
Overall rates 48/51 (94%) 48/50 (96%) 49/50 (98%) 46/50 (92%)
Adjusted rates 100.0% 100.0% 100.0% 100.0%
Terminal rates 28/28 (100%) 13/13 (100%) 8/8 (100%) 272 (100%)
First incidence (days) 526 238 522 45
Life table tests P<0.001 P=0.002 P<0.001 P<0.001
Logistic regression tests P=0.502 P=0.436 P=0.614 P=0.562
Cochran-Armitage test P=0.364N
Fisher exact test P=0.509 P=0.316 P=0.489N

S’I‘)Termmal sacrifice

Number of neoplasm-bearing animals/number of animals exammed 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 necropsied.

Kaplan-Meier estimated neoplasm incidence at the end oi the study after adjustment for intercurrent mortality
Observed incidence at terminal kill
Beneath the control incidence are the P valués 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-
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
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TABLE Ada
Historical Incidence of Renal Tubule Neoplasms in Male F344/N Rats Receiving Corn Qil by Gavage?

Incidence in Comntrols
Ademoma Carcinoma Adenoma
or Carcinoma

Overall Historical Incidence

Total 8/1,019 (0.8%) 2/1,019 (0.2%) 10/1,019 (1.0%)
Standard deviation 1.0% 0.6% 12%
Range 0%-2% 0%-2% 0%-4%

% Data as of 17 December 1991

TABLE A4b

Historical Incidence of Transistional Cell Neoplasms of the Kidney in Male FF344/N Rats Receiving Corn Oil
by Gavage® v

Incidence im Controls
Adenomsa Carcinoma Adenomsa
or Carcinoma

QOverall Historical Imcidence

Total 0/1,019 (0.0%) 1/1,019 (0.1%) 11,019 (0.1%)

Standard deviation 0.5% 0.5%
Range 0%-2% 0%-2%

Data as of 17 December 1991
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TABLE AS

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Gavage Study
of 3,4-Dihydrocoumarin®

Vehicle Control 150 mg/kg . 300 mg/kg 600 mg/kg
Disposition Summary : . X
Animals initially in study 60 60 60 60
15-Month interim evaluation 9 10 10 10
Early deaths .
Moribund 12 24 26 17
Accidental deaths 2 1 1 2
Natural deaths 9 13 15 29
Survivors
Died last week of study 1
Terminal sacrifice 27 12 8 2
Animals examined microscopically - 60 60 60 60
15-Month Interim Evaluation
Alimentary System
Liver ) (@) “(4) (10)
Basophilic focus 1 (11%) .
Clear cell focus : 3 (30%)
Fatty change ' 1 (50%) .
Inflammation, chronic 1 (11%)
Inflammation, suppurative 1(11%) :
Necrosis, coagulative - - - 2 (20%) -
Bile duct, cyst . 1 (10%)
Bile duct, hyperplasia 5 (56%) , " 3 (30%)
Centrilobular, inflammation, necrotizing 1 (10%)
Centrilobular, necrosis, coagulative : _ . . . 1 (10%)
Periductular, inflammation, chronic 4 (44%) 1 (10%)
Portal, pigmentation, hemosiderin 1 (11%)
Mesentery @ . ) ) e
Fat, necrosis, coagulative 2 (100%) . 1(100%) ‘ 1 (100%) 1 (100%)
Pancreas Q) (10)
Atrophy . 2 (22%)
Inflammation, chronic 1 (11%)
Interstitium, infiltration cellular, lymphocyte - 1 (10%)
Cardiovascular System
Heart (€)) _ 10)
Cardiomyopathy 9 (100%) 8 (80%)
Endocrine System
Pituitary gland : ()] ’ (¢)) ) (10)
Pars distalis, cyst 1 (50%) 1 (10%)
Pars intermedia, cyst ) 1 (11%) ' :
Thyroid gland ¢)) (10)

Follicle, cyst 1 (10%)

General Body System
None
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TABLE AS

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Gavage Study

of 3,4-Dihydrecoumarin (continued)

Vehicle Control 150 mg/kg 380 mg/kg 600 mg/kg

15-Mownth Interim Evaluation (continued)

Genital System

Preputial gland ® (10)
Inflammation, chronic 1 (11%) 2 (20%)
Inflammation, suppurative 1 (10%)
Duct, dilatation 1 (11%) 1 (10%)
Duct, inflammation, suppurative 1 (10%)

Testes ()] 3) ) (10)
Atrophy 1 (11%) 1 (33%) 1 (50%)
Interstitial cell, hyperplasia 3 (33%) 4 (40%)

Hematopoietic System

Lymph node, mandibular 8) (10)
Hyperplasia, lymphoid 1 (10%)

Integumentary System

Skin )] (10)
Inflammation, chronic 1 (11%)
Ulcer 1 (11%)

Musculoskeletal System

None

Nervous System

None

\

Respiratory System .

Lung ® (10) '
Alveolar epithelium, hyperplasia 1 (10%)

Special Senses System

None

Urinary System

Kidney ) 10) (10) (10)
Nephropathy 9 (1060%) 10 (160%) 10 (100%) 10 (160%)

2-Year Study

Alimentary System

Intestine large (45) 44 (C2)) 32
Circumanal giand, hyperplasia, glandular 1 (2%)

Intestine large, cecum 1) 42) (41) 24)
Inflammation, suppurative 1 (4%)
Submucosa, edema 1 (4%)

Submucosa, inflammation, suppuraiive

1 (2%)
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TABLE AS :
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Gavage Study
of 3,4-Dihydrocoumarin (continued) S .

Vehicle Control ~150.mg/kg 300 mg/kg 600 mg/kg
2-Year Study (continued)

Alimentary System (continued) . . L D .

Intestine small, jejunum S 41 42) - “43) - (30)
Hemorrhage : : : 1 (2%) S .

Liver (49) “n “9) . (50)
Angiectasis o 3 (6%) 1 (2%) :
Basophilic focus , 1(2%) - 1(2%) - .. .
Clear cell focus e 3 (6%) ' e 1 (2%) . 1@2%)
Congestion v 1 (2%) SR S
Cytologic alterations . C 1 (2%) : o :
Developmental malformation . 6 (12%) : 5(M1%) 2 (4%) . 5(00%)
Fatty change , o 9 (18%), 6 (13%) '
Infiltration cellular, histiocyte 1 (2%) .
Inflammation, chronic 5 (10%) - - . 1 (2%)
Inflammation, chronic active . 1 (2%) .
Inflammation, necrotizing ‘ | 1 (2%)
Inflammation, suppurative 1 (2%)
Mixed cell focus ) T 1 (2%) o e e - - - : :
Necrosis, coagulative : 4 (9%) 1 (2%) o 2(4%) |
Regeneration o . 1(2%)
Artery, dilatation Co T o 1 (2%)
Bile duct, hyperplasia e 24 (49%) 17 (36%) 13 (27%) _ 7 (14%)
Centrilobular, necrosis, coagulauve ‘ 2 (4%) 1 (2%) 8 (16%) . . 4 (8%)
Hepatocyte, hyperplasia 1 (2%) 3 (6%) . 1 (2%)
Periductular, fibrosis 7 (14%) 6 (13%) 9(18%) . . S 4 (8%)
Periductular, infiltration cellular, lymphocyte L 1 (2%) o '
Periductular, inflammation, chronic ' 1 (2%)
Periportal, ‘necrosis, coagulative - - . -1 (2%) - : e S e e
Periportal, pigmentation, hemosiderin 1 (2%)

Mesentery , an L as) a9 ©)
Fat, inflammation, chronic ‘ 1 (6%) ) 1(%) 1 (10%) ‘
Fat, inflammation, chronic active o 2 (20%)
Fat, inflammation, granulomatous 1 (6%)
Fat, inflammation, suppurative ) 1 (6%)
Fat, inflammation, fibrinopurulent ~ s 320%) . o g
Fat, necrosis, coagulative ) 11 (65%) : 10 (67%) - 5 (50%) © 5 (83%)

Pancreas. S 49) “¢n (48) (38)
Atrophy 7 (14%) 409%) 1 (2%) 1 (3%)"
Ectopic tissue 102%) . : ‘ -
Hemorrhage ) . s 1 (2%) - '
Hyperplasia . . , , 5 (11%) ‘ 4 (8%) T 411%)
Inflammation, chronic . _— 1 (2%) O 1(3%)
Inflammation, necrotizing =~ o 1 (2%) c
Inflammation, suppurative ’ _ 1(3%)
Necrosis, liquifactive - . ‘ T T 1(3%)
Polyarteritis i . . 1 2%) ‘

Acinar cell, hyperplasia S 1 (2%)




Lesions in Male Rats

TABLE AS

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Gavage Study

of 3,4-Dihydrecoumarin (continued)

115

Vehicle Contirol - 180 me/kg 320 mpy/lg 600 mg/ks
2-Year Study (continued)

Alimentary System (continued)

Stomach, forestomach “7n (48) (50) (46)

Cyst epithelial inclusion 1 (2%) 1 (2%)

Hemorrhage ' 1 (2%)

Hyperkeratosis ‘ 1(2%) 1 (2%)
Hyperplasia, squamous v 3 (6%) 11 (23%) 14 (28%) 11 (24%)
Inflammation, chronic ‘ 3 (6%) 8 (17%) 15 (30%) 8 (17%)
Inflammation, suppurative 1 (2%)

Ulcer 4 (9%) 14 (29%) 20 (40%) 16 (35%)

Stomach, glandular ' (46) @n - (50) 43)
Erosion 12%) - 3 (6%) 4 (8%) 4 (9%)
Hemorrhage 1 (2%)

Inflammation, chronic 1 (2%) 2 (4%) 1 (2%) 1 (2%)
Mineralization _ 1 (2%) :
Ulcer ' 1 (2%) 1 (2%) 1 (2%)

Cardiovascular System

Heart (50) (50) (50) (50)
Cardiomyopathy 36 (72%) 33 (66%) 34 (68%) 32 (64%)
Necrosis, Zenker’s ] ’ " ’ 1 (2%)

Atrioventricular valve, fibrosis - 1 (2%)
Atrioventricular valve, thrombus ' 1 (2%) '
Atrium, inflammation, suppurativé’ ) 1 (2%)
Atrium, thrombus . 1 (2%) 2 (4%) 2 (4%)

Endccrine System '

Adrenal gland, cortex L (1) ’ 49 49 (50)
Basophilic focus : 1(2%) o
Cytoplasmic alteration 1 (2%) 1 (2%)
Hemorrhage 1 (2%)

Vacuolization cytoplasmic 6 (12%) 2 (4%)

Adrenal gland, medulla , (50) } 49) (49) (50)

Cyst ‘ 1 (2%) ‘ 1 (2%) '
Hyperplasia - . 3(6%). 2 (4%) 5 (10%) 2 (4%)
Inflammation, suppurative ' 1 (2%)
Necrosis, coagulative ) 1 (2%)

Necrosis, liquifactive ) : 1 (2%)

Parathyroid gland L @n 41) (48) 41) -
Hyperplasia ’ 15 (37%) 26 (54%) 19 (46%)

Pituitary gland (49) “n (46) 46
Inflammation, suppurative 1 (2%)

Pars distalis, cyst ; 2 (4%) 4 (%) 6 (13%)

Pars distalis, cyst multilocular ' 1 (2%) 1 (2%) 1 (2%) 1 (2%)
Pars distalis, hemorrhage, acute 1 (2%)

Pars distalis, hemorrhage, chronic . .1 (2%)

Pars distalis, hyperplasia 2 (4%)

Thyroid gland (50) (48) “9) (40)
C-cell, hyperplasia 2 (4%) 4 (8%) 3 (6%) 3 (8%)
Follicle, cyst 1 (3%)

Follicle, hyperplasia 1(2%)




116 3,4-Dihydrocoumarin, NTP TR 423

TABLE AS
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/kg 600 mg/kg
2-Yeaqr Study (continued)

General Body System ) :

Tissue NOS ) (¢)) ¢}
Hemorrhage 1 (100%)

Genital System

Coagulating gland (0]

Inflammation, suppurative . 1 (50%)
Lumen, dilatation 1 (50%)

Epididymis 49 (50) (48) “n
Polyarteritis 1(2%)

Preputial gland @n - 49 (48) 49)
Hyperplasia 3 (6%) 2 (4%) 6 (13%) 2 (4%)
Inflammation, chronic 1 (2%) 1 (2%) '
Inflammation, chronic active 1 (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 “5) 48) (46) “9%
Hyperplasia 1(2%) - 1 (2%)

Inflammation, suppurative 9 (20%) - 8 (17%) 12 (26%) 5 (10%)
Interstitium, hemorrhage, acute C 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 (%)
Infiltration cellular, lymphocyte 1 (2%)

Polyarteritis 1 (2%)
Interstitial cell, hyperplasia 1 (2%) 2 (4%)

Hematopoietic System

Bone marrow CY)) 49) (50) (46)
Hypercellularity 1 (2%) .
Hyperplasia, neutrophil 1 (2%)

Myelofibrosis 1 (2%)

Lymph node (51) “49) (59) (48)
Lumbar, congestion 1 (2%) :
Mediastinal, congestion 1 (2%) 2 (4%)
Mediastinal, inflammation, suppurative 1 (2%) :
Mediastinal, pigmentation, hemosiderin 1 (2%)

Pancreatic, hyperplasia, plasma cell T 12%)
Renal, hyperplasia, plasma cell 1 (2%)

Lymph node, mandibular (51) (48) “44) 42)
Congestion 1 (2%)
Hyperplasia, lymphoid 2 (4%) 4 (8%) 1 (2%)
Hyperplasia, plasma cell 2 (4%) . 2 (4%) 2 (5%) 1 (2%)

Inflammation, suppurative . 1 (2%)
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TABLE AS

Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Gavage Study

of 3,4-Dihydrecoumarin (continued)
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Vehicle Contrel - 150 mg/kg 300 mg/kg 600 mg/kg
2-Yeqr Study (continued)

Hematopoietic System (continued)

Lymph node, mesenteric 509 49 (50) “n
Congestion 1 (2%)

Hemorrhage 1 (2%)

Hyperplasia, lymphoid 2 (4%)

Inflammation, suppurative 1 (2%)
Pigmentation, hemosiderin 1 (2%)

Spleen “9) (48) (45) 45)

Atrophy 2 (4%)

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

Congestion, diffuse 1 (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%)

Inflammation, chronic 1 (2%) 1 (2%) 1 (2%)

Necrosis, liquifactive 2 (4%)
Pigmentation, hemosiderin 1 (2%) 1 (2%)
Perivascular, fibrosis 1 (2%)

Subcapsular, hemorrhage 1 (2%)

Thymus (46) "N @7 (45)
Congestion 1 (2%)

Hemorrhage 1 (2%) 1 (2%)
Hyperplasia, lymphoid 1 (2%)
Inflammation, suppurative 1 (2%)
Capsule, inflammation, suppurative 1 (2%)

Integumentary System

Mammary gland (46) (46) 7 “44)
Galactocele 2 (4%) 1 (2%)

Skin &) (50) 48) 49)
Alopecia 1 (2%) 2 (4%) 1 %)
Cyst epithelial inclusion 1 (2%) 1 (2%) 1 (2%)
Hyperkeratosis 1 (2%)

Inflammation, chronic 1 (2%)
Inflammation, suppurative 1 (2%)
Ulcer 1 (2%)
Subcutaneous tissue, developmental
malformation 1 (2%)

Musculoskeletal System

Bone (51) (50) (50) (50)
Degeneration 1 (2%)

Skeletal muscle )]

Metaplasia, osseous

1 (100%)
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TABLE AS

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/kg 600 mg/kg
2-Year Study (continued)
Nervous System
Brain (48) 9 (46) @7
Hemorrhage 1 (2%)
Hypothalamus, hemorrhage, acute ’ 1 (2%)
Meninges, congestion 1 (2%)
Thalamus, compression 2 (4%)
Thalamus, necrosis 1 (2%)
Peripheral nerve ) ’ 1) Q) ®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%) T1(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 1) 50 (50) (48)
Inflammation, suppurative 2 (4%) 1 2%) 1 (2%)
Special Senses System
Ear m ) )]
Acanthosis 1 (100%)
Pinna, perforation 1 (100%)
Eye ) @ a
Anterior chamber, hemorrhage, chronic 1 (100%)
Bilateral, lens, cataract 1 (50%)
Lens, cataract 1 (50%) 1 (100%)

Retina, degeneration 1 (50%) 1 (100%)
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TABLE AS
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Gavage Study
of 3,4-Dihydrocoumarim (continued)
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Vehicle Control 150 mg/kg 300 mg/kg 600 mg/kg

2-Yegr Study (continued)

Urinary System

Kidney (50) (48) 47 (50)
Fibrosis 1 (2%)
Inflammation, suppurative 1 (2%)
Nephropathy 50 (100%) 47 (98%) 47 (1060%) 47 (94%)
Cortex, cyst 3 (6%) 1 (2%)
Cortex, infarct 1 (2%) 1 (2%)
Pelvis, inflammation, chronic 1 (2%)
Pelvis, inflammation, suppurative 2 (4%) 1 (2%)
Renal tubule, hyperplasia 3 (6%) 3 (6%)
Renal tubule, hyperplasia, cystic 1 (2%) 2 (4%) 1 (2%)
Renal tubule, hyperplasia, oncocytic 1 (2%) 1 (2%)

Ureter . 1)
Mucosa, inflammation, suppurative 1 (100%)

Urinary bladder “9) (48) (44) (38)
Mucosa, inflammation, suppurative 1 (2%) 1 (2%)
Serosa, inflammation, suppurative 1 (2%)
Submucosa, infiltration cellular, lymphocyte ' 1 (2%)
Submucosa, inflammation, suppurative 1 (2%)

# Number of animals examined microscopically at site and number of animals with lesion
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APPENDIX B
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Lesions in Female Rats : 123

TABLE B1
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin®

Vehicle Control 150 mg/kg 300 mg/kg 609 ma/kg

Disposition Summary
Animals initially in study 60 60 60
15-Months iterim evelunation 10 9
Early deaths
Moribund 13 17
Accidental deaths 2 5
Natural deaths 4 8
Survivors
Terminal sacrifice 31 21

8 B »o8
nal \og

g B

Animals examined microscopically 60 60

15-Mownth Interim Evaluation
Alimentary System
None

Cardiovascular System
None

Endocrine System _
Pituitary gland (10) )} (€)) ®
Pars distalis, adenoma 5 (50%) 1 (33%) 1 (11%)
Thyroid gland (10) (¢))] (€))]
C-cell, adenoma 1 (160%)

General Body System
None

Genital System
Uterus @190 &) ®) ®
Polyp v 2 (20%) 2 (67%) 3 (60%)

Hematopoietic System
None

Integumentary System
Mammary gland (10) ()] )]
Fibroadenoma 1 (10%) 1 (160%)

Musculoskeletal System
None

Nervous System
None
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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
15-Month Interim Evaluation (continued)
Respiratory System
None
Special Senses System
Ear )} -
Pinna, fibroma 1 (100%)
Urinary System
None
2-Year Study
Alimentary System
Intestine large, colon “47) (46) “n (48)
Intestine small, ileum (46) 42) 45) (48)
Liver (50) (51) (50) (50)
Fibrous histiocytoma 1 (2%)
Fibrous histiocytoma, metastatic, skin 1 (2%)
Hepatocyte, adenoma 1 (2%)
Mesentery ©) ®) @) ©)
Adenocarcinoma, metastatic, uterus 1 (20%)
Pancreas 48) (46) 49 49)
Adenoma 1 (2%)
Salivary glands (50) 51) (50 (50)
Stomach, forestomach (50) . “9 (50) (49)
Papilloma squamous 1 (2%)
Squamous cell carcinoma 1 (2%)
Stomach, glandular (50) (48) (48) 48)
Tongue ¢))] (¢))
Papilloma squamous 1 (50%)
Cardiovascular System
Heart (50) (51) (50) (50)
Fibrous histiocytoma 1 (2%)
Endocrine System
Adrenal gland, cortex (50) (51) 49) (50)
Adenoma 1 (2%) 1 (2%)
Adrenal gland, medulla (50) (1) 49 (50)
Pheochromocytoma malignant 1 (2%)
Pheochromocytoma benign 1 2%) 5 (10%) 5 (10%) 3 (6%)
Bilateral, pheochromocytoma benign 2 (4%) 1 (2%) 1 (2%)
Islets, pancreatic 50) (46) (50) (49)
Adenoma 2 (4%) 1 (2%) 1 (2%)
Parathyroid gland 42) 44) (46) 45)
Adenoma - 1 (2%)
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TaBLE B1

Summery of the Incidence of Neoplasms in Female Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumarim

(continued) ’

Vehicle Comtrol 150 mg/kg 300 mg/kg 680 mg/kg
2-Year Study (continued)

Endocrine System (continued)

Pituitary gland 49) 48) 49 (50)
Adenoma 1 (2%) 1 (2%)
Pars distalis, adenoma 31 (63%) 21 (44%) 26 (53%) 18 (36%)

Thyroid gland (49) “48) 49) (50)
C-cell, adenoma 1 (2%) 4 (8%) 2 (4%)
Follicle, adenocarcinoma 1 (2%) 1 (2%)
Follicle, adenoma 1 (2%)

General Bedy System

Tissue NOS @

Sarcoma 1 (100%)

Genital System

Clitoral gland C1) (50) (50 (50)
Adenocarcinoma 2 (4%) 1 (2%)

Adenoma 3 (6%) 1 (2%) 2 (4%) 1 (2%)
Carcinoma 3 (6%) 1 (2%)
Squamous cell carcinoma 1(2%)

Ovary (50 63 (59 (50

Oviduct Q) Q @

Uterus (50) 638) (50) 51)
Adenocarcinoma 1 (2%)

Leiomyoma 1 (2%)

Leiomyosarcoma 1 (2%)

Polyp 9 (18%) 11 (22%) 6 (12%) 8 (16%)
Sarcoma stromal 1 (2%)
Cervix, leiomyoma 1 (2%)

Cervix, sarcoma stromal 1 (2%)

Vagina o) 3)
Leiomyosarcoma 2 (40%)

Sarcoma 1 (33%)

Hematopoietic System

Blood o o o

Bone marrow “49) (50) (50) 50

Lymph node (50) (51) (50) (50)
Deep cervical, histiocytic sarcoma 1 (2%)

Thoracic, histiocytic sarcoma 1 (2%)

Lymph node, mandibular 48) 1) 49 (50)
Histiocytic sarcoma 1 (2%)

Lymph node, mesenteric (50) (50) (50) (50)

Spleen (50) 49 49 49
Histiocytic sarcoma 1 (2%)

Thymus (44) @“"n (50 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 - (49) (49) 49) (50
Adenocarcinoma 1 (2%) .
Fibroadenoma 14 (29%) 9 (18%) 22 (45%) 6 (12%)

Skin ' (50) (50) (50) 50 -
Fibroma » 1 (2%) 2 (4%)
Fibrous histiocytoma 1 (2%) C 1 2%)
Keratoacanthoma o 2 (4%) '
Papilloma squamous 2 (4%)
Sarcoma ) 1 (2%) 1 (2%)

Musculoskeletal System

None

Nervous System

Brain (50 (509 48) @y .
Cerebellum, astrocytoma benign 1 (2%)

Spinal cord - 6)) ® ©)] @

Respiratory System AT . ,

Lung (50) (51 - (50) (50) -
Alveolar/bronchiolar adenoma 1 (2%) '

Alveolar/bronchiolar carcinoma = - 1 (2%)
Fibrous histiocytoma 1 (2%)
Fibrous histiocytoma, metastatic, skin 1 (2%)
Pheochromocytoma malignant, metastatic,
adrenal gland 1 (2%)

Nose (50) (61)) (50) (50)

Special Senses System

None

Urinary System _

Kidney (50) 49) 49) (49)
Renal tubule, adenocarcinoma 1 (2%) 1 (2%)

Renal tubule, adenoma 1 (2%) 1 (2%) 1 (2%)

Urinary bladder 48 (50) 48 49
Fibrous histiocytoma 1 2%)
Papilloma 1 (2%)

Systemic Lesions

Multiple organs® (50) (51) (50) 51)
Histiocytic sarcoma 1 (2%)

Leukemia mononuclear 10 (20%) 10 (20%) 12 (24%) 12 (24%)




Lesioms im Female Rats

127

TABLE B1
Summery of the Incidence of Neoplasms in Femsle Rats im the 2-Year Gavage Study of 3,4-Dihydrocoumearin
(continued) ) .
Vehicle Comtrol 150 mg/kg 380 mg/kg 680 mg/kg

Nesplasm Summary
Total animals with primary neoplasms®

15-Month interim evaluation 5 5 1

2-Year study 46 43 48 39
Total primary neoplasms

15-Month interim evaluation 8 3 6 1

2-Year study 80 81 86 73
Total animals with benign neoplasms

15-Month interim evaluation 5 3 5 1

2-Year study 41 35 45 31
Total benign neoplasms

15-Month interim evaluation 8 3 6 1

2-Year study 65 58 70 50
Total animals with malignant neoplasms

2-Year study 15 20 15 16
Total malignant neoplasms

2-Year study 15 16 23
Total animals with metastatic neoplasms

2-Year study 1 2
Total metastatic neoplasms

2-Year study 1 3

Number of animals examined microscopicaily at site and number of animals with lesion

Number of animals with any tissue examined microscopically
Primary 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-Dlhydrocoumarin.
Vehicle Control

Number of Days on Study
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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
Mesentery
Pancreas
Salivary glands
Stomach
Stomach, forestomach
Stomach, glandular
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Cardiovascular System . .
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Endocrine System

Adrenal gland . +++++++++++ A+ +

Adrenal gland, cortex BT T S S T S S S S S R T T T T T T B T S S
Adenoma )

Adrenal gland, medulla +++++++++++H+H A+ +
Pheochromocytoma malignant
Pheochromocytoma benign

Islets, pancreatic
Adenoma

Parathyroid gland

Pituitary gland
Pars distalis, adenoma

Thyroid gland
C-cell, adenoma
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+ X+
+ X+ +
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+X+ 2
X+ +

General Body System
None

+: Tissue examined microscopically M: Missing tissue X: Lesion present
A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined



Lesions in Female Rats 129
TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarimns
Vehicle Control (continued)
777117171177 171771717717717777177717717
Number of Days on Study 33333333333333333333333233
001111111111 1111144444443H5
0000O0OOOOOOOO0OOOOOO0OOOOOOOOO
Carcass D Number 7766 6177717777777 787777177288 Total
9999900113456 7178901246¢638°00¢0 Tissues/
2413535144445 431333323112 Tumeors
Alimentary System
Esophagus + ++++++F+++ A+ 50
Intestine large ++++++ A+ 47
Intestine large, cecum ++++ 4+ ++++++++++++F A+ ++ 46
Intestine large, colon ++++++++++++++++4+++++++++ 47
Intestine large, rectum + ++++++++++++++++++++++++ 47
Intestine small + 4+ +++++++ A+ H 48
Intestine small, ducdenum ++++++ 4+ + 48
Intestine small, ileum ++++++++++F+F 46
Intestine small, jejunum ++++++++++++ A+ + 47
Liver ++++++++++++ o+ 50
Mesentery + + + 6
Pancreas ++++++ R+ + o+ 48
Salivary glands +++++++++ A+ 50
Stomach +++++++++ A F A4+ 50
Stomach, forestomach +++++++++++++++F++F+F++ 50
Stomach, glandular + ++++++++++++++++++++++++ 50
Cardiovascular System
Heart ++ ++++++++++++ A+ + 50
Erdecrine System
Adrenal gland +++++++++ A+ 4+ 50
Adrenal gland, cortex + +++++++++F++ A+ + 50
Adenoma X 1
Adrenal gland, medulla + +++++++++++++++++++ 4+ 50
Pheochromocytoma malignant : 1
Pheochromocytoma benign 1
Islets, pancreatic + ++++++++++ A+ F A F A+ 50
Adenoma X X 2
Parathyroid gland ++++++++M+++MM+ +M+M++M+ + + 42
Pituitary gland + 4+ +++++++++FF o+ 49
Pars distalis, adenoma X XXXX X X X X XXX X X 31
Thyroid gland ++ ++++++F++ 4 49
C-cell, adenoma X 1

General Body System
None
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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 (continued) :

3455555564666 626¢6 77 7771717171717
Number of Days on Study 8 6 0348893556889 0011333333
56 6320981125006 396700200O0O0
. 0000O0O0O0OOO0OOOO0OO0OOOOOO0O0OOOOO0OO0
Carcass ID Number 7776777717177 17611178717177171717711
: 4 589373240929720963001575S8
134255345452 43543121222575
Genital System
Clitoral gland : T+ttt A FEMEME A+
Adenocarcinoma X .
Adenoma X
Ovary : ++++++++FF A+
Oviduct +
Uterus : . ++++++++++++++++++++++ 4+ + +
Leiomyoma X
Polyp : : X X
Hematopoietic System
Blood +
Bone marrow ‘ + + 4+ ++++++FA++++4+++++++++++
Lymph node . T +++++++++++++++++++++++ 4+ +
Deep cervical, histiocytic sarcoma
Thoracic, histiocytic sarcoma
Lymph node, mandibular + + 4+ + + + ++++++++++++++++ 4+ +
Histiocytic sarcoma
Lymph node, mesenteric ’ + +++++++++++++++++++ 4+ ++ 4+ +
Spleen + 4+ ++++++++++F+ A+
Histiocytic sarcoma :
Thymus ’ +++++++++++++M++M++ 4+ ++ 4+ + +

Integumentary System

Mammary gland : + +++++++++++++++++ 4+ ++ +
Fibroadenoma ' ’ X X X XX X X.
Skin +++++++++++FF A+ +
Sarcoma X

Musculoskeletal System , :
Bone +++++ A+

Nervous System
Brain : + + 4+ + A+ FF A F A+
Spinal cord +
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
Vehicle Comtrol (continued)
7777177171777 1177171711771771777771717777
Number of Days cn Study 3333333333333333333333333
001111111111 1111144444141435
000O0OOOO0OOOOOOOOOO0O0OOOOOTOOO
Carcass [D Number 7766677777777 777877771778S8 Total
9999900113456 789012462¢628T00 Tissues/
2 413535144445 431333323112 Tumors
Genital System
Clitoral gland +++++++++F+++HF M+ 47
Adenccarcinoma X 2
Adenoma X X 3
Ovary + ++++++++++ A+ A+ 50
Oviduct 1
Uterus ++ +++++ + + + + + 4+ ++++++++++ + 50
Leiomyoma 1
Polyp X X X XX XX 9
Hematopoietic System
Blood 1
Bone marrow ++++++++++ o+ 49
Lymph node +++++++++++++ A+ + 50
Deep cervical, histiocytic sarcoma X 1
Thoracic, histiocytic sarcoma X 1
Lymph node, mandibular +++++M++++++++++++++++ 4+ ++ 48
Histiocytic sarcoma X 1
Lymph node, mesenteric ++++++++++++ A+ o+ 50
Spleen +++++++++++++++++++ A+ + 50
Histiocytic sarcoma X 1
Thymus M+ ++M++++M+++++++M+++++ + + 44
Integumentary System
Mammary gland ++++++++++++++M+++++F+++ o+ 49
Fibroadenoma X X XXX X X 14
Skin ++++++++ o+ 50
Sarcoma 1
Musculoskeletal System
Bone ++++++++++HF++ A+ 50
Nervous System
Brain ++ +++++++++++ o+ 50

Spinal cord
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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 (continued)

34555555¢6¢62¢6¢646¢6¢677777717T777
Number of Days on Study 8 6 0348893556889 0011333333
56 632098112500 ¢639670000O0O0O0
000O0O0OOCOOOOOOOOOOOOOOO0OOOOO
Carcass ID Number 7776777777776 17178777717171717717
4 5893732409297 2096130015358
134255345452 43543121222575

Respiratory System
Lung ++++++++++ A+t
Alveolar/bronchiolar adenoma
Pheochromocytoma malignant,

metastatic, adrenal gland X
Nose +++++++++++++
Trachea +++++++ A+
Special Senses System
Eye
Urinary System
Kidney ++++++++++++H+ A+ o+
Renal tubule, adenoma : .
Urinary bladder +++++++++ A+ +

Systemic Lesions
Multiple organs +++++++++++++++++++++++ 4+ +
Histiocytic sarcoma ‘
Leukemia mononuclear X XXXXX
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TABLE B2 _
Individus]l Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumsarims
Vehicle Comntrol (continued)
7717717177777 71771T7T71177777177777
Number of Days on Study 3333333333333333333333333
0 0111111111111 11144444424°7SHS
000O0O0O0O0O0OOOOCOOOOOOOOOOOO0O
Carcass ID Number 7766677777777 177787777772838 Total
9 9999001134567 8901246¢638U00 Tissues/
2413535144445 431333323112 Tumors
Respiratory System
Lung +++++++F A+ 50
Alveolar/bronchiolar adenoma X 1
Pheochromocytoma malignant,
metastatic, adrenal gland 1
Nose +++++++++++HF A+ 50
Trachea +++++ A+ o+ 50
Special Senses System
Eye + 1
Urinary System
Kidney ++++++++ A+ 50
Renal tubule, adenoma X 1
Urinary bladder +++++++++++++++++++++++ M+ 48
Systemic Lesions
Multiple organs +++++++++++++++++++++++++ 50
Histiocytic sarcoma X 1
Leukemia mononuclear X X X X 10
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00033445555 555¢6¢62¢6¢6¢626¢6 7777
047055701348991145¢6¢6218¢0111
6 930751837280128474721000
00000000O0COOO0OOO0OOOOOOOOOOOO0OO

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

Number of Days on Study
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TABLE B2

o0 v N
e N wn
0 N
W W
W 0N
a0 @0 W
- - ]
a0 O\
N0 v
(- B )
o~
N N
00 00 v
0 < T
0 v
o O W
- S ]
W =
00 T~ i
-
W <
W TN
@
o0 00
-2

Carcass ID Number

Alimentary System

R T T S S S A O
++++++++HF At
A+ +++++A+++ + +
+ 4+ +++ A+ +

+

+
+
+

+

++ <<+
tdC< << H
++++++++++
tC<dC<<C<H
++++++++++
++++++++++
++++++++++
+CgCCCCcC<H
t<d<E <<
++++++++++
++<++ <<+

Intestine large
Intestine large, cecum
Intestine large, colon

Esophagus

++++ o+
++ 4+ +++ o+

Intestine large, rectum

Intestine smali

++++

+ 4+ ++

+ 4+ +

+++ 4+
+4++ 4
+ <+ +

<<+ +

++ 4+ +
+ 4+ 4+
+ 4+ 4+

++ 4+

++ + 4+
+< <+
++ 4+ +
+<<+

Intestine small, duodenum

Intestine small, ileum
Intestine small, jejunum

Liver

<+
X
+

+++++ A+

++++A++FA+F+ A+ A+

+
+

A
+

Adenocarcinoma, metastatic, uterus

Pancreas

Fibrous histiocytoma, metastatic, skin

Mesentery
Salivary glands

* Stomach

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

+ + + +
+ + + +
+ 4+ + +

++ +
+++

<t+t<4<<<
+4+ 4+ ++
<+ +++

Stomach, forestomach
Stomach, glandular

Tongue

+
X

T TE T T TR 2 T S S S T S 2 s
+++ A AP+
T T T I T S S S I T e
+++++ A+

A+ ++++A++A++++++++++ 4+ +

Bilateral, pheochromocytoma benign

Pheochromocytoma benign
Islets, pancreatic

Papilloma squamous

Adenoma
Adrenal gland, medulla

Heart
Adrenal gland
Adrenal gland, cortex

Cardiovascular System
Endocrine System

+ 4+
+ %+
+%+
+ 4+
+ o+
+ %<
+ %+

+ +
X
+ +

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

++++++AF A+ 4

+ A
M+
A A
+MA+++++++++++++

<2+

Pars distalis, adenoma

Thyroid gland

Parathyroid gland

Pituitary gland

C-cell, adenoma
Follicle, adenoma
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1
5
1

46
- 51

2

1

Tissues/
Tumors
51
47
43
46
47
46
45
42
44
51
49
49
48
51
51
51

" Total

1777777271717 7771717717777T77T7T7T717T7777
1111122333333333333333333733
056 67 990000001111 144444443H5
0000O0O0O0OO0COOOOOOOOOOOOOOOOOO
8 98888888888 988899888182899 8-
6113 478223460526 9022351590172
34233544511234131232134512
I T S T ik S T S S S A e
++++ A A A+
+++++ A A+
R Rk T T I e S A S A I i i
++++t++ A A+
S T i S S S S S S T e e
S I R IRk A T T S T I S S S S A S AR
SRR I TR I N S R S T R S S A T O
S TE 2 A R S A A e
I I R R R R
++++++ A+
++++ A F 4
++++ A+
R I T T S S A S S S S S N S S S S S A SRS
++++t+ A F A+
SR I R IE T T T 2 T I I T S S S S S S S S S R
S R SR T T T T T T T S S SRS S SR
+t++t++ A A F

Adenocarcinoma, metastatic, uterus

Fibrous histiocytoma, metastatic, skin
Pancreas

Mesentery
Papilloma squamous

Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small, ducdenum
Intestine small, ileum

Intestine small
Intestine small, jejunum

Liver
Stomach, forestomach
Stomach, glandular

Tongue
Adrenal gland, cortex

Salivary glands
Adrenal gland

Intestine large
Stomach

Individual Animal Tumor Pathology of Female Rats in the 2-Yesr Gavage Study of 3;4-Dihydrecoumsarin: 150 mg/lg -
Esophagus
Heart

(continued)

Lesions in Female Rats
Number of Days on Study
Carcass [D Number
Alimentary System
Cardiovascular System
Endocrine System

TABLE B2

~HeNeIRRY Y-

+ ¢+
+x+
+ X+
+ %+
+ +
+% +
+ %
++
+x 4+
++
+ 34+ K
+ +
+ +
+ 5+

¢

X X
- X

x .

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

X
X
I I I N R R E R

R I A N T g T T T T S S S S S A S S S,

Bilateral, pheochromocytoma benign

Islets, pancreatic

Pheochromocytoma benign
Pars distalis, adenoma

Thyroid gland

C-cell, adenoma
Follicle, adenoma

Adenoma
Adrenal gland, medulla

Parathyroid gland
Pituitary gland
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TABLE B2 '

Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 150 mg/kg
(continued) :

&
E-

Number of Days on Study

RO O
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w o
OO W
~ h W
h h
-
oW
(A
W
N &
. 00 ® th
S O W
-0
N
00 =
-
L -
R -
N ®
-0
O
o -
(=B |

Carcass 1D Number

B

A0 ® O
W oo
“nuw o
s oo
AW® O
=00 O
N )
wem oo
~NY o
womwo
W= oo
Ab®oO
-0 o ©
SRRV
Y ® O
W0 o
AoV o
CY-N- I _
vo Vo
wo oo
Nv®E® o
“womwo
-oow o
nwo o
VLo

General Body System
Tissue NOS
Sarcoma

¥+

Genital System
Clitoral gland . ++++++++++++++F+++++ A+ A+
Adenocarcinoma ’
Adenoma X
Carcinoma } ] X
Squamous cell carcinoma '
Ovary . + + + + + + + + + + + +
Oviduct - '
Uterus _ . R 2 T I A N A A
Adenocarcinoma
Leiomyosarcoma X
Polyp ) . . X X X
Cervix, leiomyoma X
Vagina +
Leiomyosarcoma

+ 4+ +
+ ¥

%+

»+
»+

Hematopoietic System
Blood
Bone marrow
Lymph node
Lymph node, mandibular
Lymph node, mesenteric
Spleen
Thymus

++++ 44
A+t
PP+
>+ 4+ ++
F+H e+
F++++4+
4+ + 4+
+FHE+
e+ 4+
+> 4+ 4+
4
4+t
FHE 4+
Z+4++++
+H+++ 4+
+++ 4+ 4+
FH++++
4+ ++
tH++ 4+
P+
FH+++ 4
A+
Z+4++++
4
+H+++ 4+

Integumentary System
Mammary gland . . M+
Fibroadenoma
Skin i ++A+++++++++++++++++++
Fibrous histiocytoma '
Sarcoma

>
+
+
4
-+
+
+
+
+
+
+
+
<+
+
+
+
+
+
+
+
+
X

o+

Musculoskeletal System » ‘
Bone . R R SR R I R I A I I S R SR R R R R
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TABLE B2
Individual Animsl Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarim: 150 mg/kg
(continued)
1777771717717 1717777717177171T1T7T7T777171717717
Number of Days on Study 111112233333333333333313333
05667 990000001111 144444424°SHs
0000O0CO0OO0OOOOOOOOO0OOCOOOOOO0OOOOO
Carcass 1D Number 8 9888888888898 8899882888993S8 Total
6113478223460 5¢690223559012 Tissues/
34233544511234131232134512 Tumors
General Bedy System
Tissue NOS 1
Sarcoma 1
Genital System .
Clitoral gland +++++++++++ M+ 50
Adenccarcinoma X i 1
Adenoma 1
Carcinoma X X 3
Squamous cell carcinoma A 1
Ovary ++++++++++ A F A+ 51
Oviduct _ o ’ 1
Uterus ++++++ 4 51
Adenccarcinoma 1
Leiomyosarcoma 1
Polyp ' X X XXX X X 11
Cervix, leiomyoma 1
Vagina + 5
Leiomyosarcoma 2
Hematopoietic System
Blood 1
Bone marrow ++++++ A A A A A A+ o+ 50
Lymph node +++++ A A+ 51
Lymph nocde, mandibular LA I R R R i S - 51
Lymph node, mesenteric ++++++++++++F+F A+ + 50
Spleen ++++++++ A+ 49
Thymus +++ M+ ++++ A+ o+ 47
Integumentary System .
Mammary gland +4++++++F+ A+ 49
Fibroadenoma XX X XX X X X 9
Skin ++++++ A+ 50
Fibrous histiccytoma 1
Sarcoma 1
Musculoskeletal System
++++ A FFE A+ 51

Bone . + 4+ + + + ++ o+
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TABLE B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 150 mg/kg
(continued)

. 0 0033445555555¢6¢6¢62¢6¢6°¢6¢6777717
Number of Days on Study 0470557013489 91145%46¢68.0111
Co 6 93 07518372801284747210200
0000O0OO0OO0O0OO0OOO0OO0OO0OCOOOOOOCOOOO0O0OO
Carcass ID Number 8 888888898888 989989828823838 8
6 8543171261481 7109082892335
4355411515341 2434125251%52
Nervous System
Brain A+ ++++++++++++++++++++ 4+ + +
Peripheral nerve + +
Spinal cord + + M
Respiratory System . -
Lung _ I T A it 2 i i S I S R S N O
Fibrous histiocytoma, metastatic, skin ) X
Nose ‘ v +++++++F A+ +
Trachea B A S S R R S e A ik I I S R S R
Special Senses System
Eye +
Lacrimal gland +

Urinary System
Kidney O+ tA+ AT A A+
Renal tubule, adenocarcinoma
Renal tubule, adenoma .
Urinary bladder : +++t+Hr+H+FFAF A+t

Systemic Lesions
Multiple organs + + + +
Leukemia mononuclear

>+
®+
o+
o+
o+
>+
» +
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TABLE B2

Individual Animal Tumor Pathology of Female Rats in the 2-Vear Gavage Study of 3,4-Dihydrecoumarin: 150 mg/kg
(continued)

7711717171717 1771717771777717711717171717717717
Number of Days om Study 11111223333333333333333333
05667990000 11111444 44445%5
000000O0OCO0OOOOOOOOO0O0OOOOCOOO0OOCO
Carcass ID Number 8 98888888888 988899888188993s8 Total
61134782234605¢690223559¢012 Tissues/
34233544511234131232134512 Tumors
Nervous System
Brain ++++++++ A+ 50
Peripheral nerve + + + M+ + + + 9
Spinal cord + + + + + + I + 9
Respiratory System
Lung ++++++++ A+ 51
Fibrous histiocytoma, metastatic, skin 1
Nose +++++++++ A+ 51
Trachea ' ++++++++ A+ 4 51
Special Semses Systemn
Eye 1
Lacrimal gland 1
Urinary System
Kidney ++++ A+ 4 49
Renal tubule, adenocarcinoma X 1
Renal tubule, adenoma X 1
Urinary bladder +++ 4+ + o+ 50
Systemic Lesions
Multiple organs ++++++++++++++++H+H A+ ++ 51
Leukemia mononuclear X X X 10
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Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 300 mg/kg

140
TABLE B2

+++++H+++
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<<<cCcCCTH
<<<cCCLCH
+++++++ 4
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7
1
7
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i N

7
1
0
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-
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o N
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[\l o]
o0
o e
-
< N
~ a
< <

+ + A+t FFEFFF A+

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

00990990009 9900O090999000929
A+++++++++++++

11001001110001110100601100

3555566666626 6¢66¢66¢66 7
8358911223367 78289929090
782051824137 280925¢60¢0

A+ +++++++++++ 4+
- N S S A A
+ 4+ +

<

Intestine small, duodenum

Intestine small, ileum
Intestine small, jejunum

Liver

Intestine large, rectum

Intestine large, cecum
Intestine small

Intestine large
Intestine large, colon

Number of Days on Study
Esophagus

Carcass ID Number

Alimentary System

M+ ++ 4+ ++ + + +
M+ + ++ + + + + +
M+ + ++ + + + + +

+
X .
M+ +++++++++++M++++++++++ +

X

+
X
T Tk T s S S S S S T S S S

X

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

T T T T T S S S A S N S R SR R
T T Tk T T S S S A N N N e A b A A A
PR T TR IE Tk T T S S S S A A N N S S
A+ ++++++++++++++++A+++ 4+ + +
+++++F A FF A+
+++++ A+ +FFME

+ 4+ ++ 4+

Bilateral, pheochromocytoma benign

Islets, pancreatic

Pheochromocytoma benign

Pars distalis, adenoma
Follicle, adenocarcinoma

Thyroid gland

Adenoma

Adenoma
Parathyroid gland
Pituitary gland

Adenoma

Salivary glands

Stomach
Adrenal gland, medulla

Stomach, forestomach
Stomach, glandular

Tongue
Adrenal gland, cortex

Mesentery
Pancreas
Heart
Adrenal gland
None

Cardiovascular System
General Body System

Endocrine System
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TABLE B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumarin: 300 mg/kg
(continued)

7717717171717 77171717717771771717717
Number of Days on Study 2233333333333333333333333
9 9000000000111 1444444445°Ss
00000000111 00010000111101
Carcass ID Number 99999999000 999099990000F90O0 Total
8934578903466 933555¢0022292 Tissues/
3515315454123335145131523 Tumors
Alimentary System
Esophagus ++++++++ R+ o+ 50
Intestine large +++++++++++H A+ 47
Intestine large, cecum +++++++++++++++++++++++++ 47
Intestine large, colon ++++++++++++F++++++++++++ 4+ 47
Intestine large, rectum +++++++++++++++++F++ A+ 47
Intestine small +++++++++++++++++++F A+ + 47
Intestine small, ducdenum + 4+ ++++ A+ 4 47
Intestine small, ileum +++++++++F+F+++ A+ + o+ 45
Intestine small, jejunum +++++++++++F A+ 4+ 46
Liver +++++++++ A+ + 50
Mesentery + 4
Pancreas +++++++++++ o+ 49
Adenoma X 1
Salivary glands +++++++++++++++++++++++ + + 50
Stomach +H++++++++ A+ 50
Stomach, forestomach +++++++ A+ 50
Stomach, glandular ++++++++++++++4+++++4+4+++++ 48
Tongue + 1
Cardiovascular System
Heart ++++++ AR+ 50
Endocrine System
Adrenal gland ++++++++ A+ F A+ 49
Adrenal gland, cortex +++++++++ A+ 49
Adrenal gland, medulia ++++++++++FF A+ 49
Pheochromocytoma benign X X X 5
Bilateral, pheochromocytoma benign 1
Islets, pancreatic +++++++++FF A+ + 4 50
Adenoma 1
Parathyroid gland M+ +M+++++++++++++++++ 4+ + + + 46
Pituitary gland ++++++++ A+ FF A4+ 49
Adenoma 1
Pars distalis, adenoma XX X XXX X X XXX X X 26
Thyroid gland +++++++++ A+ 4+ 49

Follicle, adenocarcinoma

"+
)

General Bedy System
None
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TABLE B2 :

Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 300 mg/kg
(continued)

3555566666666 66¢6¢6¢6¢67777.77
Number of Days on Study 8358911223367 788999011122
782051824137 280925¢62007 49
1100100111000111010001100
Carcass ID Number 009909900099 9000909990°09.9
4 4741483308361 10¢648751343
542221421222431412152525334
Genital System
Clitoral gland +++++++++++++++++++++++ 4+ +
Adenoma ’ X
Ovary +++++ A E A+t
Uterus ++++++++++++++++++++++++ +
Polyp X
Hematopoietic System . .
Bone marrow +++++++F+ A+t
Lymph node +++++++++ AR+t
Lymph node, mandibular A+ +++++++++++++++++++++ + +
Lymph node, mesenteric ++++++++++++++++++++++++ 4+
Spleen A+ +++++++++++++++++++++++
Thymus +++++++F++ A A+ o+
' Integumentary System .
Mammary gland . : +++++++++++++++++++ 4+ 4+ + 4+ + +
Adenocarcinoma X
Fibroadenoma X XXXXX X X X X
Skin . +++++++FF o+
Fibroma
Keratoacanthoma
Mausculoskeletal System . :
Bone ++++++++++ A+
Nervous System
Brain . A+ +++++++++++++++++A+++ + +
Peripheral nerve ' + o+ +M +
Spinal cord + + +
Respiratory System o
Lung . + +++++++F++++++++ A+ ++
Alveolar/bronchiolar. carcinoma ‘
Nose ++++++++++++++++++++++++ A+

Trachea . R T K T I T S N TR T T I N N

Special Senses System
Eye + +
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TABLE B2 .
Individual Animal Tumor Patheology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumsarin: 309 mg/kg
(continued)
7717777771771 717177777771T7T17T1717
Number of Days on Study 2233333333333333333333333
990000000O0O011114 444444455
0000000O011100010000111101
Carcass 1D Number 999999990009990999900600090O0 Totak
: 8 9345 7890346693355 152002292 Tissues/
3515315454123335145131523 Tumors
Genital System
Clitoral gland ++++++++++ A+t 50
Adenoma X 2
Ovary ++++++++++ 50
Uterus +H+ 4+ +++++++ 4 50
Polyp X X X X X 6
Hematopoietic System
Bone marrow ' +++++++++F A A+ 50
Lymph node + 4+ ++++F+F+FF A+ 50
Lymph node, mandibular +++++++++ A+t 49
Lymph node, mesenteric + 4+ ++++++++ A 50
Spleen ++++++++++ A+ 49
Thymus Ik Ik K T T T S T R A A 50
Integumentary System
Mammary gland + + + ++++++++M+++++++++ + + 49
Adenocarcinoma 1
Fibroadenoma XXXXXX X XX X X X 22
Skin SRR T TE T S T T S S A A R e i 2 i e R 50
Fibroma X 1
Keratoacanthoma X X 2
Musculoskeletal System
Bone +++++++++ A+ 50
Nervous System
Brain ++++++ A FF A A+ 48
Peripheral nerve 4
Spinal cord 3
Respiratory System
Lung +++4++++++++++ A+ 50
Alveolar/bronchiolar carcinoma ' X 1
Nose +++++++++++ A+ 50
Trachea SRS TE TR 2E T I T R U R 2 2 50

Special Semses System
Eye
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TABLE B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 300 mg/kg
(continued) . . .

3555564626666 66¢6¢6¢6¢6¢667717177717
Number of Days on Study 8358911223367 788999011122
‘ 782051824137 280925¢610077749
1100100111000111010001100
Carcass ID Number 009909900099 90009099900929"
. 4 4741483308361 106 48751343
5422214212224314121525°527334
Urinary System
Kidney A+ ++++++++++++++++++++++ +
Renal tubule, adenocarcinoma X
Renal tubule, adenoma P
Urinary bladder . : A+ ++++++++++++++++A+++ 4+ ++
Systemic Lesions
Multipleorgans - + + ++++++++++++++++++++ 4+ + +
Leukemia mononuclear XXX X X XX XX
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TABLE B2 o
Individual Animal Tumor. Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 369 mg/kg
(continued)
7771717717771 71T177771777717711T171717
Number of Days om Study 2233333333333333333323.3333,
, 9 9000000000111 14 4444444355
0000009$011100010000111101
Carcass II) Number 9999999900099909999000090 Total
’ 8 9345789034669335550022292 Tissues/
3515315454123335145131523 Tumors
Urinery System
Kidney +++++++++++++++++++4+F++ 4+ + 49
Renal tubule, adenocarcinoma 1
Renal tubule, adenoma X 1
Urinary bladder +++++++++++++++++++++++ 4+ + 48
Systemic Lesions :
Multiple organs +++++++++++++++++++++++ + + 50
Leukemia mononuclear X X X 12
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TABLE B2
Individual Animal Tumor: Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 600 mg/kg

003455555555556¢6¢6%66¢6¢6¢6¢677
Number of Days on Study 4 9350023335799 0113333728@401"
"1 0154611353016 28 8998080
1r111111111111111111111111
Carcass ID Number 0111111101111110001001110
: i 912031105235 2048983¢6¢626457
344 2553523112335 14424445 4
Alimentary System _
Esophagus ++++ A+ A+ H
Intestine large + +++A++AA+++++++++++++++ 4+
Intestine large, cecum ++++M++AA++++++++++++++ 4+ +
Intestine large, colon ++++A++TAA+++++++H++++ 4+ + 4+ + +
Intestine large, rectum + M+ +A++AA+++++++++++++ 4+ + +
Intestine small + +++ A+ +AA+++++F+F++++++++ ++
Intestine small, duodenum ++++M++AA+++++++++++++++ +
Intestine small, ileum "+ + ++ A+ +AA+++H S+ A+ F A+ +
Intestine small, jejunum ++++A++AA+++H+++++F+FA+ A+ A+ + +
Liver .o ++t A+ FF A A+
Fibrous histiocytoma X
Hepatocyte, adenoma
Mesentery + + +
Pancreas ++++M+++A+++++H+H+H A+
Salivary glands ++++A++F+++ A FE A+t
Stomach . . ++++A++A+++++F+H A+ +
Stomach, forestomach- ++++tA+FA+EF I E A+
Papilloma squamous
Squamous cell carcinoma
Stomach, glandular ++++M++AA++++++++++++ 4+ 4+ + +

Cardiovascular System

Heart : . L + ++ +A+++++F A+t
Fibrous histiocytoma X

Endocrine System .
Adrenal gland ++++A+++++++++++++++++++ .+
Adrenal gland, cortex + + ++A++F+ A+
Adrenal gland, medulla + +++A+++++++++++++++++ S+ ++
Pheochromocytoma benign
Bilateral, pheochromocytoma benig ) ,
Islets, pancreatic - , R o+ ++ M+ AT+t
Adenoma N
Parathyroid gland + +M+M++++++++++++++++++++
Adenoma
Pituitary gland : ++++A++++F++F++F o+
Adenoma X
Pars distalis, adenoma . X X X X X X X X
Thyroid gland : A K T - U S N e I N R S S

C-cell, adenoma
Follicle, adenocarcinoma X
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TABLE B2

Individus! Animel Tumer Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrecoumearin: ¢80 me/lkg
(continued)

7771177711717 71771717777777777771717
Number of Days on Study 11122233333333333333333333
0 79990 000001111114 4444434
tr1111111111111111111111111
Carcass ID Number 0110110060011 10011110001111 Total
8159057799446¢67136¢6555025°¢6 Tissues/
1125 4412241235523151341532 Tumers
Alimemntary System
Esophagus +++++++++ A+ 50
Intestine large +++++++++++++++H 4+t 43
Intestine large, cecum +++++++++ A 48
Intestine large, colon +++++++++++++++++F+H+H A+ +++ 48
Intestine large, rectum + 4+ +++++++ A+ 47
Intestine small +++++++++ o+t 48
Intestine small, ducdenum ++++++++++++++++++++++++++ 48
Intestine small, ileum +++++++++ A+ 48
Intestine small, jejunum ++++++++ 4+ 4+ A+ 47
Liver +++++++++ A+ 50
Fibrous histiocytoma 1
Hepatocyte, adenoma X 1
Mesentery + + + 6
Pancreas ++++++++++++++4+++++++++++ + 49
Salivary glands +++++++++++++++++++++++++ + 50
Stomach ++++++++++++++++++++ 4+t 49
Stomach, forestomach ++ ++++++++++ AP H 49
Papilloma squamous X 1
Squamous cell carcinoma X 1
Stomach, glandular +++++++++++++++++++F++++ 4+ ++ 48
Cardiovascular System
Heart ++++++++ A+ 50
Fibrous histiocytoma ) 1
Endecrine System
Adrenal gland ++++++Ft+r++ A4 50
Adrenal gland, cortex ++++++++++++F++ T 50
Adrenal gland, medulla ++++++++ A+ o+ 50
Pheochromocytoma benign X X X 3
Bilateral, phecchromocytoma benign X 1
Islets, pancreatic +++++++++++++ A+ F 49
Adenoma X 1
Parathyroid gland +M+++++++++++++M++M+++M+ + + 45
Adenoma X 1
Pituitary gland +++++++++++++++++++++++ 4+ ++ 50
Adenoma 1
Pars distalis, adenoma X X X X X XX X X X 18
Thyroid gland +++++++++4++++++ + + + + + + + + + 50

>+
o+
©

C-cell, adenoma
Follicle, adenocarcinoma . |




148 3,4-Dihydrocoumarin, NTP TR 423

TABLE B2 -

Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 600 mg/kg
(continued)

0034555555555 5¢6¢66¢626666°¢6 77
Number of Days on Study 4 9350023335799 011333378@01
015461135 016 8 8 8998038
1111111111111111111111111
Carcass ID Number ¢1111111011111100010011120
912031105235 2048983¢62664757
3442553523112335144244454
General Body System
None
Genital System
Clitoral gland ++++M+++++++++++++4+++++++
Adenoma
Carcinoma X
Ovary ++++ A+ +++++++++++++++++ + +
Oviduct + + + +
Uterus . +++++++++++F++ A+ +
Polyp X X X X
Sarcoma stromal X
Cervix, sarcoma stromal X
Vagina + + +
Sarcoma X
Hematopoietic System
Blood +
Bone marrow ++++ A+ +++++++++++++4++++++
Lymph node ++++M+++++++++++++++++ 4+ + +
Lymph node, mandibular ++++ M+ ++++++++++++++++ 4+ + +
Lymph node, mesenteric ++++M++++++++++++++++ 4+ +++
Spleen ++++A+++FA+ A+ A+
Thymus + 4+ ++A++++++] A+
Integumentary System
Mammary gland ) ++++M+++++++++++++++++ 4+ ++
Fibroadenoma . X X X
Skin ++++A++++++++++++++++++ ++
Fibroma
Fibrous histiocytoma X

Papilloma squamous

Musculoskeletal System
Bone +++++ A+ + A+ A+
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TABLE B2
Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumsarin: 660 mg/ke
(continued)
1777171777777 1777177171T1717777171717171T7717
Number of Days on Study 11122233333333333333333333
017999000000011111144444 44
t1111111111111111111111111
Carcass ID Number 01101100001110011110001111 Total
815905779 944667136¢65155¢0235°¢6 Tissues/
112544122 412355231513415232 Tumors
General Bedy System
None
Genital System
Clitoral gland ++++++++++++++++++++++++++ 50
Adenoma X 1
Carcinoma 1
Ovary ++++++++++ A+ 50
Oviduct 4
Uterus ++++++++++ A+ 51
Polyp X X X X 8
Sarcoma stromal 1
Cervix, sarcoma stromal 1
Vagina 3
Sarcoma 1
Hematopoietic System
Blood 1
Bone marrow +++++++ A+ 50
Lymph node SR IR T 2 i S S S S S S S S S S S S SRR 50
Lymph ncde, mandibular +++++++++++++++++++4+++++++ 50
Lymph node, mesenteric +++++++++++++++++++ 4+ + 50
Spleen ++++++++ A+ o+ 49
Thymus +++++++ o+ o+ 49
Integumentary System
Mammary gland +++++++++++++++++++F+++++++ 50
Fibroadenoma X X X 6
Skin L R Ik R I R E R " 50
Fibroma X X 2
Fibrous histiocytoma 1
Papilloma squamous X 2
Musculoskeletal System
Bone ++++++ A+ o+ 51
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TABLE B2

Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: 600 mg/kg
(continued)

0034555555555 56¢6246626662¢6°¢6 77

Number of Days on Study 4 9350023335799 011333378¢01
. 10154611353 01628 1899808¢90
1111111111111111111111111

Carcass ID Number 011111110111 %1r110001001110
9120311052352 90489836¢6¢6457

3442553523112 3351442444S5 4

Nervous System

Brain ++++A++HTA+FFHFE A+
Cerebellum, astrocytoma benign X

Peripheral nerve

Spinal cord : + +

Respiratory System

Lung : : ++++A+++++++H+E+F 4+
Fibrous histiocytoma X

Nose . ++++A++++F+HF AT+
Trachea . : _ ++++A++F++EF A+

Special Senses System
Eye

Urinary System

Kidney . o + + 4+ +AF+ A+ A+ FFF A+
Urinary bladder “++ ++MFEF A+ F A+
Fibrous histiocytoma X
Papilloma

Systemic Lesions
Multiple organs _ +++++++++ A+
Leukemia mononuclear X X . X X XX XX
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TABLE B2
Individual Animal Tumor Pathology of Femsale Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: ¢00 mg/kg
(continued) '
7777177717777 177771T7717777171777
Number of Days om Study 11122233333333333333333333
017999000000900111111444442434
11111111111111111111111111 _
Carcass 1) Number 0110110000111 00111100091111 Total
8159057799446 67136¢65552025¢6 Tissues/
1125441224123552315134152732 Tumors
Nervous System
Brain ++++++++++++++F++ A+ 49
Cerebellum, astrocytoma benign 1
Peripheral nerve + + 2
Spinal cord + + 4
Respiratory System
Lung ++++++++++++++++++++++++++ 50
Fibrous histiccytoma 1
Nose ++++++++++++H++F A+ 50
Trachea +++++++++++++++F 4 50
Special Semses System
Eye + 1
Urinary System
Kidney ++++++++++++ A+ ++ 49
Urinary bladder +++++++++++F++ A+ + o+ 49
Fibrous histiocytoma 1
Papilloma X 1
Systemic Lesions
Multiple organs +++++++++++++++++++++++ 4+ ++ 51
Leukemia mononuclear X X X X 12
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TABLE B3
Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Gavage Study of 3,4-Dihydrocoumarin .

Vehicle Control - 150 mg/kg 300 mg/kg 600 mg/kg
Adrenal Medulla: Benign Pheochromocytoma . o
Overall rates® . 1/50 (2%) 7/51 (14%) 6/49 (12%) 4/50 (8%)
Adjusted rates® . 3.0% 31.0% 172% 16.7%
Terminal rates® 0/31 (0%) . 6/21 (29%) 3/26 (12%) 3/23 (13%)
First incidence cfdays) . 716 710 580 n1?
Life table tests P=0.234 - P=0.009 P=0.052 P=0.105
Logistic regression testsd P=0.269 P=0.012 P=0.053 P=0.110 .
Cochran-Armitage test P=0.333 .
Fisher exact test P=0.032 P=0.053 P=0.181
Adrenal Medulia: Benign or Malignant Pheochromocytoma G S TR
Overall rates : 2/50 (4%) 7/51 (14%) 6/49 (12%) 4/50 (8%)
Adjusted rates 6.2% 31.0% 17.2% 16.7% ‘e
Terminal rates : - . 1731 (3%) 6/21 (29%) 3/26 (12%) 3/23 (13%) .
First incidence (days) . 716 710 580 ni?
Life table tests - P=0.329 : P=0.024 P=0.115 P=0.213
Logistic regression tests P=0.370 P=0.032 P=0.127 P=0.224
Cochran-Armitage test P=0.445 .
Fisher exact test ' ) ) P=0.085 P=0.128 P=0.339
Clitoral Gland: Adenoma : S
Overall rates " 3/47 (6%) 1/50 (2%) 2/50 (4%) 1/50 (2%)
Adjusted rates 9.0% 2.9% 72% 43% :
Terminal rates ‘ : - 230 (7%) 0720 (0%) 1/26 (4%) 1/23 (4%)
First incidence (days) 652 657 717 729 (T) -
Life table tests - P=0.346N P=0.409N P=0.550N P=0.407N . . .
Logistic regression tests o P=0.295N P=0.324N P=0.478N P=0.344N
Cochran-Armitage test P=0.262N )
Fisher exact test. . P=0.285N P=0.470N P=0.285N
Clitoral Gland: Carcinoma - : o
Overall rates . : 2/47 (4%) 4/50 (8%) 0/50 (0%) 1/50 (2%)
Adjusted rates ’ 5.3% T 165% 0.0% 33%
Terminal rates 1/30 (3%) 2/20 (10%) 0/26 (0%) 0/23 (0%)
First incidence (days) 506 © 682 -£ 678 -
Life table tests . P=0249N P=0.217 P=0.253N P=0.562N
Logistic regression tests . : P=0.194N ' P=0.322 P=0.240N P=0.452N
Cochran-Armitage test P=0.185N i S
Fisher exact test P=0.369 P=0.232N P=0477N.
Clitoral Gland: Adenoma or Carcinoma : : e '
Overall rates ' ' “5/47 (11%) 5/50 (10%) 2/50 (4%) 2/50 (4%)
Adjusted rates ‘ 14.1% '19.0% 7.2% 7.5%
Terminal rates ' ' , 3/30 (10%) ;2020 (10%) 1/26 (4%) 1/23 (4%) .
First incidence (days) 506 657 n7 678 -
Life table tests P=0.17IN ~ P=0.445 P=0.261N P=0.322N
Logistic regression tests P=0.113N P=0.607 P=0.192N P=021IN

Cochran-Armitage test P=0.098N :
Fisher exact test P=0.590N P=0.193N P=0.193N
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TABLE B3
Statistical Ansalysis of Primary Neoplasms im Female Rats in the 2-Year Gavage Study of 3,4-Dibydrecoumsrin
(continued)

Vehicle Comntrol 150 mg/kg 380 mg/kg 600 mg/lkg
Kidney (Remal Tubule): Adenoma
Overall rates 1/50 (2%) 1/49 (2%) 1/49 (2%) 0/49 (0%)
Adjusted rates 32% 3.4% 38% 0.0%
Terminal rates 1731 (3%) 0/21 (0%) 1726 (4%) 0/23 (0%)
First incidence (days) 729 (T) 710 729 (T) -
Life table tests P=0.359N P=0.702 P=0.723 P=0.560N
Logistic regression tests P=0.353N P=0.719 P=0.723 P=0.560N
Cochran-Armitage test P=0.315N
Fisher exact test P=0.747 P=0.747 P=0.505N
Kidney (Renal Tubule): Adenoma or Carcimoma
Overall rates 1/50 (2%) 1/49 (2%) 2/49 (4%) 0/49 (0%)
Adjusted rates 3.2% 3.4% 6.1% 0.0%
Terminal rates 1731 (3%) 0/21 (0%) 1/26 (4%) 0/23 (0%)
First incidence (days) 729 (T) 710 624 -
Life table tests P=0.420N P=0.702 P=0.459 P=0.560N
Logistic regression tests P=0.392N P=0.719 P=0.495 P=0.560N
Cochran-Armitage test P=0.371N
Fisher exact test P=0.747 P=0.492 P=0.505N
Mammary Gland: Fibroedenome
Overall rates 14/50 (28%) 9/51 (18%) 22/50 (44%) 6/51 (12%)
Adjusted rates 38.3% 35.4% 59.2% 19.5%
Terminal rates 9/31 (29%) 5121 (24%) 12/26 (46%) 323 (13%)
First incidence (days) 598 710 611 521
Life table tests P=0.271IN P=0.484N P=0.042 P=0.142N
Logistic regression tests P=0.160N P=0.308N P=0.069 P=0.062N
Cochran-Armitage test P=0.102N
Fisher exact test P=0.158N P=0.072 P=0.035N
Pituitary Gland (Pars Distalis): Adenoma
Overall rates 31/49 (63%) 21/48 (44%) 27/49 (55%) 19/50 (38%)
Adjusted rates 73.0% 68.7% 67.5% 553%
Terminal rates 20/31 (65%) 12721 (57%) 14/26 (54%) 10/23 (43%)
First incidence (days) 385 47 538 455
Life table tests P=0.205N P=0.428N P=0.513N P=0.190N
Logistic regression tests P=0.036N P=0.076N P=0.269N P=0.014N
Cochran-Armitage test P=0.022N
Fisher exact test P=0.042N P=0.269N P=0.010N
Stomeach (Forestomach): Squamous Cell Papilioma or Squamous Cell Carcinoma
Overall rates 0/50 (0%) 0/51 (0%) 0/50 (0%) 2/51 (4%)
Adjusted rates 0.0% 0.0% 0.0% 8.7%
Terminal rates 0/31 (0%) 0/21 (0%) 0/26 (0%) 2/23 (9%)
First incidence (days) - - - 729 (T)
Life table tests P=0.037 - - P=0.175
Logistic regression tests P=0.037 - - P=0.175
Cochran-Armitage test P=0.047

Fisher exact test

P=0.252




154

3,4-Dihydrocoumarin, NTP TR 423

TABLE B3
Statistical Analysis of Primary 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
Thyroid Gland (C-cell): Adenoma :
Overall rates 1/49 (2%) 4/48 (8%) 0/49 (0%) 2/50 (4%)
Adjusted rates 3.2% 17.9% 0.0% 8.7%
Terminal rates 1731 (3%) 3/21 (14%) 0/26 (0%) 2/23 (9%)
First incidence (days) 729 (T) 76 - 729 (T)
Life table tests P=0.544 P=0.086 P=0.535N P=0.396
Logistic regression tests - P=0.550 P=0.105 P=0.535N P=0.396
Cochran-Armitage test P=0.566N
Fisher exact test P=0.175 P=0.500N P=0.508
Uterus: Stromal Polyp : -
Overall rates 9/50 (18%) 11/51 (22%) 6/50 (12%) 8/51 (16%)
Adjusted rates 29.0% 40.6% 219% 26.4%
Terminal rates 931 (29%). 11 (33%) 5126 (19%) 4123 (17%)
First incidence (days) 729 (1) 513 710 504
Life table tests P=0.500N P=0.131 P=0.416N P=0.473
Logistic regression tests P=0.405N P=0.273 P=0.380N P=0.595
Cochran-Armitage test P=0317N :
Fisher exact test - P=0.421 P=0.288N P=0.482N
Uterus: Stromal Polyp or Stromal Sarcoma ’ .
Overall rates 9/50 (18%) 11/51 (22% 6/50 (12%) 9/51 (18%)
Adjusted rates 29.0% - 06% .- .219% 279% -
Terminal rates - 931 (29%) 121 (33%) . 5126 (19%) 4/23 (17%)
First incidence (days) 729 (T) 513 - 4 710 455. -
Life table tests P=0.488 P=0.131 -P=0.416N - P=0371
Logistic regression tests P=0.500N P=0273 P=0.380N . P=0.534
Cochran-Armitage test P=0.425N - : E :
Fisher exact test : P=0421. . ~P=0.288N P=0.584N
All Organs: Mononuclear Cell Leukemia - : : ‘
Overall rates 10/50 (20%) 10/51 (20%) 12/50 (24%) 12/51 (24%)
Adjusted rates 25.0% 27.4% - 30.3% o 349%
Terminal rates 431 (13%) 2721 (10%) 3126 (12%) 3/23 (13%)
First incidence (days) 589 357 580 531
Life table tests P=0.206 P=0.401 P=0.353 P=0.217
Logistic regression tests P=0.454 P=0.544N P=0.524N P=0.465
Cochran-Armitage test P=0.336
Fisher exact test P=0.579N P=0.405 P=0.426
All Organs: Benign Neoplasms
Overall rates 43/50 (86%) 37/51 (13%) 46/50 (92%) 31/51 (61%)
Adjusted rates 95.5% 94.7% 97.8% 84.8%
Terminal rates 29731 (94%) 19721 (90%) 25126 (96%) 18/23 (78%)
First incidence (days) 385 455 538 455
Life table tests P=0.339N P=0.201 P=0.120 P=0.376N
Logistic regression tests P=0.014N P=0.314N P=0.280 P=0.015N
Cochran-Armitage test P=0.006N ’
Fisher exact test P=0.077N P=0.262 P=0.004N
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TABLE B3

Statistical Analysis of Primary Neoplasms in Female Rats in the 2-Year Gavage Study of 3,4-Dihydrccoumarin
(continued)

Vehicle Control 150 mg/lg 300 mg/kg 600 mg/kg
All Organs: Malignant Neoplasms
Overall rates 16/50 (32%) 20/51 (39%) 15/50 (30%) 16/51 (31%)
Adjusted rates 39.1% 50.1% 38.6% 42.7%
Terminal rates 8/31 (26%) 421 (19%) 5126 (19%) 4123 (17%)
First incidence (days) 506 357 580 455
Life table tests P=0.441 P=0.110 P=0.550 P=0.311
Logistic regression tests P=0.273N P=0.272 P=0.313N P=0.577N
Cochran-Armitage test P=0.391N
Fisher exact test P=0.292 P=0.500N P=0.558N
All Organs: Benign or Malignent Neoplasms
Overall rates 47/50 (94%) 43/51 (84%) 48/50 (96%) 39/51 (76%)
Adjusted rates 95.9% 95.5% 98.0% $0.3%
Terminal rates 29/31 (94%) 19721 (90%) 25/26 (96%) 19/23 (83%)
First incidence (days) 385 357 538 455
Life table tests P=0.466 P=0.129 P=0213 P=0.421
Logistic regression tests P=0.028N P=0.370N P=0.511 P=0.042N
Cochran-Armitage test P=0.015N
Fisher exact test P=0.106N P=0.5¢0 P=0.013N

S’I’)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, kidney, larynx, liver, lung, nose, ovary, pancreas, parathyroid gland, pituitary gland, salivary gland,

o

spleen, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied.
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality
Observed incidence at terminal kill

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-
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




156 ' : 3,4-Dihydrocoumarin, NTP TR 423

TABLE Bda
Historical Incidence of Renal Tubule Neoplasms in Female F344/N Rats Receiving Corn Oil by Gavage?

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%

2 Data as of 17 December 1991

TABLE B4b
Historical Incidence of Forestomach Neoplasms in Female F344/N Rats Receiving Corn Oil by Gavage®

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%

? Data as of 17 December 1991

TABLE B4c
Historical Incidence of Adrenal Medulla Pheochromocytomas in Female F344/N Rats Receiving Corn Oil by Gavage?

Incidence in_Controls

Benign Malignant Benign or
Malignant
Overall Historical Incidence ‘
Total 50/1,001 (5.0%) 8/1,001 (0.8%) 59/1,001b (5.9%)
Standard deviation 3.0% 1.4% 3.9%
Range 0%-10% 0%-4% 0%-14%

® Data as of 17 December 1991
Includes one complex pheochromocytoma
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TABLE BS
Summéery of the Incidemce of Nonneoplastic Lesions in Female Rats in the 2-Year Gavage Study
of 3,4-Dihydrecoumarin®

Vehicle Control 150 mg/kg 300 mg/ks 600 mg/kg
Disposition Summary
Animals initially in study ) 60 60 60 60
15-Montls intarirn evaluation 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 60 60 60 60
15-Month Interim Evaluation
Alimentary System .
Esophagus ©(10) )
Inflammation, suppurative 1 (11%)
Liver (10) 1) () ®
Basophilic focus 1 (10%)
Developmental malformation 1 (50%)
Inflammation, chronic 2 (20%)
Bile duct, hyperplasia 2 (22%)
Periductular, fibrosis 1 (50%)
Periductular, inflammation, chronic 4 (40%) ’ 3 (33%)
Mesentery @)
Fat, necrosis, coagulative 1 (100%)
Pancreas (10) (&)
Interstitium, fibrosis 2 (22%)
Salivary glands 10) ®
Periductular, infiltration cellular, lymphocyte 1 (10%)
Stomach, forestomach (10) (€))
Mineralization 2 (20%) 3 (33%)
Cardiovascular System
Heart (10) '6Y) )
Cardiomyopathy 3 (30%) 1 (100%) 2 (22%)
Endccrine System
Pituitary gland 10) 6)) 3 )
Pars distalis, cyst 1 (10%) 1 (33%)
Pars distalis, hemorrhage 1 (160%) 1 (11%)
Pars distalis, hyperplasia 1 (10%) 1 (11%)
Thyroid gland 10 . ) ®
C-cell, hyperplasia 1 (10%)

General Bedy System
None
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TABLE BS

Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Gavage Study

of 3,4-Dihydrocoumarin (continued)

3,4-Dihydrocoumarin, NTP TR 423

Vehicle Control 150 mg/kg

300 mg/kg

600 mg/kg

15-Month Interim Evaluation (continued)

Genital System

Clitoral gland
Duct, dilatation

Uterus
Hydrometra

&)}

1 (33%)

)
2 (40%)

®

4]
3 (33%)

Hematopoietic System
Lymph node

Hyperplasia, lymphoid
Lumbar, pigmentation, hemosiderin

10

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

-

Integumentary System
Skin
Inflammation, suppurative

(109)

)
1 (100%)

®

Musculoskeletal System
None

Nervous System
None

Respiratory System
Lung

Alveolar epithelium, hyperplasia
Nose

Mucosa, inflammation, suppurative

(19)
(10)

1¢))
1 (100%)

)
1 (11%)

1 (11%)

Special Senses System
Eye

Iris, synechia

Retina, dysplasia

@)
1 (100%)
1 (100%)

@

Urinary System
Kidney
Nephropathy
Collecting tubule, mineralization

Interstitium, infiltration cellular, lymphocyte

(10)
2 (20%)
1 (10%)
2 (20%)

@
1 (100%)

m
1 (100%)

)
1 11%)

2-Year Study
Alimentary System
Intestine large, cecum
Inflammation, suppurative
. Intestine small, duodenum
Ulcer

(46)

48

43)
1 (2%)
(45)

“48)
“8
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Summaery of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Gavage Study
of 3,4-Dihydrocoumearin (continued)

159

Vehicle Control 150 mg/lkg 380 mg/kg 689 mg/kg
2-Yegr Study (continued)

Alimentary System (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 (2%) 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, hyperplasia 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 ©) ) ) ©)
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) (61))] (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 S0 (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 @) )
Hyperkeratosis 1 (50%)

Hyperplasia, squamous 1 (100%)
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TABLE BS
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 (50) 1) (50) (50)
Cardiomyopathy 10 (20%) 16 (31%) 17 (34%) 8 (16%)
Inflammation, suppurative 1 (2%)

Atrioventricular valve, fibrosis . 1 (2%)
Atrium, thrombus : 1 2%) 1 (2%)

Endocrine System

Adrenal gland, cortex : (50) (€2)) 49) (50)
Angiectasis 1 (2%)

Clear cell focus 1 (2%) ’
Congestion 1 (2%)
Cyst 1 (2%)

Hemorrhage 1 (2%)

Infarct 1 (2%)

Necrosis, coagulative ' 1 (2%) .
Vacuolization cytoplasmic 4 (8%) 1 (2%)

Adrenal gland, medulla (50) (51) 49 50 -
Cyst 1 (2%)

Hematopoietic cell proliferation 1 (2%)
Hyperplasia 9 (18%) 10 (20%) 8 (16%) 8 (16%)
Infiltration cellular, lymphocyte 1 (2%) : -

Islets, pancreatic (50) (46) (509) (49)
Infiltration cellular, lymphocyte 1 (2%)

Necrosis, coagulative 1 2%)

Parathyroid gland (42) (44) (46) 45)
Hyperplasia 2 (4%)

Pituitary gland 49) (48) 49) (50)
Congestion 1 (2%)
Pars distalis, cyst 3 (6%) 6 (13%) 2 (4%) 8 (16%)
Pars distalis, cyst multilocular 6 (12%) 4 (8%) 2 (4%)

Pars distalis, cytoplasmic alteration 1 (2%)

Pars distalis, hemorrhage 1 (2%)
Pars distalis, pigmentation, hemosiderin 1 (2%)
Pars intermedia, hemorrhage 1 (2%)
Pars nervosa, cyst 1 (2%)

Thyroid gland 49) (48) (49) (50)
C-cell, hyperplasia 5 (10%) 4 (8%) 7 (14%) 2 (4%)
Follicle, cyst 2 (4%) 1(2%) ‘1 (2%)
Follicle, dilatation 1 (2%)

General Body System

None

Genital System

Clitoral gland @“n (50) (50) (50)
Hyperplasia ' 2 (4%) 3 (6%) 2 (4%)

Inflammation, suppurative 3 (6%) 4 (8%) 5 (10%) 4 (8%)
Duct, dilatation 2 (4%) 2 (4%) 2 (4%) . .2 (4%)

Duct, inflammation, suppurative 1 (2%)
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Summery of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-Year Gavage Study

of 3;4-Dihydroccoumsarim (continued)
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150 mg/kg

Vehicle Control 380 mg/kg 620 mg/kg
2-Yeqr Study (continued)

Genital System (continued)

Ovary (50) (1) (50) (50)
Follicle, cyst 4 (8%) 4 (8%) 3 (6%) 4 (8%)

Uterus (50) (62)) (50) (51
Hemorrhage 1 (2%)

Hydrometra 4 (8%) 5 (10%) 4 (8%) 5 (10%)
Hyperplasia, cystic 2 (4%) 6 (12%) 3 (6%)
Cervix, inflammation, suppurative 1 (2%) 1 (2%)
Vagina ) 3
Hyperkeratosis 1 (20%)
Hyperplasia, squamous 1 (20%)
Inflammation, suppurative 2 (40%) 3 (100%)
Metaplasia, squamous 1 (20%)

Hematopoletic System

Bone marrow 49 (50) (50) (50)
Hyperplasia, neutrophil 1 (2%) :
Myelofibrosis 1 (2%)

Lymph node (509 (51) (50 (50
Inguinal, hyperplasia, plasma cell 1 (2%)

Lumbar, hyperplasia, histiocytic 1 (2%)
Mediastinal, congestion . 1(2%)
Mediastinal, hemorrhage 1(2%)

Mediastinal, hyperplasia, histiocytic 1.(2%)
Mediastinal, hyperplasia, macrophage 1 2%)

Mediastinal, hyperplasia, plasma cell : 1(2%)
Mediastinal, necrosis, coagulative 1 (2%)

Prefemoral, hyperplasia, lymphoid 1 (2%) 1 (2%)

Lymph node, mandibular 48) (51) “9) (50)
Hyperplasia, lymphoid 2 (4%) 2 (4%) 3 (6%)
Hyperplasia, plasma cell 1 (2%) 2 (4%)
Inflammation, suppurative 1 (2%)

Lymph node, mesenteric (50) (50) (50) (50)
Congestion 1 (2%)

Spleen (50 49) (49) .(49)
Atrophy 1 (2%)
Congestion 1 (2%) 3 (6%) 4 (8%)
Depletion lymphoid 1 (2%)
Developmental malformation 1 (2%)
Fibrosis 1 (2%)
Hematopoietic cell proliferation 2 (4%)
Hyperplasia, lymphoid 2 (4%) 1 (2%)
Hyperplasia, plasma cell 1 (2%) ,
Hyperplasia, reticulum cell 1 (2%) 1(2%)
Necrosis, coagulative 1 2%)
Necrosis, liquifactive 1 (2%)
Pigmentation, hemosiderin 2 (4%)
Capsule, hemorrhage 1 (2%)

Thymus (44) @7 (50) (49)

Epithelial cell, cyst

1 (2%)




162 : 3,4-Dihydrocoumarin, NTP TR 423

TABLE BS
Summary of the Incidence of Nonneoplastic Lesions in Female Rats. in the 2-Year Gavage Study
of 3,4-Dihydrocoulmann (continued)

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

2-Year Study (continued)

Integumentary System o

Mammary gland 49) (49) - (49) (50)
Galactocele - : 3 (6%) 2 (4%) - 3 (6%)

Lactation _ 1 (2%) 1 (2%) 1 (2%)
Acinus, hyperplasia 1 (2%) .

Skin (50) (50) (50) (50) .
Inflammation, suppurative 1(2%) -

Subcutaneous tissue, cyst epithelial inclusion 1 (2%)
Subcutaneous tissue, inflammation, chronic ~ o ) 1°(2%) ‘

Tail, hyperkeratosis 1 (2%)
Tail, inflammation, suppurative . 1 (2%)

Musculoskeletal System

None

Nervous System .

Brain - (50) (50) 48) (49)
Hemorrhage 1 (2%) 2 (4%) o 1 2%)
Hydrocephalus ) 1 (2%) 1 (2%) 1 (2%) 1 (2%)
Necrosis, liquifactive o . 12%) |
Cerebellum, gliosis o ‘ C o C ' T 1(2%)
Hypothalamus, compression 1 (2%) T f : 3 (6%) - '
Meninges, inflammation, chronic 1 (2%)

Thalamus, compression 2 (4%) 2 (4%) 2 (4%) 1 (2%)
Thalamus, necrosis, coagulative 1 (2%)

Respiratory System

Lung (50) 51) (50) (50)
Congestion 2 (4%) 1 (2%)
Edema 2 (4%) 2 (4%)
Alveolar epithelium, hyperplasia 3 (6%) 3 (6%) 3 (6%)

Alveolus, edema 1 (2%)
Alveolus, foreign body 2 (4%)
Alveolus, hemorrhage 1 (2%)
Alveolus, inflammation, chronic 10 (20%) 1 (2%) 1 (2%) 1 (2%)
Alveolus, inflammation, suppurative 1 (2%) :

Nose (50) (51) (50) (50)
Congestion 1 (2%)
Lumen, fungus 2 (4%) . 2 (4%)

Lumen, inflammation, chronic 1 (2%)

Lumen, inflammation, suppurative 3 (6%) 2 (4%) 1 (2%) 5 (10%)
Mucosa, inflammation, chronic active 1 (2%)

Mucosa, inflammation, suppurative 1 (2%) 1 (2%) 1 (2%)

Nasolacrimal duct, inflammation, chmnic 1 Q%)
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Summery of the Imcidence of Nonneoplastic Lesions in Female Rats in the 2-Year Gavage Study
of 3,4-Dihydrecoumarin (continued)
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Vehicle Control - 150 mg/lg 3¢9 mg/kg 680 mg/kg
2-Year Study (continued)
Special Senses System
Eye ) ) ) )
Lens, cataract 1 (160%) 1 (50%) 1 (160%)
Posterior chamber, hemorrhage ' 1 (50%)
Retina, atrophy 1 (100%)
Lacrimal gland 1)
Pigmentation, porphyrin 1 (100%)
Urinary System
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 - 12%)
Renal tubule, hyperplasia 1 (2%)
Urinary bladder (48) (50) (48) “49)
Developmental malformation : 1 (2%)
Infiltration cellular, lymphocyte 1 (2%)

2 Number of animals examined microscopically at site and number of animals with lesion
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TABLE C1 ,
Summary of the Incidence of 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

Disposition summary ‘
Animals initially in study 70 70 70 70
15-Mownth interim evaluation® 20 19 19 20
Early deaths ‘
Moribund
Accidental deaths
Natural deaths
Survivors .
Terminal sacrifice , 42 39

- W
[
® O S

g 8

Animals examined microscopically 60 . . 58 56

15-Month Interim Evaluation

Alimentary System

Liver ' o ) e} O @ 10)
Hepatocellular adenoma 3 (30%) 4 (80%) 2 (50%) 3 (30%)

Cardiovascular System
None

Endocrine System

Thyroid gland : o (10) - . - e (10)
Follicular cell, adenoma 1 (10%) ‘

General Body System
None

Genital System
None

Hematopoietic System

Lymph node, mesenteric (10) Q) (10)
Lymphoma malignant 1 (100%)

Spleen (10) ) ' (10)
Lymphoma malignant ' : 1 (100%)

Integumentary System
None

Musculoskeletal System
None
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Summary of the Incidemce of Neoplasms in Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin (continued)

Vehicle Comtrol 200 mg/kg 400 mg/kg 800 mg/kg
15-Mowth Interim Eveluation (continued)

Nervous System

None

Respiratory System

Lung (10) )] ) (10)
Alveolar/bronchiolar adenoma 1 (10%) 1 (50%) 1 (50%) 1 (10%)
Alveolar/bronchiolar adenoma, multiple 1 (50%)

Special Senses System

Harderian gland 6))

Adenoma 1 (160%)

Urinary System

None

Systemic Lesions

Multiple organs® , 10) ) ¢ (10)
Lymphoma malignant 1 (20%)

2-Year Study

Alimentary System

Intestine large, cecum “n (46) 43 49

Intestine small, ileum 47 (46) 43) 4
Adenocarcinoma 1 (2%) 1 (2%)

_Intestine small, jejunum (C)) 45) 43) 44)
Adenocarcinoma 2 (4%)
Adenoma 1 (2%)
Sarcoma 1 (2%)

Liver 50 51 (51) (50)
Hemangiosarcoma 1 (2%) '
Hemangiosarcoma, multiple 1 2%)

Hepatoblastoma + 2 (4%)
Hepatocellular carcinoma 10 (20%) 11 (22%) 11 (22%) 6 (12%)
Hepatocellular carcinoma, multiple 1 (2%)

Hepatocellular adenoma 21 (42%) 18 (35%) 17 (33%) .12 (24%)
Hepatocellular adenoma, multiple 8 (16%) 5 (10%) 19 (37%) 19 (38%)
Hepatocholangiocarcinoma 1 (2%) -
Histiocytic sarcoma 1 (2%) .

Mesentery o) ) @ o))
Hemangioma 1 (50%)

Pancreas @“8) - ) 48) 49)

Stomach, forestomach 49 49) (46) 48)
Papilloma squamous 2 (4%) 5 (11%) 2 (4%)
Squamous cell carcinoma 1 2%) 1 (2%) 2 (4%)

Stomach, glandular - : 48) (C)) (43) 46) )
Squamous cell carcinoma, metastatic 1 (2%) 1 (2%) ’
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TABLE C1
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)
Cardiovascular System ’
Heart (50) (s1) (51) (50)
Alveolar/bronchiolar carcinoma, metastatic, ’ ’
lung 1 (2%) ' : ' 1 (2%)
Hemangiosarcoma, metastatic, spleen 1 (2%) i R
Hepatocellular carcinoma, metastatic, liver 1 (2%)
Sarcoma 1 (2%)
Endocrine System o
Adrenal gland (50) (50) (48) © 49
Spindle cell, adenoma o 1 (2%) ' ' '
Adrenal gland, cortex . 49 ) (50) . (48) 49
Alveolar/bronchiolar carcinoma, metastatic,
lung 1 (2%)
Adrenal gland, medulla 49 49) (48) 47
Alveolar/bronchiolar carcinoma, metastatic,
lung 1 (2%) . .
Islets, pancreatic 49 (50) 49) (50)
Adenoma 2(4%) ) .
Pituitary gland “n ' (46) (45) “5) -
Pars distalis, adenoma - . 1 (2%) . 1 (2%)
Thyroid gland (49) 49) 49) (50 .
Follicular cell, adenoma . 2 (4%)
General Body System
Tissue NOS ‘ ¢y} ' ' ;) QO -
Liposarcoma - .1 (100%
Thoracic, hemangioma 1 (20%)
Thoracic, hepatocellular carcinoma, metastatic,
liver . 1 (20%)
Genital System :
Epididymis 49 49) 48) “49)
Alveolar/bronchiolar carcinoma, metastatic,
lung - 1 (2%)
Squamous cell carcinoma, metastatic, stomach . 1 (2%) o ,
Seminal vesicle 49) (48) (47) 48)
Testes ) 49 48) 48) (48)

Interstitial cell, adenoma 1 (2%)

Hematopoietic System :
Bone marrow 49 ) (63)) (50) 49
Histiocytic sarcoma : 1 (2%)
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Summery of the Incidence of Neoplasms in Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin (continued)

Vehicle Comtrol 209 mg/kg 480 mg/kg 00 mg/lkg
2-Year Stwdy (continued)
Hematopoletic System (continued)
Lymph node (50) “49) (50) (50)
Bronchial, sarcoma 1 (2%)
Bronchial, squamous cell carcinoma, metastatic 1 (2%)
Mediastinal, alveolar/bronchiolar carcinoma,
metastatic, lung 1 (2%)
Mediastinal, hepatocellular carcinoma, .
metastatic, liver 1 (2%)
Mediastinal, hepatocholangiccarcinoma,
metastatic, liver 1 (2%)
Mediastinal, sarcoma . ) 1 (2%)
Lymph ncde, mandibular “én 41) 49 44)
Lymph nede, mesenteric 49 (48) (43) )]
Spleen : 49) (50) (46) (48)
Hemangioma 1 (2%)
Hemangiosarcoma 1 (2%) 1 (2%) 2 (4%)
Histiocytic sarcoma 1 (2%) _
Thymus 1) “49) 39 (46)
Alveolar/bronchiolar carcinoma, metastatic,
lung 1 (2%) 1 (2%)
Hepatocellular carcinoma, metastatic, liver 1 (2%)
Integumentary System
Skin 49 49) 49) (48)
Hepatocholangiocarcinoma, metastatic, liver 1 (2%)
Subcutaneous tissue, hemangioma 1 2%)
Musculoskeletal System
Bone (50) (51) (51) (50) .
Alveolar/bronchiolar carcinoma, metastatic, .
lung 1 (2%) 1 (2%)
Hepatocholangiocarcinoma, metastatic, liver 1 (2%)
Skeletal muscle ' ' o Q) )
Alveolar/bronchiolar carcinoma, metastatic,
lung 1 (100%)
Diaphragm, alveolar/bronchiolar carcinoma,
metastatic, lung 1 (50%)
Nervous System
None
Respiratory System
Lung (50) (50 (k1) (50)
Adenocarcinoma, metastatic, harderian gland 1 (2%)
Alveolar/bronchiolar adenoma 7 (14%) 14 (28%) 12 (24%) 10 (20%)
Alveolar/bronchiolar adenoma, multiple 1 (2%) 1 (2%) 3 (6%)
Alveolar/bronchiolar carcinoma 1 (2%) 2 (4%) 1 (2%) 3 (6%)
Alveolar/bronchiolar carcinoma, multiple 1 (2%)
Hepatocellular carcinoma, metastatic, liver 1 (2%) 3 (6%) 2 (4%) 1 (2%)
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Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin (conﬁnued)

Vehicle Control 200 mg/kg 400 mg/kg 800 mg/kg
2-Year Study (continued)
Respiratory System (continued)
Lung (continued)
Hepatocholangiocarcinoma, metastatic, liver , 1 (2%)
Liposarcoma, metastatic, tissue NOS 1 (2%)
Neoplasm NOS, metastatic, liver -1-(2%)
Nose (50) (51) (50) (50)
Histiocytic sarcoma 1 (2%)
Special Senses System
Eye 3 ©)] @ &)
Adenocarcinoma, metastatic, harderian gland 1 (33%) )
Harderian gland ® ) e)) 0))
Adenocarcinoma 1 (25%)
Adenoma 5 (100%) 3 (75%) 2 (100%) 2 (100%)
Lacrimal gland @ [0)) ¢)) '
Adenoma 1 (100%)
Urinary System
Kidney (50 (51) (51) ' (49)
Alveolar/bronchiolar carcinoma, metastatic,
lung - - 1 (2%) e 1 (2%).
Hepatocellular carcinoma, metastatic } 1 (2%) )
Hepatocellular carcinoma, metastatic, liver 1 (2%) e
Hepatocholangiocarcinoma, metastatic, liver . 1 (2%)
Histiocytic sarcoma 1 (2%)
Squamous cell carcinoma, metastatic, stomach 1 (2%)
Renal tubule, adenoma 2 (4%)
Renal tubule, carcinoma 1 (2%) 1 2%)
Systemic Lesions
Multiple organs (50) (€)) (51) (50)
Histiocytic sarcoma 1 (2%)
Lymphoma malignant 2 (4%) 3 (6%)
Lymphoma malignant histiocytic 1 (2%)
Lymphoma malignant lymphocytic 1 (%)
Lymphoma malignant mixed 1 (2%)
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TABLE CL
Summary of the Incidence of Neoplasms in Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin (continued)

Vehicle Comtrol 200 mg/lg : 400 mg/kg 809 mg/lg

Neoplasm Summary
Total animals with primary neoplasmsd

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 n
Total animals with benign neoplasms

15-Month interim evaluation 4 6 4 3

2-Year study 35 3 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
% 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. -
: Number of animals with any tissue examined microscopically

Primary neoplasms: all neoplasms except metastatic neoplasms
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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

0445566677777 7777T7T77717T777
Number of Days on Study 14529599 22222222222222222
196818069999 9999999999999
, 0000O0O0OO0O0OO0OOO0OOOOOO0OOOOOOOO0OOQ0
Carcass ID Number 0023442600001 112233334453$5
4 825420425790154704781323
11111111111 11111111111111
Alimentary System
Esophagus +++++++++++ A+ o+
Gallbladder MAM+ +A+++++++++++++++++++
Intestine large +AA++A+++++++F+F A+ +
Intestine large, cecum +AA++A+++F++++F+H+ A+ F+F A+ +
Intestine large, colon + AA++A+++FFFFH A+ AF A+ +
Intestine large, rectum +AA++A+++++++F+FT T +++++++ + +
Intestine small +AA++A+++F+F+H++FHFFH A+ A+
Intestine small, duodenum + AA++A++++++++++++++++ 4+ + +
Intestine small, ileum +AA++A++F+ T+ +HFFF A+ 4+
Adenocarcinoma X
Intestine small, jejunum + AA++A+++++4+++++++++++ 4+ + 4+
Adenocarcinoma
Adenoma : X
Sarcoma X
Liver +++++++++++++++++++++ 4+ + + +
Hemangiosarcoma X
Hemangiosarcoma, multiple X
Hepatocellular carcinoma XXX X
Hepatocellular carcinoma, multiple
Hepatocellular adenoma XXX X X XXX X X X
Hepatocellular adenoma, multiple - X X X X
Mesentery +
Pancreas +A+++A+++++++++++++++ 4+ + 4+ +
Salivary glands +++++++++++++++++++++++ + +
Stomach +++++A+++++++++++++++ 4+ + + +
Stomach, forestomach +++_++A+++++++++++++++++++
Papilloma squamous X
Squamous cell carcinoma X
Stomach, glandular + + A+ +A++++++++H+F A+ +
Squamous cell carcinoma, metastatic X
Cardiovascular System
Heart R S A T i i i s A S S R T N T N
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Hemangiosarcoma, metastatic, spleen X
+: Tissue examined microscopically M: Missing tissue X: Lesion present

A: Autolysis precludes examination I: Insufficient tissue Blank: Not examined
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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 (continued)
7777717771777 71777777771T17T71777
Number of Days om Study 2222223333333333333333333
9999990000000000O0O0O0O0UO0O0O0OO0O0
000O0O0OOO0OOOOOOOOOOOO0OOOO0OOGOOCOO0
Carcass ID Number 556 66 700111122222334445©6F¢6 Total
48168 013246713618 9390791S57 Tissues/
1111111111111111111111111 Tumeors
Alimentary System
Esophagus ++++++++++ A+ + 50
Gallbladder ++++++++++++ M 45
Intestine large +++++++++ A+ 47
Intestine large, cecum +++++++++++++++++++++++++ 47
Intestine large, colon ++++++++++++++++++++++++ 4+ 47
Intestine large, rectum +++++++++++++F++++++++]D +++ 44
Intestine small +++++++++++++++++++++++ 4+ + 47
Intestine small, duodenum ++++++++++++++ A+ 47
Intestine small, ileum ++++++++++++++++4++++++++ + 47
Adenoccarcinoma 1
Intestine small, jejunum +++++++++++++++++++++++++ 47
Adenccarcinoma X X 2
Adenoma 1
Sarcoma 1
Liver ++++++++F A+ 50
Hemangiosarcoma 1
Hemangiosarcoma, multiple 1
Hepatocellular carcinoma X X X X X 10
Hepatocellular carcinoma, multiple X 1
Hepatocellular adenoma . X X XXXX X X - X 21
Hepatocellular adenoma, multiple X XX X 8
Mesentery 1
Pancreas ++++++++++++++++++++++++ + 48
Salivary glands ++++++++++++++++++++++++ + 50
Stomach +++++++++++++++++++++++ 4+ + 49
Stomach, forestomach ++++++++++++++++++++++++ + 49
Papilloma squamous X 2
Squamous cell carcinoma 1
Stomach, glandular ++++++++++++++++++F++++++F 48
Squamous cell carcinoma, metastatic 1
Cardiovascular System
Heart +++++++++++++++++++++++++ 50

Alveolar/bronchiolar carcinoma,
metastatic, tung
Hemangiosarcoma, metastatic, spleen
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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 (continued)

0445566677777 7T77777717T17T77177
Number of Days on Study 1452959922 222222222222222
1 9681806999999 999999999909
00000O0O0OO0OO0OOCOOOOOO0OOOOOOGOO0OO
Carcass ID Number 0023442600001 1122333344S5S5
4 8254204257901 54704781323
117111111111 11111111111111
Endocrine System
Adrenalgland +++++++++++++++ A+
Spindle cell, adenoma
Adrenal gland, cortex IR S S Tk S S S St S S S S S S S S S A A A -
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Adrenal gland, medulla + + + + + 4+ 4+ ++++++ 4+ 4+ 4+4+++++++
Alveolar/bronchiolar carcinoma,
metastatic, lung 7 X
Islets, pancreatic +A++++++++++ A F AR+
Parathyroid gland +M++++MM+M+++++++MM+M+M+ +
Pituitary gland +++++M++++M++++M+++++++ + 4+
Thyroid gland +A++++++++++r++rFF A+ F
General Body System .
Tissue NOS +
Genital System : )
Epididymis +++++A++++FF+FFFF A+
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Preputial gland ) + + + + +
Prostate ++++++ o+
Seminal vesicle +++++A+++++++++++++++++++
Testes +++++FAFTF A E o+
Interstitial cell, adenoma X
Hematopoietic System
Bone marrow +++++A+++F+++++H A+ A+ +
Lymph node + +++++++++++++++++++++ 4+ ++
Lymph node, mandibular +MM+M+++++++++++++++++ ++ +
Lymphnode,mmnteric +++++++M+++++++++++++++++
Spleen + ++++A+++++FFHFHFHEE A+
Hemangiosarcoma X
Thymus +++I1 I A+ +++++++1 4+ +++++++ + +
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Integumentary System
Mammary gland MMMMMMM+MM++MMMMMM+MMMMMM
Skin + 4+ +++A+++++++++++++++++++
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TABLE C2
Individual Animal Tumor Patholegy of Male Mice in the 2-Year Gavage Study of 3,4-Dihydroconmsarins
Vehicle Control (continued) '
7777177177177 171771771771T7177T7T7T7T7T777
Number of Days om Study 2222223333333333333333333
9999990000000O0O0O0O0O0O0OO0CO0CO0O0O0O00O0
0000O00O0OOOOOOOOOOOOOOOOOOO
Carcass ID Number 556667 00111122222334445Q6¢6 Total
481680132467 13628939079157 Tissues/
1111111111111111111111111 Tumers
Endeccrime System
Adrenal gland +4++++++ AR+ 50
Spindle cell, adenoma X 1
Adrenal gland, cortex +++++++4+++++++++++++4++++ 0+ 49
Alveolar/bronchiolar carcinoma, i
metastatic, lung 1
Adrenal gland, medulla SAE S S T S S S A A T T T At S S N S S S S 49
Alveolar/bronchiolar carcinoma, )
metastatic, lung 1
Islets, pancreatic +++++++++++ A+ 49
Parathyroid gland ++1 +++++++++++M++++1 +++ + + 39
Pituitary gland +++++++++ 4 47
Thyroid gland +++++++++F 4+ 49
General Bedy System
Tissue NOS 1
Genital System
Epididymis ++++++++++ 4+ 49
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Preputial gland + + + + + + + 12
Prostate ++++++++++F++F+H+HF A+ 50
Seminal vesicle ++++++ A F AR+ 49
Testes +++++++ A+ 49
Interstitial cell, adenoma 1
Hematopoietic System :
Bone marrow ++++++++++FF A+ + 49
Lymph node +t+++++++++ A+ 50
Lymph node, mandibular +++++++++++F A+ o+ 47
Lymph node, mesentetic +++++++ A+ 49
Spleen +++++ A+ 49
Hemangiosarcoma 1
Thymus +++++++++++++T 1 41 M+ +++1 + 4+ 41
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Integumentary System
Mammary gland ' MMMMMMM+MMMMM+MMMM+ MMMMMM 7
Skin ++++ A+ F A+ 49
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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 (continued) :

0445566677777 777777T7171717717
Number of Days on Study 145295992222222222222222222
1 9681806999999 999999999 99
0000O0O0OO0OODCOOOOOOOOOOOOOOOOTO
Carcass ID Number 0023442600001 112233334475°S
. 4 8254204257901 54704781323
t1111111111111111111111111
Musculoskeletal System
Bone ++ + 4+ +++++F+ A+ +
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Skeletal muscle +
Alveolar/bronchiolar carcinoma,
metastatic, lung X

Nervous System
Brain . ++A++A+++++FHFF A+ A+

Respiratory System

Lung + 4+ + 4+ 4+ 4+ 4+ + +
Alveolar/bronchnolar adenoma ) e
Alveolar/bronchiolar adenoma, multiple . oo X
Alveolar/bronchiolar carcinoma X
Hepatocellular carcinoma, metastatic,
liver

Nose +++++++ A+

Trachea . . +++++++++++ A+

>+
>+
>+
>+
>+

Special Senses System
Eye
Harderian gland
Adenoma:
Lacrimal gland
Zymbal’s gland

X+ +
X+ +
>+

Urinary System
Kidney ++++++F+++ o+ F
Alveolar/bronchiolar carcinoma,
metastatic, lung X .
Urinary bladder ++++++ A+

Systemic Lesions -
Multiple organs . : +++++++++++++++++++++++++
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TABLE C2 .

Individual Animsl Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrecovmarin:

Vehicle Comtrol (continued)
7777711717777 7777717717771717171771717

Number of Days om Study 2222223333333333333333333
99999900000 000O00O00O0O0O0O0O0O0O0
00000O0O0OOOOOOOOO0COOOOO0OOOOOO

Carcass 1D Number 556667 00111122222334445Q6°F¢6 Total
4816801324617136189390791S57 Tissues/
t111111111111111111111111 Tumors

Musculoskeletal Systemn :

Bone +++++++++++++++F++++++++ 4+ + 50
Alveolar/bronchiolar carcinoma,

metastatic, lung 1
Skeletal muscle 1
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Nervous System »
Brain +++++++++++++++++++4++++++ 48
Respiratory System :

Lung ++++++++++++++++4+++++++ 4+ 4+ 50
Alveolar/bronchiolar adenoma X X 7
Alveolar/bronchiolar adenoma, multiple 1
Alveolar/bronchiolar carcinoma 1
Hepatocellular carcinoma, metastatic,

liver X 1

Nose +++++++ A+ 50

Trachea ++++++ A+ 50

Special Senses System

Eye 3

Harderian gland + + 5
Adenoma X X 5

Lacrimal gland + 1

Zymbal’s gland + 1

Urinary System o
Kidney +++++++++ 4+ 50
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Urinary bladder +++++++++++ A+t 50
Systemic Lesloms
Maultiple organs +++++++++++++++++++4+++++ 4+ 50
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1444555666777 17777T7777717171

Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin

200 mg/kg
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TABLE C2
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Number of Days on Study"

01111111111060000000011111
7121331213087889999900000
1 5420546616 7225202367712 4538
1f17111111711111111111111111

g

852
388
v YU y=
go go po g0 3
mwhmmMs
LEEFETFE
SEEEBLE
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Carcass ID Number:

Alimentary System

R I Tk T I T S G SR R
A+ +++++4+4+++++ 4+
+ 4+ +++ A+ A+ F
SR R T T T P S S S A
A+ ++++++++++++
+++++++ A F e+
+ 4+ ++++++ A+ +

+
M
+

++++

++++ A+ +

-+

+ 4+ ++ o+

+

+ 4+ ++++ A+ F o+

+ 4+t
XXX X

+

”
+

+2 << cCCCH
+<++++++FCHNR
tC €L LCCL+HNRN
++++++++ N
+tgd <+ + <<+ K
+2++++++++ RN
tCCLCCCCCC+
+++++++++++
+E LT CCCLHN
+++++++++++

Intestine small, duodenum
Intestine small, ileum

Intestine small, jejunum

Liver

Hepatocellular carcinoma

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

+t+++F AT+

Hepatocellular adenoma, multiple

Histiocytic sarcoma

Hepatocellular adenoma
Mesentery

Hemangioma

Pancreas - :

Salivary glands ‘

Stomach

A+ +++++++++++4+++

+ + +
+ + +
+ + +

+ 4+

++ +

+ <<

++ +
+++
+++

A+ ++++++++++++++
+++A+TAFAFTAF A+ FFF A+ F A+
N T T 2k T A T T S T S S S R TR R A

FA+ +H+ 4+ ++++FEF o+
+A+++++++++H+ A+ o+
+++++F A+ A A+ ++
+++FF AL A+
++++++++++M+++ 4+

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

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

Hepatocellular carcinoma, metastatic,

liver

Squamous cell carcinoma, metastatic

Squamous cell carcinoma
Stomach, glandular
Adenoma

Parathyroid gland

Adrenal gland, medulla
Pituitary gland

Stomach, forestomach
Islets, pancreatic

Adrenal gland
Adrenal gland, cortex

Cardiovascular System
Heart

Endocrine System

+ M+
+ A+
+ + +

+ 4+
++ 4+
2= <
++ 4+
++ +
=2+ +

Thyroid gland °
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7777177777717 771771T1717T7717777177717

Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarin:

Lesioms in Male Mice
200 mg/kg (continued)

TABLE C2

o
o
o O
N o
0N o
N o
oo
N o
oo
o
[~
N o
o
N o
(L=
o
"o
[y -}
[y -0
[ -3
QR
[y -}
[ -}
(o B}
[ I,
[y -,

Number of Days on Study

51
46
46
45
46
47
47
46
45
51
11
18
5
1
2
1
50
50
49
49
1
47
1
51
50
50
49
50
2
42
46
49

Tissues/
40

Total
Tumors

XX

XX

X

11111111100000000011111111
1122223347717 78999900222233
172579460568 94158909013837
11111111111111111111111111
+++++++1 ++] + o+

IR SR SRS Tk 2 T I N R R R R N e S S
+++ A F A+

EE IR I IR 2R TR IR 2R 2K X TE T S R A Ay

ST I I S T SR R A A Sk I Ik ik 5
IR A IR R R A I A 2 T b T T A A

SR S T R T R R R IR A A T Ak S 2 2 T e S
++++t+ A+ o+
IR IR EETE IE S R IR R Ik R 2 T T R IR T I
S R R 2k 2 T I R e R e R
S T A A T S S R R S S S A i I O
L R 2 2 2 S T S N U R S S P S 2 i 3
+M+++ 4+ +++ AR+

M++++++M+MM+++++++++M+++ + +
+ M+ +++++++++ At A+
R I T Ik I T I T A R R R

+++++++++ A+
R I I e R R E R E R s

t+++++++ A+
IR SRR 2 2 I I S A A e A A A R I
SR TR I R R I IR I T A R T T T I S S S S S s
I A A S Ik Ik T 2k TR I T S ST St G A A
R IR I AR I R R R R R
S A S ik i R I R S S S S A A -

Hepatocellular carcinoma, metastatic,

Squamous cell carcinoma, metastatic
liver

Hepatocellular adenoma, multiple

Histiocytic sarcoma

Mesentery
Squamous cell carcinoma

Hepatocelilular carcinoma
Hepatocellular adenoma
Stomach, glandular

Hemangioma

Pancreas
Adenoma

Parathyroid gland

Pituitary gland

Thyroid gland

Intestine small, duodenum
Intestine small, ileum
Adrenal gland, medulla

Intestine small, jejunum
Islets, pancreatic

Esophagus
Gallbladder

Intestine large
Intestine large, cecum
Intestine large, colon
Intestine large, rectum
Intestine small

Liver

Salivary glands
Stomach

Stomach, forestomach
Heart

Adrenal gland
Adrenal gland, cortex

Carcass [D Number
Alimentary System
Cardiovascular System
Endccrine Systemn
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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 (continued)

1444555666777 777777171771717717
Number of Days on Study 023455646 7122222222222222
73893883638399999999999299
0111111111100 00U0O0O0O0O011111
Carcass ID Number 71213312130878899999060000O0
1542054661627 2250236771245 8
1111111111111 111111111111
General Body System
Tissue NOS + + + +
Thoracic, hemangioma
Thoracic, hepatocellular carcinoma,
metastatic, liver X
Genital System
Epididymis +++A+++++A++++++++++4+++++
Squamous cell carcinoma, metastatic,
stomach
Preputial gland + + +
Prostate + ++M+1 + + + + + 4+ + 4+ 4+ ++++ 4+ + + +
Seminal vesicle + 4+ + A+ ++A+AF A+
Testes + + + A+ + + + + + ++ + 4+ + 4+ + 4+ + 4+ 4+ + +
Hematopoietic System
Bone marrow » + + 4+ ++++++++++++++++++++++
Histiocytic sarcoma X
Lymph node _ +++++++M+M+++++++++++++++
Bronchial, squamous cell carcinoma,
metastatic
Mediastinal, hepatocellular carcinoma,
metastatic, liver X
Lymph node, mandibular +I + M+ +MMMM+ + +++++++++++ + +
Lymph node, mesenteric +++++++M+M+M+++++++++++ + +
Spleen + + 4+ ++++A+++++++4++++++++++
Histiocytic sarcoma X
Thymus ++ ++++++++] ++++++++++++++
Hepatocellular carcinoma, metastatic,
liver
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMM+MMMMMMM
Skin + ++++++A+A+++++++++++++ + +

Musculoskeletal System
Bone ++++++++++ A+
Alveolar/bronchiolar carcinoma,
metastatic, lung X
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TaABLE C2
Individusl Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
200 mg/kg (continued)
1777177717771 71771777777171777T7T7T7T77177
Number of Days on Study 22222222233333333333333333
9999999990000 00O0O0O0O0OO0OO0OO0CO0O0OO00O0
11111111100000000011111111 Total
Carcass ID Number 112222334777 78999900222233 Tissues/
172579460568 9415890901382737 Tumeors
11111111111111111111111111
General Body System
Tissue NOS + 5
Thoracic, hemangioma X 1
Thoracic, hepatocellular carcinoma,
metastatic, liver 1
Genital System
Epididymis +++++++++++++++ A 49
Squamous cell carcinoma, metastatic,
stomach X 1
Preputial gland + + + + + 8
Prostate ++++++++ A+t 47
Seminal vesicle + +++++++ A+ 48
Testes +++++++++ R+ 48
Hematopoietic System
Bone marrow +++++++++++++++++++++++++ + 51
Histiocytic sarcoma 1
Lymphnode + 4+ +++++++++++++++++++ 4+ + 4+ + + 49
Bronchial, squamous cell carcinoma,
metastatic X 1
Mediastinal, hepatocellular carcinoma,
metastatic, liver 1
Lymph node, mandibular M+ +MM++++++M++++++4+++++++ + 41
Lymph node, mesenteric +++++++ AR+ o+ 48
Spleen ++++++++++ A+ o+ 50
Histiocytic sarcoma 1
Thymus ++++++++I +++++++++++++++ 4+ + 49
Hepatocellular carcinoma, metastatic,
liver 1
Integumentary System
Mammary gland M+MMMMMMMMMMMMMMMMMMMMMMMM 2
Skin ++++++++++ 4 49
Musculoskeletal System
Bone +++++++ A+ A A+ 51

Alveolar/bronchiolar carcinoma,
metastatic, lung
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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 (continued)
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Carcass ID Number
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Nervous System ‘
Brain ' +++A++++ AL F o+

Respiratory System .

Lung + ++++++++A++++4+++++++++++
Adenocarcinoma, metastatic, harderian ’

gland X

Alveolar/bronchiolar adenoma : X X XX X
Alveolar/bronchiolar adenoma, multiple X ..
Alveolar/bronchiolar carcinoma X L0 X
Alveolar/bronchiolar carcinoma,

multiple X

Hepatocellular carcinoma, metastatic,

liver
Nose : L + + + + +
Histiocytic sarcoma
Trachea _ ) + + 4+ + + + + +

+ ¥
+ ¥
+ ¥

+++++F A+ +

+
4+ X+

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

Special Senses System

Eye .

Adenocarcinoma, metastatic, harderian
gland

Harderian gland
Adenocarcinoma
Adenoma ) X

Lacrimal gland

+
+

“+

Urinary System
Kidney + + + + + + +
Hepatocellular carcinoma, metastatic '
Hepatocellular carcinoma, metastatic,
liver X
Histiocytic sarcoma X
Squamous cell carcinoma, metastatic,
stomach
Renal tubule, carcinoma ‘
Urinary bladder + + +A+A+A+A++H 4+

A T T T T T S S S e A

¥+

Systemic Lesions
Multiple organs . ++++++ A4+
Histiocytic sarcoma X
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TABLE C2
Individusl Amimal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarimn:
200 mg/lsg (continued) '
7777711777717 77717717171771777717T1717117
Number of Days om Study 222 22222233333333333333333
99999999 90000O0O0O0O0O0O0O0OO0OO0O0O0O00O0
®
11111111100000000O0O1111111t1 Total
Carcass [ID Number 112222334777 78999900222233 Tissues/
1725794610568 941589090138237 Tumors
1111111111111 1111111111111
Nervous System
Brain ++++++++H++ A+ 49
Respiratery System
Lung ++++++++++++++++++++++++ 4+ 4+ 50
Adenoccarcinoma, metastatic, harderian ’
gland 1
Alveolar/bronchiolar adenoma X X X X X X X XX 14
Alveolar/bronchiolar adenoma, multiple ' : 1
Alveolar/bronchiolar carcinoma 2
Alveolar/bronchiolar carcinoma,
multiple 1
Hepatocellular carcinoma, metastatic,
liver 3
Nose ++ ++++ 4+ +++++4+++ 4+ + 51
Histiocytic sarcoma 1
Trachea ++++++++++++++++++++++++++ 51
uw
Special Senses System
Eye + 3
Adenccarcinoma, metastatic, harderian
gland 1
Harderian gland + + 4
Adenccarcinoma 1
Adenoma X X 3
Lacrimal gland + 1
Urinary System
Kidney ++++++++ R+ 51
Hepatocellular carcinoma, metastatic 1
Hepatocellular carcinoma, metastatic,
liver 1
Histiocytic sarcoma 1
Squamous cell carcinoma, metastatic,
stomach X 1
Renal tubule, carcinoma X 1
Urinalybladder +++++++ 4+ 4+ 4+ 4+4++++++F+++4+4+ 4+ 4+ + 47
Systemic Lesions
Multipleorgans ++++++++++ 4+ ++++++H+4++4++++ 4+ + + 51 o

Histiocytic sarcoma

1
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3,4-Dihydrocoumarin, NTP TR 423

1 0465792456325 1814¢638
11111111111111111111

0345556666666 7777717T7T777717717
t112111121211111111111t1111
8518697090859 45774455¢62¢6¢6¢6

19158913455 7711122
4305398905959 582829

8 6 060
11111

Individual Animal Tumor Pathology of Male Mice. in the 2-Year Gavage Study of 3,4-Dihydrocoumarin

400 mg/kg
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TABLE C2

Number of Days on Study
Carcass ID Number
Alimentary System

I SRS 25 2k T S S ++++ + + A+ +
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+++++++++ ++ K ++++ + + ++++ 32+
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A+ +++++++++++++++++ 4+ 4+

Pars distalis, adenoma

Thyroid gland

None

General Body System
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Lesioms im Male Miece

Individual Animal Tumor Pathology of Msle Mice im the 2-Year Gavage Study of 3;,4-Dihydrecoumsarins

400 mg/kg (continued)

TaBLE C2

~no
o
N o

7

N o
o
N o
oo
0o
oo
oo
oo
N o
o
oo
I~
-4
n o
o
"o
[ -0
AN
N
N
Lo BN~ )
[ I~

7717177171777 71777T717777T7T7T171777

[ -,

Number of Days on Study

Total

11112221111111111111112222
777900044445 5¢6777888890000O0
1259167136703 278913497238$9
11111111111111111111111111

Carcass 1D Number

Tissues/
Tumors

51
4

R Ik TR 2 R 2 T T T S S A T S ST S S
++++++++++++++++FMM++++++++
R Tk T T 2 I T T T i i A S S S S T A £
T T TE T T S T S S S A A A S S S ST S SR S A S

Gallbladder

Alimentary System
Esophagus

4
43
4
43
43
43
43

++++++ A+
B Tk Ik T I I T e R e A A S
FEE TR T T I I S S S S R S A e A i

Tk Ik T Tk T T e A A A R A
++++++F A+

Intestine large, rectum
Intestine small, ducdenum
Intestine small, ileum

Intestine large, colon
Intestine small

Intestine large, cecum

Intestine large

1
43
51

Adenocarcinoma

Intestine small, jejunum

Liver

T T T T T A e A T i A T 2 i N S

11
17
19

2

X
X
+

X
X
X

X
X X
X XXX
+

X

XXX

RS TR 2T T T T S S R S A N S A i 2
X
X X

Hepatocellular adenoma, multiple

Hepatocellular adenoma
Mesentery

Hepatocellular carcinoma

48

50

46

++++++++++++ A+
+++t+++ A A+
T I IR Ik T R A I T S S
++++++ A+ 4

X

Salivary glands

Pancreas
Stomach

46
5
43

X

X

X
S SRR T S i it S S R R S A A A -

Stomach, forestomach
Papilloma squamous
Stomach, glandular

Cardiovascular System

51

T TR T T R A I AR A T A I

Heart
Sarcoma

Endecrine Systemn

48
48
48
49
37
45

+++++++++ A+
++M++M+++++M+++++++MM+

++++++ A+t
+ 4+ ++F+ M+

R Tk Ik T R S e S S e R N A A T A R A A
BEE I 2 Ik T R R S T R A A I A AR A A A i 1

Adrenal gland, medulla

Adrenal gland
Adrenal gland, cortex
Islets, pancreatic
Parathyroid gland
Pituitary gland

1
49

+ + M+ + +++++++FFFEF A+

Pars distalis, adenoma

Thyroid gland

General Bedy System

None
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-D|hydrocoumann-
400 mg/kg (continued)

0345556666666 77 7777171717177
Number of Days on Study 191589134557 7111222222222
4 30539 905 9595882999999 99
t1121111212111111111111111
Carcass ID Number 8518697090859 457744535¢62%66¢6
» 8 6 06010465792 45¢63251814¢63S8
$+1t111111111111111111111111
Genital System
Coagulating gland
Epididymis A+ +AA+++++++++++++++++++ +
Preputial gland + + + : + + +
Prostate ++++A++++FAF+F A+ A+
Seminal vesicle A+ ++A+A++A+++++++++++++ + +
Testes +++AA+A+++++ A+ F S
Hematopoietic System
Bone marrow ++++A++++++++++++++++++++
Lymph node +++++A+++++++F+H++++++++++++
Bronchial, sarcoma ' X
Mediastinal, sarcoma X
Lymph node, mandibular +++++M++++++++++++++++M++
Lymph node, mesenteric MM+ +AAA++A+++M++++++++ + + +
Spleen A+ +AAAA++++++++ 4+ 4+ ++++++ + +
Hemangioma
Hemangiosarcoma
Thymus - + A+ +M+AI +1 +++M+1T 1 +++++ + + +
Integumentary System
Mammary gland MMMMMMMMMMMMMMMMMM+MM+MMM
Skin ++++A+++++++AFME A+
Musculoskeletal System
Bone +++++++++++++++++++++++ + +
Nervous System ,
Brain : AA+++++++A+++++++++++++++
Respiratory System : .
Lung ++++++++++++++++++++++ 4+
Alveolar/bronchiolar adenoma X X X X XX
Alveolar/bronchiolar adenoma, multiple X
Alveolar/bronchiolar carcinoma X
Hepatocellular carcinoma, metastatic,
liver X
Nose + ++++++++++++M+++++++++++
Trachea A+ +++++++++++++++++++++ + +
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
400 mg/kg (continued)
7777771717177 777177171717717777T717177T7T71T771
Number of Days em Study 22222223333333333333333333
9999999000000O0O0O0CO0O0O0O0O0CUO0O0O0O0O0
t1112221111111111111112222 Total
Carcgss ID Number 77790004 44455¢6777888890000 Tissues/
12591671361703278913497232829 Tumors
11111111111111111111111111
Genital System
Coagulating gland + 1
Epididymis + 4+ +++++++++rF A+ 48
Preputial gland + + + + + + + 13
Prostate SR T R N I S T T N S S SR S S S N A 48
Seminal vesicle PRI 2R K R IR R R A I A A T T 47
Testes SRR E I I S N S I e i Ik e S S S R S S 48
Hematopoietic System
Bone marrow +++++++++++ A+ + 50
Lymph nocde + +++++++++++++++++++4+++++ + 50
Bronchial, sarcoma 1
Mediastinal, sarcoma 1
Lymph ncde, mandibular ++++++ A A A A+ o+ 49
Lymph node, mesenteric ++++M++++++++++++++++++++ 4+ 43
Spleen +++++++++++++++++++++++++ + 46
Hemangioma X 1
Hemangiosarcoma X 1
Thymus I ++1 ++1 +++++++++++++++++1 + 39
Integumentary System
Mammary gland M+MMMMMMMMMMMMMMMMMMMMM+ MM 4
Skin +++++++FF A F A+ o+ 49
Musculoskeletal Systemn
Bone ++++++ A A A A+ o+ 51
Nervous System
Brain + ++++++++4++++++++4+4++4+++ 4+ 4+ + 48
Respiratory System
Lung +++++++++ o+ 51
Alveolar/bronchiolar adenoma X X X X X X 12
Alveolar/bronchiolar adenoma, multiple X X 3
Alveolar/bronchiolar carcinoma 1
Hepatocellular carcinoma, metastatic,
liver X 2
Nose B B B B R 2 A A B B R I R I NG T N I R S S 50
Trachea ++++++++ 4 50
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TABLE C2 »
Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4- Dlhydrocoumanm

400 mg/kg (continued)

Number of Days on Study 191589134557 7111222222222
. 4 305309 905 9595882999999 99
’ 1121111212111111111111111
Carcass ID Number 851869709085 94577445352626 66
) 86 06 0104657924563 251814¢6S8
11111111111 11111111111111
Special Senses System
Ear
Eye .
Harderian gland + +
Adenoma / X X
Lacrimal gland
Adenoma
UrinarySystem
Kidney ’ : +++++++ A+
Renal tubule, adenoma : X
Urinary bladder . A+ +AA+A++A+++++++++++ 4+ + + +

Systemic Lesions
Multiple organs . ++++++++F+++++++
Lymphoma malignant
Lymphoma malignant lymphocytic
Lymphoma malignant mixed X

++++++ + +

R+
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TABLE C2
Individual Animal Tumor Patt]lnollog of Male Mice im the 2-Year Gavage Study of 3,4-Dnhyd]mounmmn’ﬁm~
400 mg/kg (continued)
7777171717771 17717171771777777171711717177
Number of Days omn Study 222222233333333333333333233
9999999000000 000000OO0OO0OOCOOO
1111222111111 1111111112222 Total
Carcass [D Number 7779000444 455677788889 0000O0 Tissues/
1259167136703 2789134972389 Tumors
11111111111111111111111111
Special Senses System
Ear + + 2
Eye 2
Harderian gland 2
Adenoma 2
Lacrimal gland + 1
Adenoma X 1
Urinary System
Kidney ++++++++++ T+ 51
Renal tubule, adenoma X .2
Urinary bladder ++++++++++++++ A+ 46
Systemic Lesions i
Multiple organs ++ ++++F+++++++ A+
Lymphoma malignant X

Lymphoma malignant lymphocytic
Lymphoma malignant mixed

'-‘P‘Nla
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TABLE C2

Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
800 mg/kg

4 4445566866777 77777777T17T71711
Number of Days on Study 13782 1345122222222222222
787 97134526299999 9999999
2222222222222222222222222
Carcass ID Number 3424136255541 12222333445S5S
3224125947903413618578150°%5
1111111111111 111111111111
Alimentary System
Esophagus ++++++F++r+ A+
Galibladder Il A+ A MAA+AMA+++++M++++++ + 4+
Intestine large ++++++A+AAA++++H+FFH+HF S+ ++
Intestine large, cecum +A++++A+AAA++++H A+ 4+ +H+H++++ 4+
Intestine large, colon + ++++FAA+F+AAA+F+ 4+ ++H+H+ A+ A+ 4+ 4+ ++
Intestine large, rectum ++++++M+AMA++++++++++++++
Intestine small +A++++A+FTAAA+++ A+ F A+ A+
Intestine small, duodenum + A+ AA+AAAAA+ ++++++++++++ +
Intestine small, ileum + A+ +A+A+TAAA+FF+F+H+H++ 4+ 4+ 4+ ++ 4+ +
Intestine small, jejunum + A+ ++AAF+TAAAFT++HF+H A+ 4+ +++4++++ +
Liver ++++++++FrF A+
Hepatoblastoma
Hepatocellular carcinoma X X X X
Hepatocellular adenoma X XXX X X X X
Hepatocellular adenoma, multiple X X X XXX
Hepatocholangiocarcinoma X
Mesentery M+
Pancreas +++++++++A+FEFF A+
Salivary glands +t++++++M+++++++++++++++++
Stomach +A++++++++A+F A+ F A+
Stomach, forestomach + A+ ++++++FA++H A+ A+ T+
Papilloma squamous X
Squamous cell carcinoma X
Stomach, glandular + A+ 4+ +A++A A+ +++++++++++ 4+ +
Cardiovascular System
Heart o+ +++ 4+ 4+
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Endocrine System
Adrenal gland ++++++A++++++++ A+ ++
Adrenal gland, cortex ++++++A++++++H+ A+
Adrenal gland, medulla M+ + M+ + A+ +++++++++++++++ + +
Islets, pancreatic + ++++++++++++++4++++++++ 4+ +
Parathyroid gland +++++++M+++++H+++++++++++M
Pituitary gland M+ M+ ++++++M++M+ +4++++++ + + +-
Pars distalis, adenoma X
Thyroid gland + + + 4+ + + 4+ + + + + 4+ + 4+ + + + + + + + +

Follicular cell, adenoma
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TABLE C2
Individual Animal Tumor Patholegy of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarin:
800 mg/kg (continued)
7771771717177 171771777171T77777171717177177
Number of Days om Study 2222222333333333333333333
9999999000000 0O00000000O0O0O0
22222222222222222222222222
Carcass D Number - 56 677 78111244455 5¢662¢6¢626¢6777 Total
8270290567037 923¢6¢03489457 Tissues/
1111111111111111111111111 Tumors
Alimentary System
Esophagus ++++++++ 4 50
Gallbladder ++++ A FF AR+ + 40
Intestine large ++++++++++++++HF A+ 46
Intestine large, cecum ++++++++++++++++++++M+ ++ 4+ 44
Intestine large, colon ++++++++++++++++++++++++ + 45
Intestine large, rectum +++++++++++++++++++++++++ 46
Intestine small ++++++++++++4+++++++++++++ 45
Intestine small, ducdenum +++++++++++++4++++++++++++ 42
Intestine small, ileum ++++++++F+rFFrFFF A+ 44
Intestine small, jejunum +++++++++++++++++++++++++ 44
Liver ++++++++ A+ 50
Hepatoblastoma X X 2
Hepatocellular carcinoma X X 6
Hepatocellular adenoma X X X X 12
Hepatocellular adenoma, multiple X X XXXX XX XXXXX 19
Hepatocholangiocarcinoma 1
Mesentery 1
Pancreas ++++++++++++F A+ + 49
Salivary glands ++++++++++++++++++++++++ + 49
Stomach +++++++++++++++++4++++++ + 4+ 48
Stomach, forestomach +++++++++++++++++++++++ 4+ + 48
Papilloma squamous X 2
Squamous cell carcinoma X 2
Stomach, glandular ++++++++++++++++++++++++ + 46
Cardiovascular System
Heart +++++++++++++ A+ H 50
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Endccrine System
Adrenal gland +++++++++++++++++++++++++ 49
Adrenal gland, cortex +++++++++++++++++++++++ 4+ + 49
Adrenal gland, medulla +++++++++4++++++++4++++ 4+ 4+ + + 47
Islets, pancreatic +++++++++++++++++++++++++ 50
Parathyroid gland ++M+++++++++M++M+M++++M+M 42
Pituitary gland ++M+++++++++++++++F A+ + 45
Pars distalis, adenoma 1
Thyroid gland + ++++++++++++++++++++++ + 50

Follicular cell, adenoma
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TABLE C2
Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
800 mg/kg (continued)

4 4445566667777 7777717T717T7717
Number of Days on Study 13782613451 22222222222222
787 971345262999 999999999
2222222222222222222222222
Carcass ID Number 3424136255541 12222333445°7H5
3224125947903 4136857815¢03%5
1111111111111111111111111
General Body System
Tissue NOS
Liposarcoma
Genital System
Epididymis + +++++++++A++++++++++++++
Preputial gland + + + + +
Prostate +++++++++ A+
Seminal vesicle +++++++++AA+++++H++++++ 4+ + 4+
Testes ++++++++F+FAA++H+F A E o+
Hematopoietic System
Bone marrow + ++++++++A+++++++++++++++
Lymph node . +++++++++F+ A E A+
Mediastinal, alveolar/bronchiolar
carcinoma, metastatic, lung X
Mediastinal, hepatocholangiocarcinoma,
metastatic, liver X
Lymph node, mandibular + MMM+ +M++++++++++++++++ + +
Lymph node, mesenteric ++++M+++++M+++++++++++ + + +
Spleen +++++++++FAA+ A+ E 4
Hemangiosarcoma X X
Thymus M+ +++++++MM+++++++4++++ + + +
Alveolar/bronchiolar carcinoma,
metastatic, lung _ X
Integumentary System
Mammary gland MM+ +MMMMMMMM+MMMMMMMMMMMM
Skin ++++++A++A+++++++++++++ 4+ 4+
Hepatocholangiocarcinoma, metastatic, :
liver X
Subcutaneous tissue, hemangioma X
Musculoskeletal System :
Bone +++++++++++++++++++++F++++
Hepatocholangiocarcinoma, metastatic,
liver X

Skeletal muscle
Diaphragm, alveolar/bronchiolar
carcinoma, metastatic, lung X
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TABLE C2

Individua]l Animal Tumeor Patholegy of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarimn:

800 mg/kg (continued)
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Number of Days on Study

O N

N
NN
o N
-
-2 )

o N

oW

oW
[— ]
S W
< W
oW
o W
<o W
oW
(=)
(=]
[~

S W
S W
S W
(=]

oW

o W

Carcass [ Number

= 00 th

- e N
- -
[l — TR I
[ SRS I
-0 =N

-0 o N

—-la = N

L L
— =N
- NN
- AN
=2 b N
- O &N
- N
- W N
-\ N
-o N
- W AN

- s AN
-0 &\t
-0 AN
- h aN

- )N

- NN

Total
Tissues/
Tumors

General Body System
Tissue NOS
Liposarcoma

”+

Genital System
Epididymis
Preputial gland
Prostate
Seminal vesicle
Testes

++ +
++ 4+

+ 4+ ++
+ 4+ +
++ +
+ 4+
++ +
++ +

+ 4+ ++
+ + +
4+ ++
++ +
++ +
+ 4+ ++
+ 4+ +
+++
++ +
+ 4+ +
++ +
++ +

+ 4+ ++
++ +
+ 4+ ++
+ 4+
++ +

49
11
50
48

Hemstopoietic System
Bone marrow
Lymph ncde
Mediastinal, alveolar/bronchiolar
carcinoma, metastatic, lung
Mediastinal, hepatocholangiocarcinoma,
metastatic, liver
Lymph node, mandibular
Lymph node, mesenteric
Spleen
Hemangiosarcoma
Thymus
Alveolar/bronchiolar carcinoma,
metastatic, lung

++ 2
++ 4+
++ 4+
++ +
+ + 4+
+ 4+ +
+++
++ +
+ 4+ +
++ +

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

+ 4+

++ +
+++
++ +
++ +
+ 4+ +

++ +

Imtegumentary System
Mammary gland
Skin
Hepatocholangiocarcinoma, metastatic,
liver
Subcutaneous tissue, hemangioma

+ 2

+Z
+ 2

+ X
+ 2

Ew

-

Musculoskeletal System
Bone
Hepatocholangiocarcinoma, metastatic,
liver
Skeletal muscle
Diaphragm, alveolar/bronchiolar
carcinoma, metastatic, lung

50

It
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TABLE C2 .
Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin: .
800 mg/kg (continued)

4444556660677 77777177
Number of Days on Study 137826134512 2222222222222
. 7879713452629999999999999
2222222222222222222222222
Carcass ID Number 3424136255541 122223334457H5
3224125947903 413¢68578150°%5
1111111111111 111111111111
Nervous System .
Brain . + ++++++++++++++++++++++ 4+ +
Respiratory System
Lung R i i S AR I S S S e 5
®  Alveolar/bronchiolar adenoma X ' X X
Alveolar/bronchiolar carcinoma X
Hepatocellular carcinoma, metastatic,
liver X
Hepatocholangiocarcinoma, metastatic,
liver X
Liposarcoma, metastatic, tissue NOS .
Neoplasm nos, metastatic, liver N
Nose . . B S S S A e N i S S S S S S T S S R
Trachea . N A O R A I S A N
Special Senses System
Eye + +
Harderian gland + +
Adenoma X X
Urinary System
Kidney . + +++++++++A++++++++4F4+ 4+ +
Alveolar/bronchiolar carcinoma,
metastatic, lung X
Hepatocholangiocarcinoma, metastatic,
liver X
Renal tubule, carcinoma
* Urinary bladder +++++++++AA++FF A F A+

Systemic Lesions
Multiple organs + 4+ + + + +
Lymphoma malignant
Lymphoma malignant histiocytic

R R R R R I

w+
»
¥
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TaBLE C2
Individusal Antmsl Tumor Pathology of Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumsarin:
800 mg/kg (continued)
7771717717177 717717177717777T7T777717
Number of Days on Study 2222222333333333333333333
9999999000 0000O0O0O0O0O0O0OO0O0OO0O0O0
2222222222222222222222222
Carcass 1D Number 5§56 6777811124 444555%6¢6246¢6¢677717 Total
8270290567037 923603489457 Tissues/
1111111111111111111111111 Tumors
Nervous System:
Brain ++++++++++++ A+ 50
Respiratory System
Lung +++++++++++++ 50
Alveolar/bronchiolar adenoma X X X XX X X 10
Alveolar/bronchiolar carcinoma - X X 3
Hepatocellular carcinoma, metastatic,
liver 1
Hepatocholangiccarcinoma, metastatic,
liver 1
Liposarcoma, metastatic, tissue NOS X 1
Neoplasm NOS, metastatic, liver X 1
Nose ++++++++++ A+ A+ 50
Trachea ++++++++++ A+ o+ 50
Special Senses System
Eye 2
Harderian gland 2
Adenoma 2
Urimary System
Kidney +++++++++ 4+ EFE S+ 4 49
Alveolar/bronchiolar carcinoma,
metastatic, lung 1
Hepatocholangiocarcinoma, metastatic,
liver 1
Renal tubule, carcinoma X 1
Urinary bladder ++++++++ A+ o+ 48
Systemic Lesions
Multiple organs + 4+ ++++++++FF A+ 50
Lymphoma malignant 3
Lymphoma malignant histiocytic X 1
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TABLE 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
Harderian Gland: Adenoma
Overall rates® 5/50 (10%) 3/51 (6%) 2/51 (4%) 2/50 (4%)
Adjusted rates? 11.9% 1.4% 54% 51%
Terminal rates® 5/42 (12%) 2739 (5%) 1/34 (3%) 1/38 (3%)
First incidence d(days) 729 (T) 718 675 722 .
Life table tests P=0.196N P=0.395N P=0.303N P=0.259N
Logistic regression tests? P=0.175N P=0.379N P=0.238N P=0.246N
Cochran-Armitage testd P=0.158N
Fisher exact test P=0.346N P=0.210N P=0.218N
Harderian Gland: Adenoma or Carcinoma . '
Overall rates 5/50 (10%) 4/51 (8%) 2/51 (4%) 2/50 (4%) .
Adjusted rates 11.9% 9.3% 5.4% 51%
Terminal rates 5/42 (12%) 2/39 (5%) 1/34 (3%) 1/38 (3%)
First incidence (days) 729 (T) 438 675 722
Life table tests . . P=0.168N P=0.537N P=0.303N P=0.259N
Logistic regression tests P=0.135N P=0.490N P=0.238N P=0.246N
Cochran-Armitage test P=0.133N
Fisher exact test P=0.487N P=0.210N P=0.218N
Kidney (Renal Tubule): Adenoma
Overall rates 0/50 (0%) 0/51 (0%) 2/51 (4%) 0/49 (0%)
Adjusted rates 0.0% 0.0% 59% 0.0%
Terminal rates 0/42 (0%) 0/39 (0%) 2/34 (6%) 0/38 (0%)
First incidence (days) -€ - 729 (T) -
Life table tests P=0.572 - P=0.193 -
Logistic regression tests P=0.572 - P=0.193 -
Cochran-Armitage test P=0.591
Fisher exact test - P=0.252 -
Kidney (Renal Tubule): Adenoma or Carcinoma
Overall rates 0/50 (0%) 1/51 (2%) 2/51 (4%) 1/49 (2%)
Adjusted rates 0.0% 2.6% 5.9% 2.6%
Terminal rates 0/42 (0%) 1139 (3%) 2/34 (6%) 1/38 (3%)
First incidence (days) - 729 (T) 729 (T) 729 (T)
Life table tests P=0.340 P=0.485 P=0.193 P=0.480
Logistic regression tests P=0.340 P=0.485 P=0.193 P=0.480
Cochran-Armitage test P=0.358
Fisher exact test P=0.505 P=0.252 P=0.495
Liver: Hepatoblastoma
Overall rates 0/50 (0%) 0/51 (0%) 0/51 (0%) 2/50 (4%)
Adjusted rates 0.0% 0.0% 0.0% 53%
Terminal rates 0/42 (0%) 0/39 (0%) 0/34 (0%) 2/38 (5%)
First incidence (days) - - ' - 729 (T)
Life table tests P=0.044 - - P=0.217
Logistic regression tests P=0.044 - - P=0.217
Cochran-Armitage test P=0.045

Fisher exact test - - P=0.247
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TaBLE C3
Statistical Anglysis of Primary Necplasms in Male Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarin
(continued)

Vehicle Control 200 me/kg 420 mp/ig 200 me/kg
Liver: Hepatocellular Adenoma :
Overall rates 29/50 (58%) 23/51 (45%) 36/51 (71%) 31/50 (62%)
Adjusted rates 64.2% 54.6% 81.6% 71.8%
Terminal rates 26/42 (62%) 20739 (51%) 26/34 (16%) 26/38 (68%)
First incidence (days) 449 553 555 438
Life table tests P=0.077 P=0.262N P=0.015 P=0.236
Logistic regression tests P=0.147 P=0.153N P=0.105 P=0.410
Cochran-Armitage test P=0.165
Fisher exact test P=0.136N P=0.133 P=0419

Liver: Hepatocellular Carcinoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

Liver: Hepatoblastoma or Hepatcocellular Carcinoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

Liver: Hepatccellular Adenoma or Carcinoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

11/50 (22%)
24.3%

8/42 (19%)
591
P=0.171N
P=0.110N
P=0.110N

11/50 (22%)
24.3%

8/42 (19%)
591
P=0.246N
P=0.173N
P=0.172N

36/50 (72%)
74.9%

30/42 (71%)
449
P=0.351
P=0.504N
P=0.504N

Liver: Hepatccellular Adenoma, Carcinoma, or Hepatoblastoma

Overall rates

Adjusted rates
Terminal rates

First incidence (days)
Life table tests

Logistic regression tests
Cochran-Armitage test
Fisher exact test

36/50 (72%)
74.9%
30/42 (11%)
449
P=0.284
P=0.508N
P=0.486
P=0.118N

11/51 (22%)
233%

4739 (10%)
423

P=0.540
P=0.566N

P=0.574N

11/51 (22%)
233%

4/39 (10%)
423
P=0.540
P=0.566N

P=0.574N

30/51 (59%)
63.9%

22139 (56%)
423
P=0305N
P=0.125N

P=0.118N

30/51 (59%)
63.1%

2239 (56%)
423
P=0.305N
P=0.125N

P=0.302

11/51 (22%)
25.5%

434 (12%)
583
P=0.450
P=0.581N

P=0574N

11/51 (22%)

P=0.581N

P=0.574N

40/51 (78%)
833%

26/34 (76%)
555
P=0.054
P=0.264

P=0.302

40/51 (78%)
83.3%

26/34 (76%)
555
P=0.054
P=0.264

P=0.414N

6/50 (12%)
13.4%

2/38 (5%)
477
P=0.202N
P=0.144N

P=0.143N

7/50 (14%)
15.8%
3/38 (8%)
477
P=0.289N
P=0218N

P=0.218N
33/50 (66%)
73.1%

26/38 (68%)
438

P=0.568
P=0.334N

P=0333N
34/50 (68%)
753%

27738 (71%)
438

P=0.491
P=0.415N




198

3,4-Dihydrocoumarin, NTP TR 423

TABLE C3
Statistical Analysis of Primary Neoplasnis 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
Lung: Alveolar/bronchiolar Adenoma c
Overall rates 8/50 (16%) 15/50 (30%) - 15/51 (29%) 10/50 (20%)
Adjusted rates 190% . 385% 41.4% 25.5%
Terminal rates 8/42 (19%) 1539 (38%) 1334 (38%) 938 (24%)
First incidence (days) 729 (T) 729 (D) 679 634
Life table tests P=0.381 P=0.047 P=0.022 P=0.312
Logistic regression tests P=0.423 P=0.047 P=0.038 P=0.345
Cochran-Armitage test P=0.503 ’
Fisher exact test P=0.077 P=0.085 P=0.398
Lung: Alveolar/bronchiolar Carcinoma - ‘ e
Overall rates 1/50 (2%) " 3/50 (6%) 1/51 (2%) 3/50 (6%)
Adjusted rates 23% 7.2% 2.6% 12%
Terminal rates 0/42 (0%) 1739 (3%) 0/34 (0%) 2/38 (5%)
First incidence (days) 690 643 715 477
Life table tests P=0.289 P=0.290 P=0.733 P=0.284
Logistic regression tests P=0313 P=0.303 P=0.762N P=0.296
Cochran-Armitage test P=0.313
Fisher exact test P=0.309 P=0.748N P=0.309
Lung: Alveolar/bronchiolar Adenoma or Carcinoma :
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%) 16/39 (41%) 1334 (38%) 11/38 (29%) -
First incidence (days) . 690 643 679 477 -
Life table tests ) P=0.265 P=0.023 P=0.027 P=0.170
Logistic regression tests P=0.327 P=0.024 P=0.047 P=0.218
Cochran-Armitage test P=0.377 .
Fisher exact test. P=0.035 P=0.092 P=0.235
Small Intestine: Adenoma or Carcinoma : B e
Overall rates ' ' 4/50 (8%) " 0/51 (0%) 1/51 (2%) 0/50 (0%)
Adjusted rates 9.3% 0.0% 2.9% 0.0%
Terminal rates 3/42 (1%) 0/39 (0%) 1734 (3%) 0/38 (0%)
First incidence (days) 690 - 729 (T) - :
Life table tests "P=0.050N " P=0.075N P=0.246N P=0.078N
Logistic regression tests - - P=0.043N P=0.065N P=0.195N P=0.06TN
Cochran-Armitage test_ P=0.039N Co
Fisher exact test’ - P=0.056N P=0.175N P=0.059N
Stomach (Forostomach) Squamous Cell Papilloma i - : :
Overall rates 2/50 (4%) 0/51 (0%) 5/51 (10%) 2/50 (4%)
Adjusted rates 48% 09% 14.7% 5.3%
Terminal rates p7L 7 (5%) 0/39 (0%) 5/34 (15%) 2/38 (5%)
First incidence (days) 729 (T) - - 729 (T) 729 (T)
Life table tests P=0.344 P=0.255N P=0.139 P=0.658
Logistic regression tests P=0.344 P=0.255N P=0.139 P=0.658
Cochran-Armitage test P=0.384
Fisher exact test P=0.243N P=0.226 P=0.691N
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TaBLE C3
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin
(continued)

Vehicle Comtrol - 200 mg/ks 400 mg/lg 880 mg/g
Stomach (Forestomach): Squameous Cell Cmrcnnnomm e
Overall rates 1/50 (2%) 1/51 (2%) 0/51 0%) 2/50 (4%)
Adjusted rates 21% 2.6% 0.0% 51%
Terminal rates 0/42 (0%) 139 (3%) 0/34 0%) 1/38 (3%)
First incidence (days) 528 .729 (1) 722
Life table tests P=0.346 P=0.752 —0.496N P=0.475
Logistic regression tests - P=0.364 P=0.756N P=0.487N P=0.493
Cochran-Armitage test P=0.365 :
Fisher exact test " P=0.748N P=0.495N P=0.500
Stomach (Forestomach): Squnmmmouns Cell Papilloma or Squamous Cell Carcinoma o
Overall rates , 3/50 (6%) - 1/51 2%) 5/51 (10%) 4/50 (8%)
Adjusted rates . 68% 2.6% 14.7% 10.3%
Terminal rates 2/42 (5%) 1739 (3%) 5/34 (15%) 3/38 (8%)
First incidence (days) 528 729 (T) 729 (T) 722
Life table tests P=0.226 P=0.327N P=0.262 P=0.453
Logistic regression tests P=0.251 P=0.296N P=0.357 P=0.498
Cochran-Armitage test P=0.261 S
Fisher exact test P=0.301N P=0.369 P=0.560
All Organs: Hemangiosarcoma .
Overall rates 3/50 (6%) 0/51 (0%) 151 (2%) 250 (4%)
Adjusted rates 6.7% 0.0% 29% 43%
Terminal rates 2/42 (5%) 0/39 (0%) 1/34 (3%) 0/38 (0%)
First incidence (days) 456 - 729 (T) 417 .
Life table tests . P=0576N P=0.133N P=0.364N P=0.522N
Logistic regression tests P=0.579N P=0.114N P=0.292N P=0549N
Cochran-Armitage test P=0.558N .
Fisher exact test P=0.118N P=0.301N P=0.560N
All Organs: Hemmmlgiomm or Hemangicsarcoma ‘ L
Overall rates 3/50 (6%) 2/51 (4%) 2/51 (4%) 2/50 (4%)
Adjusted rates 6.1% 51% 5.9% 43%
Terminal rates 2/42 (5%) 2/39 (5%) 2/34 (6%) 0/38 (0%)
First incidence (days) 456 729 (T) 729 (T) 417
‘Life table tests P=0.466N .P=0.529N P=0.576N P=0.522N
Logistic regression tests P=0.440N P=0.487N P=0.486N P=0.549N
Cochran-Armitage test P=0.433N . .
Fisher exact test o P=0.491N P=0.491N P=0.500N
All Organs: Malignant Lymphema and H-ﬂns&i@cy&nc Sarcoma . )
Overall rates 0/50 (0%) . 1/51 %) 3/51 (6%) ' 4/50 (8%)
Adjusted rates - 0.0% 2.4% 8.0% 9.6%
Terminal rates . 0/42 (0%) 0/39 (0%) 1/34 (3%) 2/38 (5%)
First incidence (days) - 673 659 613
Life table tests P=0.023 -P=0.491 P=0.098 P=0.058
Logistic regression tests P=0.025 -P=0.506 P=0.120 P=0.062
Cochran-Armitage test P=0.025
Fisher exact test P=0.505 P=0.125 P=0.059
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TABLE C3 .
Statistical Analysis of Prlmary Neoplasms in Male Mice in the 2-Year Gavage Study of. 3,4-Dlhydrocoumarin
(continued)

"Vehicle Control 200 mg/kg 400 mg/kg 800 mg/kg
All Organs' Malignant Lymphoma (Histiocytic, Lymphocytic, or Mixed)
Overall rates 0/50 (0%) 0/51 (0%) 3/51 (6%) . .4/50.(8%) -
Adjusted rates 0.0% 0.0% 8.0% 9.6%
Terminal rates 0/42 (0%) 0/39 (0%) 1734 (3%) ' 2138 (5%)
First incidence (days) - - 659 613
Life table tests P=0.011 - P=0.098 P=0.058
Logistic regression tests P=0.011 - P=0.120 P=0.062
Cochran-Armitage test P=0.011 _
Fisher exact test - P=0.125 P=0.059
All Organs: Benign Neoplasms - T
Overall rates 35/50 (70%) 30/51 (59%) 39/51 (76%) 37/50 (74%)
Adjusted rates 77.6% 69.7% 88.5% 82.0%
Terminal rates 32/42 (76%) 26/39 (67%) 29/34 (85%) 30738 (719%)
First incidence (days) 449 553 $55 417
Life table tests P=0.073 P=0.356N P=0.026 P=0.195
Logistic regression tests P=0.161 P=0.200N P=0.243 P=0.408
Cochran-Armitage test P=0.185 I - S o
Fisher exact test. P=0.16TN P=0.305 P=0412
All Organs: Malignant Neoplasms : ‘
Overall rates 17/50 (34%) 17/51 (33%) 15/51 (29%) 20/50 (40%)
Adjusted rates 36.0% 34.6% 34.9% 41.4%
Terminal rates 12/42 (29%) 139 (18%) 134 (21%) 10738 (26%)
First incidence (days) - 456 - - : w423 e 583 - - - 417- o
Life table tests P=0.239 P=0.510 P=0.547 P=0.271
Logistic regression tests P=0.292 P=0.536N P=0.392N “P=0357"
Cochran-Armitage test P=0.293
Fisher exact test ‘ P=0.555N P=0.389N P=0.339
All Organs: Benign or Malignant Neoplasms ’
Overall rates - 42/50 (84%) 40/51.(78%) .44/51 (86%). . . 44/50 (88%)
Adjusted rates 87.5% 81.6% 91.7% 89.7%
Terminal rates 36/42 (86%) 30/39 (77%) 30/34 (88%) 33/38 (87%)
First incidence (days) 449 423 555 417
Life table tests P=0.114 P=0.529 P=0.056 P=0.178
Logistic regression tests P=0.225 P=0.341N P=0.423 P=0.389
Cochran-Armitage test P=0.219
Fisher exact test P=0.323N P=0.483 P=0.387

‘Terminal sacrifice:

Number of neoplasm-bearing ammals/number of animals exammed Denommator is number of ammals exammed mlcroseopncally for adrenal
gland, bone- marrow, brain, epididymis, gallbladder; heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial
gland, prostate glind, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals

necropsied.

L¢]

Observed incidence at terminal kill

Kaplan-Meier estimated neoplasm incidence at the end of the study after ad]ustment for intercurrent monallty

Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group mcndence 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-
Armitage and Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or a lower mcldenee in a dose group

is indicated by N.

Not applieable, no neoplasms in animal group
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TABLE Céa
Historieal Incidence ¢f Liver Neoplasms im Male B6C3F, Mice Recelving Corm Qi by Gavage?

Hepsatocellular Hepatoeellular Hepatoblastomsa Hepatocellular
Adenomsa Carcinoms Adenoms, Carcimoma
or Hepatoblastoma

Oversll Historical Incidence

Total 249/301 (27.6%) 155801 (17.2%) 2301 (0.2%) 370301 (41.4%)

Standard deviation 15.0% 5.8% 0.7% 15.5%

Range 4%-58% 8%-32% 0%-2% 14%-72%

% Data as of 17 December 1991

TaABLE C4b
Historical Incidence of Alveolar/bronchiolar Neoplasms in Male B6C3F, Mice Receiving Corn Ofl by Gavage?

Incidence in Controls

Adenoma Carcinoma Ademoma or
: Carcinoma
Oversall Historical Incidemce
Total 141300 (15.6%) 347380 (3.7%) 166/300 (18.4%)
Standard deviation 5.7% 3.6% 5.9%

Range 4%-20% 0%-12%  6%26%

2 Data as of 17 December 1991

TABLE Cée
Historical Incidence of Renal Tubule Neoplasms in Male B6C3F, Mice Receiving Corn Qil by Gavage®

Incidemce in Comtrols

Adenoma Carcinoma - Adenoms or
Carcinoma
Overall Historical Incidence -
Total . ) 3/899 (0.3%) 0/899 (0.0%) 3/899 (0.3%)
Standard deviation 0.7% 0.7%
Range 0%-2% 0%-2%

2 Data as of 17 December 1991
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TABLE C§

3,4-Dihydrocoumarin, NTP TR 423

Summary of the Incidence of Nonneoplastic Lesions.in Male Mice in. the 2-Year Gavage Study

of 3,4-Dihydrocoumarin®

Vehicle Contml

200 mg/kg 400 mgkg 300 mgkg

Disposition Summary
Animals initially in study
15-Monih inscrim i
Early deaths

Moribund

Accidental deaths

Natural deaths
Survivors

Terminal sacrifice

Animals examined microscopically

- W

T 42

70 T 10 o 70
19 19 20

[
[
[~ - —20

39 T34

g ¥

58 : 56

15-Month Interim Evaluation
Alimentary System
Liver
Basophilic focus
Clear cell focus
Fatty change
Hemorrhage
Mixed cell focus
Mesentery
Fat, necrosis
Salivary glands
Infiltration cellular, lymphocyte

109

1 (10%)
2 (20%)

) B C)) Q10)
S "1 (25%)

120%) 3 (30%)
S 1 (10%)
1(25%) . ..
)
1 (100%)
(10)
3 (30%)

Cardiovascular System
None

Endocrine System
None

General Body System
None

Genital System
Preputial gland
Duct, dilatation

)
2 (100%) -

Hematopoietic System
None

Integumentary System
Skin
Alopecia

(10)
3 (30%)

m : (10)
1(100%) 2 (20%)
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TABLE C5
Summary of the Imcidence of Nommeoplastic Lesions in Male Mice im the 2-Year Gavage Study
of &&Dﬁhydlmmnmn‘ﬁm (continued)

Vehicle Control 200 mg/kg 400 mg/kg 800 mg/kg
15-Monsh Interim Evalpation (continued)

Musculosiseletal Systezn

None

Nervous System

None

Respiratory System

Lung (10) @ @ (10)

Alveolar epithelium, hyperplasia 1 (10%) 1 (50%) 1 (10%)

Special Senses System

None

Urinary System

Kidney ao) 10)
Hydronephrosis 1 (10%)

Infiltration cellular, lymphocyte 3 (30%)

Urinary bladder (10) (10)
Infiltration cellular, lymphocyte 1 (10%)

2-Year Study

Alimentary System

Gallbladder 45) (40) (41) (40)
Hemorrhage 1 (3%)

Intestine large, cecum (CY)) (46) 43) 449
Hyperplasia, lymphoid 6 (13%) 2 (4%) 8 (19%) 3 (%)
Inflammation, chronic "1 (2%)
Inflammation, suppurative 1 (2%)

Intestine large, rectum 44) (46) 43) (46)
Hyperplasia, lymphoid 1 (2%) -

Inflammation, suppurative 1 (2%)

Intestine small, ileum “7 (46) “3) 449
Hyperplasia, lymphoid 1 (2%)

Intestine small, jejunum “n . (45) (43) “)
Hyperplasia, lymphoid 1 (2%) 1 (2%)

Liver (50) (51) (51) (50)
Angiectasis 1 (2%) ' 4 (8%) :
Basophilic focus 3 (6%) 1 (2%) 4 (8%) 4 (8%)
Clear cell focus 2 (4%) 7 (14%) 14 (27%) 7 (14%)
Eosinophilic focus 9 (18%) 8 (16%) 13 (25%) 12 (24%)
Fatty change 1 (2%) 1 (2%)

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

Infiltration cellular, lymphocyte 1 (2%) 1 (2%) 1 (2%)

Inflammation, chronic ' o 1 (2%) .
Inflammation, suppurative 2 (4%) 1 (%) -
Mixed cell focus 1 2%) 2 (4%) 2 (4%)
Necrosis 3(6%) 3 (6%) 1 (2%)

Vacuolization cytoplasmic 1 (2%)
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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 ® @ , @ ®
Fat, inflammation, chronic active : 2 (100%)

Fat, inflammation, suppurative 1 (100%)
Fat, necrosis 1 (50%) 1 (50%) 1 (100%)

Pancreas 48) (50) (48) 49)
Atrophy 4 (8%) 2 (4%) 2 (4%) ’ 1 (2%)
Cyst 1 (2%) 1 (2%)

Infiltration cellular, lymphocyte 1 (2%) 3(6%) 1 (2%)
Inflammation, chronic 1 (2%)
Polyarteritis 1 (2%)

Salivary glands 509 (50) (50) 49
Infiltration cellular, lymphocyte 19 (38%) 23 (46%) 18 (36%) 12 (24%)
Duct, dilatation 1 (2%)

Stomach (49) (49) (46) (48)
Serosa, inflammation, suppurative 1 (2%)

Stomach, forestomach (49) 49 (46) (48)

Cyst epithelial inclusion 1 (2%)

Hyperkeratosis ' 2 (4%)
Hyperplasia, squamous 10 (20%) 8 (16%) 9 (20%) 16 (33%)
Inflammation, chronic 1 (2%)

Inflammation, suppurative 4 (8%) 4 (8%) 1 (2%) 6 (13%)

Stomach, glandular (48) “7 43) (46)

Cyst 1(2%) X
Inflammation, suppurative . 2 (4%)
Mineralization 1 (2%)

Cardiovascular System N

Heart (50) 51) (51) (50
Cardiomyopathy 2 (4%) 5 (10%) 1 (2%)
Inflammation, chronic 1 (2%)

Inflammation, suppurative 1 (2%) 1 (2%) 1 (2%)
Mineralization 2 (4%) .

Atrium, thrombus 1 (2%) 1 (2%)

Perivascular, infiltration cellular, lymphocyte 1 (2%)

Endocrine System

Adrenal gland (50) (50 (48) 49
Capsule, inflammation, suppurative 1 (2%)

Adrenal gland, cortex - “9 (50) (48) 49)
Accessory adrenal cortical nodule 1 (2%)
Hyperplasia 3 (6%) 1 (2%) 1 2%)
Hypertrophy 4 (8%) 7 (14%) 1 (2%) : 5 (10%)
Infarct ' 1 (2%)

Pigmentation, ceroid 1 (2%)

Adrenal gland, medulla (49) 49 48) 1))
Hyperplasia 4 (8%) 2 (4%) 1 (2%) 2 (4%)

Islets, pancreatic 49) (50) 49) (50)
Hyperplasia 1 (2%)

Pituitary gland 47 (46) 4s) (45)

Pars distalis, cyst 1 (2%) 1(2%) 1 (2%)
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TaBLE C§

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Gavage Study

of 3,4-Dihydrecoumarim (continued)

205

Sinus, dilatation 1 (2%)

Vehicle Control 200 mg/ke 400 mg/kg &9 mg/kg
2-Year Study (continued)

Endocrine System (continued)

Thyroid gland 49) (49) 49) (50)
Follicle, cyst 1 (2%)

Follicle, degeneration 1 (2%)
Follicular cell, hyperplasia 2 (4%) 2 (4%) 3 (6%)

Genersl Redy System

Tissue NOS (¢)) ) (0]
Hemorrhage 1 (20%)

Necrosis 1 (160%) 1 (20%)
Abdominal, inflammation, suppurative 1 (20%)

Genital System

Epididymis 49) (49) (48) 49)
Granuloma sperm 1 (2%)

Infiltration cellular, lymphocyte 1 (2%) 1 (2%) 1 (2%)
Inflammation, chronic 1 (2%) 1 (2%)
Mineralization 1 (2%)

Preputial gland 12) ® (13) an
Inflammation, chronic 1 (8%) 1 (9%)
Inflammation, suppurative 1 (8%) 3 (38%) 1 (9%)
Duct, dilatation 11 (92%) 5 (63%) 13 (160%) 9 (82%)

Prostate (50) “n 48) 59
Infiltration cellular, lymphocyte 1 (2%) 1 (2%) 1 (2%)
Inflammation, suppurative 1 (2%)

Seminal vesicle “49 (48) @n (48)
Dilatation 1 (2%) 2 (4%)

Inflammation, chronic 1 (2%)

Testes “9 48) (48) 48)
Atrophy 1 (2%) 1 (2%) 3 (6%) 2 (4%)
Mineralization 1 (2%)

' Hemstopoietic System

Bone marrow 49) (51) (50) (49)
Hyperplasia, neutrophil 1 (2%) 1 (2%)

Lymph nede (59) “49) (50) (50)
Mediastinal, hyperplasia, plasma cell 1(2%)

Lymph nede, mandibular “n 41 49) 4
Hyperplasia, lymphoid 2 (5%) 5 (10%) 1 (2%)
Hyperplasia, macrophage . 1 (2%)

Lymph ncde, mesenteric 49 (48) (43) “én
Congestion 5 (10%) 1 (2%) ‘ 4 (9%) 1 (2%)
Hemorrhage - 2 (4%)
Inflammation, suppurative 1 (2%)
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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 mgkg 400 mg/kg 300 mg/kg

2-Year Study (continued)

Hematopoietic System (continued)

Spleen (49) (50) (46) 48)
Congestion 1 (2%) 1 (2%)

Cyst o 1 2%)
Developmental malformation 2 (4%) - 1(2%) 1 (2%) 6 (13%)
Hematopoietic cell proliferation 1 (2%)

Hyperplasia, lymphoid ‘ 5 (10%) 4 (8%) 4 (9%) 2 (4%)
Inflammation, suppurative 1 (2%) 1R2%) . -

Inflammation, pyogranulomatous 1 (2%) .

Thymus A1) 49) (39) (46)
Atrophy : : : 1 (2%) : e : :
Inflammation, suppuratlve 1 (2%) 1 (3%)

Integumentary System , .

Skin 49) 9 49) 48)
Alopecia - 1 (2%) 1 2%) 3 (6%) 1 (2%)
Cyst epithelial inclusion 1 (2%)

Fibrosis 1 2%)

Hyperkeratosis 1 (2%)

Inflammation, chronic active 1 (2%)

Inflammation, suppurative ) ' 1-(2%) : - 12%) - 1 Q%) - 2 (4%)
Parakeratosis 1 (2%)

Ulcer 1 2%)
Sebaceous gland, metaplasia, squamous 1 (2%)

Musculoskeletal System . )

Bone (50) (51 (51 - (50)
Hyperostosis 1 (2%)

Inflammation, suppurative 1 (2%) -

Skeletal muscle _ ) . : )
Hemorrhage : i 1 (50%)

Nervous System o

Brain - (48) : (49) : (48) - (50)
Infiltration cellular, tymphocyte 2 (4%) :

Respiratory System

Lung | o (50) Gy (1) (59)
Congestion ' ' T 1(2%) ' 2 (4%) 2 (4%)

Edema 1 (2%) - . . - : 1 (2%)
Emphysema ‘ - ‘ . 1 (2%) . _
Hemorrhage . 1 (2%)

Hyperplasia, macrophage 2 (4%)

Inflammation, chronic active 1 (2%) 1 (2%)

Inflammation, suppurative 1 (2%) 2 (4%)

Pigmentation 1 (2%)

Alveolar epithelium, hyperplasia 3 (6%) 1 (2%)
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TaABLE C5

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Gavage Study

of 34-Dihydrecoumarim (continued)
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Vehicle Control 200 mg/lkg 409 mg/kg 800 mg/kg
2-Year Study (continued)

Respiratory System (continued)

Lung (continued)

Alveolus, giant cell . 1 (2%)
Peribronchiolar, infiltration cellular,
lymphocyte : 1 (2%)

Nose (50) (51 (50) (50)
Inflammation, suppurative 1 (2%) 1 (2%) 2 (4%)
Nasolacrimal duct, hyperplasia, squamous 1 (2%)
Vomeronasal organ, inflammation, proliferative 1 (2%)

Special Senses System:

Ear ()

Pinna, hyperplasia, squamous 1 (50%)
Pinna, inflammation, suppurative 2 (100%)

Eye ®) @ ) @
Cataract 1 (33%) 1 (33%) 1 (50%)
Anterior chamber, edema 1 (50%)
Cornea, edema 1 (50%)
Cornea, inflammation, chronic 1 (50%)

Urinary System -

Kidney (50) 61 ') (49)
Amyloid deposition 1 (2%)

Infarct - . _ 1 (2%) 1 (2%)
Infiltration cellular, lymphocyte 3 (6%) 1 (2%) 3 (6%)

Inflammation, suppurative 1 (2%) 1 (2%) 1 (2%)
Metaplasia, osseous 1 (2%)
Mineralization 1 (2%)
Necrosis, coagulative 1 (2%)

Nephropathy 45 (80%) 46 (%0%) 45 (88%) 43 (88%)
Cortex, cyst 2 (4%) 1 (2%) 5 (10%) 4 (8%)
Medulla, mineralization 1 (2%)
Pelvis, epithelium, hyperplasia 1 (2%)

Renal tubule, hyperplasia 1 (2%) 1(2%)

Renal tubule, hyperplasia, cystic 2 (4%) 1 (2%) 4 (8%) 2 (4%)

Urinary bladder (50) “n (46) (48)
Dilatation 1 (2%)

Infiltration cellular, lymphocyte ' 2 (4%) 4 (9%) 5 (11%) 2 (4%)
Inflammation, suppurative 1 (2%)

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 group were examined microscopically.




. APPENDIX D
SUMMARY OF LLESIONS IN FEMAILE MICE
IN THE 2-YEAR GAVAGE STUDY
OF 3,4-DIHYDROCOUMARIN
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TapLE D1
Summery of the Incidence of Neoplasms in Femeale Mice in the 2-Yeor Gavege of 3,4-Dihydreccoumartm®

Vehicle Comtrol 209 mg/lw 470 mp/lg 800 mg/lg
Disposition Summary
Animals initially in study 70 70 70 70
15-Monts intarinn evelwodo® 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 3 39 41 28
Animals examined microscopically 60 60 59 60
15-Momnth Interim Evaluation
Alimentary System
Liver ® 3 ©
Hepatocellular adenoma 2 (22%) 1 (33%) 2 (22%)
Hepatocyte, hepatocellular adenoma 1 (33%)

Cardiovascular System
None

Endocrine System
None

General Bedy System
None

Genital System
None

Hematopoietic System
None

Integumentary System:
None

Musculoskeletal System
None

Nerveus System
None




212 ' 3,4-Dihydrocoumarin, NTP TR 423

TABLE D1

Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Feed Study of 3,4-Dihydrocoumarin
(continued)

Vehicle Control 200 mg/kg 400 mg/kg 800 mg/kg
15-Montk Interim Evaluation (continued)
Respiratory System
None
Special Senses System R
None
Urinary System
None
2-Year Study
Alimentary System
Galibladder 45) (50) 44) 35)
Intestine large, cecum 449 (50) (46) (40)
Intestine large, colon 45) (50) (46) 40)
Intestine small, duodenum 45) (50) (46) 37N
Intestine small, ileum (45) (50) (45) (40)
Intestine small, jejunum “n (50) 45) 39
Liver (51) (50) (50) (52)
Hemangiosarcoma 2 (4%)
Hepatoceliular carcinoma 3 (6%) 2 (4%) 4 (8%) 6 (12%)
Hepatocellular adenoma 10 (20%) 14 (28%) 13 (26%) 11 (21%)
Hepatocellular adenoma, multiple 6 (12%) 9 (18%) 9 (17%)
Histiocytic sarcoma 1 (2%)
Neoplasm NOS . 1 (2%)
Sarcoma, metastatic, uncertain primary site 1 (2%)
Pancreas (50) (50) “48) 47
Sarcoma, metastatic, uncertain primary site 1 (2%)
Salivary glands (51 (59) (50) (50)
Stomach, forestomach (49) (50) “n (48)
Papilloma squamous 2 (4%) 2 (4%) 1 (2%) 1 (2%)
Stomach, glandular (CD)) (50) 45) (41)
Cardiovascular System
Heart (59) (50) (50) (51)
Sarcoma, metastatic, uncertain primary site 1 (2%)
Endocrine System
Adrenal gland, cortex (49) (50) “7 (48)
Sarcoma, metastatic, uncertain primary site 1 (2%)
Adrenal gland, meduila “n (50) “nH 48
Pheochromocytoma benign 1 (2%)
Islets, pancreatic (&) (50) (48) (Y]
Adenoma 1 (2%)
Pituitary gland 7 48) “n “n
Pars distalis, adenoma 9 (19%) 5 (10%) 3 (6%) 3 (6%)
Thyroid gland 48) .(50) (49) 49
Bilateral, follicular cell, adenoma 1 (2%)

Follicular cell, adenoma 1 2%) 1 (2%)
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TABLE D1

Summeary of the Incidemce of Neoplasms in Female Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarin

(continued)

Vehicle Control 200 mg/kg 400 mg/kg 800 mg/kg
2-Year Study (continued)

General Bedy System

Tissue NOS (6] (¢))
Fibroma 1 (1060%)

Genital System

Clitoral gland @)

Carcinoma 1 (50%)

Ovary (50) (50) (49) (50)
Cystadenoma 1 (2%) 2 (4%) 1 (2%)

Granulosa cell tumor benign 1 (2%)

Luteoma 1 2%) 1 (2%)
Oviduct @) ?)
Uterus (51) (50) (49) (51)

Polyp 2 (4%)

Sarcoma stromal 1 (2%)

Hematopoletic System

Bone marrow (50) (50) “48) 7

Lymph node (50) (50) (48) (48)
Lumbar, carcinoma, metastatic, clitoral gland 1 (2%)

Lymph node, mandibular 49 (48) (40) “43)

Lymph node, mesenteric “n (50) (45) (C)))]

Spleen (51 (50) 49) (46)
Hemangiosarcoma 2 (4%)
Sarcoma, metastatic, uncertain primary site 1 (2%)

Thymus (45) (48) “7) (48)

Integumentary System

Mammary gland 1 (CY)] (48) (50)
Adenoma 1 (2%)

Skin (51) (50) (48) 51)
Sarcoma, metastatic, uncertain primary site 1 (2%)
Subcutaneous tissue, fibrosarcoma 1 (2%) 1 (2%)

Subcutaneous tissue, hemangioma 1 (2%)

Subcutaneous tissue, hemangiosarcoma 1 (2%)

Subcutaneous tissue, schwannoma malignant 1 (2%)

Musculoskeletal System

Bone (51) (50) (50) 52)
Osteosarcoma 1 (2%)

Nervous System ’

Brain 49) (50) “7n (48)
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TABLE D1 :
Summary of the Incidence of Neoplasms in Female 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
Lung (1) (50) (48) - 1) .
Alveolar/bronchiolar adenoma 2 (4%) 5 (10%) 1 (2%) 3 (6%)
Alveolar/bronchiolar carcinoma 1 (2%) :
Hepatocellular carcinoma, metastatic, liver 2 (4%) 1 (2%)
Osteosarcoma, metastatic, bone 1 (2%)
Sarcoma, metastatic, uncertain primary site . 1.(2%)
Special Senses System _
Harderian gland ()] (€) 3 ’ B¢
Adenoma 1 (50%) :  3Q00%) - 3 (100%) 1 (100%)-
Urinary System ' o e
Kidney 48) (50) ‘ “8) @7
Sarcoma, metastatic, uncertain primary site 1 (2%)
Ureter )
Urinary bladder 45) (50) 7 (45)
Systemic Lesions
Multiple organs® (62)] (50) (50) 52)
Histiocytic sarcoma 1 (2%)
Lymphoma malignant 1 (2%) 3 (6%) 3 (6%)
Lymphoma malignant histiocytic 1 (2%)
Lymphoma malignant lymphocytic 1 (2%) 4 (8%) 4 (8%) 2 (4%)
Lymphoma malignant mixed 1 (2%) 2 (4%) 1 (2%)
Lymphoma malignant undifferentiated cell 2 (4%)
Neoplasm Summary
Total animals with primary neoplasmsd
15-Month interim evaluation 2 2 2
2-Year study 24 36 36 38
Total primary neoplasms
15-Month interim evaluation 2 2
2-Year study 38 55 47 48
Total animals with benign neoplasms
15-Month interim evaluation 2 2 2
2-Year study 17 29 27 25
Total benign neoplasms
15-Month interim evaluation 2 2 2
2-Year study 27 42 35 30
Total animals with malignant neoplasms
2-Year study 9 11 11 16
Total malignant neoplasms
2-Year study 1 13 11 18
Total animals with metastatic neoplasms
2-Year study 2 3 1

Total metastatic neoplasms
2-Year study 2 3 8
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TasLE D1

Summary of the Incidence of Neoplasms in Female Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarin
(continued)

: Vehicle Comtrol 200 mekg - 400 mg/kg 800 mg/kg

Neoplasm Summary (continued)
Total animals with malignant neoplasms
uncertain primary site ’
2-Year study : 1
Total animals with neoplasms uncertain-
benign or malignant

2-Year study 1
Total uncertain neoplasms
2-Year study . . 1

Number of animals examined microscopically at site and number of animals with lesion

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

Primary neoplasms: all neoplasms except metastatic neoplasms

oo o
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Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:

TABLE D2
Vehicle Control
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~ Qe N - - +++++++++++ ++++ + + ++++ 2+
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X: Lesion present
Blank: Not examined

I: Insufficient tissue

M: Missing tissue

+: Tissue examined microscopically
A: Autolysis precludes examination

Thyroid gland

None

General Body System
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TABLE D2

Individual Animal Tumor Pathology of Female Mice in the 2-Yesr Gavage Study of 3,4-Dihydrocoumsaring

Vehicle Control (continued)

7777777717777 77777T7777T7T77717

33333333333333333333
00009000961 11111111111

3333
0000

33
0o

Number of Days on Study

Total

33333333333333222233333333
0011122234444 4881880013333 4
7902757923567827891441¢6 7384

Carcass ID Number

Tissues/
Tumers

11111111111111111111111111

Alimentary System

51
45
46
44
45
45
47
45
45
47
51

3
10

R I S S T Ik T T T T S S S S A NS A
EEEIE 2 TR T SR I T I S N S R T A S SR PR
+++t+++ A A
+++++++ A+ o+
R IR R E 2k S I S S R R A IR A i i A
++++++ A+
R S R S S T 2 S I R S S S A |
IR IR 2 T R
+++++ A+ o+
++++++++r+ A+ 4
+++++ A+

Hepatocellular carcinoma

Intestine large, rectum
Intestine small, ducdenum
Intestine small, ileum

Intestine small
Intestine small, jejunum

Gallbladder

Intestine large
Intestine large, cecum
Intestine large, colon
Liver

Esophagus

X

XXX

1
1
50
51
2

49
49
44

I I R T I S A S S S e A A I
PR TR T 2 R I I I T R A S A SR S T S S
SR I I T R S A A TR T T T R T SR S
R I R I L T 2 T I T S S A S S T S A

Hepatocellular adenoma

Histiocytic sarcoma
Mesentery

Pancreas

Salivary glands

Stomach

Stomach, forestomach
Papilloma squamous

Stomach, glandular

++++ 4+ A E A A F A+

+ + + +

50

Heart R I R Ik A I T S T SR S S S S S

Cardiovascular System

Endecrine System

49
49
47

Sk I TR R R R S IR T R R A A I A I
T T T R L R T T T S U A T
SRR Ik T T T T T S S S S S S R A A T i O

Adrenal gland, medulla

Adrenal gland, cortex
Islets, pancreatic

Adrenal gland

50

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

-+

+ + +

38
47

9
48

X XX

X

X
++++++ A+

X

+
+

MMM
+ M+

Pars distalis, adenoma

Thyroid gland

Parathyroid gland
Pituitary gland

General Bedy System

None
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TABLE D2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
Vehicle Control (continued) ’ ~

) 00155566 66666771777 771717T171717
Number of Days on Study 12 48903467780072222233333
5475775938440479999900000
2232232333233233333322223
Carcass ID Number 8848919224931900014528999°0
4123699301096 753639051250
1111111111111111111111111
Genital System
Ovary ' ' T+ ++ M+ A+
Cystadenoma
Granulosa cell tumor benign C X
Oviduct + +
Uterus +++++++++
Sarcoma stromal
Hematopoietic System
Blood +
Bone marrow +++++A++F++++++ 4+ 4+ +
Lymph node +++++++++++F+FMEF 4
Lymph node, mandibular + M+ +++++++++M+++4++++++++ +
Lymph node, mesenteric + +M++AA+++++M+++++++++ 4+ + +
Spleen ++++++++++ o+
Thymus ++++1 ++++A+1T A1 ++++ ++ ++ + + +
Integumentary System
Mammary gland + ++++++++ A+
Adenoma
Skin ’ ' +++++++++++++++++ S+ ++
Subcutaneous tissue, schwannoma :
" malignant X
Musculoskeletal System . ,
Bone ) T+ +++++t+F A+
Nervous System
Brain ’ + ++++A++++FFFA+FH A+ 4+ +
Respiratory System :
Lung : : +++++++++++++++++++4++ 4+ + ++
Alveolar/bronchiolar adenoma X X

Hepatocellular carcinoma, metastatic,

liver
Nose ) + + + + +
Trachea + + + + +

+ + X

>+
<+
+
<+
+
+
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TABLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumsarin:
Vehicle Comtrol (continued)
7777717177717 71717171771717777T77T177717
Number of Days on Study 33333333333333333333333333
0000O0O0OOCOOO0OOOOOI1I 11111111111
33333333333333222233333333 Total
Carcass ID Number 001112223 4444448888001 33334 Tissues/
790275792356 78278914416 784 Tumors
1t1111111111111111111111111
Genital System
Ovary ++ +++++++++ A F o+ 50
Cystadenoma X 1
Granulosa cell tumor benign 1
Oviduct 2
Uterus ++++++++++ A+ 51
Sarcoma stromal X ' 1
Hematopoietic System
Blood 1
Bone marrow ++++++++++++++ A+t 50
Lymph node +++++ A+ 50
Lymph node, mandibular ++++++++++++++++++++++++++ 49
Lymph node, mesenteric +++++++++ A+t F A A+ + 47
Spleen +++++++++++ A+ 51
Thymus ++++++++++M+++++ o+ 45
Integumentary System
Mammary gland + + +++++++++FF A+ 51
Adenoma X 1
Skin SR N T S R A R S S A i 2 & 51
Subcutaneous tissue, schwannoma
malignant 1
Musculoskeletal System
Bone ++++++++F A+ o+ 51
Nervous System .
Brain SR Tk Tk I T S S A A S T 2 T I 2 i e S 49
Respiratery System
Lung ++++++ A+t 51
Alveolar/bronchiolar adenoma 2
Hepatocellular carcinoma, metastatic,
liver 2
Nose ++++++++ A+ A+ A+ 51
Trachea +++++ A+ + A+ A A+ o+ 50
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TABLE D2 - ' '
Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
Vehicle Control (continued)

- 0015556¢6¢66¢6¢6¢677717717777171717717
Number of Days on Study 12148903467 78002222233333
54757759384401479 9990000
2 232232333233233333322223
Carcass ID Number 8848919224931900014589929°0
4123699301096 753639051250
11111111111 11111111111111
Special Senses System
Ear +
Eye + + +
Harderian gland + +
Adenoma X
Urinary System :
Kidney +++++++F+A++FFAAF A+ S+
Ureter +
Urinary bladder +MA++AA++A++AF++++++++++ +
Systemic Lesions
Multiple organs . +++++++ A+ 4
Histiocytic sarcoma .
Lymphoma malignant X
Lymphoma malignant lymphocytic X
Lymphoma malignant mixed , X

Lymphoma malignant undifferentiated
cell type X X
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TABLE D2
Individusal Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarin:
Vehicle Control (continued)
777771777777 7777777T77T7T7T7777
Number of Days on Study 33333333333333333333333333
0000000O0O0OO0OO0OO0COOOTI1I 11111111111
33333333333333222233333333 Total
Carcass ID Number 0 011122234444 48288800133334 Tissues/
7902757923567 827891441¢6784 Tumors
11111111111111111111111111
Special Senses System
Ear 1
Eye 3
Harderian gland 2
Adenoma 1
Urinary System
Kidney +++++++++F+ A+ A+ 48
Ureter ) 1
Urinary bladder +++++++++++FF o+ 45
Systemic Lesions
Multiple organs +++++++++++++4+++++++F+++++ 51
Histiocytic sarcoma X 1
Lymphoma malignant 1
Lymphoma malignant lymphocytic 1
Lymphoma malignant mixed ) §
Lymphoma malignant undifferentiated
cell type 2
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3,4-Dihydrocoumarin, NTP TR 423

TABLE D2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:

200 mg/kg

45566667 77777777T7777T717T77717

399137801 222222221333
70452153701999999000

33333
00000

Number of Days on Study

33333443343333334333333133

6568800618166 7799155%5¢6¢62¢6 77

Carcass ID Number

4 60435959273120359249128©03
1111111111 111111111111111

I SR S S S R T O T T T T T SR S S S S
SRR T T TR 2 T T R A S A A I A 2R I

Gallbladder

Alimentary System
Esophagus

R T I T S A N A R A T ik S N R TR A
SRR IR I IR IR TR A TR I I T S S S S S S S
T T Tk 2 Tk T T SR A S A RN T S S
R TR K T T T T I S S S S S S S S S
AR T T 2 S I I S T S A S A A R A A 2
YR Tk TR T T TE T T I SR S A S S S S S A
R Tk TR TR T T T T S S N S A A S S 4
I IR K I I R A R R S Ik A A k2 3
S T T e T S S S R R TR S SR S S
SR Tk K Ik T T T T N A N A N A
SR T TR 2 Tk T T S SR S A S e
SR T TR 2 R S I S S S R A S A I

Hepatocellular adenoma, multiple

Mesentery

Intestine large, cecum

Intestine small, duodenum

Intestine small, ileum
Hepatocellular carcinoma
Hepatocellular adenoma

Intestine large, colon
Intestine large, rectum

Intestine small
Intestine small, jejunum

Liver
Salivary glands

Intestine large
Stomach

Pancreas

X

. Rk T T T N N S S R S R S S N
x .
S T T T I R S S e e A A A R i IR AR AR

Stomach, forestomach
Papilloma squamous
Stomach, glandular

SRR T Tk 2k 2 T T T N S R TR S S

Cardiovascular System
Heart

Endocrine System

N . Tk 2 T K T S S S S S T S

Adrenal gland

X

PR T I T Tk T T S S SR A A O 2 2
I 2 T Tk T i T Tt I S S S S A S S R
R TF T T 0 S S S S S S S S S

Adrenal gland, cortex
Adrenal gland, medulla

Pheochromocytoma benign

Islets, pancreatic

Adenoma

M
+

MM+ +
+ 4+ + +

+ +
+ M

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

T T T T T T N S S R S =

M+ + + +1

Parathyroid gland
Pituitary gland

S T Tk Ik Tk Tk T S S S N T T S R

Pars distalis, adenoma
Follicular cell, adenoma

Thyroid gland

General Body System

None
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TABLE D2
Individual Animal Tumer Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
200 mg/lkg (continued)
7777717171777 7777177777T717771777
Number of Days on Study 3333333333333333333333333
0000000O0O0OO0CCO0OOCOOOOOOTI 111111
333333333334444444333444414
Carcass I Number 77 8888999990001 1125580001 Total
5712782367 9034358035702462381 Tissues/
t1t111111111111111111111111 Tumors
Alimemntary System
Esophagus +++++++F++ A+ 50
Gallbladder +++++++ 50
Intestine large ++++++++++++ A F A+ 50
Intestine large, cecum ++++++++++++++++++++++++ + 50
Intestine large, colon +++++++++++++++++++++++++ 50
Intestine large, rectum ++++++++++++++++++++++++ + 50
Intestine small ++++++++++++++++++++++4+++ 50
Intestine small, ducdenum +++++++++++++++++++++++++ 50
Intestine small, ileum ++++++++++++++++++++++++ + 50
Intestine small, jejunum +++++++++++++++++++++++++ 50
Liver + +++++++++F+ A+ 50
Hepatocellular carcinoma 2
Hepatocellular adenoma XX X X X X 14
Hepatocellular adenoma, multiple X 6
Mesentery + + 3
Pancreas + 4+ + +++F A+ A+ 50
Salivary glands +++F++ A A+ A A+ 50
Stomach +++++++++++++F A+ 50
Stomach, forestomach +++++++++++++++++++++++++ 50
Papilloma squamous 2
Stomach, glandular +++++++++++++4++F+F+++++++++ 50
Cardiovascular System
Heart ++++++++++++++++++++++ 4+ + + 50
Endccrime System
Adrenal gland +++++++++4+++++++4++++++++ + 50
Adrenal gland, cortex +++++++++ A+ 50
Adrenal gland, medulla +++++++++++ A+ + 50
Pheochromocytoma benign . 1
Islets, pancreatic ++++++++++++4++++++++++++ + 50
Adenoma X 1
Parathyroid gland +M+M+++M+ MM+ +M++++++++++ + 38
Pituitary gland ++++++++++++++++F M+ + 48
Pars distalis, adenoma X X = 5
Thyroid gland +++++++++++++++++++++++ 4+ + 50
Follicular cell, adenoma 1

General Bedy System
None
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TABLE D2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
200 mg/kg (continued)

45566667 17T777T7177T77T7T777T1T171717
Number of Days on Study 3991378012 22222223333333
7045215370199999900000000
3333344334333333433333333
Carcass ID Number 6568800468166 77991555¢6¢67¢677
4 6043595927312059249128203
1111111111111111111111111
Genital System
Ovary + 4+ +++++++4+++ A+
Cystadenoma X
Uterus +++++++++++++++++++++++ 4+ +
Polyp X
Hematopoietic System -
Bone marrow ++++++++++ A+
Lymph node +++++++++++F+F A+ 4
Lymph node, mandibular +++++++++++++++++++++++++
Lymph node, mesenteric +++++ A+
Spleen +++++++ A F A+ o+
Thymus ++1 + 4+ ++++++I +++++++++++++
Integumentary System .
Mammary gland +M++M+M++++++++++++++++ + 4+
Skin T R N K T i 2 0 S SR S S S S S S A i 2
Subcutaneous tissue, fibrosarcoma X
Musculoskeletal System
Bone +++++++++++++++++++++F+ 4+ 4+ +
Nervous System
Brain ++++++F++F AT+
Respiratory System
Lung ++++++++++++++++++++++ 4+ ++
Alveolar/bronchiolar adenoma X X s
Alveolar/bronchiolar carcinoma X
Nose ++++++++F+ A+
Trachea ++++++++++++++++++++++++ +

Special Senses. System

Eye
Harderian gland + +
Adenoma X X
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TABLE D2
Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarins
200 mg/kg (continued)
: 7771777777777 7771T7171717777177717
Number of Days on Study 333333333333333333333333733
000O0O0O0O0O0O0OO0OO0OO0O0OO0O0OO0OOO0CI1II1II11111
33333333333 444444433344143 4
Carcass ID Number 77888899999 0001112558201001 Total
57127823617 90343580157¢02¢6381 Tissues/
tr111111111111111111111111 Tumors
Genital System
Ovary ++++++++++++++ A+ 50
Cystadenoma X 2
Uterus ++++++++++ A+t 50
Polyp X 2
Hematopoletic System
Bone marrow r++++++FFF A+ 50
Lymph node ++++++++++++ A4 50
Lymph node, mandibular ++++++++1 +M++++++++++++++ 48
Lymph node, mesenteric +++++++++++++++++++++++++ 50
Spleen ' +++++++++++++F+F++F++ 4+ 50
Thymus ++++++++F++++F 4 48
Integumentary System
Mammary gland ++++++++++ A F 4 47
Skin ++++++++++++ A+ 4+ 50
Subcutaneous tissue, fibrosarcoma 1
Musculoskeletal System
Bone ++++++++++ A+ 50
Nervous System
Brain + +++++++++++F+FF+H A+ 50
Respiratory System
Lung , +++++++++++++++ A+ ++ 50
Alveolar/foronchiolar adenoma X X X ) 5
Alveolar/bronchiolar carcinoma : 1
Nose ++++++++++ A+ 50
Trachea ++++++++++++FF A+ 50
Speclal Senses System
Eye + 2
Harderian gland + 3
Adenoma X 3
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TABLE D2

Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:
200 mg/kg (continued)

S 771711 7 77171717
Number of Days on Study 3991378090 2222222233333333
70452153.70199999900000000
3333344334333333433333333
Carcass ID Number 6 568800638166 7799155952¢62626 177
4 6043595927312059249128203
1111111111111111111111111
Urinary System ] . o
Kidney +++++++++ A+
Urinary bladder +++++++++ A+
Systemic Lesions . . ‘
Mutltiple organs ++++++++++F+++ A+
Lymphoma malignant X X X
Lymphoma malignant lymphocytic X XX X

Lymphoma malignant mixed X
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TABLE D2

Individual Animal Tumor Pathelogy of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumarim:
20D mg/kg (continued)

r7?77777171717777717777717777T7T77T17T77
Number of Days on Study 3333333333333333333333333
00000O0OO0O0O0OO0O0OO0O0O0OO0OO0CO0OO0OTI1 111111
3 3333333333444 44443233444324
Carcass ID Number 77888899999 00011125580001 Total
5712782367 90343518057¢02¢%6381 Tissues/
t1111111111111111111111111 Tumors
Urinary System
Kidney +H++ A+ 50
Urinary bladder + 4+ F+F A A A A+ o+ 50

Systemic Lesions

Multiple organs +++++++++ o+
Lymphoma malignant
Lymphoma malignant lymphocytic .
Lymphoma malignant mixed X

vewd




3,4-Dihydrocoumarin, NTP TR 423

Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of 3,4-Dihydrocoumarin:

400 mg/kg

228
TABLE D2

) < v - +++++++++++ A +++4+ 0+ + ++++++
~ o o+ T +++++++++++ ® ++++ + + +++++ +
~mo R +Z2+++++++++ X ++++ + + +4+++++
~ono <+ TN~ +++++++++++ R +++++ + + ++++ =S+ %
~no LR R +++++++++++ K +++++ + + ++++++
~mo <+ o~ +++++++++++ ++ 4+ 4+ ¢+ + ++++++
~ne TN T~ +++++++++++ K ++++ + + ++++ 2+
-~ 0o + N ++++++++++ 4+ » ++++ + + ++ 4+ ++ +
~no < 0O~ ++++++++++ 4+ K ++++ + + +++++ 4+
~ o <+ N O~ +++++++++++ A ++++ + + + 4+ + 4+ ++
~mo < N T - ++++++++Z++ ++++ + + ++++ 2+
~mno L +++++++++++ » +++ 4+ + + +4+++++
~no TN - +++++++++++ St + 4+ + +++ 4+ ++
-ao < 00w~ +++++++++++ TE+ 4+ 4+ + ++++++
- ao <+ 00~ +++++++++++ +++4+  + + ++++ 3+
=~ -~ <+ <0~ +++++++++++ ++++ + + +++ + ++
~Qo o L ] +++++++++=2+ K + + + + < + ++++2=+
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Follicular cell, adenoma

Thyroid gland
Tissue NOS
Fibroma

General Body System
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Total
Tissues/
Tumors

7777777177777 1777T7777T7T7T7777
4 4 4 4 4 4 4 4 4 4 444 4444444444444
556 66 777788823335 5¢6¢67782828S8
5723503561349 019090178@0228¢9

117111111111111111111111111

Individual Animal Tumor Pathology of Femsle Mice in the 2-Year Gavage Study of 3,4-Dihydrecoumsirims

400 mg/kg (continued)

[Lesions im Female Mice
Number of Days on Study
Carcass 1D Number
Alimentary System

TABLE D2
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Follicular cell, adenoma

Tissue NOS
Fibroma

Thyroid gland

General Bedy System
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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 1
4

oo W
wn
~
&0
&0
[~
~ -
(-0 &
- )
[— )
oW
oW
[— 7
(-
oW
(=7
QW
[— 7
[— )
ow
S W
[— W)

Carcass D Number

N W s
=N &
o s
-0 b
-t
-0 b
- th A
-
[l a 3 2 3
-0 W &
- 00
- e
=WN S
-5 N &
N b
-0 N &
- W s
- W A
- W A
P S
(ol S 20 N
-0 s h
SR SES
- WA

Genital System
Clitoral gland
Carcinoma
Ovary + + + 1
Cystadenoma
Luteoma
Uterus + 4+ +A++++++++++

+ X+

+ >

Hematopoietic System
Bone marrow
Lymph node
Lumbar, carcinoma, metastatic, clitoral
gland.
Lymph node, mandibular
Lymph node, mesenteric
Spleen
Thymus

+ +
++
+ >
> >
+ +
+ +
++
+ +
+ +
++
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +
++
+ +
+ +

+ 4+ + 4+
+ 4+ ++
++Z+
> p
++ >+ %
+++ +
+4+ >+
+ 4+ + +
+4+++
+++ 2
++ + +
+ 4+ +
+++Z
+ 4+ +
+4+++
+++ +
+++ +
+ 4+
+++Z
++++
+++Z
++++
+++ 2
+++ +

Integumentary System
Mammary gland
Skin : ) .
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, hemangioma

+ 4+
++
++
»> >
+ +
+ +
» 2
++

>+ +
++
+ +
++
+ +
+ o+
++
+ +
++
++
+ +
+ +
++
+ +
++
+ 4+

Musculoskeletal System
Bone I +
Osteosarcoma
Skeletal muscle +

%+

Nervous System
Brain : ++ +AAF+A+++++++++++++ 4+ ++
Spinal cord +

Respiratory System
Lung + 4+ +A++A+++++++++
Alveolar/bronchiolar adenoma
Hepatocellular carcinoma, metastatic,
liver

X+

Osteosarcoma, metastatic, bone X
Nose +++++++ A+t
Trachea ++ +A+++++++




LLesioms im Female Mice

TABLE D2

Individusl Animal Tumeor ]P’m&hollog of Female Mice in the 2-Year Gavage Study of 3,4-Dﬁl}nydlmouninmm'ﬁnn:

400 mg/lkg (continued)
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Tissues/

Tumors

Genital System
Clitoral gland
Carcinoma
Ovary
Cystadenoma
Luteoma
Uterus

>+

Hematopoietic System
Bone marrow
Lymph node

Lumbar, carcinoma, metastatic, clitoral

gland
Lymph node, mandibular
Lymph node, mesenteric
Spleen
Thymus

+ +

++++
++++
++++
++++
++++
++ 4+ +
++ + 4+
+++ 4+
+++ 4
=4+ +
++++

+ +
+ +
+ +
+ +
++
++
+ +
+ +
+ +
++
+ +
Z +

+++ 2
++ 2%
+++ 2
++ 4+
++ 4+ +
+ 4+ 4+ 4+
+ 4+ ++
+ 4+ + 4+
+++ 4+
++ 4+ +
+ 4+ ++
+4++ 4+
++++

+ +
+ +
+ +

+ +
+ +
+ +
++
+ 4+
++
+ +
++
+ +
+ +

++++

4+ 4+

Integumentary System
Mammary gland
Skin
Subcutaneous tissue, fibrosarcoma
Subcutaneous tissue, hemangioma

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

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

-8 -

Musculoskeletal System
Bone
Osteosarcoma
Skeletal muscle

Nervous System
Brain
Spinal cord

Respiratory System
Lung
Alveolar/bronchiolar adenoma

Hepatocellular carcinoma, metastatic,

liver
Osteosarcoma, metastatic, bone
Nose
Trachea

—
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