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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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ABSTRACT

EAN
3

COUMARIN

CAS No. 91-64-5

Chemical Formula: C,H,O,

Molecular Weight: 146.5

Synonyms: 5,6-benzo-alpha-pyrone, 2H-1-benzopyran-2-one, 2H-benzo[b]pyran-2-one, 1,2-oxo-1,2-benzopyran, 1,2-benzopyrone, cis-o-
coumarinic acid lactone, coumarinic anhydride, cumarin, o-hydroxycinnamic acid lactone, kumarin, [2-propenoic acid, 3-(2-

hydroxyphenyl)-delta-lactone], Rattex, tonka bean camphor

Coumarin is the basic structure of numerous
naturally occurring compounds with important and
diverse physiological activities. = More than a
thousand coumarin derivatives have been described,
varying from simple coumarins containing alkyl and
hydroxyl side chains to complex coumarins with
benzoyl, furanoyl, pyranoyl, or alkylphosphorothionyl
substituents. Coumarin and 3,4-dihydrocoumarin
were nominated by the Food and Drug
Administration and the National Cancer Institute for
study because of the widespread use of coumarin in
perfumes, cosmetics, and other products as a
fragrance, continued interest in coumarin compounds
as flavor-enhancing agents for foods, and the interest
in structure-activity relationships of this important
group of compounds. Coumarin is believed to be
metabolized to a 3,4-epoxide intermediate, which may
be responsible for its toxic effects, while 3,4-dihydro-
coumarin, which lacks the 3,4-double bond, is not
considered likely to form an epoxide intermediate.

Toxicity and carcinogenicity studies were conducted
by administering coumarin (97% 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 conducted in Sal-
monella typhimurium, cultured Chinese hamster ovary
cells, Drosophila melanogaster, and B6C3F; mice.

16-DAY STUDY IN RATS

Groups of five male and five female rats received
coumarin in corn oil by gavage at doses of 0, 25, 50,
160, 200, or 400 mg per kg body weight, S days a
week for a total of 12 doses in a 16-day period. All
female rats and four male rats receiving 400 mg/kg
died. The mean body weight gains and final mean
body weights of surviving dosed male and female rats
were similar to those of the controls. There were no
clinical signs of organ-specific toxicity, and there was
no evidence of impaired blood coagulation from
measurements of capillary clotting time or pro-
thrombin and activated partial thromboplastin time.

16-DAY STUDY IN MICE

Groups of five male and five female mice received
coumarin in corn oil by gavage at doses of 0, 40, 75,
150, 300, or 600 mg per kg body weight, 5 days a
week for a total of 12 doses in a 16-day period. All
mice receiving 600 mg/kg, two male mice receiving
300 mg/kg, and one male mouse receiving 75 mg/kg
died. The mean body weight gains and final mean
body weights of surviving dosed male and female
mice were similar to those of the controls. Clinical
findings of inactivity, excessive lacrimation, pilo-
erection, bradypnea, ptosis, or ataxia were observed
in some mice from the 300 and 600 mg/kg groups




within the first several hours after dosing. Capillary
clotting time and platelet counts of dosed mice were
similar to those of controls.

13-WEEK STUDY IN RATS

Groups of 10 male and 10 female rats received
coumarin in corn oil by gavage at doses of 0, 19, 38,
75, 150, or 300 mg per kg body weight. Three male
and three female rats receiving 300 mg/kg died. The
mean body weight gains and final mean body weights
of male rats that received 150 and 300 mg/kg were
significantly lower than those of the controls. There
were no clinical signs related to specific organ
toxicity. ‘

Male and female rats receiving coumarin exhibited
-dose-related decreases in mean erythrocyte volume
and mean erythrocyte hemoglobin, and dose-related
increases in erythrocyte counts. Serum levels of total
bilirubin and one or more cytoplasmic enzymes
including alanine aminotransferase, aspartate amino-
transferase, ornithine carbamoyltransferase, and/or
sorbitol dehydrogenase in males and females
receiving 300 mg/kg were higher than those of
controls.

The absolute and relative liver weights of male and
female rats that received 150 and 300 mg/kg were
significantly greater than those of the controls.
Centrilobular ~hepatocellular  degeneration and
necrosis, chronic active inflammation, and bile duct
hyperplasia were observed in the liver of rats receiv-
ing 150 or 300 mg/kg.

The high dose selected for the 2-year study was
100 mg/kg, which was just below the level at which
mortality, lower final mean body weights, and
treatment-related liver lesions were observed in the
13-week study. - '

13-WEEK STUDY IN MICE

Groups of 10 male and 10 female mice received
coumarin in corn oil by gavage at doses of 0, 19, 38,
75, 150, or 300 mg per kg body weight. Two male
mice receiving 300 mg/kg died. The mean body
weight gain and final mean body weight of surviving
male mice that received 300 mg/kg were significantly
lower than those of the controls. No clinical signs of
toxicity were observed.
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Male and female mice receiving coumarin exhibited
dose-related decreases in mean erythrocyte volume
and mean erythrocyte hemoglobin. The absolute and
relative liver weights of males and females that
received 150 and 300 mg/kg were significantly greater
than those of the controls. Centrilobular hepato-
cellular hypertrophy was observed in male and female
mice receiving 300 mg/kg.

The high dose selected for the 2-year study was
200 mg/kg, which was just below the level at which
mortality and liver lesions were observed in the
13-week study.

2-YEAR STUDY IN RATS'

Groups of 60 male and 60 female rats were admin-
istered coumarin in corn oil by gavage at doses of 0,
25, 50, or 100 mg per kg body weight. After
15 months, 10 animals from each group were
evaluated.

Survival, Body Weights, and Clinical Findings
None of the male rats receiving 100 mg/kg and only
two males receiving 50 mg/kg survived until the end
of the study (vehicle control, 28/50; 25 mg/kg, 9/50;
50 mg/kg, 2/51; 100 mg/kg, 0/50). Survival of dosed
female rats was similar to that of the controls (29/50,
38/50, 36/50, 30/50). The reduced survival in dosed
male rats was primarily attributed to chemical-related
exacerbation of spontaneously occurring renal
disease. Final mean body weights of female rats that
received 100 mg/kg and all dosed groups of male rats
were lower than those of the controls. There were
no clinical signs of toxicity in rats, other than non-
specific signs relating to debilitation as a result of
renal or other spontaneous disease.

Hematology and Clinical Chemistry .

At the 15-month ‘interim evaluation, the values for
one or more hematologic parameters including mean
erythrocyte volume, mean erythrocyte hemoglobin in
50 and 100 mg/kg rats, and hematocrit or hemoglobin
in 100 mg/kg rats were significantly lower than those
of controls. Activated partial thromboplastin times
were also significantly lower in 50 and 100 mg/kg
males, while platelet counts were significantly higher.
Activities of alanine aminotransferase, sorbitol
dehydrogenase, or y-glutamyltransferase in 50 and
100 mg/kg male and 100 mg/kg female rats were
significantly higher than those of the controls at the
15-month interim evaluation.
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Pathology Findings

The principal lesions. associated with the admin-
istration of coumarin to rats for up to 2 years
occurred in the liver, kidney, and forestomach. While
the hepatic lesions were seen in all groups of males,
they occurred only in the 50 and 100 mg/kg females.
The lesions consisted of a spectrum of changes
including hepatocellular necrosis, fibrosis, cytologic
alteration, and increased severity of bile duct hyper-
plasia. The incidences of hepatocellular neoplasms
were not increased in dosed rats.

There was a chemical-related increase in the average
severity of nephropathy in all groups of dosed male
and female rats. There were corresponding increased
incidences of parathyroid gland hyperplasia in all
groups of dosed males, probably as a result of com-
promised renal function. In the standard evaluation
of single kidney sections, a low incidence of renal
adenomas was seen in all groups of males and in
100 mg/kg females (males: vehicle control, 1/49;
25 mg/kg, 2/50; 50 mg/kg, 2/51; 100 mg/kg, 1/50;
females: 0/49, 0/50, 0/50,.2/49). An evaluation of
step sections identified additional individuals with
renal tubule focal hyperplasia (males: 2/49, 12/50,
10/51, 6/50; females: 1/49, 0/50, 4/50, 2/49) and
adenoma (males: 0/49, 4/50, 5/51, 4/50; females:
0/49, 0/50, 1/50, 1/49) in the dosed groups.

The incidences of forestomach ulcers in all groups of
dosed male rats and in 100 mg/kg female rats were
significantly greater than those of the controls (males:
7/48, 24/50, 35/51, 34/50; females: 1/48, 1/49, 6/50,
9/48).

STOP-EXPOSURE EVALUATION

A group of 40 male rats received 100 mg/kg coumarin
in corn oil by gavage for 9 months, when 20 of the
animals were necropsied and evaluated. The remain-
der of the male rats received only the corn oil vehicle
during the 15-month recovery period. Similarly, a
group of 30 male rats received 100 mg/kg coumarin
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 during the 9-month
recovery period. 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.

While chemical-related hepatic lesions were seen at
both the 9- and 15-month interim evaluations, the
incidences and severities of these lesions following
the recovery period were generally similar to controls.
Thus, the hepatic lesions produced by 9 or 15 months
of exposure were reversible. In contrast to the liver
lesions, the severity of nephropathy in male rats
following the recovery period was significantly greater
than that of males examined at the 9- and 15-month
interim evaluations. This is not unexpected, since
nephropathy is a progressive degenerative disease
that naturally increases in severity with age.

The incidence of renal tubule hyperplasia in the
15-month stop-exposure group (dosed for 15 months
followed by the recovery period) and the incidence of
renal tubule adenoma in the 9-month stop-exposure
group were significantly greater than those of the
control group.

2-YEAR STUDY IN MICE

Groups of 70 male and 70 female mice were admin-
istered coumarin in corn oil by gavage at doses of 0,
50, 100, or 200 mg per kg body weight for up to
2 years. After 15 months, 19 or 20 mice from each
group were evaluated.

Survival, Body Weights, and Clinical Findings
Survival of dosed male and female mice was similar
to that of the controls (males: vehicle control, 43/50;
50 mg/kg, 47/50; 100 mg/kg, 42/50; 200 mg/kg, 37/51;
females: 33/50, 40/50, 42/51, 28/51). The mean body
weights of 200 mg/kg male and female mice were
lower than those of controls throughout much of the
study. There were no clinical findings related to
chemical administration.

Hematology and Clinical Chemistry

Mean erythrocyte volume, mean erythrocyte hemo-
globin, and hematocrit of 200 mg/kg males and mean
erythrocyte volume of 200 mgkg females were
significantly lower than those of the controls. Blood
platelet counts of 200 mg/kg males and females were
significantly higher than those of controls. There
were no biologically significant differences in enzyme
activities between dosed and control mice.

Pathology Findings

The principal toxic lesions associated with the admin-
istration of coumarin to mice occurred in the liver.
The incidences of centrilobular hypertrophy in 160




and 200 mg/kg males and 200 mg/kg females were
significantly greater than those of controls. The
incidences of syncytial alteration in all male dose
groups and in 200 mg/kg females were also signif-
icantly greater than controls.

The incidences of eosinophilic foci, a putative pre-
neoplastic lesion, and of hepatocellular adenoma
were significantly greater in the 50 and 100 mg/kg
females. Hepatocellular carcinomas occurred with
low incidences in the dosed females, but none
occurred in the controls. The overall incidence of
hepatocellular neoplasms (benign and malignant
combined) in the 50 and 100 mg/kg females (control,
8/50; 50 mg/kg, 27/49; 100 mg/kg, 31/51; 200 mg/kg,
13/50) exceeds the range in historical controls
(range 2%-34%; 129/898, 14.4%) from recent NTP
studies. The reason for a lack of liver response in
200 mg/kg female mice is not known, but may be due
in part to the decrease in body weight. While the
incidences of eosinophilic foci were marginally
greater in dosed male mice, the incidences of hepato-
cellular neoplasms were similar among the dosed and
control groups. '

The incidences of alveolar/bronchiolar adenomas
were significantly greater in 200 mg/kg male and
female mice than in the controls. Further, the
incidence of alveolar/bronchiolar carcinoma in
200 mg/kg females was also significantly greater than
in controls. The overall incidence of pulmonary
neoplasms (benign and malignant combined) in the
200 mg/kg groups (males: 14/50, 9/50, 15/50, 25/51;
females: 2/51, 5/49, 7/49, 27/51) exceeds the range in
historical controls (males: range 6%-28%; 166/900,
18.4%; females: range 0%-14%; 58/899, 6.5%) from
recent NTP studies.

The incidence of squamous cell papilloma of the
forestomach in 50 mg/kg males was greater than that
of the controls (2/50, 8/50, 2/50, 0/51) and also
exceeds the range of this neoplasm in control male
mice from recent NTP studies (range 0%-14%;
27902, 3.0%). The incidence of squamous cell
papilloma of the forestomach in 50 mg/kg female
mice was also slightly increased (1/52, 5/50, 2/51,
2/51); however, the incidence did not exceed the NTP
historical range (27/901, 3%; range, 0%-10%).
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GENETIC TOXICOLOGY

Coumarin induced gene mutations in Salmonella
typhimurium strain TA100 in the presence, but not in
the absence, of exogenous metabolic activation (S9);
no mutations were induced in strains TA98, TA1535,
or TA1537, with or without S9. In Chinese hamster
ovary cells, coumarin induced sister chromatid
exchanges in the absence of S9, and chromosomal
aberrations in the presence of §9. Coumarin did not
induce sex-linked recessive lethal mutations in germ
cells of male Drosophila melanogaster treated either
as adults by feeding or injection, or as larvae by
feeding. No increase in the frequency of micro-

‘nucleated erythrocytes was observed in peripheral

blood of male and female B6C3F, mice administered
coumarin by gavage for 13 weeks.

CONCLUSIONS

Under the conditions of these 2-year gavage studies
there was some evidence of carcinogenic activity* of
coumarin in male F344/N rats based on increased
incidences of renal tubule adenomas. There was
equivocal evidence of carcinogenic activity of coumarin
in female F344/N rats based on a marginally in-
creased incidence of renal tubule adenomas. There
was some evidence of carcinogenic activity of coumarin
in male B6C3F, mice based on the increased inci-
dence of alveolar/bronchiolar adenomas. There was
clear evidence of carcinogenic activity of coumarin in
female B6C3F, mice based on increased incidences of
alveolar/bronchiolar adenomas, alveolar/bronchiolar
carcinomas, and hepatocellular adenomas. The
marginally increased incidences of squamous cell
papillomas of the forestomach in male and female
mice receiving 50 mg/kg may have been related to
coumarin administration.

The administration of coumarin to rats was also
associated with an increased severity of nephropathy
in the kidney and of bile duct hyperplasia in the liver,
increased incidences of ulcers of the forestomach, and
necrosis, fibrosis, and cytologic alteration of the liver.
Administration of coumarin to mice was also asso-
ciated with centrilobular hypertrophy, syncytial
alteration, and eosinophilic focus in the liver.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 10. A summary of the Technical Reports Review Subcommittee
comments and the 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 Coumarin

Male F344/N Rats

Female F344/N Rats

Male B6C3F, Mice

Female B6C3F, Mice

Doses
0, 25, 50, or 100 mg/kg in
corn oil by gavage

Body weights
Dosed groups lower than
controls

2-Year survival rates
28/50, 9/50, 2/51, 0/50

Nonneoplastic effects
Liver: cytologic alterations
(0/49, 0/50, 28/51, 29/50);
fibrosis (0/49, 3/50, 41/51,
42/50); necrosis (1/49, 13/50,
38/51, 40/50); bile duct
hyperplasia severity grades
(1.6,18,22,21)
Forestomach: ulcer (7/48,
24/50, 35/51, 34/50)
Nephropathy severity grades
(290,31, 37, 36)

Neoplastic effects

Kidney: renal tubule adenoma
(single sections — 1/49, 2/50,
2/51, 1/50); renal tubule
adenoma (step sections -
0/49, 4/50, 5/51, 4/50)

Uncertain findings
None

0, 25, 50, or 160 mg/kg in
corn oil by gavage

High-dose group lower than
controls

29/50, 38/50, 36/50, 30/50

Liver: fibrosis (0/50, 0/50,
1/50, 12/50); necrosis (3/50,
3/50, 4/50, 15/50); degener-
ation (0/50, 0/50, 8/50, 30/50);
bile duct hyperplasia severity
grades (1.2, 1.3, 1.3, 1.5)
Forestomach: ulcer (1/48,
1/49, 6/50, 9/48)
Nephropathy severity grades
(12,14,18,23)

None

Kidney: renal tubule adenoma
(single sections — 0/49, 0/50,
0/50, 2/49); renal tubule
adenoma (step sections —
0/49, 0/50, 1/50, 1/49)

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:

Equivocal evidence

Positive with S9

Sex-linked recessive lethal mutations

Positive without S9

0, 50, 109, or 260 mg/kg in
corn oil by gavage

High-dose group lower than
controls

43/50, 47/50, 42/50, 37/51

Liver: syncytial alteration
(0/50, 6/50, 35/50, 47/51);
centrilobular hypertrophy
(1/50, 2/50, 23/50, 44/51),
eosinophilic focus (6/50,
15/50, 13/50, 15/51)

Lung: alveolar/bronchiolar
adenoma (14/50, 8/50, 14/50,
24/51); alveolar/bronchiolar
adenoma or carcinoma
(combined) (14/50, 9/50,
15/50, 25/51)

Forestomach: squamous cell
papilloma (2/50, 8/50, 2/50,
0/51)

Some evidence

0, 50, 109, or 200 mg/kg in
corn oil by gavage

High-dose group lower than
controls

33/50, 40/50, 42/51, 28/51

Liver: syncytial alteration
(0/50, 0/49, 2/51, 19/50);
centrilobular hypertrophy
(0/50, 0/49, 0/51, 17/50);
eosinophilic focus (4/50,
20/49, 20/51, 9/50)

Lung: alveolar/bronchiolar
adenoma (2/51, 5/49, 7/49,
20/51); alveolar/bronchiolar
carcinoma (0/51, 0/49, 0/49,
7/51); alveolar/bronchiolar
adenoma or carcinoma
(combined) (2/51, 5/49, 7/49,
27/51)

Liver: hepatocellular adenoma
(8/50, 26/49, 29/51, 12/50)

Forestomach: squamous cell
papilloma (1/52, 5/50, 2/51,
2/51)

Clear evidence

Positive with S9 in TA100; negative with or without S9 in TA98, TA1535, and TA1537

Drosophila melanogaster:
Micronucleated erythrocytes
B6C3F; mouse peripheral blood:

Negative when administered in feed or by injection

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

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the
evidence for conclusions 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 (equivecal 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 tumors to progress to
malignancy.

¢ Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chémical-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 chemical-related
increases in malignant or benign neoplasms.

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

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

* adequacy of the experimental design and conduct;

¢ occurrence of common versus uncommon neoplasia;

s 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 incidenceé known or thought to represent stages of progression in the same
organ or tissue;

* 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.



Coumarin, NTP TR 422

11

NATIONAL TOXICOLOGY PROGRAM BOARD OF SCIENTIFIC COUNSELORS
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The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on coumarin on
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to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.
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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 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 coumatrin by discussing
the uses and rationale for study, describing the
experimental design including an additional 2-year
stop-exposure evaluation in male rats, reporting on
survival and body weight effects, and commenting on
compound-related neoplasms and nonneoplastic
lesions in male and female rats and mice.

The proposed conclusions were some evidence of
carcinogenic activity of coumarin in male F344/N rats
and male B6C3F, mice, equivocal evidence of carcino-
genic acriviry of coumarin in female F344/N rats, and
clear evidence of carcinogenic activity of coumarin in
female B6C3F, mice.

Dr. Bailey, a principal reviewer, agreed with the
proposed conclusions. He said it would be useful 10
have pharmacokinetic or metabolism data on the fate
of coumarin in the Fischer rat and B6C3F, mouse.
Dr1. Bailey said he would also like to see included in
the report a discussion on (he relevancy of these
carcinogenicity studies to humans since there are data
indicating that humans metabolize coumarin differ-
ently than do rodents. Dr. Dunnick said the available
data on human and rodent metabolism of coumarin
had been cited in the Introduction, but would also be
integrated into the Discussion, Dr. Bailey reported
that Rhone Poulenc, Inc., had evaluated the carcino-
genic potential of coumarin in Swiss (CD-1%) mice
and Sprague-Dawley rats, and suggested that the data
be obtained and included after NTP review,
Dr. Dunnick responded that the FDA had some of
the Rhone Poulenc information under review and
thal, if available, it would be cited in the report.

Dr. Hayden, the second principal reviewer, agreed
with the proposed conclusions. He asked why only
male and not female rats were used in the stop-
exposure evaluation. Dr. Dunnick said the liver
lesions reported in the literature were observed in
male rats. Dr. Hayden requested an explanation for

the high incidence of bile duct hyperplasia in the
absence of fibrosis in male vehicle control rats.
Dr. 8.1.. Eustis, NIEHS, said that mild bile duct
hyperplasia is a common spontaneous degenerative
lesion of aging rats. Dr. Hayden said that the inclu-
sion of a table comparing the toxic and carcinogenic
effects of coumarin with those of 34-dihydro-
coumarin would be useful.

Dr. Davidson, the third principal reviewer, agreed
with the proposed conclusions for male rats and male
and female mice, but disagreed with the conclusion
for female rats. Based on the low incidences of
hyperplasia and renal tubule adenomas, Dr. Davidson
said she believed the conclusion for female rats
should be no evidence of carcinogenic activity.
Dr. Dunnick said thal the incidence of {wo renal
tubule adencmas in 100 mg/kg female rais was
greater than the incidence in historical controls and
added that renal tubule adenomas are rare neo-
plasms. Thus, an asseciation between the occurrence
of the neoplasm and the administration of coumarin
could not be ruled cut. Dr. Davidson asked if the
stop-exposure ¢valuation was done in rats to deter-
mine if there was a relationship between progression
and regression of liver ncoplasms and the occurrence
of cholangiofibrosis and bile duct carcinomas.
Dr. Eustis said the primary purpose of the stop-
cxposure study was to examine the biological
behavior of cholangiofibrosis and to determine if the
lesions would progress to cholangiocarcinomas. He
noted that the lesions progeessed to carcinomas
during the NTP studies on furan and that they had
been reported in German studics. However, they
were not induced in the present studies.

Dr. Bailey moved that the Technical Report on cou-
marin be accepted with the revisions discussed and
with the conclusions as written, some evidence of
carcinogenic activity for male rats and mice, equivocal
evidence of carcinogenic activity for female rats, and
clear evidence of carcinogenic activity for female mice,
Dr. Hayden seconded the motion. Dr. Davidson

- offered an amendment that the level of evidence for

female rats be changed to ne evidence of carcinogenic
activity. Dr. Goodman seconded the amendment,
which was defeated by two yes (Drs. Davidson and
Goodman) to six no votes. The original motion by
Dr. Bailey was then accepted unanimously with eight
Yotes. -
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COUMARIN

CAS No. 91-64-5

Chemical Formuola: CHO,

Molecular Weight: 146.5

Synonyms: 35,6-benzo-alpha-pyrone, 2H-1-benzopyran-2-one, 2H-benzofblpyran-2-one, 1,2-0xo-1,2-benzopyran, 1.2-benzopyrone, cis-o-
coumatinic acid lactone, coumarinic anhydride, cumarin, o-hydraxycinnamic acid lactone, kumarin, [Z-propencic acid, 3-(2-

hydroxyphenyl)-deita-lactone], Rattex, tonka bean camphor

CHEMICAL AND PHYSICAL PROPERTIES
Coumarin is a colorless crystal, flake, or powder, with
a fragrant odor similar to vanilla, and a bitter, aro-
matic burning taste, It is slightly soluble in water and
freely soluble in hot ethanol. The ultraviolet absorp-
tion spectrum of coumarin in alcohol shows a strong
band at 265 to 275 nm. The melting point of cou-
marin is 70.6° C, with a boiling point of 297° to
299° C. Coumarin is found naturally in plants and
may also be synthesized from salicylaldehyde and
acetic anhydride in the presence of sodium acetate
(Fenaroli’s, 1971; Hawley, 1977, Kirk-Othmer, 1978).

USE AND HUMAN EXPOSURE

Coumarin is the odoriferous principle of the tonka
“bean and sweet clover, and occurs in oil of lavender,
oil of cassia, citrus oils, and in some 60 other species
of plants. Coumarins are also found in the water-
soluble fractions of cigarette smoke (Schumacher
et al., 1977) and in certain tobaccos and alcoholic
beverages (Cohen, 1979). Coumarin was first isolated
from tonka beans in 1820, and is now widely used in
perfumes, cosmetics, and related products owing to
its pleasant bitter-sweet and characteristic odor

(Kirk-Othmer, 1978; Murray et al., 1982). In addition,
coumarin is used as an agent to mask the odor of
other chemicals including iodoform, phenolic, and
quinoline odors, and as such may be found in paints,
printing inks, insecticides, plastics, and synthetic
rubbers. It is also used in the electroplating industry
to reduce porosity and increase brightness of ¢lectro-
plated metals, especially nickel, zinc, and cadmium
(Kirk-Othmer, 1978). At one time coumarin was an
important food-flavoring material, but in 1954 the
FDA withdrew approval for the use of coumarin in
foods because of reported liver toxicity in rodents
(FDA, 1954). The annual production of coumarin
has been estimated at greater than 544 tons
(Kirk-Othmer, 1978).

Typical concentrations of coumarin found in common
houschold products range from 0.03% to 0.2% in
soaps, 0.003% to 0.02% in detergents, 0.015% to
0.1% in creams and lotions, and 0.3% to 0.8% in
perfumes (Cohen, 1979).

The National Institute for Occupational Safety and
Health estimated that approximately 240,000 workers
are potentially exposed to coumarin (NIOSH, 1990).
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ABSORPTION, DISTRIBUTION,
METABOLISM, AND EXCRETION

The metabolism and excretion of coumarin have been
studied in several different species, including man.
Coumarin metabolites identified and the percentages
of dose excreted in the urine and feces of rat, rabbit,
and man are shown in Table 1. Probable pathways
for the metabolism of coumarin are shown in
Figure 1.

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
per os, the parent compound and its major metab-
olite, 7-hydroxycoumarin, were detected in the blood

TABLE 1
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within minutes while peak concentrations were
reached in about 10 to 20 minutes (Ritschel ez al.,
1977). More than 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 rat (Kaighen and Williams,
1961; Feuer et al., 1966) or rabbit tissues (Kaighen
and Williams, 1961) following oral exposure or in any
rat tissues following intraperitoneal administration
(Van Sumere and Tuechy, 1971). Following admin-
istration of a single intraperitoneal dose of
[3-*C]-coumarin, C was detected in various organs,
particularly the liver and kidney, at levels much
higher than that of the blood at any given period
(Piller, 1977). The blood and tissue ™C levels
declined steadily over a 100-hour post-administration
period, with a biological half-life of approximately
43 hours. Ritschel ef al. (1976) 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 Metabolites Identified in the Urine and Feces of Various Species?

Rabbit® Rat® Human®
Metabolites in Urine

Coumarin, Unchanged 12.3-16.7 31-7.4 d
3-Hydroxycoumarin 18.1-28.2 1.7-18 -
4-Hydroxycoumarin 0.3-0.9 0.0-0.5 -
5-Hydroxycoumarin 0.3-0.5 - -
6-Hydroxycoumarin 2.0-4.7 03 : -
7-Hydroxycoumarin 10.0-16.0 0.3-0.5 68-92
8-Hydroxycoumarin 1.3-25 0305 -
o-Coumaric Trace Trace -
o-Hydroxyphenyllactic acid 2.6-35 0.6-0.9 -
o-Hydroxyphenylacetic acid 181-221 12.5-27.2 16
o-Hydroxyphenylpropionic acid Trace Trace R IR
Total in Urine 80.3-924 47.0-60.5 T 80-100
Total in Feces 0.2-0.7 32.4-388 S

Expressed as percentage of dose administered
From Kaighen and Williams, 1961

From Shilling et al., 1969

Metabolite not measured for this species

a o o
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FIGURE 1
Pathways of Coumarin Metabolism /n Vive and In Vitro from Cohen (1979)
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Coumarin is metabolized primarily in the liver by
microsomal enzymes associated with the endoplasmic
reticulum (Feuer et al., 1965a,b; Peters et al., 1991).
Coumarin is metabolized first by cytochrome P-450
enzymes, resulting in hydroxylation prior to
conjugation with glucuronide. Hydroxylation occurs
primarily at the number 3 and 7 positions to yield
3-hydroxycoumarin or 7-hydroxycoumarin,
respectively.  3-Hydroxycoumarin can be further
metabolized by nonenzymatic ring opening to form
o-hydroxyphenylacetic acid and o-hydroxyphenyllactic
acid. :

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

In contrast to rats, coumarin metabolism in humans
results principally in the hydroxylation at the number
7 position with the formation of 7-hydroxycoumarin
and 7-hydroxycoumarin glucuronide (Ritschel er al.,
1977). Further, Miles et al. (1990) have shown that
the isoenzyme responsible for most, if not all, of 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 is largely reflected by the quantitative
differences in hydroxylation at the 3 and 7 positions.
Gangolli et al. (1974) showed that the amount of
7-hydroxycoumarin found in the urine of various
species, as a percentage of the administered dose of
coumarin, 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.

Coumarin, NTP TR 422

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.

TOXICITY

Experimental Animals

The oral LD;, value for coumarin is reported as
420 mg/kg in C3H/He) mice and 780 mg/kg in
DBA/2J mice (Endell and Seidel, 1978). The oral
LD,, for coumarin in rats is reported as 292 to
680 mg/kg (Hazleton er al., 1956).

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 10,000 ppm
coumarin for 4 weeks or 2,500 ppm for 29 weeks had
growth retardation and liver alterations characterized
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 mechanism 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 inter-
mediate may be responsible for coumarin-induced
hepatotoxicity in the rat. 3,4-Dihydrocoumarin,
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 ef al., 1989).
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In another study, Sprague-Dawley rats were fed either
a control diet or a diet containing 5,000 ppm cou-
marin 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 1year. After 1 month the liver showed
extensive vacuolation of hepatocytes with some
necrosis; the effect was diffuse and affected 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 er al., 1989).

Humans

Information on the toxicity of coumarin in humans is
limited to Phase I and II toxicity studies in cancer
patients given coumarin in combination with cime-
tidine. These studies found no major organ toxicity
attributable to the use of coumarin, given at doses of
160 to 400 mg/day for several weeks to 1 month
(Dexeus et al., 1990).

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 seen at all levels (Roll and
Bir, 1967). The purity of the coumarin used in these
studies was not given.

Humans

No information on the reproductive and develop-
mental toxicity of coumarin in humans is reported in
the literature.

CARCINOGENICITY

Experimental Animals

Coumarin administered in feed at a 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
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necrosis, but produced no carcinogenic effect (Hagan
et al., 1967). In addition, Evans et al. (1989) reported
that long-term administration of coumarin at dietary
levels of 5,000 ppm produced cholangiofibrosis in
Sprague-Dawley rats, but no treatment-related
tumors. Groups of Syrian golden hamsters fed diets
containing 0, 1,630, or 5,600 ppm coumarin for up to
2 years showed no evidence of hepatotoxicity or
hepatocarcinogenicity (Ueno and Hirono, 1981).
Baboons receiving 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 tumors. Liver toxicity was
observed at the high dose and was characterized as
dilatation of the endoplasmic reticulum (Evans er al.,
1979). '

Bar and Griepentrog (1967) and Griepentrog (1973)
characterized liver lesions in rats as bile duct
carcinomas after long-term administration of
coumarin. 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
carcinomas. No carcinomas were seen in the rats fed
1,000 or 2,500 ppm coumarin (Bé4r and Griepentrog,
1967, Griepentrog, 1973). Cohen (1979) reported
that a review of the bile duct lesions in the
Griepentrog study showed that the cytologic changes
in the bile duct were more consistent with fatty
degeneration, necrosis, and proliferation 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.

In a study of 3,4-dihydrocoumarin, 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, no tumors were found. Only a few animals were
included in each treatment group (Dickens and
Waynforth, 1968). In addition, no tumors were
observed in dogs administered 3,4-dihydrocoumarin
orally at a dose of 150 mg/kg per day for 2 years
(Hagan er al., 1967).

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




18

Humans

Some coumarin derivatives have been reported to
have antitumor activity against human cancer (Nair
et al., 1991). The precise mechanism is not under-
stood, but it has been suggested that this antitumor
activity may be due to immune modulation. At this
time coumarin is not approved by the FDA for use as
an anticancer agent. Compounds structurally related
to coumarin, such as Warfarin (3-a-phenyl-8-acetyl-
ethyl-4-hydroxy-coumarin), are used as anticoagulants,
but coumarin itself has no anticoagulant properties
and is not approved for use as a licensed drug in the
United States (Thornes ef al., 1989). At the 1991
meeting of the American Cancer Society there were
several reports on the antitumor properties of cou-
marin, nitrocoumarin derivatives, and 6,7-OH cou-
marin derivatives in a variety of model systems.
When MTV-H-ras transgenic mice were given
200 uM coumarin in drinking water for 6 months,
tumor incidence was decreased and tumor onset was
delayed (Tseng, 1991). <Coumarin has also been
reported to inhibit the effects of 7,12-dimethyl-
benz(a)anthracene-induced neoplasia in the rat
mammary gland (Wattenberg et al., 1979).

Coumarin administered to humans at a dose of
1 g/m?® per day for 8 days significantly increased lym-
phocyte response to phytohaem-agglutinin, indicating
that coumarin can activate lymphocytes and stimulate
some immunologic functions (Berkarda et al., 1983).
Other studies on the ability of coumarin to restore
cellular immunity in patients with chronic brucellosis
have been reported by Thornes (1983). Cellular
immunity was partially restored in patients given
25 mg coumarin daily for 6 months or 100 mg daily
for 1 month as evidenced by increased numbers of
lymphocytes and activated T cells, and a restoration
of the delayed hypersensitivity reaction which is often
decreased in patients with brucellosis. Other in vitro
studies also suggest that coumarin may enhance the
lymphocytic mitogenic response (Marshall er al.,
1989b).

Liver toxicity was not reported in humans where
coumarin and related compounds were used as
experimental anticancer agents with a typical oral
dose of approximately 100 mg/day (Marshall ez al.,
1987a,b; 1989a).
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GENETIC TOXICITY

Coumarin induced gene mutations in Salmonella
typhimurium strain TA100 in the presence of S9
activation; no mutagenic activity was noted in any
other test strains, with and without S9 (Stoltz and
Scott, 1980; Norman and Wood, 1981; Haworth ez al.,
1983). No induction of sex-linked recessive lethal
mutations was observed in germ cells of male
Drosophila melanogaster treated with coumarin as
adults, by feeding or injection (Yoon et al., 1985), or
as larvae by feeding (Valencia er al., 1989). No
increase in unscheduled DNA synthesis was reported
in rat tracheal epithelium cultures treated with
1.46 mg/mL coumarin in the absence of S9 (Ide er al.,
1981).

Chromosomal effects have been reported in mamma-
lian cells following treatment with coumarin.
Cytogenetic tests with Chinese hamster ovary cells
demonstrated induction of sister chromatid exchanges
by 100 to 300 pug/mL coumarin in the absence, but
not the presence, of S9; a dose-related increase in
chromosomal aberrations was also observed in
Chinese hamster ovary cells after treatment with
coumarin, but only in the presence of S9 (Galloway
et al., 1987).

Studies of the cytogenetic effects of coumarin in
plants are difficult to interpret due to the presenta-
tion of the experimental protocols and the data.
However, there seems to be agreement that mitotic
inhibition and increases in the frequencies of acentric
fragments, anaphase bridges, and other chromosomal
abnormalities in plants were consequences of
coumarin exposures (D’Amato and D’Amato-Avanzi,
1954; Riley and Hoff, 1960; Sarma and Tripathi,
1976).

The only metabolites for which genotoxicity informa-
tion is available are 7-hydroxycoumarin and
3,4-dihydrocoumarin. 7-Hydroxycoumarin did not
induce gene mutations in Salmonella typhimurium
strains TA98, TA100, or TA1537, with and without
S9, at doses up to 2 mg/mL, but it was reported to
induce mutations in Klebsiella pneumoniae in the
absence of S9 (Voogd et al., 1980). Previously
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published genotoxicity data for 3,4-dihydrocoumarin
are limited to two Salmonella gene mutation assays,
conducted with and without S9; results from both
studies were negative for TA98, TA100, TA1535, and
TA1537 (Prival et al., 1982; Haworth et al., 1983). In
the companion NTP studies of 3,4-dihydrocoumarin,
chemical administration induced sister chromatid
exchanges, but not chromosomal aberrations in
cultured Chinese hamster ovary cells, with and
without S9. No induction of micronuclei was
observed in peripheral blood erythrocyte samples
obtained from male and female B6C3F, mice at the
end of the 13-week toxicity study (NTP, 1993).
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STUDY RATIONALE
Coumarin was nominated by the FDA and NCI for

toxicity and carcinogenicity studies because it is
widely distributed in perfumes, soaps, and other
common household products; because of continued
interest in using coumarin compounds as flavor-
enhancing agents for foods; and because complete
comparative toxicity and carcinogenicity studies in
rats and mice had not previously been performed.
The oral route of exposure was used to mimic expo-
sure in foods. Due to minimal solubility in water and
unpalatability in feed, coumarin was administered by
gavage in corn oil.
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MATERIALS AND METHODS

PPROCUREMENT AND
CHARACTERIZATION OF COUMARIN
Coumarin was obtained from Rhone Poulenc,
Incorporated (Monmouth Junction, NJ), in two lots
(7971 and 5H2003). Lot 7971 was used throughout
the 16-day and 13-week studies and lot SH2003 was
used throughout the 2-year studies. Identity, purity,
and stability analyses were performed by the analyti-
cal chemistry laboratory, Midwest Research Institute
(Kansas City, MO), and confirmed by the study
laboratory (Appendix I).

Both lots of the chemical, a white crystalline powder,
were identified as coumarin by infrared, ultraviolet/
visible, and nuclear magnetic resonance spectroscopy.
The purity of the lots was found to be greater than
97% by Karl Fischer water analysis, titration of the
free acid, lactone hydrolysis, thin-layer chromatog-
raphy, and gas chromatography. Thin-layer chro-
matography of both lots indicated only one major
spot. Gas chromatography of both lots indicated one
major peak and no impurities with total areas greater
than 0.1% relative to the major peak area. Stability
studies performed at the analytical chemistry labora-
tory indicated that coumarin was stable as a bulk
chemical for at least 2 weeks at temperatures up to
60° C. The stability of the bulk chemical was moni-
tored periodically at the study laboratory with gas
chromatography and free acid titration methods; no
change in purity was observed.

PREPARATION AND ANALYSIS

OF DOSE FORMULATIONS

The dose formulation suspensions for gavage admin-
istration were prepared by mixing coumarin and corn
oil (Table I1). Studies t0 determine stability of the
gavage preparations were conducted by the analytical
chemistry laboratory. The stability studies of the
dose formulations were performed using a gas chro-
matographic method. The findings of the studies
indicated that the dose formulations were stable for
at least 3 weeks at room temperature, when stored in
the dark, and under simulated dosing conditions

(exposed to light and air for 3 hours). No special
handling was required during dosing.

Periodic analyses of the dose formulations of cou-
marin were conducted at the study laboratory and the
analytical chemistry laboratory using ultraviolet
spectroscopy. During the 16-day studies all dose
formulations were analyzed. During the 13-week
studies, the dose formulations were analyzed every
6 weeks (Tables I2 and I3). During the 2-year
studies, the dose formulations were analyzed every 6
to 10 weeks (Table 14). In the 2-year studies, 100%
of the dose formulations were within 10% of the
target concentrations. Periodic analyses of the corn
oil vehicle by the study laboratory indicated that
peroxide levels were within the acceptable limit of
10 mEq/kg. Results of the periodic referee analyses
performed by the analytical chemistry laboratory were
in agreement with the results obtained by the study
laboratory (Table I5).

16-DAY STUDIES

Male and female F344/N rats and B6C3F, mice were
obtained from Charles River Breeding Laboratories
(Portage, Ml). At receipt the rats and mice were 35
to 42 days old. The animals were quarantined for
14 days before dosing began. During this time two
males and two females of each species were randomly
selected and evaluated for evidence of disease.

Groups of five male and five female rats received
coumarin in corn oil by gavage at doses of 0, 25, 50,
100, 200, or 400 mg/kg body weight; groups of
five male and five female mice received coumarin in
corn oil by gavage at doses of 0, 40, 75, 150, 300, or
600 mg/kg body weight. All doses were given once
daily for 5 days per week, with at least two con-
secutive dosing days at the end of the studies.
Animals were housed five per cage; water and feed
were available ad libitum. Clinical findings were
recorded twice daily. The animals were weighed at
study initiation, at day 7, and at the end of the
studies. Details of study design and animal main-
tenance are summarized in Table 2.
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At the end of the 16-day studies, blood was collected
from the orbital sinus of all animals for clinical
pathology analyses. The clinical pathology param-
eters measured are listed in Table 2. A gross
necropsy was performed on all rats and mice, and
complete histopathologic examinations were con-
ducted on all animals. The tissues routinely exam-
ined microscopically are listed in Table 2.

13-WEEK STUDIES

The 13-week studies were conducted to evaluate the
cumulative toxic effects. of repeated exposure to
coumarin and to determine the appropriate doses to
be used in the 2-year studies.

Male and female F344/N rats and B6C3F, mice were
obtained from Charles River Breeding Laboratories
(Portage, MI). Upon receipt, the rats were 29 to
36 days old and the mice were 36 to 43 days old. The
animals were quarantined for 23 (rats) or 24 (mice)
days before dosing began. At this time, five males
and five females of each species were randomly
selected and evaluated for evidence of disease. At
the end of the studies, serologic analyses were per-
formed on § rats and 10 mice of each sex using the
protocols of the NTP Sentinel Animal Program
(Appendix K).

Groups of 10 male and 10 female rats and mice
received coumarin in corn oil by gavage at doses of 0,
19, 38, 75, 150, or 300 mg/kg body weight 5 days per
week for 13 weeks. Animals were housed five per
cage; water and feed were available ad libitum.
Clinical findings were recorded twice daily. The
animals were weighed at the beginning of the studies
and weekly thereafter. Further details of study design
and animal maintenance are summarized in Table 2.

At the end of the 13-week studies, blood was col-
lected from all animals and urine was collected from
rats for clinical pathology analyses. The parameters
measured are listed in Table 2. A necropsy was
performed on all animals. The brain, heart, right
kidney, liver, lung, right testis, and thymus of rats
were weighed. The left kidney, liver, and left testis of
mice were weighed. Tissues for microscopic examina-
tion were embedded in paraffin, sectioned to a
thickness of 4 to 6 um, and stained with hematoxylin
and eosin. A complete histopathologic examination
was performed on all control animals, animals Kkilled
moribund, and all animals from the 300 mg/kg dose
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groups that lived to the end of the studies. The livers
from all dosed rats and mice were examined micro-
scopically. Table 2 lists the tissues and organs
routinely examined microscopically.

2-YEAR STUDIES

Study Design

Groups of 60 male and 60 female rats received
coumarin in corn oil by gavage at doses of 0, 25, 50,
or 100 mg/kg body weight for 103 weeks; groups of
70 male and 70 female mice received coumarin in
corn oil by gavage at doses of 0, 50, 100, or
200 mg/kg body weight for 103 weeks. Ten rats and
20 mice per dose group were designated for interim
evaluations after 15 months of chemical admin-
istration.

Stop-Exposure Evaluation

Groups of male rats receiving 100 mg/kg coumarin
for 9 or 15 months followed by a recovery period
were evaluated to assess the potential for coumarin-
induced liver lesions to progress or regress. This
stop-exposure evaluation was conducted based on
literature reports of hepatic cholangiofibrosis and
cholangiocarcinomas occurring in rats given coumarin
for 2 years (Bir and Griepentrog, 1967).

A group of 40 male rats received 100 mg/kg coumarin
in corn oil by gavage for 9 months, when 20 of the
animals were necropsied and evaluated. The remain-
der of the male rats received only the corn oil vehicle
until they died or the end of the study was reached.
Similarly, a group of 30 male rats received 100 mg/kg
coumarin 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
were necropsied at 9 months, and another 10 vehicle
control male rats were necropsied at 15 months for
comparison with those receiving coumarin and killed
at these time points. The incidences of lesions in
male rats receiving coumarin and evaluated at 9 or
15 months were compared with those in male rats
receiving coumarin 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) for use in the 2-year studies. Rats
were quarantined for 15 (males) or 16 (females) days,
and mice were quarantined for 16 (males) or
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17 (females) days before the beginning of the studies.
Five rats and five mice of each sex were randomly
selected and evaluated for evidence of disease.
Serology samples were collected for viral screening.
Rats and mice in the 2-year studies were 44 (males)
and 45 (females) days old at the beginning of the
studies. The health of the animals was monitored
during the studies according to 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 observed twice daily. Clinical
findings were recorded weekly for the first 13 weeks,
and monthly thereafter. Animals were weighed at the
beginning of the studies, weekly for the initial
13 weeks, and monthly thereafter. Blood was col-
lected by cardiac puncture from all animals at the 9-
and 15-month interim evaluations to determine
hematology and clinical chemistry parameters. The
clinical pathology parameters measured are listed in
Table 2. The brain, left kidney, right kidney, and
liver were weighed at the 9- and 15-month interim
evaluations.

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, pro-
cessed and trimmed, embedded in paraffin, sectioned,
and stained with hematoxylin and eosin for micro-
scopic examination. Histopathologic examinations
were performed on all tissues with gross lesions.
Tissues examined are listed in Table 2.

Microscopic evaluations were compieted 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 Archives
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
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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 kidney in rats, the clitoral
gland and thyroid gland in female rats, and the liver
and lung in mice for accuracy and consistency of
lesion diagnosis.

The quality assessment report and slides were sub-
mitted to the NTP Pathology Working Group (PWG)
chair, who reviewed the kidney in rats and mice,
clitoral gland and nose in rats, forestomach, lung,
lymph node, salivary gland, skeletal muscle, skin, and
uterus in mice, and any tissues for which there was a
disagreement in diagnosis between the laboratory and
quality assessment pathologists.  Representative
histopathology slides containing examples of disagree-
ments in diagnosis between the laboratory and quality
assessment pathologists, or lesions of general interest
were presented by the chair to the PWG for review.
The PWG consisted of the quality assessment pathol-
ogist and other pathologists experienced 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 labora-
tory pathologist, the diagnosis was changed. Thus,
the final diagnoses represent a consensus of contrac-
tor 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 pathology data,
the diagnosed lesions for each tissue type were
evaluated separately or combined according to the
guidelines of McConnell ef 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 or were
found to be missing; 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.
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Calculation of Incidence

The incidences of neoplasms or nonneoplastic lesions
as presented in Tables Al, AS, B1, BS, C1, C5, D1,
D5, 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 significance,
the incidences of most neoplasms (Tables A3, B3, C3,
D3, and E3) and all nonneoplastic lesion$ 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
and control groups were compared on the basis of
the likelihood score test for the regression coefficient
of dose. This method of adjusting for intercurrent
mortality is the prevalence analysis of Dinse and
Lagakos (1983), further described and illustrated by
Dinse and Haseman (1986). When neoplasms are
incidental, this comparison of the time-specific
neoplasm prevalences also provides a comparison of
the time-specific neoplasm incidences (McKnight and
Crowley, 1984).

In addition to logistic regression, other methods of
statistical analysis were used, and the results of these
tests are summarized in the appendixes. These
include the life table test (Cox, 1972; Tarone, 1975),
appropriate for rapidly lethal neoplasms, and the
Fisher exact test and the Cochran-Armitage trend test
(Armitage, 1971; Gart et al., 1979), procedures based
on the overall proportion of neoplasm-bearing animals.
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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 method 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 neoplasm incidence. Consequently,
neoplasm incidences from the NTP historical control
database (Haseman et al., 1984, 1985) are included in
the NTP reports for neoplasms appearing to show
compound-related effects.

Analysis of Continuous Variables

Two approaches were employed to assess the signif-
icance 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 typically have
skewed distributions, were analyzed using the non-
parametric multiple comparison methods of Dunn
(1964) and Shirley (1977). 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).
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Quality Assurance Methods

The 13-week and 2-year studies were conducted 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. Separate audits cover-
ing 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 that all discrepancies had
been resolved or were otherwise addressed during the
preparation of this Technical Report.

GENETIC TOXICOLOGY

The genetic toxicity of coumarin was assessed by
testing the ability of the chemical to induce muta-
tions in various strains of Salmonella typhimurium
and Drosophila melanogaster, chromosome damage in
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 coumarin are part of a
larger effort by the NTP to develop a database that
would permit the evaluation of carcinogenicity in
experimental animals from the structure of the
chemical and its responses in short-term in vitro and
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in vivo genetic toxicity tests. These genetic toxicity
tests were originally developed to study mechanisms
of chemical-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 virro genetic toxicity
tests do not correlate well with rodent carcinogenicity
(Tennant er 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.




26

TABLE 2
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Experimental Design and Materials and Methods in the Gavage Studies of Coumarin

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.,
Portage, MI

Time Held Before Studies
14 days

International Research and
Development Corporation,
Mattawan, MI

Rats: F344/N
Mice: B6C3F;

Charles River Breeding
Laboratories, Inc.,
Portage, MI

Rats: 23 days
Mice: 24 days

Average Age When Studies Began

49-56 days

Date of First Dose
5 January 1981

Duration of Dosing
16 days

Date of Last Dose
21 January 1981

Rats: 52-59 days
Mice: 60-67 days

Rats: 9 April 1981
Mice: 10 April 1981

91 days

Rats: 9 July 1981
Mice: 10 July 1981

American Biogenics
Corporation, Woburn, MA

Male Rats: F344/N

Frederick Cancer Research
Center,
Frederick, MD

15 days

44 days

6 September 1984

9-Month stop-exposure
group: 39-40 weeks
15-Month stop-exposure
group: 65 weeks

27 August 1986

American Biogenics
Corporation, Woburn, MA

Rats: F344/N
Mice: B6C3F,

Frederick Cancer Research
Center,
Frederick, MD

Rats: 15 days (males) and
16 days (females)
Mice: 16 days (males) and
17 days (females)

44 days (males) and 45 days
(females)

Rats:

6 September 1984 (males)
7 September 1984 (females)
Mice:

8 November 1984 (males)

9 November 1984 (females)

103 weeks

Rats:

27 August 1986 (males)
28 August 1986 (females)
Mice:

29 October 1986 (males)
30 October 1986 (females)
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Experimental Design and Materials and Methods in the Gavage Studies of Coumarin (continued)

16-Day Studies

13-Week Studies

Stop-Exposure
Evaluation

2-Year Studies

Necropsy Dates
21 January 1981

Average Age at Necropsy
65-72 days

Size of Study Groups
S males and 5 females

Methed of Distribution
Animals assigned by random
numbers; average cage
weights were approximately
equal.

Animals per Cage
5

Rats: 9 July 1981
Mice: 10 July 1981

Rats: 143-150 days
Mice: 151-158 days

10 males and 10 females

Same as 16-day studies

Methed of Animal Identification

Rats: Metal tag
Mice: Toe clip

Diet

NIH-07 open formula mash
diet (Zeigler Brothers, Inc.,
Gardners, PA); available
ad libitum

Rats: Metal tag
Mice: Toe clip

Same as 16-day studies

9-Month interim:
6-7 June 1985
15-Month interim:
2-5 December 1985
Terminal:

4-5 September 1986

9-Month interim:
46 weeks
15-Month interim:
71-72 weeks

9-Month stop-exposure:

20 dosed and 20 control
rats evaluated at 9 months;
20 dosed rats evaluated
after recovery period.
15-Month stop-exposure:

10 dosed and 10 control
rats evaluated at 15 months;
20 dosed rats evaluated
after recovery period.

Same as 16-day studies

Toe clip

NIH-07 pelleted diet
(Zeigler Brothers, Inc.,
Gardners, PA); available
ad libitum

Rats:

15-Month interim —

2-6 December 1985
Terminal —

4-10 September 1986
Mice:

15-Month interim —

5-7 and 10-11 February
1986

Terminal -~

6-7 and 10-12 November
1986

15-Month interim:
71-72 weeks

2-year study
110-111 weeks

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

Same as 16-day studies

Rats: §
Mice: 1

Toe clip

Same as stop-exposure
evaluation
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TABLE 2
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Experimental Design and Materials and Methods in the Gavage Studies of Coumarin (continued)

16-Day Studies

13-Week Studies

Stop-Exposure

Evaluation

2.Year Studies

Maximum Storage Time for Feed

120 days from the date of
milling

Water
Automatic watering system,
available ad libitum

Cages
Clear polycarbonate,
changed twice weekly

Bedding

BetaChips®, hardwood
laboratory bedding
(Northeastern Products
Corp., Warrensburg, NY),
changed twice weekly

Cage Filters
Nonwoven polyester,
changed every other week

Racks
Stainless steel, changed
every other week

Animal Room Environment

Temperature: 22° C
Relative humidity: 36%
Fluorescent light:

12 hours/day

Room air: not available

Doses

Rats: 0, 25, 50, 100, 200, or
400 mg/kg coumarin in corn
oil by gavage; once daily,

5 days per week

Mice: 0, 40, 75, 150, 300, or
600 mg/kg coumarin in corn
oil by gavage; once daily,

5 days per week

Same as 16-day studies

Same as 16-day studies

. Same as 16-day studies

Same as 16-day studies

Nonwoven polyester,
changed once weekly

Stainless steel, changed once
weekly

Temperature:

Rats —24° C

Mice -23° C
Relative humidity:

Rats - 47.1%

Mice — 50.8%
Fluorescent light:

12 hours/day

Room air: not available

Rats: 0, 19, 38, 75, 150, or
300 mg/kg coumarin in corn
oil by gavage; once daily,

5 days per week

Mice: 0, 19, 38, 75, 150, or
300 mg/kg coumarin in corn
oil by gavage; once daily,

5 days per week

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

Nonwoven polyester (Snow
Filtration Co., Cincinnati,
OH), changed once every
2 weeks

Stainless steel (Lab
Products, Inc., Maywood,
NJ), changed once every
2 weeks

Temperature:
27rCx1C
Relative humidity:
55.7% =+ 8.6%
Fluorescent light:

12 hours/day

Room air: not available

0 or 100 mg/kg coumarin in
corn oil by gavage; once
daily, 5 days per week for 9
or 15 months; followed by
administration of only corn
oil by gavage until the end
of the 2-year study

Same as 16-day studies

Same as stop-exposure
evaluation

Same as stop-exposure
evaluation

Same as stop-exposure
evaluation

Same as stop-exposure
evaluation

Same as stop-exposure
evaluation

Temperature:

Rats -227°C = 1.2°C
Mice - 21.9°C £ 0.8° C
Relative humidity:

Rats — 55.7% =+ 8.6%
Mice - 56.7% = 7.4%
Fluorescent light:

12 hours/day

Room air: not available

Rats: 0, 25, 50 or 100 mg/kg
coumarin in corn oil by
gavage; once daily, 5 days
per week

Mice: 0, 50, 100, or
200 mg/kg coumarin in corn
oil by gavage; once daily,

5 days per week
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Experimental Design and Materials and Methods in the Gavage Studies of Coumarin (continued)

16-Day Studies

13-Week Studies

Stop-Exposure

Evaluation

2-Year Studies

Type and Frequency of Observation

Animals observed for
mortality twice daily; animals
weighed initially, weekly, and
at the end of the studies;
clinical observations
recorded daily

Methed of Sacrifice
Carbon dioxide asphyxiation

Necropsy
Necropsy performed on all
animals.

Clinical Pathology
Blood samples were
collected from the orbital
sinus of all animals.
Hematology: platelets,
capillary clotting time,
fibrinogen (rats),
prothrombin time (rats),
activated partial
thromboplastin time (rats)

Animals observed for
mortality twice daily; animals
weighed initially, weekly, and
at the end of the studies;
clinical observations
recorded daily and once
weekly at the following
intervals: pre-dosing,

30-60 minutes post-dosing,
and 2 hours post-dosing

Same as 16-day studies

Necropsy performed on all
animals. Organs weighed
included:

Rats - brain, heart, right
kidney, liver, lung, right
testis, and thymus

Mice - left kidney, liver, and
left testis

Blood from the orbital sinus
was collected from all
animals surviving to the end
of the studies. Urine samples
were collected from rats
only.

Hematology: hematocrit,
hemoglobin, erythrocytes,
leukocyte count and
differential, platelets, mean
cell volume, mean cell
hemoglobin, mean cell
hemoglobin concentration,
prothrombin time, and
clotting time (mice)
(continued)

Animals observed for
mortality twice daily; animal
weights and clinical findings
recorded weekly through
week 13, monthly thereafter,
and at interim evaluations or
at the end of the studies.

9- and 15-month interims:
Anesthetized with
methoxyflurane followed by
exsanguination

Terminal: Carbon dioxide
asphyxiation

Necropsy performed on all
animals. Organ weights
recorded for brain, left
kidney, right kidney, and
liver.

Blood samples were
obtained by cardiac puncture
from all animals at the
interim evaluations.
Heamatology: hematocrit,
hemoglobin, erythrocytes,
mean cell volume, mean cell
hemoglobin, mean cell
hemoglobin concentration,
platelets, reticulocytes,
leukocyte count and
differential, nucleated
erythrocytes, activated
partial thromboplastin time,
and thromboplastin time
(continued)

Same as stop-exposure
evaluation

Same as stop-exposure
evaluation

Necropsy performed on all
animals. Organ weights
recorded for brain, left
kidney, right kidney, and
liver.

Blood samples were
obtained by cardiac puncture
from all animals at the
interim evaluations.
Hemnatology: hematocrit,
hemoglobin, erythrocytes,
mean cell volume, mean cell
hemoglobin, mean cell
hemoglobin concentration,
platelets, reticulocytes,
leukocytes count and
differential, nucleated
erythrocytes, activated
partial thromboplastin time
(rats), and thromboplastin
time (rats) (continued)
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Experimental Design and Materials and Methods in the Gavage Studies of Coumarin (continued)

16-Day Studies

13-Week Studies

Stop-Exposure

Evaluation

2-Year Studies

Clinical Pathology (continued)

Histopathology
None

Clinical chemistry (rats only):
sodium, potassium, chloride,
calcium, alanine
aminotransferase, aspartate
aminotransferase, ornithine
carbamoyltransferase, lactate
dehydrogenase, sorbitol
dehydrogenase, blood urea
nitrogen, creatinine, total
protein, albumin, A/G ratio,
bilirubin, cholinesterase, and
phosphorus

Urinalysis (rats only):

specific gravity

Complete histopathology was
performed on all controls,
all animals killed moribund,
and all high-dose animals
surviving to the end of the
studies. In addition to gross
lesions and tissue masses,
the tissues examined
included: adrenal gland,
brain, clitoral gland (rats),
epididymis, esophagus,
gallbladder (mice), heart,
kidney, large intestine
(cecum, colon, rectum),
liver, lung, mammary gland,
mandibular lymph node,
mesenteric lymph node,
muscle, nose, ovary,
pancreas, parathyroid gland,
pituitary gland, preputial
gland (rats), prostate gland,
salivary gland, small intestine
(duodenum, ileum, jejunum),
spleen, sternum (including
marrow), stomach (mice),
testis, thymus, thyroid gland,
trachea, urinary bladder, and
uterus.

In addition, the liver was
examined in all dosed

groups.

Clinical chemistry: calcium,
alkaline phosphatase, alanine
aminotransferase, sorbitol
dehydrogenase, and
gamma-glutamyltransferase

Complete histopathology was
performed on all animals.

In addition to gross lesions
and tissue masses, the tissues
examined included: adrenal
gland, bone (including
marrow), brain, epididymis,
esophagus, heart, kidney,
large intestine (cecum,
colon, rectum), liver, lung,
lymph node (mandibular and
mesenteric), mammary
gland, nose, pancreas,
parathyroid gland, pituitary
gland, preputial gland,
prostate gland, salivary
gland, seminal vesicle, skin,
small intestine (duodenum,
ileum, jejunum), spleen,
stomach (forestomach and
glandular), testis, thymus,
thyroid gland, trachea, and
urinary bladder.

Clinical chemistry: calcium
(rats), alkaline phosphatase,
alanine aminotransferase,
sorbitol dehydrogenase, and
gamma-glutamyltransferase

Complete histopathology was
performed on all animals.

In addition, to gross lesions
and tissue masses, the tissues
examined included: adrenal
gland, bone (including
marrow), brain, clitoral
gland (rats), epididymis,
esophagus, gallbladder
(mice), heart, kidney, large
intestine (cecum, colon,
rectum), liver, lung, lymph
node (mandibular and
mesenteric), mammary
gland, nose, ovary, pancreas,
parathyroid gland, pituitary
gland, preputial gland (rats),
prostate gland, salivary
gland, seminal vesicle, skin,
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 female rats and four male rats that received
400 mg/kg died within the first 3 days of the study
(Table 3). One male receiving 50 mg/kg also died on
day 3, but the death was caused by gavage error
rather than chemical toxicity. There were no clinical
signs relating to specific organ toxicity, although one
or more male or female rats in the 4060 mg/kg group
exhibited excessive lacrimation, decreased activity,
prostration, ataxia, or bradypnea in the first several
days prior to death. The final mean body weights

TABLE 3

and mean body weight gains of rats that received
200 mg/kg or less were similar to those of the
controls. There was no evidence of impaired blood
coagulation from measurements of capillary clotting
time, prothrombin and activated partial
thromboplastin time, and blood fibrinogen at the end
of the study (Table H1). Histopathology was not
performed in the 16-day study. Because of the
chemical-related deaths in rats receiving 460 mg/kg in
the 16-day study, 300 mg/kg was selected as the high
dose for the 13-week study.

Survival and Mean Body Weights of Rats in the 16-Day Gavage Study of Coumarin

Mean Body Weight” (g)

Final Weight

Dose Survival? Initial Final Change Relative to Controls
(mg/kg) (%)
Male
0 S/5 134 £ 5 183+ 6 49 + 3
25 5/5 137 £ 7 192 + 7 53 105
50 4/5° 139 £ 10 191 £ 9 51+4 104
100 5/5 137 £ 6 191 £ 7 54 £ 2 104
200 5/5 135+ 5 181 + 5 47 2 99
400 1/54 136 5 159 24 87
Female
0 5/5 109 £ 3 136 + 4 27 £ 2
25 5/5 110 + 4 140 = 5 30 £2 103
50 55 112+ 3 141 + 4 29x1 104
100 5/5 109 £ 3 138+ 3 291 102
200 5/5 111 =3 136 £+ 3 25 £ 2 100
400 0/5¢ 110 £ 2 - - -

]

Number of animals surviving/number initially in group

Weights and weight changes are given as mean + standard error. Subsequent calculations are based on animals surviving to the

end of the studies. No data were collected for groups with 160% mortality. Differences from the control group are not significant

by Williams’ or Dunnett’s tests.
Day of death: 3

4 Day of death: 2, 2, 2, 3

€ Day of death: 2, 2, 3, 3,3

O
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13-WEEK STUDY

Three females and one male receiving 300 mg/kg died
during the first week of the study, and two additional
males in the 300 mg/kg group died during weeks 8
and 9 (Table 4). There were no other chemical-
related deaths. There were no clinical signs related
to specific organ toxicity.

Swelling in the ventral neck region, presumably due
to edema and inflammation of the subcutaneous
tissue, salivary glands and/or lymph nodes, was
observed in one or more rats in each of the dosed
and control groups, except for the 19 and 150 mg/kg
groups of females. These observations were made
during weeks 7 and 8 of the study and were likely due
to infection with sialodacryoadenitis virus, although
serology analyses were not performed. Diffuse
inflammation of the salivary gland, consistent with
sialodacryoadenitis virus infection, was observed
microscopically in two 300 mg/kg male rats that died
in weeks 8 and 9. In the weeks that followed, some

TABLE 4
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rats also exhibited excessive lacrimation and porphy-
rin-stained crusts around the eyes and mouth. These
observations were also likely related to viral infection.

The final mean body weights and body weight gains
of male rats that received 150 or 300 mg/kg were
significantly lower than those of controls (Table 4).
In contrast, mean body weight gains of females
receiving coumarin, except for the 300 mg/kg group,
were higher than those of the controls. While the
-increased body weights are likely related to increased
feed consumption, the cause is not readily apparent.

Male and female rats receiving coumarin exhibited
dose-related decreases in mean erythrocyte volume
and mean erythrocyte hemoglobin, and dose-related
increases in erythrocyte counts (Table H2). The
differences in these parameters between the dosed
groups and controls were significant primarily in rats
that received 75 mg/kg or more, although some were
significant at lower doses. Although these changes

Survival and Mean Body Weights of Rats in the 13-Week Gavage Study of Coumarin

Mean Body Wek_g_htb (4]

Final Weight

Dose Survival® Initial Final Change Relative to Controls
(mg/kg) (%)
Male
0 10/10 179 + 6 3359 156 = 7
19 10/10 178 + 4 3215 143 + 4 96
38 10/10 176 = 4 336 + 7 161 =+ 5 100
75 10/10 177 £ 5 322+ 6 145+ 5 96
150 10/10 181 = 6 310 £ 5** 129 + 3** 92
300 710°¢ 181 =5 278 + 6** 101 + 5** 83
Female
0 10/10 132+ 3 191 £ 2 59+3
19 10/10 132+ 3 204 + 3¢ T2 + 2%+ 107
38 10/10 128 + 4 202 £3 74 £ 3** 106
75 10/10 1323 200 £3 68 +1 105
150 10110 133+ 3 205 + 2* 72 £ 2** 107
300 7104 130 £ 3 190 + 7 625 100

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

** P<0.01

: Number of animals surviving/number initially in group
end of the studies.
Week of death: 1, 8, 9
4 Week of death: 1,1, 1

O

Weights and weight changes are given as mean * standard error. Subsequent calculations are based on animals surviving to the
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are statistically significant and chemical related, the
actual differences are slight and are not clinically -

important. The hematocrit and hemoglobin concen-

tration of dosed.groups were similar to those of

controls, and there was no chemical-related effect on
activated partial thromboplastin time.

The serum levels of total bilirubin and several cyto-
plasmic enzymes including alanine aminotransferase,
aspartate aminotransferase, ornithine carbamoyl-

transferase, and sorbitol dehydrogenase were marked-’
ly higher in many male and female rats receiving
300 mg/kg than in controls (Table H2). The values '
of some of these enzymes were also higher in rats,. -
These -

particularly males, receiving 150 mg/kg. _
changes are consistent with the liver toxicity observed
histologically. : -

TABLE 5
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At necropsy the absolute and relative liver weights of

male and female rats receiving 150 or 300 mg/kg

coumarin were significantly. greater than those of the
controls (Table G1). The increased relative weights
of testis (males), lungs, kidney, heart, and brain of
male and female rats were the result of lower body
weights rather than organ toxicity. The absolute and

~ relative thymus weights of 300 mg/kg male and

female rats were significantly lower than those of
controls, presumably as a result of debilitation and
stress associated with liver toxicity.

‘Consistent with the elevations in serum enzymes and

increases in liver weights, the principal morphologic
lesion associated with the administration of coumarin
occurred in the liver of male and female rats receiv-

_ing 150 or 300 mg/kg (Table 5). The toxic lesion,

Incidences of Selected Nonneoplastic Lesions in Rats in the 13-Week Gavage Study of Coumarim

Vehicle
Deose Control 19 mg/lg 38 mg/kg 75 mg/kg 150 mg/kg 300 mg/kg
Male
Liver® 10 10 10 10 10 10
Centrilobular Hepatitis® 0 0 0 1 74%(1.6)° 10°°(2.7)
Kidney 10 10 10 10 10 10
Nephropathy 0 0 0 0 8°° (1.0) 6°°(1.0)
Necrosis 0 0 0 0 0 3(23)
Female
Liver A 10 10 10 10 10 10
Centrilobular Hepatitis 0 0 0 0 5%(1.4) 10°°(2.8)
Kidney 10 4 - - - 10
Nephropathy 1 5 (1.09)
Necrosis 0 5° (1.1)

® Significantly different (P<0.05) from the control group by the Fisher exact test

2¢ P=0.01
2 Number of animals with organ examined microscopically.

b Number of animals with lesion.
c

(-9

Kidney not examined microscopically at these dose levels.

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




recorded as centrilobular hepatitis, consisted of a
spectrum of changes including centrilobular hepato-
cyte degeneration and necrosis, chronic active inflam-
mation, and bile duct hyperplasia. The lesions varied
in severity from animal to animal as well as from
lobule to lobule within the liver of any particular
animal. In general, however, the lesions varied from
minimal to mild in rats receiving 150 mg/kg and mlld
to marked in rats receiving 300 mg/kg.

Degeneration of hepatocytes was the most frequent
change and varied from minimal cell injury to overt
necrosis.  Hepatocyte degeneration consisted of
swollen cells with granular or vacuolated cytoplasm
(Plate 1).  Ultrastructural examination of these

hepatocytes revealed accumulations of small- to

moderate-sized lipid droplets within the cytoplasm.

Hepatocellular necrosis varied in severity from’

necrosis of a few widely scattered individual cells to
confluent necrosis of centrilobular hepatocytes
(Plate 2). The necrosis was characterized by nuclear
pyknosis or karyorrhexis, or complete loss of nuclear
and cytoplasmic detail. Chronic active inflammation
was associated with hepatocellular degeneration and
necrosis and consisted of accumulations of neutro-
phils, monocytes, and macrophages in sinusoids and

Coumarin, NTP TR 422

portal triads. The bile duct hyperplasia was char-
acterized by increased numbers of small ductules with
prominent epithelium, and occurred in rats with the
more severe hepatocellular changes (Plate 3).

Although not reported by the laboratory pathologist,
a blind reevaluation of the kidneys revealed minimal
nephropathy with tubular casts in many of the
high-dose males and females and minimal to marked
focal necrosis of proximal convoluted tubule epi-
thelium in others (Table 5). Kidneys from control
rats were generally normal. The nephropathy con-
sisted of one or several scattered proximal convoluted
tubules with thickened basement membranes and
basophilic epithelial cells. In rats that died during
the study, the necrosis was characterized by increased
cytoplasmic eosinophilia and nuclear pyknosis or
karyorrhexis. The lesions in rats that survived
generally consisted of atrophic tubules with scattered
necrotic cells and regenerating epithelium.

Dose Selection Rationale: Based on the mortality
observed in rats receiving 300 mg/kg and the hepatic
toxicity observed in rats receiving 150 mg/kg or more
in the 13-week study, the doses selected for the 2-year
study in rats were 25, 50, and 100 mg/kg.
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2-YEAR STUDY

Survival

Estimates of survival probabilities for male and
female rats are shown in Table 6 and in the Kaplan-
Meier curves in Figure 2. Survival of male dosed
groups was significantly lower than that of controls,
primarily as a result of chemical-related increased
severity of renal disease in dosed animals. None of
the 100 mg/kg males and only two of the 50 mg/kg
males survived until the end of the study. Survival of
dosed female rats was similar to that of the controls.

TABLE 6
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Body Weights and Clinical Findings

The mean body weights of male rats receiving 50 or
100 mg/kg were lower than those of the controls
throughout the study (Figure 3 and Table 7). The
decrement in the body weight of 100 mg/kg males
ranged from 9% at week 2 to 22% at week 89, while
that of 50 mg/kg males ranged from 5% at week 2 to
20% at the end of the study. The mean body weights
of 100 mg/kg female rats were consistently lower
than, but within 10% of, those of controls throughout
the study (Figure 3 and Table 8).

Survival of Rats in the 2-Year Gavage Study of Coumarin

Vehicle Control

25 mg/kg 50 mg/kg 160 mg/kg

Male

Animals initially in study 60
15-Month interim evaluation® 10
Natural deaths 6
Moribund kills 14
Accidental deaths? 2
Animals surviving to study termination 28

Percent probability of survival at end of studyb 59

Mean survival (days)® 619
Survival analysisd P<0.001
Female

Animals initially in study 60
15-Month interim evaluation® 10
Natural deaths 5
Moribund kills 14
Accidental deaths? 2
Animals surviving to study termination 29
Percent probability of survival at end of study 61
Mean survival (days) 630
Survival analysis P=0.616

g
g
g

10 9 10

7 13 17

31 34 31

3 2 2

9 2 0

19 4 0

592 553 530
P<0.001 P<0.001 P<0.001

60 60 60

10 10 10

4 2 6

7 7 : 14

1 5 0

38 36° 30

78 80 60

646 614 645
P=0.133N P=0.070N P=0.990

Censored from survival analyses
Kaplan-Meier determinations

a6 o e

Mean of all deaths (uncensored, censored, 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

Includes one animal that died during the last week of the study.

(Cox, 1972) with the controls are in the dosed columns. A lower mortality in a dose group is indicated by N.
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FIGURE 2
Kaplan-Meier Survival Curves for Male and Female Rats Administered Coumarin

‘by Gavage for 2 Years
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TABLE 7
Mean Body Weights and Survival of Male Rats in the 2-Year Gavage Study of Coumarin

Weeks Vehicle Control 25 mg/kg . 50 mg/kg 100 mg/kg
on Av. Wt, No. of CAv. WL. Wt (% of No.of Av. Wt WL (% of No.of Av. Wt. Wt (% of No. of
Study ® Survivors - (@) controls) Survivors © (g) controls) Survivors ® controls) Survivors
1 145 . 60 146 101 60 143 99 60 144 100 60
2 216 59 215 100 - 60 206 95 60 196 91 60
3 247 59 247 100 60 237 96 60 225 91 59
4 269 .59 267 99 . 60 - 258 9% 60 243 91 59
5 286 59 © 285 100 60 273 95 60 254 89 59
6 304 59 303 100 . 60 - 289 95 ‘60 270 89 59
7 315 - 59 312 99 - 60 33 9 60 284 90 59
8 324 ‘59 - 321 9 60 316 98 60 290 89 59
9 338 59 334 99 60 326 97 ' 60 301 89 59
10 349 59 344 9 60 335 96 59 311 89 59
11 355 59 350 99 60 342 96 59 318 - 90 59
12 368 59 363 99 60 351 95 59 327 89 59
13 372 59 367 99 59 353 95 59 326 88 59
18 394 59 395 100 59 - 373 95 59 349 89 59
21 409 59 409 100 59 392 96 59 364 89 59
25 426 59 419 98 59 401 94 59 375 88 59
29 441 59 435 99 59 415 94 59 379 86 59
33 462 59 458 99 59 426 92 59 391 85 59
37 469 59 469 100 59 442 94 59 410 87 59
41 481 59 480 100 59 - 450 93 59 412 86 59
45 486 .59 482 99 59 455 94 59 418 86 58
49 498 58 495 9 59 468 94 59 430 86 58
53 502 58 505 101 57 471 94 59 429 85 58
57 514 57 510 99 56 475 93 59 436 85 57
61 523 55 521 100 56 485 93 58 443 85 55
65 521 46 525 101 48 488 94 48 441 85 47
70? 526 44 526 100 45 491 93 46 441 84 43
73 527 44 525 100 43 486 92 - 42 430 82 37
77 522 43 518 9 42 473 91 36 435 83 29
81 521 43 505 97 42 464 89 ‘30 422 81 22
85 510 40 491 96 . 38 428 "84 24 411 81 17-
89 502 - 35 469 93 32 414 82 14 389 78 10
93 500 35 452 91 25 410 82 - 17
97 483 33 433 9 - 14
101 475 30 428 90 10
103 471 29 401 85 9 378 80 2
Mean for weeks .
113 299 296 99 287 - 96 268 90
14-52 452 449 99 425 94 392 87
53-103 507 486 96 455 9 428 84

2 Interim evaluation occurred during week 65.
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TABLE 8
Mean Body Weights and Survival of Female Rats in the 2-Year Gavage Study of Coumarin
Weeks Vehicle Control 25 mp/kg 50 160 mgkeg
on Av. Wt. No. of Av. Wt. Wt (% of No. of Av. Wt. WL (% of No. of Av. Wi. Wt (% of No. of
Study ® Survivors ® controls) Survivors ® controls) Survivors ® conirols) Survivors
1 112 60 112 100 60 112 1060 60 109 97 60
2 150 60 149 99 60 149 100 59 142 95 60
3 163 60 161 99 60 . 164 100 59 154 95 60
4 171 60 172 101 60 174 102 58 164 96 60
5 180 60 180 160 60 - 183 102 57 173 96 60
6 187 60 186 100 60 . 189 101 57 182 97 60
7 188 60 191 101 . 60 193 103 57 185 99 60
8 194 60 195 101 60 196 101 57 188 97 60
9 195 60 199 102 - 60 199 102 57 193 99 60
10 202 60 204 101 60 204 101 56 197 98 60
11 203 60 206 102 60 207 102 56 199 98 60
12 208 60 210 101 60 211 102 56 204 98 60
13 211 60 212 101 60 213 101 56 - 203 96 60
18 215 59 218 101 60 222 103 56 212 98 60
21 220 59 224 102 60 226 103 56 218 99 60
25 227 59 232 102 60 230 102 56 220 97 60
29 234 58 241 103 60 240 102 55 225 96 60
33 241 58 249 103 60 249 104 55 234 97 60
37 249 58 255 103 592 255 102 55 237 95 60
41 255 58 262 103 59 261 103 55 245 96 60
45 264 58 271 103 59 270 102 55 249 95 60
49 268 58 279 104 57 275 103 55 252 94 60
53 277 57 285 103 57 282 102 55 255 92 60
57 288 57 295 103 57 294 102 55 266 92 59
61 294 57 307 105 57 305 104 55 277 94 59
65 300 51 312 104 53 311 104 51 281 94 56
700 308 46 321 104 46 320 104 45 289 94 48
73 316 45 330 104 - 46 332 105 45 300 95 47
77 319 45 334 105 45 333 105 45 303 95 47
81 322 44 338 105 - 44 339 106 43 308 96 45
85 324 43 341 105 44 343 106 43 310 96 44
89 326 41 348 107 44 348 107 41 311 95 43
93 333 39 349 105 44 351 106 39 310 93 40
97 336 36 353 105 40 348 103 39 310 92 34
101 336 33 354 105 39 354 105 37 314 93 30
103 339 29 352 104 38 350 103 36 312 92 30
Mean for weeks
1-13 182 183 101 184 101 176 97
14-52 241 248 103 248 103 232 96
53-103 316 330 104 329 104 296 94

2 The number of animals weighed for this week is fewer than the number of animals surviving.
Interim evaluation occurred during week 65.




There weré no clinical signs of toxicity in rats, other
than nonspecific signs relating to debilitation as a
result of renal or other spontaneous disease. Male
rats receiving coumarin were noted to resist the
gavage procedure.

Hematology and Clinical Chemistry

The results of hematology and clinical chemistry
evaluations at 15 months are shown in Table HS.
The values of several hematologic parameters for
50 and 100 mg/kg groups of male and female rats
were significantly lower than those of controls. While
mean erythrocyte volume and mean erythrocyte
hemoglobin were significantly lower in the 50 and
100 mg/kg groups than in the controls, significantly
lower values for hematocrit and hemoglobin were
observed only in the 100 mg/kg groups. Although the
differences between the dosed and control groups
were slight and not clinically important, they are
characteristic of a microcytic normochromic anemia.
In 50 and 100 mg/kg males, activated partial throm-
boplastin times were significantly lower and platelet
counts were significantly higher than controls,
suggesting that the microcytic normochromic anemia
was due to chronic blood loss from impaired blood
coagulation.

Activities of alanine aminotransferase, sorbitol
dehydrogenase, or y-glutamyltransferase in 50 and
100 mg/kg males and 100 mg/kg females were signifi-
cantly higher than those of controls (Table HS).
Activities of these cytoplasmic enzymes are character-
istically elevated due to hepatocellular degeneration
and necrosis, consistent with the liver toxicity
observed histologically.

Pathology and Statistical Analyses of Results
This section describes the statistically significant or
biologically noteworthy changes in the incidences of
neoplasms or nonneoplastic lesions of the liver,
kidney, parathyroid gland, pharynx, forestomach,
thyroid gland, nose, testis, and pituitary gland.
Summaries of the incidences of nonneoplastic lesions
and neoplasms, the individual animal tumor
diagnoses, the statistical analyses of primary neo-
plasms that occurred with an incidence of at least 5%
in at least one group, and historical control inci-
dences for the biologically significant neoplasms
mentioned in this section are presented in
Appendix A for male rats and Appendix B for female
rats.
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. Liver: The absolute and relative liver weights of male

and female rats that received 100 mg/kg were signif- -
icantly greater than those of controls at the 15-month

interim evaluation (Table G4). Consistent with the .
increase in organ weight, a spectrum of degenerative

lesions occurred with a dose-related increase in

incidence and/or average severity in male and female

rats receiving coumarin by gavage (Table 9). Despite

the wide variability in extent and severity of the liver

lesions among individual animals, the lesions were

generally more frequent and more severe in males.

Hepatocellular degeneration was usually minimal to
mild in severity and occurred in randomly distributed
lobules within an affected lobe. The affected hepato-
cytes were usually located in the centrilobular region
(zone 3 of the liver acinus) and were characterized by
the presence of multiple small, clear, intracytoplasmic
vacuoles which gave the cytoplasm a granular appear-
ance, or fewer larger vacuoles typical of lipid accumu-
lation (Plates 5 and 6). The latter was recorded as
fatty change at the 15-month interim evaluation.
Hepatocellular degeneration was often accompanied
by minimal to mild necrosis of individual cells or
small clusters of cells, usually in the centrilobular or
midzonal area of the hepatic lobule. Moderate to
marked necrosis, which occurred in only a few rats,
was zonal (generally centrilobular) to massive with
the latter showing only a few viable hepatocytes near

‘the portal area and blood filling the necrotic lobules

(Plate 4). In many rats with mild to marked centri-
lobular necrosis, the hepatocytes in the peripheral
regions of the liver lobules were enlarged and
exhibited increased cytoplasmic basophilia. These
peripherolobular  hepatocytes also had enlarged,
vesicular nuclei and cells in mitosis were more
frequent than normally seen. This change was
diagnosed as cytologic alteration. Liver fibrosis was
characterized by bands of connective tissue running
between lobules and connecting central areas to each
other and to portal areas (Plates 7 and 8). This
lesion was considered a sequel of necrosis.

The severity of bile duct hyperplasia, a naturally
occurring age-related lesion in rats, increased with
increasing dose in rats administered coumarin. The
lesion was characterized by increased profiles of well-
differentiated bile ductules in the portal areas
(Plates 9 and 10). These lesions did not exhibit the
mucus cell metaplasia or epithelial dysplasia typical
of cholangiofibrosis.
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TABLE 9
Incidences of Nonneoplastic Lesions of the Liver of Rats in the 2-Year Gavage Study of Coumarin

Dose Vehicle Control 25 mg/kg 50 mg/kg 100 mg/kg

Male

15-Month Interim Evaluation

Liver® 10 10 9 10
Fatty Change? 0 8°0(1.8)° 8e2(1.1) 5%(1.4)
Hepatocyte Degeneration 0 7°*(1.3) 8°¢(1.9) 5%(1.0)
Coagulative Necrosis 0 0 0 1(1.0)
Bile Duct Hyperplasia 6 (1.0) 8(1.8) 9(1.7) 9 (1.7)

2-Year Study

Liver 49 50 51 50
Hepatocyte Degeneration 0 1(2.0) 0 1(3.0)
Coagulative Necrosis 1 (3.0) 13%%(1.5) 38+%(1.7) 40%*(2.4)
Fibrosis 0 3(1.3) 41°2(1.6) 42°*(1.9)
Bile Duct Hyperplasia 41 (1.6) 41 (1.8) 45 (2.2) 47°*(2.1)
Cytologic Alteration 0 0 28°%(1.8) 29%2(2.4)

Female

15-Month Interim Evaluation

Liver 10 8 8 10
Fatty Change 0 0 5*(1.2) 9*2(2.3)
Hepatocyte Degeneration 0 0 3(1.0) 9¢2(1.0)
Coagulative Necrosis 0 0 1(1.0) 0
Bile Duct Hyperplasia 1(1.9) 3(1.0) 1(1.0) 3(1.0)

2-Year Study

Liver 50 50 50 50
Hepatocyte Degeneration 0 0 82(1.5) 30%*(2.0)
Coagulative Necrosis 3(23) 3(1.0) 4(2.0) 15%*(1.7)
Fibrosis 0 0 1(1.0) 12#%(1.8)
Bile Duct Hyperplasia 26 (1.2) 27 (1.3) 29 (1.3) 20 (1.5)
Cytologic Alteration 0 0 0 9%2(2.4)

*® Significantly different (P<0.05) from the control group by the Fisher exact test (15-month interim) or the logistic regression test
(2-year study)

** P<0.01

2 Number of animals with organ examined microscopically.
Number of animals with lesion.
Average severity grade of lesion in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked
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There was a decreased incidence of basophilic focus
in dosed male and female rats. In males this decrease
was due in part to the decreased survival in the dosed
groups. There were no chemical-related increased
incidences of liver neoplasms. '

Kidney: The relative kidney weights of male and
female rats receiving 100 mg/kg were significantly
greater than those of controls at the 15-month
interim evaluation (Table G4). The absolute kidney
weights of 100 mg/kg rats were not increased, appar-
ently because of the marked decrement in mean body
weight. While nephropathy was observed in nearly
all dosed and control rats, particularly males, the
average severity of renal disease increased with
increasing dose at the 15-month interim evaluation
and at the end of the 2-year study (Tables 10 and 11).
The more frequent occurrence of moderate or
marked nephropathy in 50 and 100 mg/kg males was
the principal cause of reduced survival of these
groups.

Nephropathy was characterized by glomerulo-
sclerosis, thickening of tubule basement 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%.

The kidneys were initially sampled for histopathology
by preparing a single hematoxylin and eosin stained
section of each kidney. In addition to the nephrop-
athy previously described, low numbers of renal
tubule adenomas were seen in all groups of male rats
and in the 100 mg/kg female rats (Tables 10, 11, Al,
and B1). The incidences in the 25 and 50 mg/kg
males and in 100 mg/kg female rats (two per group)
were not significantly greater than those of the
controls. However, no more than one per group has
been observed in historical NTP 2-year control
F344/N rats (Tables A4a and B4a). Renal tubule
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hyperplasia, a possible precursor of adenoma,
occurred in male rats in the control and 25 mg/kg
groups (Tables 10 and AS); hyperplasia was not
observed in female rats.

Primarily because of the occurrence of this rare
neoplasm in 100 mg/kg female rats and in the male
groups, additional step sections of kidney were
prepared from the remaining formalin-fixed tissue.
Approximately 6 to 8 additional sections taken at
1 um intervals were prepared for each male and
female rat. Additional rats, primarily dosed males,
were identified with focal hyperplasia or adenoma. A
carcinoma was also seen in one 25 mg/kg male rat.
The incidences of these proliferative lesions in the
step sections and in the single and step sections
combined are shown in Tables 10 and 11. While
hyperplasia or adenoma clearly occurred more
frequently in the dosed male rats, the incidences did
not increase with increasing dose. In female rats, the
lesions occurred much less frequently, but the
adenomas were seen in the 50 and 100 mg/kg groups.

Renal tubule hyperplasia, as defined in this study, was
distinguished from the common regenerative epi-
thelial changes commonly seen as a part of nephrop-
athy and was considered a preneoplastic lesion.
Hyperplasia, adenoma, and carcinoma were part of a
morphological continuum and occurred in the cortex
of the kidney. Hyperplasia of the tubule epithelium
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 multi-
nodular masses at least three times greater in diam-
eter than an average tubule and composed of
somewhat pleomorphic epithelial cells arranged in
complex tubular structures and solid clusters. The
carcinoma was larger than the adenomas and exhib-
ited cellular pleomorphism and atypia and central
NeCrosis.

Oncocytomas were observed in two 25 mg/kg male
rats (Table 10). These were small, discrete nodules
of uniform cells with dense, hyperchromatic nuclei
and granular eosinophilic cytoplasm. While these
lesions also occurred in the cortex, they appear to be
morphologically distinct from renal tubule hyper-
plasia, adenoma, or carcinoma.
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TABLE 10
Incidences of Kidney Lesions in Male Rats in the 2-Year Gavage Study of Coumarin

Dose Vehicle Control 25 mg/kg 50 mg/kg 109 mg/kg

Single Sections (Standard Evaluation)

15-Month Interim Evaluation

Kidney? 10 10 9 10
Nephropathyb 10 (1.0)¢ 10 (1.7) ** 9 (23)** 10 (2.5)%*
Renal Tubule Adenoma . 0 0 1 0

2-Year Study

Kidney 49 50 51 50
Nephropathy 48 (20) 48 (2.9)*° 50 (3.6)°* 50 (3.6)**
Renal Tubule Hyperplasia 1 3 0 0
Renal Tubule Adenoma? 1 2 2 1

Step Sections (Extended Evaluation)

15-Month Interim Evaluation

Kidney 10 10 9 10
Renal Tubule Hyperplasia 0 0 1 1

Renal Tubule Adenoma 0 0 0 0

2-Year Study

Kidney 49 50 51 50
Renal Tubule Hyperplasia 2 12#* 10°* 6
Renal Tubule Adenoma 0 4 5* 4
Renal Tubule Carcinoma 0 1 0 0
Renal Tubule Adenoma or Carcinoma 0 5° 5* 4
Renal Tubule Oncocytoma 0 2 0 0

Single and Step Sections Combined

15-Month Interim Evaluation

Kidney 10 10 9 10
Renal Tubule Hyperplasia 0 0 1 1
Renal Tubule Adenoma 0 0 1 0

2-Year Study

Kidney 49 50 51 50
Renal Tubule Hyperplasia 3 15%¢ 10°* 6
Renal Tubule Adenoma 1 6° Al 5
Renal Tubule Carcinoma 0 1 0 0
Renal Tubule Adenoma or Carcinoma 1 6° 700 S
Renal Tubule Oncocytoma 0 2 0 0

* Significantly different (P<0.05) from the control group by the logistic regression test (2-year study) or Mann-Whitney U test
(severity grades)

*¢ P<0.01

2 Number of animals with organ examined microscopically.

Number of animals 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 + standard deviation): 8/1,019

(0.8% = 1.0%); range 0%-2%

oo o
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TABLE 11
Incidences of Kidney Lesions in Female Rats in the 2-Year Gavage Study of Coumarin

Dose Vehicle Control 25 mg/kg 50 mg/kg 100 mg/kg

Single Sections (Standard Evaluation)

15-Month Interim Evaluation

Kidney? 10 8 10 10
Nephropathyb 4 (0.4)° 8¢(1.0)* 10*(1.0)** 10*(1.5)**

2-Year Study

Kidney 49 50 50 49
Nephropathy 34 (09) 44%(1.2)* 44*(1.6)** 49*%(2.3)**
Renal Tubule Adenoma? (1} 0 0 2

Step Sections (Extended Evaluation)

15-Month Interim Evaluation

Kidney 10 8 10 10
Renal Tubule Hyperplasia 0 0 0 0
Renal Tubule Adenoma 0 0 0 0

2-Year Study

Kidney 49 50 50 49
Renal Tubule Hyperplasia 1 0 4 2
Renal Tubule Adenoma 0 0 1 1€

Single and Step Sections Combined

15-Month Interim Evaluation

Kidney 10 8 10 10
Renal Tubule Hyperplasia 0 0 0 0
Renal Tubule Adenoma 0 0 0 0

2-Year Study

Kidney 49 50 50 49
Renal Tubule Hyperplasia 1 0 4 2
Renal Tubule Adenoma 0 0 1 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 animals with organ examined microscopically.

Number of animals 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 * standard deviation): 2/1,018

(0.2% =+ 0.6%); range 0%-2%

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

(]
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Parathyroid gland: The incidences of bilateral, diffuse
hyperplasia of the parathyroid gland in 25, 50, and
100 mg/kg male rats were significantly greater than
that of controls (0 mgkg, 3/41; 25 mg/kg, 20/47,
50 mg/kg, 31/49; 100 mg/kg, 29/47; Table AS). This
increased incidence of hyperplasia was considered to
be secondary to the increased severity of renal disease
and characteristic of renal secondary hyperpara-
thyroidism. Consistent with the overall lower severity
of renal disease in females as compared with males,
parathyroid hyperplasia occurred infrequently but
only in dosed female rats (Table B5).

Pharynx: Squamous cell papillomas occurred in one
control, one 25 mg/kg, and one 50 mg/kg male and in
two 100 mg/kg female rats (Tables A1 and B1).
Further, a squamous cell carcinoma was seen in
another 50 mg/kg male rat. No more than one
squamous cell neoplasm (papilloma or carcinoma)
has been observed in an individual control group of
male or female rats from recent NTP 2-year gavage
studies (Tables A4b and B4b). Because of the overall
low incidences, the lack of increasing incidence over
a fourfold range of doses in males, and the lack of
statistical significance, these neoplasms were not
considered chemical related.

Forestomach: Ulcers of the forestomach occurred
frequently in dosed male rats, and the incidences in
dosed male rats were significantly greater than that of
controls (Tables 12 and AS). While ulcers occurred
much less frequently in dosed females, the incidence
in the 100 mg/kg group was also significantly greater
than controls. The forestomach ulcers were charac-
terized by focal necrosis of the mucosa and adjacent
muscularis mucosa. A few of the forestomach ulcers
had perforated, resulting in a secondary peritonitis
which was considered to be the cause of death. The
squamous epithelium at the margin of the ulcers was
usually thickened by an increase in cells (hyperplasia)
and keratin (hyperkeratosis); the adjacent submucosa
was infiltrated with acute and chronic inflammatory
cells.

Squamous cell papillomas of the forestomach oc-
curred in several male and female rats (Tables 12,
Al, and B1). The incidence of three papillomas in
the 25 mg/kg females contrasts with the historical
incidence of 3/1,020 in control female F344/N rats
from recent NTP 2-year studies (Table B4c).
However, since there were no increased incidences in
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the 50 and 100 mg/kg females, the squamous cell
papillomas in the 25 mg/kg females were not
considered to be chemical related.

Thyroid gland: Follicular cell carcinomas were seen
in one control and one 25 mg/kg male, while follic-
ular cell adenomas were seen in three additional
25 mg/kg males (Table Al). No follicular cell neo-
plasms were observed in 50 or 100 mg/kg males.
Follicular cell hyperplasia, a precursor to follicular
cell neoplasia, did not occur in any male rat groups.
The incidence of four thyroid gland follicular cell
neoplasms in 25 mg/kg male rats exceeds the range
observed in control male rats from recent NTP 2-year
studies (range 0%-6%; 22/1,009, 2.2%; Table A4c).
The marginally greater incidence of thyroid neo-
plasms in 25 mg/kg males is difficult to evaluate
because of the early deaths of dosed male rats.
However, the absence of thyroid gland follicular cell
hyperplasia suggests this is not a chemical-related
response.

Nose: The incidences of suppurative inflammation in
the nose in 50 and 100 mg/kg male and 100 mg/kg
female rats were significantly greater than those of
controls (males: 13/49, 20/50, 27/51, 41/50; females:
4/50, 2/50, 0/50, 13/49; Tables AS and BS). Inflamma-
tion generally consisted of accumulations of neutro-
phils in the nasal cavity, often associated with glob-
ules of yellow refractile material compatible with
corn oil or fragments of plant material. Inflam-
mation in the nose is frequently observed in corn oil
gavage studies and appears to be due to reflux of
corn oil into the nasal cavity following dosing. The
increased incidence in dosed animals may be related
to the greater degree of irritation caused by the
coumarin-corn oil mixture than by corn oil alone.

Testis: The incidences of testicular interstitial cell
adenomas in dosed groups of male rats were margin-
ally greater than those of controls (38/45, 43/49,
42/49, 46/50; Table A3), but the incidence in each
group is within the historical range of controls from
recent NTP studies (range 88%-94%; 886/1,012,
85.6%; Table A4d) and is not considered chemical
related.

Pituitary gland: The incidence of adenomas of the
pituitary gland pars distalis in the 100 mg/kg male
rats was marginally lower than that of the controls
(19/48, 12/48, 16/49, 6/50; Table A3).
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TABLE 12 ‘
Incidences of Neoplasms and Nonneoplastic Lesions of the Forestomach of Rats
in the 2-Year Gavage Study of Coumarin

Dose ‘ Vehicle Control 25 mg/kg 50 mg/kg 100 mg/kg
Male
15-Month Interim Evaluation
Forestomach? : 10 10 9 : 10
Squamous Cell Papilloma® 0 1 0 1
2-Year Study
Forestomach 48 50 51 50-
Ulcer 7 24** 35 34**
Squamous Cell Papilloma®
Overall rated 0/49 (0%) 1/50 (2%) 0/51 (0%) 1/50 (2%)
Logistic regression test® P=0219 P=0.275 f P=0.543
Female
2-Year Study
Forestomach 48 49 50 48
Ulcer 1 1 6 9 .
Squamous Hyperplasia 0 2 0 0
Squamous Cell Papilloma®
Overall rate 1/50 (2%) 3/50 (6%) 0/50 (0%) 1/50 (2%)
Logistic regression test P=0.407N P=0.406 P=0.457TN P=0.749

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

Number of animals with organ examined microscopically.

Number of animals with lesion.

Historical incidence for 2-year corn oil gavage studies with vehicle control groups (mean =+ standard deviation): 5/1,020

(0.5% + 1.1%); range 0%-4%

Number of animals with neoplasm per number of animals necropsied.

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. :

Not applicable; no neoplasms in animal group

& Historical incidence: 3/1,020 (0.3% + 0.7%); range 0%-2%
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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 bile duct
carcinomas in male rats (Bir and Griepentrog, 1967;
Griepentrog, 1973). Groups of 20 male rats each
were given 100 mg/kg coumarin for 9 or 15 months
followed by administration of only the gavage vehicle
until the end of the study (2 years). To determine
progression or regression of chemical-related lesions
during the recovery period, the incidences of neo-
plasms and nonneoplastic lesions in these stop-
exposure groups were compared with those of male
rats scheduled for 9- and 15-month interim evalua-
tions. To provide an additional measure of dose
response relative 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 100 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 13.

TABLE 13
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Nine of the 20 males that received 100 mg/kg for
9 months (9-month stop-exposure group) and two of
the 20 males that received 100 mg/kg for 15 months
(15-month stop-exposure group) survived until
week 104. The decreased survival of each of the
stop-exposure groups was attributed primarily to a
chemical-related increased severity of renal disease.

Body Weights

The mean body weights of male rats in the 9- and
15-month stop-exposure groups are compared with
the controls of the regular 2-year study in Table 14.
The mean body weights of the 9-month stop-exposure
group ranged from 8% less than controls at week 2
to about 15% less at week 40, when the administra-
tion of coumarin to this group ceased. Thereafter,
body weight gain of this group improved slightly and
the weight deficit diminished to about 12% for much
of the study.

The weight gain of the 15-month stop-exposure group
followed a similar pattern. The mean body weights
of the 15-month stop-exposure group ranged from
7% t0 15% less than controls during the period that
the rats received coumarin. After week 65, when the
administration of coumarin to this group was
stopped, the weight deficit diminished slightly to
about 12%.

Survival of Male Rats in the Stop-Exposure Gavage Evaluation of Coumarin

100 mg/kg

(9-month exposure)

100 mg/kg
(15-month exposure)

Animals initially in study 40
9-Month interim evaluation? 20
15-Month interim evaluation® ]
Natural deaths 4
Moribund kills 6
Accidental deaths® ) N 1
Animals surviving to study termination 9
Percent probability of survival at end of s.tudyb 47
Mean survival (days)® 629

10

13

12
511

4 Censored from survival analyses
Kaplan-Meier determinations

¢ Mean of all deaths (uncensored, censored, and terminal sacrifice)




43 Coumarin, NTP TR 422

TABLE 14
Mean Body Weight and Survival of Male Rats in the 9-Month and 15-Month
Stop-Exposure Gavage Evaluation of Coumarin

Weeks Vehicle Control 100 mg/kg (9-month) 100 mg/kg (15-month)
on Av. Wt. No. of Av. Wt. Wt (% of No. of Av. Wt. Wt (% of No. of
Study ® Survivors (€3] controls) Survivors ®) controls) Survivors
1 145 60 145 101 20 148 102 20
2 216 59 . 199 92 20 202 93 20
.3 247 59 223 90 20 227 92 20
4 269 59 247 92 20 251 93 20
5 286 59 260 91 20 265 93 20
6 304 59 275 91 20 279 92 18
7 318 59 284 90 20 289 92 18
8 324 59 290 90 19 294 91 18
9 338 59 298 88 19 304 90 18
10 349 59 308 88 19 315 90 18
11 355 59 314 89 19 322 91 17
12 368 59 322 88 19 329 90 17
13 372 59 329 88 19 338 91 17
18 394 59 344 87 19 354 90 17
21 409 59 358 88 19 367 9 17
25 426 59 376 88 19 384 9 17
29 441 59 380 86 19 392 89 17
33 462 59 392 85 19 397 86 17
37 469 59 405 86 19 415 88 16
41 481 59 404 84 19 416 86 16
45 486 59 418 86 18 425 87 16
49 498 58 428 86 18 437 88 16
53 502 58 442 88 18 432 86 16
57 514 57 454 88 18 444 86 16
61 523 55 459 88 18 444 85 16
652 521 46 457 88 18 446 86 16
70 526 44 463 88 18 456 87 16
73 527 44 461 88 18 456 87 14
7 . 522 43 466 89 17 452 87 14
81 521 43 456 88 17 425 82 12
85 510 40 451 89 15 446 88 9
89 502 35 444 88 13 451 90 5
93 500 35 435 87 13 441 88 3
97 483 33 392 81 13 431 89 3
101 475 30 423 89 9 390 82 3
103 471 29 401 85 9 366 78 3
Mean for weeks
1-13 299 269 90 274 92
14-52 452 389 86 399 88
53-103 507 443 87 434 86

2 Interim evaluation occurred during week 65.
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Pathology and Statistical Analyses of Results

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 100 mg/kg for the entire study (Table E3b).

Progression or Regression

of Chemical-Induced Lesions

Consistent with the findings of the 2-year study in
male rats, chemical-related lesions were observed in
the liver and kidney at the 9- and 15-month interim
evaluations of the stop-exposure groups (Tables 15
and 16). Comparisons of the incidences of hepatic
lesions at the interim evaluations with their corre-
sponding stop-exposure groups show that the inci-
dences and/or severity of the lesions returned to
levels similar to those of controls following cessation
of exposure at 9 or 15 months (Tables 17 and 18).
Thus, the hepatocellular and biliary lesions produced
by 9 or 15 months of exposure were reversible. For
completeness, Table 19 compares the incidences of
liver lesions among male rats receiving 160 mg/kg in
the 9- and 15-month stop-exposure groups and in the
2-year study group. These comparisons also show
that continued administration is necessary for the
manifestation of these lesions at the end. Since
coumarin administered by gavage to F344/N rats
failed to produce cholangiofibrosis or bile duct
carcinomas, as suggested by reports in the literature,
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the primary purpose of the stop-exposure groups was
largely confounded.

In contrast to the liver lesions, the severity of
nephropathy in male rats of the two stop-exposure
groups was significantly greater at the end of 2 years
than that in the male rats at the respective interim
evaluations (Tables 17 and 18). This is not
unexpected, since nephropathy is a progressive
degenerative disease that naturally increases in
severity with age. However, it does indicate that
renal damage caused by 9 or 15 months of exposure
to coumarin was largely irreversible. Consistent with
the increased average severity of renal disease, the
incidence of parathyroid hyperplasia was greater in
the stop-exposure groups than in the 9- and
15-month interim evaluation groups (Tables 17 and
18). The severity of nephropathy and incidence of
parathyroid hyperplasia in male rats receiving
100 mg/kg coumarin for the entire 2-year study were
significantly greater than those in the stop-exposure
groups (Table 19).

In the standard evaluation of single sections, renal
tubule adenomas were seen in one male in the
9-month 100 mg/kg stop-exposure group and in two
males in the 15-month 100 mg/kg stop-exposure
group (Table 16). Further, renal tubule onco-
cytomas were also seen in two males in the 15-month
100 mg/kg stop-exposure group. Microscopic exam-
ination of the additional step sections revealed
additional males with hyperplasia and adenoma in
these stop-exposure groups (Table 16).
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Incidences of Nonneoplastic Liver Lesions in Male Rats in the Stop-Exposure Gavage Evaluation

of Coumarin

Dose Vehicle Control

100 mg/kg
(9-month exposure)

100 mg/kg
(15-month exposure)

9-Month Interim Evaluation

Liver® 17
Necrosis® 0
Bile Duct Hyperplasia 71.0)

15-Month Interim Evaluationd

Liver 17
Fatty Change 1 (1.0)
Necrosis 0
Hepatocyte Degeneration 0
Bile Duct Hyperplasia 11 (1.0)

Stop-Exposure

Liver 49
Necrosis 1 (3.0)°
Hepatocyte Degeneration 0
Bile Duct Hyperplasia 41 (1.6)
Fibrosis 0

18
17°*(L.6)°
17**(1.6)

20
2(20)
0

17 (1.9)
0

20
14**(1.6)
3(1.0)
13**(1.2)
19*(1.8)

3(23)
1(1.0)
14 (1.4)
2(15)

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

** (P£0.01)

o

Number of animals with lesion.

a6

Number of animals with organ examined microscopically.

Average severity grade of lesion in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked
Includes data from the 15-month interim in the 2-year core study and the 15-month interim in the stop-exposure evaluation.
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TABLE 16
Incidences of Selected Lesions of the Kidney, Forestomach, and Parathyroid Gland in Male Rats
in the Stop-Exposure Gavage Evaluation of Coumarin

51

100 mg/kg 100 mg/kg
Dose Vehicle Control (9-month exposure) (15-month exposure)
Single Sections (Standard Evaluation)
9-Month Interim Evaluation
Kidney* 17 18
Nephropathyb 17 (1.0)° 18 (2.3)°*
15-Month Interim Evaluation?
Kidney ' 17 20
Nephropathy 17 (1.3) 20 (2.7)**
Stop-Exposure
Kidney 49° 20 20
Nephropathy 48 (2.0) 20 (3.1)** 20 (3.4)**
Renal Tubule Hyperplasia 1 0 3
Renal Tubule Adenoma 1 1 2
Renal Tubule Oncocytoma 0 0 2
Parathyroid Gland 41 19 18
Hyperplasia 3 4 8#*
Forestomach 48 19 19
Ulcer ) 7 3 5
Step Sections (Extended Evaluation)
15-Month Interim Evaluation
Kidney 17 20
Hyperplasia 0 1
Renal Tubule Adenoma 0 1
Stop-Exposure
Kidney 49 20 20
Renal Tubule Hyperplasia 2 2 5@
Renal Tubule Adenoma 0 3¢ 1

(continued)
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TABLE 16
Incidences of Selected Lesions of the Kidney, Forestomach, and Parathyroid Gland in Male Rats
in the Stop-Exposure Gavage Evaluation of Coumarin (continued)

100 mg/kg 100 mg/kg
Dose Vehicle Control (9-month exposure) (15-month exposure)
Single and Step Sections Combined
15-Month Interim Evaluation
Kidney 17 20
Renal Tubule Hyperplasia 0 1
Renal Tubule Adenoma 0 1
Stop-Exposure
Kidney 49 20 20
Renal Tubule Hyperplasia 3 2 Wk
Renal Tubule Adenoma 1 4* 2

* Significantly different (P<0.05) from the control group by the logistic regression test (stop-exposure) or Mann-Whitney U test
(severity grades).

** P<0.01

2 Number of animals with organ examined microscopically.

Number of animals 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 in the 2-year core study and the 15-month interim in the stop-exposure evaluation.

For comparison the data for the vehicle control group of the regular 2-year study is included here.

o a6 o
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TABLE 17
Comparison of the 9-Month Interim Evaluation with the 9-Month Stop-Exposure Group
in the Stop-Exposure Gavage Evaluation of Coumarin

9.Month 9-Month

Dose (180 mg/kg) Interim Evaluation Stop-Exposure Group
Liver® ) ‘ 18 20

Necrosis® 17 (1.6)° 2°%(2.0)

Bile Duct Hyperplasia 17 (1.6) 17 (1.9)
Kidney 18 20

Nephropathy 18 (2.3) 20 (3.1)**
Parathyroid Gland 18 19

Hyperplasia 0 4
Stomach, Forestomach 18 19

Ulcer 0 3

** Significantly different (P<0.01) from the 9-month interim group by the logistic regression test (incidence data) or Mann-Whitney U
test (severity grades)

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

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

TABLE 18
Comparison of the 15-Month Interim Evaluation with the 15-Month Stop-Exposure Group
in the Stop-Exposure Gavage Evaluation of Coumarin

15-Month 15-Month

Dose (100 mg/kg) Interim Evaluation® Stop-Exposure Group
Liver® 20 20

Fatty Change® 14 (1.6)4 3%2(1.0)

Necrosis 3(1.0) 3(1.7)

Hepatocyte Degeneration 13 (1.2) 17*(1.0)

Fibrosis 0 3(1.7

Bile Duct Hyperplasia 19 (1.8) 14 (1.4)
Kidney 20 20

Nephropathy 20 (2.7) 20 (3.4)**
Parathyroid Gland 20 18

Hyperplasia 0 8=*
Stomach, Forestomach 20 19

Ulcer 0 5*

* 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 in the 2-year core study and the 15-month interim in the stop-exposure evaluation.

Number of animals with organ examined microscopically.

Number of animals with lesion.

Average severity grade of lesion in affected animals: 1 = minimal, 2 = mild, 3 = moderate, 4 = marked
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TABLE 19

Incidences of Selected Lesions of the Liver and Kidney of Male Rats:

Comparison of the 9- and 15-Month Stop-Exposure Groups with the 2-Year Core Group
in the Stop-Exposure Gavage Evaluation of Coumarin

9-Month - 15-Month 2-Year
Dose (100 mg/kg) Stop-Exposure Group Stop-Exposure Group Core Group
Liver® , 20 20 50
Hepatocyte Degenerationb 0 1 (1.0)° - 10
Necrosis 2 (2.0) 3(17) 40%*(2.4)
Fibrosis 0 3(17) 42**(1.9)
Bile Duct Hyperplasia 17 (1.9) 14 (1.4) ' 47 (21)
Kidney 20 20 50
Nephropathy 20 (3.1) 20 (3.4) 50 (3.6)*
Renal Tubule Hyperplasia% 2 7 6
Renal Tubule Adenoma? 4 2 5
Parathyroid Gland 19 18 : 47
Hyperplasia 4 8 29**
Stomach, Forestomach 19 19 50
Ulcer 3 5 343**

* Significantly different (P<0.05) from the 9-month stop-exposure group by the logistic regression test (incidence data) or Mann-
Whitney U test (severity grades)

** (P<0.01)

Number of animals with organ examined microscopically.

Number of animals with lesion.

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

Includes standard (single section) and extended (step sections) evaluations.
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Results

MICE

16-DAY STUDY

All male and female mice receiving 600 mg/kg died
within the first 3 days of the study (Table 20). Of the
mice that received 300 mg/kg, one female died on
day 1 and one male died on day 6. While the deaths
of mice in the 300 and 600 mg/kg groups were
considered chemical related, the cause of death of
one 75 mg/kg male on day 3 was uncertain. There
were no clinical findings related to specific organ
toxicity. One or more clinical findings of inactivity,
excessive lacrimation, piloerection, bradypnea, ptosis,

TABLE 20
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or ataxia were observed in one or more mice from
the 300 and 600 mg/kg groups within the first several
hours after dosing. These signs were generally seen
during the first week of the study. :

The mean body weight gains and final mean body
weights of all surviving mice that received coumarin
were similar to those of the controls. Further, the
platelet counts and capillary clotting time of mice
receiving coumarin were also similar to those of the
controls (Table H6). Histopathology examinations
were not performed in the 16-day study.

Survival and Mean Body Weights of Mice in the 16-Day Gavage Study of Coumarin

Mean Body Weight” (2)

Final Weight

Dose Survival® Initial Final Change Relative to Controls
(mg/kg) (%)
Male
0 5/5 226 = 0.9 246 + 14 20 + 08 _
40 5/5 21.8 + 0.9 244 + 08 26 £ 0.2 9
75 4/5¢ 224 + 05 253+ 0.5 25 +03 103
150 5/5 222+ 08 246 + 0.8 24 £ 02 100
300 4/5d 212 £ 0.7 235+ 1.2 20 +04 96
600 0/5¢ 232+ 0.7 - - -
Female
0 5/5 18.6 + 0.5 21.0 £ 1.0 24 £ 0.5
40 5/5 17.4 + 0.6 20.2 + 0.6 2.8 + 0.2 96
75 5/5 184 + 0.8 204 + 0.8 20+03 97
150 5/5 176 = 0.7 204 = 0.5 2.8 £ 0.6 97
300 4/5f 182 £ 0.5 20.0 £ 0.7 1.8+ 03 95
600 0/58 184 + 1.2 - - -

8

Number of animals surviving/number initially in group
Weights and weight changes are given as mean *+ standard error. Subsequent calculations are based on animals surviving to the

end of the studies. No data were collected for groups with 160% mortality. Differences from the control group are not significant

by Williams’ or Dunnett’s tests.
Day of death: 3

Day of death: 6

Day of death: 1,1, 2, 2,3

Day of death: 1

Day of death: 1,1,1, 1,3
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13-WEEK STUDY

Two male mice that received 300 mg/kg died during
the first week (Table 21). One female mouse receiv-
ing 75 mg/kg died in week 12 and one female receiv-
ing 19 mg/kg died in week 2. While the cause of
death of the latter two mice was not reported by the
laboratory, the deaths were more likely related to
gavage error than to toxicity. There were no clinical
signs of toxicity observed. The mean body weight
gain and final mean body weight of males that
received 300 mg/kg were significantly lower than
those of controls (Table 21).

Hematology evaluations revealed a dose-related
decrease in mean erythrocyte volume and mean
erythrocyte hemoglobin in male and female mice
receiving coumarin (Table H7). The mean erythro-
cyte volume of males receiving 38 mg/kg or more and
of females receiving 75 mg/kg or more was signifi-
cantly lower than that of controls. The hematocrit of
male mice receiving 300 mg/kg was also significantly
lower than controls. While these changes were not

Coumarin, NTP TR 422

clinically important, they are characteristic of "a

- microcytic, normochromic anemia.

At necropsy, the absolute and relative liver weights of
male and female mice receiving 150 or 300 mg/kg
were significantly greater than those of the controls
(Table G5). Significantly increased relative brain and
testis weights of 300 mg/kg male mice were consid-
ered to be due to the significantly lower body weight
of this group. The principal lesion observed in mice
receiving 300 mg/kg was minimal to mild centri-
lobular hepatocellular hypertrophy, consistent with
the significant increase in liver weight. The. hepato-
cellular hypertrophy was seen in seven males and
seven females in the 300 mg/kg group; hypertrophy
was not seen in the next lower dose group.

Dose Selection Rationale: Based on the mortality
observed in the 300 mg/kg group in the 16-day and
13-week studies and the lack of significant toxicity at
lower doses, the high dose selected for the 2-year
study was 200 mg/kg.



Results 57
TABLE 21
Survival and Mean Body Weights of Mice in the 13-Week Gavage Study of Coumarin
Mean Body Weight® (g) Final Weight
Dose Survival® Initial Final Change Relative to Controls
(mg/kg) (%)
Male
0 10/10 25.0 + 0.6 323 +08 73 £ 0.6
19 10/10 2A.f1 +05 326 + 09 82+ 04 101
38 10/10 247 £ 0.6 32708 80 £ 05 101
75 10/10 24.6 = 0.6 321 07 75 0.7 99
150 10/10 246 + 0.6 31.6 + 0.5 7.0 = 0.4 98
3060 8/10° 242+ 05 283 + 0.7¢° 4.4 + 0.4°° 87
Female
0 10/10 191 £ 05 253 + 0.6 62+ 0.5
19 9104 19.0 + 02 251 + 04 61+ 04 99
38 10/10 194 £ 0.3 250 x 0.7 56 05 99
75 9/10° 193 £ 04 258 + 0.7 63 + 04 102
150 10/10 19.1 £ 04 248 + 0.6 57+03 98
300 10/10 186 = 0.5 ) 235 £ 07 49 + 0.4* 93

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s tests
** P<0.01

: Number of animals surviving/number initially in group

end of the studies.
Week of death: 1, 1
Week of death: 2

€ Week of death: 12

a o

Weights and weight changes are given as mean + standard error. Subsequent calculations are based on animals surviving to the




2-YEAR STUDY

Survival

Estimates of survival probabilities for male and
female mice are shown in Table 22 and in the
Kaplan-Meier curves in Figure 4. Survival of all
dosed groups of male and female mice was similar to
that of the controls.

Body Weights and Clinical Findings

The mean body weights of 200 mg/kg male mice were
about 3% to 10% lower than those of controls from
week 10 to week 81 of the study. Thereafter, the
body weight differences between the 200 mg/kg and

control males diminished, and at the end of the study.

the mean body weights were similar. The mean body
weights of 200 mg/kg female mice followed a pattern
similar to males and varied from about 3% to 18%
lower than controls from week 11 until week 49. The
body weight differences diminished slightly thereafter,
but remained about 12% lower at the end of the
study (Figure 5 and Tables 23 and 24).

Hematology and Clinical Chemistry

Chemical-related changes in hematology parameters
were more apparent in male mice than in females
(Table H8).  Mean erythrocyte volume, mean
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erythrocyte hemoglobin, and hematocrit of 200 mg/kg
males were significantly lower than those of the
controls. Of these parameters, only mean erythrocyte
volume of 200 mg/kg females was significantly lower
than controls. The platelet counts of both males and
females in the 200 mg/kg groups were significantly
higher than controls. Of the clinical chemistry
parameters evaluated, only the value of alkaline
phosph