


i FOREWORD 

The National Toxicology Program ( N T P )  is made  up o f  four charter agencies o f  the U.S. Department  of I 

Health and Human Services  (DHHS): the National Cancer Institute  (NCI), National Institutes of Health; 
! 

the National Institute o f  Environmental Health Sciences (NIEHS), National Institutes o f  Health; the 
National Center for Toxicological Research (NCTR), Food and Drug Administration; and the National i 
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 i
chemicals. This knowledge is used for  protecting the health o f  the American people and for the primary 
prevention o f  disease. 

The studies described in this Technical Report were performed under the directionof  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 o f  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 publicreview. 

These studies are designed  and conducted to  characterize and evaluate the loxicologic potential, including 
carcinogenic activity, of selected  chemicals in laboratory ani.mals (usually two species, rats and mice). 
Chemicals selected for NTP toxicology and  carcinogenesis studies are  chosen primarily on the bases of 
human exposure, levelo f  production, and chemical structure. Selection per se is not an indicator o f  a 
chemical’s carcinogenic  potential. 

These NTP Technical Reports are available for sale from the National Technical InformationService, 
US. Department o f  Commerce, 5285 Port Royal  Road, Springfield, VA 22161 (703-487-4650). Single 
copies o f  this Technical Report are available  without charge while supplies last from NTP  Central Data 
Management, NIEHS, P.O. Box 12233, MD AO-01, Research  Triangle Park, NC 27709 (919-541-1371). 
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CAS No. 91-64-5 

Chemical Formula: C&02 Molecular Weight: 146.5 

Synonyms: 5,6-benzo-alpha-pyrone, 2H-l-benzopyran-2-one, 2H-benzo[b]pyran-2-one, 1,2-oxo-1,2-benmpyran, 1,2-ben~opyrone, cis+-
coumarinic acid lactone, coumarinic anhydride, cumarin, o-hydroxycinnamic acid lactone, kumarin, [2-propenoic acid,3-(2-
hydroxypheny1)delta-lactone], Rattex ,  tonkabeancamphor 

Coumarin is the basic structure o f  numerous 
naturally occurring compounds with important  and 
diverse physiological activities. More athan 
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. andCoumarin 3,4-dihydrocoumarin 
were by the Food Drugnominated and 
Administration and the National Cancer Institute for 
study because of the widespread use o f  coumarin in 
perfumes, cosmetics, andother productsasa 
fragrance, continued  interest in coumarin compoundsthrombin and activated partial thromboplastin time. 
as flavor-enhancing agents for foods,and the interest 
in structure-activity  relationships o f  this important 
group o f  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-doublebond, is not 
considered likely to form an epoxide  intermediate. 

Toxicity and carcinogenicity studies  were conducted 
by administering coumarin (97% pure) in corn oilby 
gavage t o  groups o f  male and female F344m  rats and 
B6C3Fl mice for 16days, 13weeks, and 2 years. 
Genetic toxicology studies  wereconducted in Sal-
monella zyphimurium, cultured Chinese hamster ovary 
cells, Drosophila melanogaster, and B6C3F, mice. 

ll6-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, 
100, 200, or 40mg per kg body weight, 5 days a 
week for  a total of  12 doses in a 16-day period. All 
female rats and four male rats receiving 400mgkg 
died. The mean body weight gains and final mean 
body weights o f  surviving dosed  male and female  rats 
were similar to those o f  the controls. There were no 
clinical signs of  organ-specific toxicity, and there was 
no evidence of impaired blood coagulationfrom 
measurements o f  capillary clotting  time or pro-

I16-DAY STUDY I N  MICE 
Groups o f  five male  and five female mice received 
coumarin in corn oil by gavage at doses of  0, 40, 75, 
150, 300, or 600mg per kg body weight, 5 days a 
week for  a total o f  12 doses in a 16-day period. All 
mice receiving 600 mgikg, two male mice receiving 
300 mgikg, and one male  mouse receiving 75 mgkg 
died. The mean body weight gains and final mean 
body weights o f  surviving dosed  maleandfemale 
mice were  similar to those of the controls. Clinical 
findings o f  inactivity, excessive lacrimation,  pilo-
erection, bradypnea, ptosis, or  ataxia were observed 
in some mice from the 300 and 600mgkg groups 
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within the first several hours after dosing. Capillary 
clotting time and platelet countso f  dosed mice were 
similar to those o f  controls. 

ISWEEK STUDY IN RATS 
Groups o f  10 maleand 10 femalerats 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 mgkg died. The 
mean body weight gains and final mean body weights 
of  male rats that received 150  and 300 mgkg were 
significantly lower than those o f  the controls. There 
were no clinical. signs related to specific organ 
toxicity. 

Maleandfemalerats receiving coumarin exhibited 
dose-relateddecreasesinmeanerythrocytevolume 
and mean  erythrocyte hemoglobin, and dose-related 
increases in erythrocyte  counts. Serum levels o f  total 
bilirubin andoneormore cytoplasmic enzymes 
including alanine aminotransferase, aspartate  amino-
transferase, ornithine carbamoyltransferase,  and/or 
sorbitoldehydrogenase in males and females 
receiving 300 mgkg werehigher thanthose o f  
controls. 

The absolute  and relative liver weights o f  male and 
femalerats that received 150  and 300 mgkg were 
significantly greater  thanthose o f  the controls. 
Centrilobular degenerationhepatocellular and 
necrosis, chronic  active inflammation, and bile duct 
hyperplasia were  observed in the liver o f  rats receiv- 
ing 150 or 300 mgkg. 

The high dose selected  for the 2-year study was 
100mgkg, 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. 

I S W E E K  STUDY IN MICE 
Groups o f  10maleand 10 female mice received 
coumarin in corn oil by gavage at doses o f  0, 19, 38, 
75, 150, or 300 mg per kg body weight. Two male 
mice receiving 300 mgkg died. The mean body 
weight gain and final mean body weight o f  surviving 
male mice that received 300 mgkg were significantly 
lower than  those o f  the controls. No clinical signs o f  
toxicity were observed. 

Male and female mice receiving coumarin exhibited 
dose-relateddecreasesinmeanerythrocytevolume 
and mean erythrocyte hemoglobin. The absolute and 
relative liver weights o f  males and females that 
received 150  and 300 mgkg were significantly greater 
thanthose o f  the controls.  Centrilobularhepato-
cellular hypertrophy was observed in  male andfemale 
mice receiving 300 mgkg. 

The high dose  selectedfor the 2-year study was 
200 mgkg, which was just  below the level a t  which 
mortalityand liver lesions  wereobserved in the 
13-week study. 

%YEARSTUDYIN RATS ' 

Groups o f  60 male and 60 female rats were admin-
istered coumarin in corn oilby gavage at doses o f  0, 
25, 50, or 100mg per kg body weight. After 
15months, 10 animalsfromeach group were 
evaluated. 

Survival, Body Weights, and Clinical  Findings 
None o f  the male rats receiving 100 mgkg and only 
two males receiving 50 mgkg survived until the  end 
o f  the study (vehicle control, 28/50; 25 mgkg, 9/50; 
50 mgkg, 2/51; 100mgkg, 0/50). Survival o f  dosed 
female rats was similar to  thato f  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  occurringspontaneously renal 
disease. Final  mean body weights o f  female rats that 
received 100mgkg and all dosed groupso f  male rats 
were lower than  those o f  the controls. There were 
no clinical signs of  toxicity in  rats, other than non-
specific signs relating to  debilitation as aresult o f  
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 mgkg rats, and  hematocrit or  hemoglobin 
in 100 m a g  rats  were significantly lower than those 
of controls.Activatedpartialthromboplastintimes 
werealso significantly lower  in 50 and 100mgkg
males, while  platelet counts weresignificantly higher. 
Activities o f  aminotransferase,alanine sorbitol 
dehydrogenase, or  y-glutamyltransferase  in 50 and 
100 mgkg male  and100 mgkg female  ratswere 
significantly higher than  those o f  the controls at the 
15-month interim evaluation. 
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PdkdQgyFh"&$S 
The principallesions associated with the admin-
istration o f  coumarinto ratsfor up to 2 years
occurred in the liver, kidney, and  forestomach. While 
the hepatic lesions were seen in all  groups o f  males, 
they occurred only in the 50 and 100 mgkg females. 
The lesions  consisted o f  aspectrum of  changes
including hepatocellular necrosis, fibrosis, cytologic 
alteration, and increased severity o f  bile duct hyper- 
plasia. The incidences o f  hepatocellularneoplasms 
were not increased  in dosed rats. 

There was a  chemical-related increase inthe average 
severity o f  nephropathy in all  groups of  dosed male 
and female rats. There were  corresponding increased 
incidences o f  parathyroid gland hyperplasia in all 
groups o f  dosed males, probably as  a result o f  com-
promised renal  function. In the standard evaluation 
o f  single kidney sections,  a low incidence o f  renal 
adenomas was seen in all  groups o f  males and  in 
100 mgkg females (males: vehicle control, 1/4% 
25 mgkg, 2/50; 50 mgkg, 2/51; 100mgkg, 1/50;
females: 0/49, 0/50, 0/50,.2/49). An evaluation o f  
stepsectionsidentifiedadditional individuals with 
renaltubule 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 o f  forestomach ulcers in all  groups o f  
dosed male rats and in 100mgkg female rats  were 
significantly greater  than thoseo f  the controls (males: 
7/48, 24/50, 35/51, 34/50; females: 1/48, 1/49, 6/50, 
9/48). 

STOP-E~OSURIEEVALUATION 
A group o f  40 male  rats received 100 mgkg coumarin 
in corn oil by gavage for 9 months, when 20 o f  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 mgkg coumarin 
in corn o i l  by gavage for 15 months, when 10 o f  the 
rats were necropsied and evaluated. The remaining 
20 rats received only corn  oilduring the 9-month 
recovery period. A group o f  20 vehicle control male 
ratswerenecropsied at 9 months,and another 
10 vehicle control  maleratswere necropsied at 
15 months. 

While chemical-related hepatic lesions were seen at 
both the 9- and15-month interim evaluations, the 
incidences and severities o f  theselesions 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 t o  the liver 
lesions, the severity o f  nephropathyinmalerats 
following the recovery period was significantly greater 
than that of  males examined at  the9- 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 renaltubule hyperplasia in the 
15-month stop-exposure group (dosed for 15 months 
followed by the recovery period) and  the incidence o f  
renal tubule adenoma in the 9-month  stop-exposure 
groupwere significantly greater  thanthose o f  the 
control group. 

2-YlEAR 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, o r  200 mg per kg body weight for  up t o  
2 years. After 15 months, 19 or 20 mice from  each 
group were evaluated. 

$ U r n i d ,  Body W 4 $ ~ 3 ~and & h k d k  Fh%ngs 
Survival o f  dosed male and female mice was similar 
to that o f  the controls (males: vehicle control, 43/50; 
50 mgkg, 47/50; 100  mgkg,42/50; 2U0 mgkg, 37/51; 
females: 33/50,40/50,42/51,28/51). The mean body 
weights o f  200 mgkg male  andfemale mice were 
lower than  thoseo f  controls throughout much o f  the 
study. There were no clinical findings related t o  
chemical administration. 

h k ~ ~ t ~ h ~ aand C%nica&CcbaeopakE~y 
Meanerythrocytevolume,meanerythrocytehemo-
globin, and hematocrito f  200 mgkg males and mean 
erythrocytevolume o f  200 mg/kg females were 
significantly lower than those o f  the controls. Blood 
platelet counts o f  2U0 mgkg males and females were 
significantly higher than  those o f  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 o f  coumarin to mice occurred  in the liver. 
The incidences of centrilobular hypertrophy in 100 
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and 200 mgkg males and 200 mgkg females were 
significantly greater  thanthose o f  controls. The 
incidences of syncytial alteration in all  maledose 
groupsandin 200 mgkg females were  also signif-
icantly greater  than controls. 

The incidences o f  eosinophilic foci, a  putative pre-
neoplasticlesion, and o f  hepatocellularadenoma 
were significantly greater  inthe50and100 mgkg 
females. Hepatocellularcarcinomasoccurred with 
low incidences  in the dosed females, but none 
occurred in the controls. The overallincidence o f  
hepatocellularneoplasms (benign and malignant 
combined) in the  50 and 100 mgkg females (control, 
8/50; 50 mgkg, 27/49; 100  mgkg, 31/51; 200 mgkg, 
13/50) exceeds the rangeinhistoricalcontrols 
(range2%-34%; 129/898, 14.4%) from recent NTP 
studies. The reasonfora lack o f  liver response  in 
200 mgkg female mice is not known, but may be due 
inpart t o  the decrease  in body weight. While the 
incidences of eosinophilic foci were marginally 
greater in dosed  male mice, the incidences o f  hepato-
cellular neoplasms were similar amongthe dosed and 
control groups. 

The incidences of  alveolarbronchiolaradenomas 
were significantly greater in 200 mgkg male  and 
female mice than  in the controls. Further, the 
incidence of carcinomaalveolar/bronchiolar in 
200 mgkg females was also significantly greater than 
incontrols. The overall  incidence o f  pulmonary
neoplasms (benign and malignant  combined) in the 
200 mgkg groups (males: 14/50, 9/50, 15/50, 25/51; 
females: 2/51,5/49,7/49, 27/51) exceeds the range in 
historicalcontrols (males: range6%-28%; 166/900, 
18.4%; females: range  0%-14%; 58/899, 6.5%) from 
recent NTP studies. 

The incidence o f  squamous cell papilloma o f  the 
forestomach in 50 mgkg males was greater  than that 
o f  the controls (2/50, 8/50, 2/50, O H l )  andalso 
exceeds the range o f  this neoplasm in control male 
mice fromrecent NTP studies(range0%-14%; 
27/902, 3.0%). The incidence o f  squamous cell 
papilloma of the forestomach in 50 mgkg 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%). 

GENETICTOXICOLOGY 
Coumarininducedgenemutationsin Salmonella 
typhimurium strain TAl00 in the presence,  but not  in 
the absence, o f  exogenous metabolic activation (S9); 
no mutations were induced in strains TA98,TA1535, 
or TA1537, with or without S9. In Chinese hamster 
ovary cells, coumarininducedsisterchromatid 
exchanges in the absence of S9, and chromosomal 
aberrations in the presence o f  S9. Coumarin did not 
induce sex-linked recessive lethal  mutations in germ 
cells o f  male Lkosophila mefanogaster treated either 
asadults by feeding or  injection, or  as  larvae by 
feeding. No increasein the frequency o f  micro-
nucleatederythrocytes was observed  inperipheral 
blood of  male and female  B6C3Fl mice administered 
coumarin by gavage for 13weeks. 

CONCLUSIONS 
Under the conditions o f  these 2-year gavage studies 
there was some evidence of carcinogenicactivity* o f  
coumarin in male F344/N ratsbased on increased 
incidences o f  renaltubuleadenomas.There was 
equivocal evidenceof carcinogenic activity o f  coumarin 
in female F344/N rats based on a marginally in- 
creased incidence o f  renal tubule adenomas. There 
was some evidence of carcinogenic activity o f  coumarin 
inmale B6C3Fl mice based on  the increased inci- 
dence o f  alveolarbronchiolar adenomas. There was 
clear evidence of carcinogenic activity o f  coumarin in 
female B6C3Fl mice based on increased  incidenceso f  
alveolarbronchiolar adenomas, alveolarbronchiolar 
carcinomas,hepatocellular Theand adenomas. 
marginally increased  incidences o f  squamous cell 
papillomas o f  the forestomach  inmale and female 
mice receiving 50 mgkg may have  beenrelated to 
coumarin administration. 

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

* Explanation o f  Levels o f  Evidence o f  Carcinogenic Activity is on page 10. A summary o f  the Technical Reports Review Subcommittee 
comments and the public discussion on this Technical Report appears on page 12. 
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Dos@s 
0,25,50, or 1 0  mgkg in 
corn oil by gavage 

Body weights 
Dosed groups lower than 
controls 

S U W h !  m h  
28/50, 9/50, 2/51, 0/50 

Nonneoplastic eRecb 
Liver: cytologic alterations 
(0149, 0/50,28/51, 29/50) 
fibrosis (0/49, 3/50, 41/51, 
42/50) necrosis (1149, 13/50, 
38/51, 40150); bile duct 
hyperplasia severity grades 
(1.6, 1.8, 2.2, 2.1) 
Forestomach: ulcer (7148, 
24/50,35/51, 34/50)
Nephropathy severity grades 
(2.0, 3.1, 3.7, 3.6) 

Neoplastic e R w b  
Kidney: renal tubule adenoma 
(single sections- 1/49, 2/50, 
2/51, 1/50); renal tubule 
adenoma (step sections -
0149, 4/50, 5/51, 4/50) 

Uncertain findings 
None 

0, 25, 50, or  1 0  mgkg in 
corn oil by gavage 

Highdose group  lower than 
controls 

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

Liver: fibrosis (0/50, 0150, 

1/50, 12/50); necrosis (3150, 

3/50, 4/50, 15/50); degener-

ation (0150, 0/50,8/50, 30150); 

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 

(1.2, 1.4, 1.8, 2.3) 


None 

Kidney: renal tubule adenoma 
(single sections- 0149, 0150, 
0150, 2/49); renal tubule 
adenoma (step sections -
0/49, 0/50, 1/50, 1/49) 

Level of evidence of carcinogenic activity 
Some evidence Equivocal evidence 

Genetic toxicology
I 

0,50,10,  or 2 0  mgkg in 
corn oil by gavage 

High-dose group lowerthan 
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 (6150, 
15/50, 13/50, 15/51) 

Lung: alveolarbronchiolar 
adenoma(14150, 8/50, 14/50, 
24/51); alveolarlbronchiolar 
adenoma or  carcinoma 
(combined) (14150, 9/50, 
15/50, 25/51) 

Forestomach: squamous cell 
papilloma (2150, 8/50,2/50, 
o m )  

Some evidence 

0,50,10,  or 2 0  mgkg in 

corn oil by gavage 


Highdose group  lower than 

controls 


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


Liver: syncytial alteration 

(0150,0149, 2/51, 19/50); 

centrilobular hypertrophy 

(0150,0/49,0151, 17/50); 

eosinophilic focus (4150, 

20/49, 20151, 9/50) 


Lung: alveolarbronchiolar 

adenoma (2/51, 5/49, 7/49, 

20/51); alveolarlbronchiolar 

carcinoma (0151, 0149, 0/49, 

7/51); alveolarlbronchiolar 

adenoma or carcinoma 

(combined) (2151,  5/49, 7/49, 

27/51) 

Liver: hepatocellular adenoma 

(8150,26/49, 29/51, 12/50) 


Forestomach: squamous cell 

papilloma (1152, 5/50,2/51, 

215 1) 


Clear evidence 


Salmonella typhimurium genemutation:Positive wi th  S9 i n  TA100;negative with or  withoutS9 in TA98,TA1535,andTA1537 
Sister chromatid exchanges 

Chinesehamsterovarycells in vitro: 
Chromosomal aberrations 

Chinesehamsterovary cells in vitro: 
Sex-linked recessive lethal mutations 

Drosophila melanogastm 
Micronucleated erythrocytes 

B6C3Fl mouseperipheralblood:Negative 

PositivewithoutS9 

Positive with S9 

Negativeadministeredwhen i n  feed or  by injection 

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.chemica1 is carcinogenic for laboratory animals under 
the conditions of the  study and indicate tha t  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 a n  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 i n  laboratory animals requires a wider 
analysis that extends beyond the purview of these studies. 

Five categories of evidence of carcinogenic  activity are used in the Technical Report series to summarize the strength of the  evidence 
observed in each experiment: two categories for positive results (clear evidence and some evidence);one category for-uncertain. 
findings (equivocal evidence); one category for no observable effects(no evidence);and one category for experiments that cannot be 
evaluated because of major flaws (inadequate study). These categories of interpretative  conclusions were first adoptedin,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 evidenceof 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 a n  indication from this or other studies of the abili ty of such tumors to progress to 
malignancy. 
Some evidence of carcinogenic  activity is demonstrated by studies that are interpreted  as showing a chemical-related 
increased incidence of neoplasms (malignant, benign, or combined) in which the  strength of the  response is less than 
that required for clear evidence. 
Equivocal evidenceof 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 i n  malignant or  benign neoplasms. 
Inadequate studyof carcinogenic activity is demonstrated by studies that, because of major  qualitativeor 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 i n  laboratory animals, especially for those evaluations thatmay be on the 
borderline between two adjacent levels. These considerations should include: 

. adequacy of the experimental design and conduct;. Occurrence of common versus uncommon neoplasia;
. progression (or lack thereof) from  benign to malignant neoplasia as well as from preneoplastic to neoplastic  lesions; 

0 
 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 thpe types  have the potential to become malignant; 

0 combining benign and malignant tumor incidenck known or  thought to represent  stages of  progression in the.same' ' - - .  -
organ or  tissue; . . . .. latency in tumor induction; 

multiplicity in site-specific neoplasia; 


0 metastases;. supporting information from proliferative lesions (hyperplasia) i n  the same site of neoplasia or  in other experiments 
(same lesion in another sex or  species); 

0 . 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 


0 in some cases, genetic toxicology. 
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0 t o  determine if the design and conditions of the NTP studies  were appropriate, 
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0 to judge  the significance of the  experimental results by scientific criteria, and 
0 to assess  the evaluation of the evidence of carcinogenic activity and other observed toxic responses. 
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- . ... 

ABSORPTION,DISTRIBUTION, 
METABOLISM, AND EXCRETION 
The metabolism and excretion o f  coumarin have been 
studied in several  differentspecies, including man. 
Coumarin metabolites identified andthe percentages 
o f  dose excreted in the urine  and feces o f  rat, rabbit, 
and man are shown  inTable 1. Probable pathways 
for the metabolism o f  coumarin are shown in 
Figure 1. 

Coumarin is rapidly absorbed  fromthe intestinal tract 
after oral administration. In rats given a  single oral 
dose o f  [3-'4C]-coumarin, 14C appeared in the  serum, 
liver, and kidney within 5 minutesandattaineda 
maximum concentrationafter 45 to 60 minutes 
(Feuer et al., 1966). Within48hours, 70% o f  the 
oral dose was eliminated  in the urine and 10% was 
eliminated in the feces. Similarly, in  a group o f  four 
menand two women given 0.857 mgkg coumarin 
per os, the parent  compound and its major metab-
olite, 7-hydroxycoumarin, were detected in the blood 

TABLE1 

Coumarin,.NTP TR 422 

within minuteswhilepeakconcentrationswere 

reached in about 10 to 20 minutes (Ritschel et al., 

1977). More  than80% o f  the administered dose was 

excreted in the urine within 24 hours. 


Coumarin and its metabolites do not accumulate t o  

a significant extent in any rat (Kaighen and Williams, 

1961; Feuer et al., 1%) or  rabbit tissues (Kaighen 

and Williams, 1%1)following oral  exposure or in any 

rat tissues following intraperitoneal  administration 

(Van Sumere and Tuechy, 1971). Following  admin-

istration o f  single dose o f 
a intraperitoneal 
[3-14C]-coumarin, 14C was detected  in va.rious ,organs, 
particularly the liver and kidney, at levels much 
higherthan that o f  the blood at any given period 
(Piller, 1977). The blood andtissue' 14C levels 
declined steadily over a 100-hour post-administration
period, with a biological half-life o f  approximately 
43 hours. Ritschel et al. (1976) reported  a half-life o f  
about 1.5 hours in the blood o f  humans given
intravenous doses o f  0.125 to 0.25 mgkg. 

Coumarin Metabolites Identified in the Urine and Feces of Various Speciesa 

Metabolites in  Urine 
Coumarin, Unchanged 
3-Hydroxycoumarin 
4-Hydroxycoumarin 
5-Hydroxycoumarin 
6-Hydroxycoumarin 
7-Hydroxycoumarin 
8-Hydroxycoumarin 
o-Coumaric 
o-Hydroxyphenyllactic acid 
o-Hydroxyphenylacetic acid 
o-Hydroxyphenylpropionicacid 

Total in  Urine 
Total in Feces 

a 	 Expressed as percentage of  doseadministered 
From Kaighen and Williams, 1%1 
From Shilling et al., 1%9 
Metabolite not measured for this species 

Rabbitb Ratb Human' 

12.3-16.7 3.1-7.4 -d 

18.1-28.2 1.7-1.8 
0.3-0.9 0.0-0.5 
0.3-0.5 -
2.0-4.7 0.3 

10.0-16.0 0.3-0.5 
1.3-2.5 0.3-0.5 
Trace Trace 
2.6-3.5 0.6-0.9 

18.1-22.1 12.5-27.2 
Trace Trace 

80.3-92.4 47.0-60.5 
0.2-0.7 32.4-38.8 



a - CH, - COOH CHz -CHz -COOH 

o-HPPA 
a HomoHO 

6,7-DHC 

- .  

4-, 5-, 6-, 8-HC 

4-HC 

aoHCoumarin 3-HC 

HO 

r7-HC 
e C H z -CO-COOH 

o-HPPyA
U O H 

pl \ 

0-HPLA 0-HPAA 

7-Hydroxylase(1) 
3-Hydmylase 

0-CA o-Coumaric acid 
6,7-DHC 6,7-Dihydroxycoumarin 
3-HC 3-Hydroxycoumarin 
4-HC 4-Hydroxycoumarin 
5-HC 5-Hydroxycoumarin 
6-HC 6-Hydroxycoumarin 
7-HC 7-Hydroxycoumarin 
8-HC 8-Hydroxycoumarin 
0-HPAA o-Hydroxyphenylacetic acid 
0-HPHA o-Hydroxyphenylhydracrylicacid 
0-HPLA 0-Hydroxyphenyllactic acid 
0-HPPA o-Hydroxyphenylpropionicacid 
o-HPPyA o-Hydroxyphenylpyruvic acid 

(2) 
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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 hydroxylation toin prior 
conjugation with glucuronide. Hydroxylation occurs 
primarily at  the number 3 and 7  positions to yield 
3-hydroxycoumarinor7-hydroxycoumarin,
respectively. 3-Hydroxycoumarin can be further 
metabolized by nonenzymatic ring opening to form 
o-hydroxyphenylacetic acid and o-hydroxyphenyllactic 
acid. 

Therearesubstantial qualitative differences in the 
metabolism o f  coumarinamongvarious species.
Studies with rat  hepatic microsomes have shown that 
coumarin is metabolized by isoenzymes of  the cyto-
chrome P-450 IA andIIB 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). 
Duringthisprocess, reactive metabolites are 
generated which covalently bind to microsomal 
proteins and glutathione (Peterset al., 1991). Based 
on these  studies, Peters et al. (1991),postulated that 
a coumarin 3,4-epoxide intermediate is formed which 
may rearrange t o  3-hydroxycoumarin with subsequent 
ring opening, or  form  a glutathione conjugate. While 
hydroxylation also  apparentlyoccursatotherring
positions, the extent o f  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 o f  7-hydroxycoumarin 
and 7-hydroxycoumarin glucuronide  (Ritschel et al., 
1977). Further, Miles et al. (1990) have shown that 
the isoenzyme responsible  for most, if not all, of  the 
coumarin 7-hydroxylase activity in  the human liver 
belongs to  the cytochrome P-450 I I A  subfamily. 

The differences in  metabolism of  coumarinamong
various species is largely reflected by the quantitative
differences in hydroxylation at  the3 and 7 positions. 
Gangolli et al. (1974) showed that  theamount o f  
7-hydroxycoumarin found  in the urine o f  various 
species, as a  percentage o f  the administered dose o f  
coumarin, was 1%in the squirrel monkey, ferret,  and 
guinea pig; 3% inthe mouse and dog; 5% inthe 
hamster; 12%  in the pig; 19% in the cat;  and 60% in 
the baboon. 

The metabolites o f  coumarinidentifiedinvarious 
species are shown  in Table 1. In rats, the metabolites 
are excreted in significant amounts  in both the urine 
and feces. Following the  oraladministration o f  
[3-'4C]-coumarin to rats, theamount o f  labeled 
metabolites in the urine varied from 47%  to 60% o f  
the administered dose, while that  in the feces varied 
from 32%  to 38% (Kaighen and Williams, l%l). 
Although some of  the orally  administered coumarin 
may be metabolized by microfloraintestinal 
(Scheline, 1968), the significant level o f  metabolites 
found in the feces may reflect the high level o f  biliary 
excretion observed in the rat. Within 24 hours o f  an 
oral or intraperitoneal dose o f  50 mgkg, about 50% 
o f  the dose was excreted in the bile o f  rats as un-
identifiedring-openedcompounds (Williams et al., 
1965). By contrast,  in humans more than80% o f  the 
metabolites o f  coumarin are foundin the urine, 
suggesting that  enterohepatic circulationo f  coumarin 
in humans is substantially less than  that in rats. 

TOXICITY 
Experimental Animals 
Theoral LD,, valueforcoumarin is reported  as 
420 mg/kg inC3H/HeJ mice and 780 mgkg in 
DBADJ mice (Endell and Seidel, 1978). The oral 
LD,, forcoumarininrats is reported  as 292 t o  
680mgkg (Hazleton et al., 1956). 

Osborne-Mendel rats fed coumarin  in the diet at a 
level of  1,OOO ppm  forupto 4 weeks showed no 
evidence o f  toxicity, while rats fed 10,OOO 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 o f  
125 to 500 mg/kg coumarin,  hepatotoxicchanges
consisting o f  centrilobular hepatic necrosis occurred 
within 24 hours  (Lake, 1984). The mechanism  for 
liver toxicity is thought  to be due to the production 
o f  one or more  coumarin metabolitesby cytochrome
P-450-dependent mixed-function oxidase enzymes. It 
has been hypothesized that a 3,4-epoxide inter-
mediate may be responsible  forcoumarin-induced 
hepatotoxicity the 3,4-Dihydrocoumarin,in rat. 
which lacks the 3,4-double bond, does not produce
liver toxicity when given t o  Sprague-Dawley rats 
intraperitoneally at doses o f  127 or 254 mgkg, 
althoughcoumarin at thesedosesdoesproduce 
hepatotoxicity (Lake et al., 1989). 

\ 



In another study, Sprague-Dawley rats  were fed either 
a control diet or  a  diet containing 5,(##3 ppm cou- 
marin for 1, 3, 6,9, 12, or 18months with estimated 
coumarin intakes of  50 mgkg per day for  2 weeks, 
360 mgkg per day for 3 months, and 200 mgkg per 
day for 1 year. After 1 monththe liver showed 
extensive vacuolation o f  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 o f  coumarin 
treatment there werelargeareas o f  fibrosis in the 
liver. In addition,  there were  irregular ducts formed 
o f  palestaining cells in a heavy fibrous  stroma. 
There was no evidence o f  local invasion or metastasis 
(Evans ef al.,1989). 

HUppaQ6W 

Information on the toxicity o f  coumarin in humans is 
limited to Phase I and I1 toxicity studies  incancer 
patients given coumarin  in combination with cime- 
tidine. These studies found no major organ toxicity
attributable to the use o f  coumarin, given at doses o f  
100 to 400 mg/day for several weeks t o  1 month 
(Dexeus et al., 1990). 

~PRODUCTllVlEAND ~EVlELOPMENTAL 
TOrnCITY 
Eq&meoat” h i m a h  
No malformationswerefoundin the offspring o f  
mice fed diets containing 500 to 2,500 ppm coumarin 
on days 6 through 17 o f  gestation,but increased 
numbers of  stillbirths and delayed ossification were 
seen at  the 2,500 ppm level, and increased mortality 
up t o  3 weeks of  age was seen at all levels (Roll  and 
Bar, 1967). The purity o f  the coumarin used in these 
studies was not given. 

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

CARCINOGENICITY 
Epedmeoatal h i m a b  
Coumarinadministeredin feed at a level of  
5,(##3 ppm to six male and six femaleOsborne-
Mendel rats for 2 years caused liver damage  charac-
terizedas focal proliferation o f  bileducts with 
cholangiofibrosis, fatty metamorphosis,  and focal 

necrosis, but  produced no carcinogenic effect (Hagan 
et al., 1%7). In addition,  Evanset al. (1989) reported
that long-term  administration of  coumarin at dietary 
levels o f  5 , 0  ppm produced  cholangiofibrosis in 
Sprague-Dawley rats, nobut treatment-related 
tumors. Groups o f  Syrian golden  hamsters fed diets 
containing 0, 1,(##3,o r  5 , 0  ppm coumarin for up to 
2 years showed no evidence o f  hepatotoxicity or 
hepatocarcinogenicity (UenoandHirono, 1981). 
Baboons receiving doses o f  0, 2.5, 7.5, 22.5, or’ 

67.5 mgkg coumarin  for 16or 24 months showed no 
evidence of dose-related tumors. Liver toxicity was 
observed at  the high dose  and was characterized as 
dilatation o f  the endoplasmic  reticulum (Evans ef  al., 
1979). 

Bar and  Griepentrog (1967) and  Griepentrog (1973) 
characterized liver lesionsinratsasbileduct 
carcinomaslong-term o fafter administration 
coumarin. In these  studies five groups o f  rats were 
fed diets  containing 1,OOO t o  6,OOO ppm coumarin  for 
up to 2 years. O f  the animals surviving to the endo f  
the studies, 12  ratsthat received 5 , O  ppm and 
five rats that received 6,OOO ppm  developed bile duct 
carcinomas. No carcinomas were seen inthe rats f e d  
1,000or 2,500 ppm coumarin (Bar and  Griepentrog, 
1967; Griepentrog, 1973). Cohen (1979) reported 
that a review o f  the bileductlesionsin the 
Griepentrog study showed that the cytologic changes 
in the bile  ductwere more consistent with fatty
degeneration, necrosis, and  proliferation than with 
the original diagnosis o f  carcinoma.Thesestudies 
provided littleinformation onthe purity of  the 
coumarin used, and  little consistent information on 
other toxic endpoints  suchas clinical findings and 
body weights. 

In a  study o f  3,4-dihydrocoumarin, administered by 
subcutaneousinjection twice a week for 5 1  or 
57 weeks at a  dose o f  0.5 mg to mice and 2 mg to 
rats, no tumors  were found. Only a few animals  were 
included ineachtreatmentgroup(Dickensand 
Waynforth, 1968). In addition, no tumorswere 
observed in dogs administered 3,4-dihydrocoumarin 
orally at a  dose o f  150 mgkg per day for 2 years 
(Hagan et al., 1967). 

No tumorswere observed in  Osborne-Mendelrats 
that received diets  containing 500 to 1 5 , O  ppm 
6-methylcoumarinfor up to 2 years (Hagan et al., 
1967). 
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Humans 
Somecoumarin derivatives have been  reportedto 
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-S-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 
UnitedStates(Thornes et 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-OHcou-
marin derivatives in  a variety o f  model systems. 
WhenMTV-H-rastransgenic mice were given
200 pM coumarin in drinking  water for 6 months, 
tumor incidence was decreased  and tumor onset was 
delayed (Tseng, 1991). Coumarinhasalsobeen 
reported to inhibit the effects o f  7,12-dimethyl-
benz(a)anthracene-induced neoplasia in the rat 
mammary gland (Wattenberg er al., 1979). 

Coumarinadministered to humans at adose o f  
1g/m2 per day for 8 days significantly increased lym- 
phocyte response to phytohaem-agglutinin,  indicating
that coumarin can activatelymphocytes and  stimulate 
some immunologic  functions (Berkarda et al., 1983).
Other studies on the ability o f  coumarin to  restore 
cellular immunity in patients with chronic brucellosis 
have been  reported by Thornes (1983). Cellular 
immunity was partiallyrestoredinpatients given 
25 mg coumarin daily for 6 months or  100 mg daily 
for 1month as evidenced by increased numbers o f  
lymphocytes and activated T cells, and  a restoration 
o f  the delayed hypersensitivity reaction which is often 
decreased in patients with brucellosis. Other in vitro 
studies also suggest that  coumarin may enhance the 

experimentalanticanceragents with a typical oral 

lymphocytic mitogenic  response(Marshall et al., 
1989b). 

coumarin and relatedcompoundswere 
Liver toxicity was not  reportedinhumans 

used as 
where 

dose o f  approximately 100mg/day (Marshall et al., 
1987a,b; 1989a). 

GENETICTOXICITY 
Coumarininducedgenemutationsin Salmonella 
typhimurium strain TAl00 in the presence o f  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 et al., 
1983). No induction o f  sex-linked recessive lethal 
mutations was observed ingerm cells o f  male 
Drosophila mefanogaster treatedwithcoumarinas 
adults, by feeding or  injection (Yoon et al., 1985), or 
aslarvae by feeding (Valencia et al., 1989). No 
increase in unscheduled DNA synthesis was reported 
inrattrachealepitheliumculturestreated with 
1.46mg/mL coumarin  in the absenceof  S9 (Ide et al., 
1981). 

Chromosomal effects have been  reported in mamma-
lian cells following treatment with coumarin. 
Cytogenetic tests with Chinese  hamster ovary cells 
demonstrated inductiono f  sister chromatid exchanges 
by 100 to 300 pg/mL coumarin in the absence, but 
not the presence, o f  S9; adose-relatedincreasein 
chromosomalaberrations was alsoobservedin 
Chinesehamster ovary cells after  treatment with 
coumarin, but only in the presence o f  S9 (Galloway 
et al., 1987). 

Studies o f  the cytogenetic effects o f  coumarin in 
plants are difficult t o  interpret due to the presenta-
tion o f  the experimentalprotocolsand the data. 
However, there seems t o  be agreement that mitotic 
inhibition and increases  in the frequencies o f  acentric 
fragments, anaphase bridges, and  other chromosomal 
abnormalitiesplantswere o fin consequences
coumarin exposures (D’Amato and D’Amato-Avanzi, 
1954; Riley and Hoff, 1960, SarmaandTripathi, 
1976). 

The only metabolites  for which genotoxicity informa- 
tion is available are 7-hydroxycoumarin and 
3,4-dihydrocoumarin. 7-Hydroxycoumarin did not 
inducegenemutations in Salmonella typhimurium 
strains TA98, TA100, or TA1537, with and  without 
S9, at doses  up to 2 mg/mL, but  it was reported to 
inducemutationsin Klebsiella pneumoniae in the 
absence o f  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, TAlW, TA1535, and 
TA1537 (Prival et al., 1982; Haworth et al., 1983). In 
the companion NTP studies o f  3,4-dihydrocoumarin, 
chemical administration induced sister  chromatid 
exchanges, but  not chromosomalaberrations in 
culturedChinesehamster ovary cells, with and 
without S9. No induction of  micronuclei was 
observed in peripheral  blooderythrocytesamples 
obtained from male and female B6C3Fl mice at the 
end o f  the 13-week toxicity study (NTP, 1993). 

STUDY JRATIONAILIE 
Coumarin was nominated by the FDA and N C I  for 
toxicity and carcinogenicity studies  becauseit is 
widely distributed  inperfumes,soaps,and other 
common household products; because o f  continued 
interestin using coumarin  compoundsas flavor-
enhancingagentsfor foods; and because  complete 
comparative toxicity and carcinogenicity studies  in 
ratsand mice had  not previously been  performed. 
The oral route o f  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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pROCUJREMENT AND 
ClHtAMCTERI~TIONOF C O U M R I N  
Coumarin was obtainedfromRhone 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 5H2003 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 lotso f  the chemical,  a white crystalline powder, 
were identified as coumarin by infrared, ultraviolet/
visible, and  nuclear magnetic resonancespectroscopy.
The purity o f  the lots was found to be greater than 
97% by Karl Fischer water analysis, titration o f  the 
free acid, lactone hydrolysis, thin-layer chromatog- 
raphy, and gas chromatography.  Thin-layerchro-
matography o f  both lots indicated only one major 
spot. Gas chromatography o f  both lots indicated one 
major peak and  no impurities with total  areas greater 
than 0.1% relative t o  the major peak area. Stability
studies performed at the analytical chemistry labora- 

f tory indicated that coumarin was stable as a bulk 
chemical for  at least  2 weeks at  temperatures up to 
60" C. The stability o f  the bulk chemical was moni- 
tored periodically at  the studylaboratory with gas 
chromatography and free acid titration  methods; no 
change in purity was observed. 

p R E P A M T I O N  AND ANALYSIS 
OF DOSE IFORMUJMTIONS 
The dose formulation suspensions for gavage admin- 
istration were prepared by mixing coumarin  and corn 
oil (Table 11). Studies to determine stability o f  the 
gavage preparations  were conductedby the analytical 
chemistry laboratory. The stability studies o f  the 
dose formulations were performed using a gas chro- 
matographicmethod. The findings o f  the studies 
indicated that  the dose formulations  were stable for 
at least 3 weeks at room  temperature, when stored  in 
thedark,andunder simulated dosing conditions 

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

Periodic analyses o f  the dose  formulations o f  cou-
marin were conducted at the study laboratory and the 
analytical chemistry laboratory using ultraviolet 
spectroscopy. Duringthe 16-day studies  all dose 
formulationswere analyzed. During the 13-week 
studies, the  dose formulationswere analyzed every 
6 weeks (Tables I2 and 13). During the 2-year 
studies, the dose formulations were analyzed every 6 
to 10weeks (Table 14). In the 2-year studies,  100% 
o f  the doseformulationswerewithin 10% of the 
target concentrations. Periodic analyses o f  the corn 
oil vehicle by the studylaboratoryindicatedthat 
peroxide levels were  within the acceptablelimit of  
10 mEq/kg. Results o f  the periodic referee analyses 
performed by the analytical chemistry laboratory  were 
in agreement with the results  obtained by the study
laboratory (Table 15). 

ll6-lJDAY STUDIES 
Male and female F344/N rats  and B6C3Fl mice were 
obtained from Charles River Breeding Laboratories 
(Portage, MI). At receipt the rats and mice were 35 
to 42 days old. The animals  werequarantinedfor 
14 days before  dosing began. During  this time two 
males and two females o f  each species wererandomly 
selected and evaluated for evidence o f  disease. 

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

I S W E E K  STUDIES 
The 13-week studies  were conducted to evaluate the 
cumulative toxic effects. o f  repeatedexposure t o  
coumarin and to determine the appropriate doses to 
be used in the 2-year studies. 

Male and female F344/N rats  and B6C3Fl mice were 
obtained from Charles River Breeding Laboratories 
(Portage, MI). Upon receipt, the rats  were29 t o  
36 days old and the mice were 36 t o  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  eachspecieswere randomly 
selected and evaluated  for evidence o f  disease. At 
the end o f  the studies, serologic analyses were  per-
formed on 5 rats and 10 mice o f  each sex using the 
protocols o f  the NTP SentinelAnimalProgram 
(Appendix K). 

Groups of  10 maleand 10 femaleratsand mice 
received coumarin  in cornoil by gavage at doses of  0, 
19,38, 75,150, or 300 mgkg body weight 5 days per 
week for 13 weeks. Animalswere housed five per 
cage; water and feed were available ad libizurn. 
Clinical findings were  recorded twice daily. The 
animals were weighed at the beginning o f  the studies 
and weekly thereafter. Further details o f  study design 
and animal maintenance are summarized in Table 2. 

At the end o f  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. Thebrain,heart, right 
kidney, liver, lung, right testis, and thymus of  rats 
were weighed. The left kidney, liver, and left test.iso f  
mice were weighed. Tissues  for microscopic examina- 
tionwereembeddedin paraffin, sectioned t o  a 
thickness o f  4 to 6 pm, and stained with hematoxylin 
and eosin. A complete histopathologic examination 
was performed on all  control animals, animals killed 
moribund, and all animals from the 300 mgkg dose 

groups that lived to the end o f  the studies. The livers 
from all  dosed rats and mice were examined micro- 
scopically. Table2lists the tissues andorgans 
routinely examined microscopically. 

2-YEAR STUDIES 
Study Design 
Groups o f  60maleand 60 femalerats received 
coumarin in corn oil by gavage at doses o f  0, 25, 50, 
or 100mgkg body weight for 103weeks; groups o f  
70 maleand 70 female mice received coumarin  in 
cornoil by gavage at doses o f  0, 50, 100, or  
200 mgkg body weight for  103 weeks. Ten  rats and 
20 mice per  dose group were  designated for interim 
evaluationsafter 15 months of  chemicaladmin-
istration. 

Stop-Exposure Evaluation 
Groups o f  male rats receiving 100 mgkg coumarin 
for 9 or 15 months followed by a recovery period 
were evaluated t o  assess the potential for coumarin-
induced liver lesions to progress or regress. This 
stop-exposureevaluation was conducted based on 
literaturereports o f  hepaticcholangiofibrosisand 
cholangiocarcinomas occurring in ratsgiven coumarin 
for 2 years (B2r and  Griepentrog, 1967). 

A groupo f  40 male  rats received 100mgkg coumarin 
in corn oil by gavage for 9 months, when 20 o f  the 
animals were necropsied and evaluated. The remain-
der o f  the male rats received only the corn  oil vehicle 
until they died or  the end o f  the study was reached. 
Similarly, a  groupo f  30 male rats received 100mg/kg 
coumarin in corn oil by gavage for 15 months, when 
10 o f  the rats  werenecropsied and evaluated. The 
remaining 20 rats received only  corn oil untilthe end 
o f  the study. A  group o f  20 vehicle control  male rats 
were necropsied,at. ?.months, and another,lO,vehicle 
control male rats were  necropsied at 15 months for 
comparison with those receiving coumarin  and killed 
atthesetime points. The incidences o f  lesionsin 
male rats receiving coumarin  and evaluated at 9 or  
15 monthswerecompared 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 B6C3Fl mice were 
obtainedfromFrederickCancerResearchCenter 
(Frederick, MD) for use in the 2-year studies. Rats 
were quarantined for15(males) or 16(females) days, 
and mice werequarantinedfor 16 (males) or  
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17 (females) days before the beginning o f  the studies. 
Five rats and five mice o f  each sex were randomly 
selected and evaluatedfor 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 o f  the 
studies. The health o f  the animals was monitored 
during the studiesaccording tothe NTP Sentinel 
Animal Program (Appendix K). 

Amiman ~aimbmamce 
Rats were  housed five per cage; mice were housed 
individually. Feedwater availableandwere 
ad libitum. Cages wererotated every 2 weeks. 
Further details o f  animal maintenance are given in 
Table 2. Information on feed compositionand 
contaminants is provided in Appendix J. 

aimican ~ ~ a m i m a u mand Pathonom 
Allanimalswere observed twice daily. Clinical 
findings were  recorded weekly for the first 13weeks, 
and monthly thereafter. Animals wereweighed at the 
beginning o f  the studies, weekly for the initial 
13weeks, and monthly  thereafter. Blood was col- 
lected by cardiac puncture from all animals at the9-
and15-monthinterimevaluationstodetermine 
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,  andallmajor tissues were fixed and 
preserved in  10%neutral buffered formalin,  pro-
cessed and trimmed,  embedded in paraffin, sectioned, 
and stained with hematoxylin and  eosinfor micro-
scopicexamination.Histopathologic examinations 
wereperformed on all tissues with gross lesions. 
Tissues examined are listed in Table 2. 

Microscopic evaluations were completedby the study
laboratory pathologist, and the pathology data  were 
enteredintothe 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 animaldata records, and 
pathology tables  were evaluated by an independent 
quality assessment laboratory. The individual animal 

records and tables  were compared for accuracy, the 
slide and tissue counts were verified, and the histo-
technique was evaluated.Aqualityassessment 
pathologist reviewed the kidney in rats, the clitoral 
gland and thyroid gland in female  rats, and  the liver 
andlungin mice for accuracy and consistency o f  
lesion diagnosis. 

The quality assessment report  and slides  were sub-
mitted to  theNTP Pathology Working Group (PWG) 
chair,who reviewed the kidney in  ratsand mice, 
clitoral gland and  nosein 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 Representativepathologists.
histopathology slides containingexamples o f  disagree-
ments in diagnosis between the laboratory  and quality 
assessment pathologists, or  lesions o f  general interest 
were presented by the chair to  the PWG for review. 
The PWG consisted o f  the quality  assessment pathol-
ogist and  other pathologistsexperienced in rodent 
toxicologic pathology. Thisgroup examined the 
tissues without any knowledge o f  dosegroups or 
previously rendered diagnoses. When  the consensus 
opinion o f  the PWG differed from  that o f  the labora-
tory pathologist, the diagnosis was changed. Thus, 
the final diagnoses represent  a consensuso f  contrac-
tor pathologists  and the PWG.  Details o f  these 
review procedures have been  described,inpart, by 
Maronpot and Boorman (1982) and  Boorman et af .  
(1985). For subsequent analyses o f  pathology data, 
the diagnosed lesionsforeachtissue type were 
evaluatedseparately or  combined  according to the 
guidelines o f  McConnell el af .  (1986). 

smisuian muhods 
S8anival h a l y s e s  
The probability o f  survival was estimated by the 
product-limit procedure o f  Kaplan and Meier (1958) 
and is presented in the form o f  graphs.Animals 
were censored from the survival analyses if they  were 
founddead o f  otherthannatural 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 testingtwo groups  for equality and 
Tarone’s (1975) life table  test t o  identify dose-related 
trends. AllreportedP values forthe survival 
analyses are two sided. 
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Calculation of Incidence 
The incidences of neoplasms or nonneoplastic lesions 
as presented in Tables Al ,  A 5 ,  B1, B5, C1, C5, Dl ,  
D5, El, and E4 are given as the number o f  animals 
bearing such lesions at a specific anatomic  site and 
the numbero f  animals with that  site examined micro- 
scopically. For calculation o f  statistical significance, 
the incidences o f  most neoplasms (Tables A3, B3, C3, 
D3, and E3) and all nonneoplastic lesions are given 
as the  ratioof  the number o f  affected animals to  the 
number o f  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) beforemicroscopicevaluation, or  when 
neoplasms had multiple potential siteso f  occurrence 
(e.g., leukemia or  lymphoma), the denominators 
consist o f  the number o f  animals on which a necropsy 
was performed. 

Analysis of Neoplasm Incidences 
The majority o f  neoplasms in these studies were con-
sidered to be incidental to  the cause o f  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 o f  death from an unrelated  cause and thus did 
not affect the risk o f  death. In this approach, neo-
plasm prevalence was modeled as a logistic function 
o f  chemical exposure and time. Bothlinearand 
quadratic terms in time were incorporated initially, 
and the quadratic  term was eliminated if it  did not 
significantly enhance the fit o f  the model. The dosed 
and control groups were compared on the basis of  
the likelihood  score test for the regression coefficient 
o f  dose.Thismethod o f  adjustingforintercurrent 
mortality is the prevalence analysis o f  Dime and 
Lagakos (1983), further described and  illustrated by 
DinseandHaseman (1986). Whenneoplasms are 
incidental,thiscomparison of  the time-specific 
neoplasm prevalences also provides a  comparison o f  
the time-specific neoplasm incidences (McKnight and 
Crowley, 1984). 

In addition  to logistic regression, other  methods o f  
statistical analysis were used, and  the results o f  these 
tests are summarizedin the appendixes. These 
include the life table  test (Cox, 1972; Tarone, 1975), 
appropriatefor rapidly lethal  neoplasms,and the 
Fisher exact test and  the Cochran-Armitage  trend test 
(Armitage, 1971;Gart ef af., 1979),procedures based 
on the overall proportion o f  neoplasm-bearing animals. 

Tests o f  significance included pairwise comparisons o f  
eachdosed group with controls  and atestfor an 
overalldose-responsetrend.Continuity-corrected 
tests were used in the analysis of  neoplasm incidence, 
and reportedP values are  one sided. The procedures
described in the preceding  paragraphs were alsoused 
to evaluateselectednonneoplastic lesions. For 
further discussion o f  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 o f  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 o f  
chemical exposure  and time. For lesions detected at 
the interim evaluation,the Fisher exact test was used, 
aprocedure based onthe overall proportion o f  
affected animals. 

Historical Control Data 
Although the concurrent control group is  always the 
first and  most appropriatecontrolgroup used for 
evaluation, therearecertain instancesin which 
historical control data  can be helpful  in the overall 
assessment o f  neoplasm incidence. Consequently, 
neoplasm incidences fromthe NTP historical control 
database (Haseman ef al., 1984, 1985)are included  in 
the NTP reportsforneoplasmsappearing to show 
compound-related effects. 

Analysis of Continuous Variables 
Tho approaches were employed to assess the signif- 
icance o f  pairwise comparisons  between dosed and 
control groups inthe analysis o f  continuous variables. 
Organand body weight data, which have approx- 
imately normal  distributions, wereanalyzed using the 
parametric comparison o fmultiple procedures
Dunnett (1955) and Williams (1971, 1972). Clinical 
chemistry and  hematology data, which typically have 
skewed distributions,  were analyzed using the non- 
parametricmultiplecomparisonmethods o f  Dunn 
(1%) and Shirley (1977). Jonckheere’s test 
(Jonckheere, 1954) was used to assess the significance 
o f  the dose-response  trends and  to determine whether 
a trend-sensitive test (Williams’ or  Shirley’s test) was 
moreappropriatefor 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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Quanib A S S M P ~ ~ C ~MQUI~~OCUS 

Thee 13-week and 2-year studies  wereconducted in 
compliancewith Food andDrug Administration 
GoodLaboratory PracticeRegulations (21 CFR, 
Part 58). In addition,  as records from the 2-year 
studiesweresubmittedtothe NTP Archives, they 
wereaudited retrospectively by anindependent 
quality assurance contractor. Separate audits cover- 
ing completeness  and accuracy o f  the pathology data, 
pathology specimens, final pathology tables, and 
preliminary review draft of  this NTP Technical 
Report wereconducted.Auditprocedures 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 duringthe 
preparation o f  this Technical Report. 

GENETIC TowICoLoGY 
The genetic toxicity o f  coumarin was assessed by 
testing the ability o f  the chemical to induce  muta-
tions in various  strains o f  Salmonella typhimurium 
and Drosophila melanogasfer, chromosome damage in 
Chinese hamster ovary cells, and micronuclei in the 
peripheralblood cells o f  mice. The protocols  for 
these studies and the resultsare given  in Appendix F. 

The genetic toxicity studies o f  coumarin are part o f  a 
larger effort by the NTP to develop a database  that 
would permit the evaluation o f  carcinogenicity in 
experimentalanimals from thestructure of the 
chemical and  its responses in short-term in vitro and 

in vivo genetic toxicity tests. Thesegenetic toxicity 
tests were originally developed to study mechanisms 
o f  chemical-induced DNA damage and  to predict
carcinogenicity in  animals, based on  the electrophilic 
theory o f  chemical carcinogenesis and  thesomatic 
mutationtheory(MillerandMiller, 1977; Straus, 
1981; Crawford, 1985). 

There is a  strong correlation between a chemical's 
potentialelectrophilicity(structural alertto DNA 
reactivity), mutagenicity in Salmonella, and car-
cinogenicity in rodents.' The  combinationo f  electro-
philicity and Salmonella mutagenicity highlyis 
correlated with the  induction o f  carcinogenicity in 
rats and mice and/or  at multiple tissue  sites (Ashby 
andTennant, 1991). Other in vitro genetic toxicity 
tests do  not correlatewell with rodent carcinogenicity 
(Tennant et al., 1987; Zeiger et al., 1990), although 
theseother testscanprovideinformation onthe 
types o f  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 
testfor carcinogenicity (89% ofrodent the 
Salmonella mutagens were rodent carcinogens), and 
that there is no complementarity among  the in vino 
genetic toxicity tests. That is, no battery o f  tests that 
included the Salmonella test improved the predicitivty 
o f  the Salmonella alone. The predictivity o f  carcino-
genicity o f  a positive response in bone marrow 
chromosome aberration or micronucleus  tests is not 
yet defined. 
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TABLE2 
Experimental Design and Materials and Methods in the Gavage Studies of Coumarin 

16-Day Studies 13-Week Studies 

Study Laboratory 
Internationaland ResearchAmericanResearch andInternational 
DevelopmentCorporation,Development Corporation,Corporation, Woburn, 
Mattawan, MI MIMattawan, 

Strain and Species 
Rats:F344M Rats: F344/N 
Mice:B6C3Fl Mice:B6C3Fl 

Animal Source 
CharlesBreedingCharlesBreeding CancerFrederickResearchRiver River ResearchFrederick Cancer 
Laboratories, Inc., Laboratories, Inc., Center, 
Portage, MI Portage, MI Frederick,MD MD 

Time Held  Before Studies 
14 days Rats: 23 days 

Mice: 24 days 

Average Age When  Studies Began 
49-56 days 	 Rats:52-59days 

Mice:60-67days 

Date of First Dose 
5 January 1981 	 Rats: 9 April  1981 

Mice: 10  April1981 

Duration of Dosing 
16 days 	 91 days 

Date of Last Dose 
21 January  1981 	 Rats: 9 July 1981 

Mice: 10 July 1981 

stop-Exposure 
Evaluation 

BiogenicsAmericanBiogenics 
MA 

Male Rats: F344/N 

Center, 
Frederick, 

15 days 

44 days 

6 September  1984 

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

27 August 1986 

2-Year Studies 

Corporation, MAWoburn, 

Rats: F344/N 
Mice:B6C3Fl 

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) 
30October 1986 (females) 
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16-Day Studies 13-Week Studies 

N@ccpopyD a h  
21 January 1981 	 Rats: 9 July  1981 

Mice: 10 July1981 

Average Age at Necropsy
65-72 days 	 Rats:143-150days 

Mice:151-158days 

Size of Study Groups 
5 males and 5 females 10 males  10 9-Monthand stop-exposure:females 

Method of Distribution 
Animalsassigned by randomSameas16-daystudies 

numbers; average cage 

weights were approximately 

equal. 


Animals per Cage 

5 5 


Method of Animal Identification 
Rats:Metaltag Rats: Metal tag 
Mice:Toeclip Mice: Toe clip 

Diet 
NIH-07openmash 	 as 16-day  NIH-07dietasformulaSame 	 studies Samepelletedstop-exposure 

(Zeigler dietInc., Brothers, 
Gardners,Gardners,PA); available 
ad libitum 

S ~ O p - b ~ U l T  
Evaluation 

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 

20 dosed and 20 control 
rats evaluated a t  9 months; 
20 dosed rats evaluated 
after recovery period. 

15-Month stopexposure: 
10 dosed and 10 control 
rats evaluated a t  15 months; 
20 dosed rats evaluated 
after recovery  period. 

Same as 16-day studies 

5 

Toe clip 

PA); available 
ad libitum 

%Year Studies 

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:70malesand 
70 females 

Same as 16-day studies 

Rats: 5 
Mice: 1 

Toe clip 
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TABLE2 

Experimental Design and Materials and Methods in the Gavage Studies of Coumarin (continued) 


16-Day Studies 13-Week 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 
BetaChipse, hardwood 
laboratory bedding 
(Northeastern Products 
Cop.,Warrensburg, NY), 
changed twice weekly 

Cage Filters 
Nonwoven polyester, 
changed every other week 

Racks 
Stainless steel, changed 
evely other week 

Animal Room  Environment 
Temperature: 22" C 
Relativehumidity: 36% 
Fluorescent light: 
12 hourslday 

Roomair:notavailable 

Doses 
Rats: 0, 25, 50, 100,200, or  
400 mgkg coumarin in corn 
oil by gavage; once  daily, 
5 days per week 

Mice: 0, 40, 75, 150, 300, or 
600 mgkg coumarin in corn 
oil by gavage; once daily, 
5 days per week 

Same as l i d a y  studies 

Same as 16day studies 

Same as 16day 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 

Roomair:notavailable 

Rats: 0, 19, 38, 75, 150, or  
300mg/kg coumarin i n  corn 
oil by gavage; once daily, 
5 days per week 

Mice: 0, 19, 38, 75, 150,or  
300mgkg coumarin i n  corn 
oil by gavage; once daily, 
5 days per week 

stop-Exposure 
Evaluation 

Same as 16day studies 

Hardco Automatic Watering 
System, availablead 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: 
22.7" C & 1.2" C 

Relative humidity: 
55.7% 2 8.6% 

Fluorescent light: 
12 hourslday 

Roomair:notavailable 

0 or  100 mgkg coumarinin 
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 

2-Year Studies 

Same as 16day studies 

Same as stopexposure 
evaluation 

Same as stopexposure 
evaluation 

Same as stopexposure 
evaluation 

Same as stop-exposure 
evaluation 

Same as stop-exposure 
evaluation 

Temperature: 
Rats - 22.7" C 1.2" C 
Mice - 21.9" C & 0.8" C 

Relative humidity: 
Rats - 55.7% f 8.6% 
Mice - 56.7% & 7.4% 

Fluorescent light: 
12 hourslday 

Roomair:notavailable 

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 mgkg coumarin in corn 
oil by gavage; once  daily, 
5 days per week 
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Animals observed for 
mortality twice daily; animals 
weighed initially, weekly, and 
a t  the end of the  studies; 
clinical observations 
recorded daily 

Methad OF Sacnifice 
Carbon dioxide asphyxiation 

Necropsy 
Necropsy performed on all 
animals. 

Clinical Pathology 
B l o o d  samples were 
collected f r o m  the orbital 
sinus of all  animals. 
H- platelets, 
capillary clotting time, 
fibrinogen (rats), 
prothrombin time (rats), 
activated partial 
thromboplastin time (rats) 

Animals observed for Animals observed for 
mortalitytwice daily; animals twice animalmortality daily; evaluation 
weighed initially, weekly, and 
a t  theend o f  thestudies;recorded 
clinical weekobservations 
recorded daily andonceand 
weekly at the following 
intervals: pre-dosing, 
30-60minutes post-dosing, 
and 2 hours post-dosing 

Same as 16-day studies 

Necropsy performed on all 
animals.Organsweighed 
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 f rom a l l  
animals surviving to the end 
of the  studies. Urine samples 
were collected from rats 
only. 
H-: 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) 

weightsandclinicalfindings 
weeklythrough 

13, monthly thereafter, 
a t  interimevaluations or  

a t  theend of the  studies. 

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

Necropsy performed on a l l  
animals.Organweights 
recorded for brain, left 
kidney, right kidney, and 
liver. 

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

%Year Studies 

Same as stopexposure 

Same as stop-exposure 
evaluation 

Necropsy performed on al l  
animals.Organweights 
recorded for brain, left 
kidney, right kidney, and 
liver. 

Blood samples were 
obtained by cardiac puncture 
from all animals a t  the 
interim evaluations. 
Hcw.um@c 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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TABLE2 

Experimental Design and Materials and Methods in the Gavage Studies of Coumarin (continued) 


16-Day Studies 

Clinical Pathology (continued) 

Histopathology 
None 

13-Week Studies 

chickplchmiu?y (loaonly):
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 
lJrilu+ (loaonly): 
specific gravity 

Complete histopathology was 

performed on all controls, 

all animals killed moribund, 

and all high-dose animals 

sulviving t o  the end o f  the 

studies.Inaddition t o  gross 

lesions and tissue masses, 

the tissues  examined 

included:adrenalgland, 

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. 


stop-Exposure 
Evaluation 

ChkulcJlanisey: 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 
examinedincluded: 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. 

2-Year Studies 

chickplcJMlidryr 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 
examinedincluded: 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. 



M T S  
I6-DAY STUDY 
All femaleratsandfourmalerats that received 
$00 mgikg died  within the first 3 days o f  the study 
(Table 3). One male receiving 50 mgikg 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 400 mgikg group 
exhibited excessive lacrimation,  decreased activity, 
prostration, ataxia, or bradypnea in the first several 
days prior to death.The final mean body weights 

and mean body weight gains of  rats that received 
2Hl mgkgor less weresimilar to those o f  the 
controls. There was no evidence o f  impaired blood 
coagulation from measurements o f  capillary clotting 
time, and partialprothrombinactivated 
thromboplastin time, and blood  fibrinogen at  the end 
o f  the study (Table Hl). Histopathology was not 
performedin the 16-day study. Because of  the 
chemical-related deaths in rats receiving 400mg&g in 
the 16-day study, 300 mgikg  was selected  as the high 
dose for the 13-week study. 

Mean Body Weightb (g) Final Weight 
DO= Survivala Initial Final Change Relative to Controls 

( m m )  (%) 

Male 
0 134 f 5 183 2 6 49 f 3 

25 137 f 7 192 2 7 55 f 3 105 
50 139 f 10 191 f 9 51 f 4 104 

100 137 f 6 191 f 7 54 f 2 104 

200 135 f 5 181 2 5 47 f 2 99 

400 136 2 5 159 24 87 


Female 
0 109 f 3 136 f 4 27 2 2 

25 110 f 4 140 2 5 3 o f 2  103 
50  112 f 3 141 f 4 29 2 1 104 

100 109 2 3 138 f 3 29 2 1 102 
200 1112 3 136 f 3 25 f 2 100 
400 110 f 2 -

a 	 Number of animals  surviving/number ini t ia l ly  in group 
Weights and weight changes are given as mean f standard error. Subsequent calculations are based  on animals surviving to the 
end of the studies. No data were collected for groups with 100% mortality. Differences from the control group are not  significant 
by Williams’ or Dunnett’s tests. 
Dayof death: 3 
Day o f  death: 2, 2, 2, 3 

e 	 Day o f  death 2, 2,3,3, 3 
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1 3 - w ~ ~ ~STUDY 
Three females  andone male receiving 300 mg/kg died 
during the first week o f  the study,  and two additional 
males in the 300 mgkg 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 edemaand inflammation o f  thesubcutaneous 
tissue, salivary glands  and/or lymph nodes, was 
observed in one  or more rats in each o f  the dosed 
and control groups, except for the 19 and 150 mgkg 
groups o f  females. Theseobservationsweremade 
during weeks 7 and 8 o f  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 
sialodacryoadenitisvirusinfection, was observed 
microscopically in two 300 mgkg male  rats that died 
in weeks 8 and 9. In the weeks that followed, some 

rats also exhibited excessive lacrimation and porphy- 
rin-stained crusts around the eyes and  mouth. These 
observations were alsolikely related t o  viral infection. 

The final mean body weights and body weight gains 
o f  malerats that received 150 or 300 m@g were 
significantly lower than  those o f  controls (Table 4). 
In contrast,  mean body weight gains o f  females 
receiving coumarin, except for the 300 mgkg group, 
werehigher than those o f  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-relateddecreases in mean  erythrocytevolume 
and mean erythrocyte hemoglobin, and dose-related 
increases in  erythrocytecounts(Table H2). The 
differences in  theseparametersbetween the dosed 
groups and  controls were  significant primarily in  rats 
that received 75 mgkg or more,  although some were 
significant at lower doses. Althoughthesechanges 

TABLE4 
Survival and Mean Body Weights 

Dose Initial Survivala 

(mgntg) 

Male 
0 1ono 

19 1ono 
38 1ono 
75 lono 

150 10/10 
300 7/10' 

Female 
0 10/10 

19 10/10 
38 lono 
75 lono 

150 1ono 
300 7nOd 

of Rats in the 13-Week Gavage Studyof Coumarin 

Mean Body Weightb (e) 
Final ChangeRelative 

179 f 6 335 f 9 156 f 7 

178 f 4 321 f 5 143 f 4 

176 f 4 336 f 7 161 f 5 

177 & 5 322 f 6 145 f 5 

181 f 6 310 f 5 * *  129 & 3** 

181 f 5 278 f 6** 101 f 5" 


132 f 3 191 f 2 59 f 3 

132 f 3 204 f 3* 72 f 2** 

128 2 4 202 2 3 74 f 3** 

132 f 3 r n f 3  6 8 f l  


133 f 3 205 f 2. 72 f 2** 

130 f 3 190 -c 7 62 f 5 


Final Weight 
to Controls 

(a) 

96 

100 

96 

92 

83 


107 

106 

105 

107 

100 


l Significantly different (PSO.05) from the control group by Williams' or  Dunnett's test 
* *  PSO.01 
a Number o f  animalssuxvivinglnumberinitiallyingroup 

Weights and weight changes are given as mean f standard error. Subsequent calculations are based on animals  suxviving t o  the 
end of the studies. 
Week o f  death: 1, 8,  9 
Week of  death 1, 1, 1 
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are statistically significant and chemical related, the 
actualdifferences are slight and are not clini&lly' 
important. The hematocrit  and hemoglobin conkn-
tration o f  dosed.groups weresimilar to those o f  
controls, and there was no chemical-related effect on 
activated partial thromboplastin time. 

The serum levels o f  total bilirubin and several cyto- 
plasmic enzymes including alanine aminotransferase, 
aspartate aminotransferase, ornithine carbamoyl- 
transferase, and  sorbitol dehydrogenase  were marked-' 
ly higher  in many maleand femalerats receiving'
30mgkg than in controls (Table H2). The values 
of  some o f  these enzymes were also higher in rats, I ' 

particularly males, receiving 150mgkg. These 
changes are consistent with the liver toxicity observed 
histologically. 

Live? 
CentrilobularHepatitisb 

Kidney 
Nephropathy 
Necrosis 

Liver 
CentrilobularHepatitis 

Kidney 
Nephropathy 
Necrosis 

10 10 
0 0 

10 10 
0 0 
0 0 

10 10 
0 0 

10 -d 

1 
0 

' 	increases in liver weights, the principal  morphologic 
lesion associated with the  administrationof  coumarin 
occurred in  the liver o f  male and female  rats receiv-
ing 150 or 300 mg/kg (Table 5). The toxic lesion, 

10 10 10 10 

0 1 lO""(2.7)
709(1.6)' 

10 10 10 10 

0 0 P o (1.0) 60°(1.0) 

0 0 0 3 (2.3) 


10 10 10 10 

0 0 P(1.4) lOOO(2.8) 


10 
5 (1.0) 
5 0  (1.1) 

At necropsy the absolute  and relative liver weights of 
.male and female  rats receiving 150 or 30mgkg
coumarin were significantly greater  than thoseof  the 
controls (Table GI). The increased  relative weights 
o f  testis (males), lungs, kidney, heart, and brain o f  
male and female rats were the result o f  lower body 
weights rather  than organ toxicity. The absolute  and 
relative thymus weights of 30mgkg maleand 
femaleratswere 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 

Significantly different (PSO.05) from the control groupby the Fisher exact test 
O 0  P40.01 


Number of animals  with organ examined microscopically. 

Number of animals  withlesion.


'	Averageseveritygrade o f  lesioninaffectedanimals: 1 = minimal; 2 = mild; 3 = moderate; 4 = marked 
Kidney not examined microscopically at these dose levels. 
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recordedascentrilobularhepatitis, consist,ed o f .  a 
spectrum o f  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 lobulewithin the liver o f  any particular 
animal. In general, however, the  lesions varied from 
minimal to mild in  rats receiving ,150mgkg and mild 
to marked in rats receiving 300 mgkg. 

Degeneration of  hepatocytes was the most  frequent
change and varied from  minimal cell injury to overt 
necrosis. Hepatocyte consisteddegeneration of 
swollen cells with  granular or vacuolated cytoplasm 
(Plate 1). Ultrastructuralexamination o f  these 

. . ,
hepatocytesrevealedaccumulations of  small- to 
moderate-sized lipid droplets  within the cytoplasm.
Hepatocellularnecrosis varied in severity from 
necrosis o f  a few  widely scattered individual cells to 
confluent necrosis centrilobularof hepatocytes
(Plate 2). The necrosis was characterized by nuclear 
pyknosis or  karyorrhexis, or complete loss o f  nuclear 
and cytoplasmic detail.  Chronic active inflammation 
was associated with hepatocellular  degeneration and 
necrosis and  consisted o f  accumulations o f  neutro-
phils, monocytes, and  macrophages in sinusoids and 

portal triads. The bile  ducthyperplasia 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 o f  the kidneys revealed minimal 
nephropathy with tubularcastsin many o f  the 
high-dose males and females and minimal to marked 
focal necrosis o f  proximalconvolutedtubuleepi-
thelium in  others (Table 5). Kidneys from  control 
ratswere generally normal. The nephropathy  con-
sisted o f  one orseveral scattered proximal convoluted 
tubuleswiththickenedbasementmembranes and 
basophilicepithelial cells. In rats  thatdiedduring 
the study, the necrosis was characterized  by.increased
cytoplasmic eosinophilia and nuclear pyknosis or  
karyorrhexis. The lesions  inrats that survived 
generally consisted o f  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 mgkg or more 
in the 13-week study, the doses  selected for the 2-year 
study in rats  were 25, 50, and 100 m a g .  
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, .%YEAR STUDY 	 ~d~weigh& cc&lnisan~ a i n p  
Sumiival 
Estimates o f  survival probabilities  formale and 
female rats are shown in  Table 6 and in the Kaplan- 
Meier curves in  Figure 2. Survival o f  maledosed 
groups was significantly lower than  that of controls, 
primarily as a result o f  chemical-related increased 
severity o f  renal disease in dosed animals. None o f  
the 10 mgkg males and only two of  the 50 mgkg
males survived until the end o f  the study. Survival o f  
dosed female rats was similar to  that o f  the controls. 

Animals initially in study 

15-Month interim evaluationa 
Natural deaths 
Moribund kills 
Accidental deathsa 
Animals surviving to study  termination 
Percent probability of survival at end  of studyb 
Mean survival (days)c 

survivalanalysisd 

Animals initially in study 

15-Month interim evaluationa 
Natural deaths 
Moribund kills 
Accidental deathsa 
Animals surviving to study  termination 
Percent probability of survival at end  of study 
Mean survival (days) 

Survival analysis 

a 	 Censoredfromsurvivalanalyses 

Kaplan-Meier determinations 


60 

10 
6 

14 
2 
28 
59 

619 

P< 0.01  

60 

10 
5 

14 
2 

29 
61 

630 

P=O.616 

The mean body weights o f  male rats receiving 50 or 
1 0  mgkg were lower than  those of the controls 
throughout the study  (Figure 3 and Table 7). The 
decrementin the body weight o f  100 mgkg males 
ranged from 9%at week 2 to 22% at week 89, while 
that o f  50 mgkg males ranged from 5% at week 2 to 
20% at the endof  the study. The mean body weights 
o f  1 0  mgkg female  ratswereconsistently lower 
than, but within10%of, thoseof  controls throughout
the study  (Figure 3 and Table 8). 

60 

10 
7 

31 
3 
9 

19 
592 

Pc o . 0 1  

60 

10 
4 
7 
1 

38 
78 

646 

P=0.133N 

60 

9 
13 
34 
2 
2 
4 

553 

P< 0.01 

60 

10 
2 
7 
5 

36e 
80 

614 

P=0.070N 

60 

10 
17 
31 
2 
0 
0 

530 

Pc0.01 

60 

10 
6 

14 
0 
30 
60 

645 

P=O.990 

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 

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


e 	 Includes one animal that died during the last week o f  the study. 



36 Coumarin, NTP TR 422 

W VEHICLE CONTROL 

0 1 5  so 45 60 75 90 105 120 

WEEKS ON STUDY 

FIGURE 2 
Kaplan-Meier Survival Curvesfor Male and Female Rats Administered Coumarin 
by Gavage for 2 Years 
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TABLE7 
Mean Body Weights and Survival of Male Rats in  the 2-Year Gavage Study of Coumarin 

WCek Vehicle Control 2s Indkg 5omgflre loo mgflre 
on Av. W L  No. of .Av.W L  W L  (%of No. of Av.W L  W L(96of No. of Av. Wt. W L  (%of No. of 

study (SI Survivors . (9) controls) Survivors (3 controls) Survivors (g) controls) Survivors' 

1 145 60 146 101 60 143 99 60 144 100 60 
9 6 02 216 59 215 100 60 206 95 1% 91 60 

3 247 59 247 100 60 237 96 60 225 91 59 
4 269 59 267 99 60 258 % 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 60 303 2% 284 90 59' 6 0 

' 9 98 324 '59 321 60 316 98 60 ,290 89 59 
' 6 09 338 59 334 99 60 326 97 301 89 59 

10 349 59 344 99 60 335 % 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 % 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 99 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 
708 526 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 99 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 24 411 81 17' 8 4  

89 502 35 469 93 32 414 82 14 389 78 10 
93 500 35 452 91 25 410 82 7 
97 483 33 433 90 14 
101 475 30 428 90 10 
103 471 29 401 85 9 378 80 2 

Mean for' week 
1-13 299 2% 99 287 % 268 90 
14-52 452 449 99 425 94 392 87 
53-103 507 486 % 455 90 428 84 

a Interimevaluationoccurredduring week 65. 



R@SUltS  	 39 

Weeks Vehicle Control 25 mglErg 50- 1 0  mglag 

ORD Av. W L  No. of Av.WL W L  (96 of No. of Av.WL Wt. ( S O P  No. of Av.WL WIL (96 of No. of 
Study 0 SUPVb'OrS (g) COntPOk) S U W i V O r S  (g) CORDfiU'Ok) f h " O r S  (3 C O n h O k )  SUPdVOrS 

1 112 60 112 1 0  60 112 1 0  60 109 97 60 
2 150 60 149 99 60 149 1 0  59 142 95 60 
3 163 60 161 99 60 164 1 0  59 154 95 60 
4 171 60 172 101 60 174 102 58 164 % 60 
5 180 60 180 1 0  60 183 102 57 173 % 60 
6 187 60 186 1 0  60 189 101 57 182 97 60 
7 18 8  60 191 101 60 193 103 57 185 99 60 
8 194 60 195 101 60 1% 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 % 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 59a 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 30 51 312 104 53 311 104 51 281 94 56 
70b 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 10.5 45 333 105 45 303 95 47 
81 322 44 338 105 44 339 106 43 308 % 45 
85 324 43 341 105 44 343 1% 43 310 % 44 
89 326 41 348 107 44 348 107 41 311 95 43 
93 333 39 349 105 44 351 1 0 6  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 

183 101 184 101 176 97 
248 103 248 103 232 % 
330 104 329 104 2% 94 

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

1-13 182 
14-52241 
53-103316 
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There were no clinical signs o f  toxicity in rats, other 
than nonspecific signs relating to debilitationasa 
result o f  renal or  other spontaneous disease. Male 
rats receiving coumarin  werenotedto resist the 
gavage procedure. 

Hematology and Clinical  Chemistry 
The results o f  hematologyand clinical chemistry 
evaluations at 15 months are shown  inTable H5. 
The values o f  severalhematologicparametersfor 
50 and 100mgkg groups o f  maleandfemalerats 
were significantly lower than  thoseof  controls. While 
meanerythrocytevolumeandmeanerythrocyte
hemoglobinwere significantly lower in  the 50 and 
100mgkg groups  than in the controls, significantly 
lower values  forhematocrit and hemoglobin  were 
observed only in the 100mgkg groups. Although  the 
differences between the dosed  andcontrolgroups 
wereslight andnot clinically important, they are 
characteristic o f  a microcytic normochromic  anemia. 
In 50 and 100mgkg males, activated  partial throm-
boplastin times were significantly lower and platelet 
countswere significantly higher than controls, 
suggesting that  the microcytic normochromic  anemia 
was due to chronic blood loss from  impaired blood 
coagulation. 

Activities o f  aminotransferase,alanine sorbitol 
dehydrogenase, or y-glutamyltransferase  in 50 and 
100mgkg males and 100mgkg females were signifi- 
cantly higher than  those o f  controls (Table H5). 
Activities o f  these cytoplasmic enzymes are character- 
istically elevated due  to hepatocellular  degeneration 
and necrosis, consistentwith the liver toxicity 
observed histologically. 

Pathology and Statistical Analysesof Results 
This section describes the statistically significant or 
biologically noteworthy  changes in the incidences o f  
neoplasms or  nonneoplasticlesions o f  the liver, 
kidney, parathyroid  gland, pharynx, forestomach, 
thyroid gland, nose,testis, and pituitary gland. 
Summaries o f  the incidences o f  nonneoplastic lesions 
andneoplasms, the individual animal tumor 
diagnoses, the statistical analyses o f  primaryneo-
plasms that  occurred with an incidence o f  at least 5% 
inat least one group,  and historicalcontrol inci-
dencesfor the biologically significant neoplasms 
mentionedthis are presented ininsection 
Appendix A for male rats and AppendixB for female 
rats. 

Liver: The absolute and relative liver weights o f  male 
and female rats that recei,ved 100mgkg were signif- 
icantly greater  than thoseo f  controls at  the 15-month 
interimevaluation(Table G4). Consistent with the 
increase in organ weight, a  spectrum o f  degenerative
lesionsoccurred with adose-relatedincreasein 
incidence and/or average severity in  male and female 
rats receiving coumarin by gavage (Table 9). Despite 
the wide variability in  extent and severity o f  the liver 
lesionsamong individual animals, the lesionswere 
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 o f  the liver acinus) and were  characterized by 
the presence o f  multiple small, clear, intracytoplasmic 
vacuoles which gave the cytoplasm a  granular appear-
ance, or fewer larger  vacuoles typical o f  lipid accumu-
lation(Plates 5 and 6). The latter was recorded as 
fatty change at the 15-monthinterimevaluation. 
Hepatocellular degeneration was often  accompanied
by minimal to mild necrosis o f  individual cells or  
small clusters o f  cells, usually in the centrilobular or  
midzonal area o f  the hepaticlobule. 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-

lobularnecrosis, the hepatocytes.in the peripheral 

regions o f  the liver lobules  wereenlarged and 

exhibited increased cytoplasmic basophilia.  These 

peripherolobularhepatocytesalsohadenlarged, 

vesicular nuclei  and cells in  mitosiswere more 

frequent than normally seen.Thischange was 

diagnosed as cytologic alteration. Liver fibrosis was 

characterized by bands o f  connective tissue running 

between lobules and  connecting central areas to each 

otherandtoportalareas(Plates 7 and 8). This 

lesion was considered  a sequel o f  necrosis. 


The severity o f  bileduct hyperplasia, anaturally 

occurringage-relatedlesioninrats,increasedwith 

increasing dose in rats  administered coumarin. The 
lesion was characterized by increased profileso f  well-
differentiatedbileductulesin theportalareas 
(Plates 9 and 10). These lesions did not exhibit the 
mucus cell metaplasia or epithelial dysplasia typical 
o f  cholangiofibrosis. 
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Male 

15-Month Inkrim Evaluation 

Live? 10 10 9 10 
Fatty Changeb 0 8**(1.8)' 8**(1.1) 5*(1.4) 
Hepatocyte Degeneration 0 7**(1.3) PO(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) 

%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**(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*"(2.4) 

Female 

15Month Inbrim Evaluation 

Liver 10 8 8 10 
Fatty Change 0 0 5"(1.2) 9**(2.3) 
Hepatocyte Degeneration 0 0 3 (1.0) 9**(1.0) 
Coagulative Necrosis 0 0 1 (1.0) 0 
Bile Duct Hyperplasia 1 (1.0) 3 (1.0) l(l.0) 3 (1.0) 

%Year Study 

Liver 50  50 50  50 
Hepatocyte Degeneration 0 0 W(1.5) 30**(2.0) 
Coagulative Necrosis 3 (2.3) 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**(2.4) 

-

* Significantly different (PSO.05) from the  control group by the Fisher exact test (15-month interim) or the logistic regression test 
(2-year study)

* *  PSO.01 
a Number of animals with organexaminedmicroscopically. 

Number o f  animals wi th  lesion. 

Average seventy grade of  lesion i n  affected animals: 1 = m i n i m a l ,  2 = mild ,  3 = moderate, 4 = marked 
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There was a  decreased incidence o f  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 o f  liver' neoplasms. 

Kidney: The relative kidney weights of  maleand 
femalerats receiving 100 mgkg were significantly 
greaterthanthose o f  controls atthe 15-month 
interim evaluation (Table G4). The  absolute kidney 
weights o f  100 mgkg rats  were not increased, appar- 
ently becauseo f  the marked  decrement in mean body 
weight. Whilenephropathy was observed in nearly 
all dosed andcontrolrats,particularly males, the 
average severity o f  renaldisease increased with 
increasing dose at the 15-month interim evaluation 
and atthe end o f  the 2-year study (Tables 10and 11). 
Themorefrequentoccurrence of moderate or 
marked nephropathy in 50 and 100 mgkg males was 
the principalcause o f  reduced survival of  these 
groups. 

Nephropathy was characterized by glomerulo-
sclerosis, thickening o f  tubule basement membrane, 
degenerationandatrophy o f  tubuleepithelium,
dilatation o f  tubule lumens by pale pink acellular 
material (hyaline casts),  interstitial fibrosis, and 
chronic Regeneration tubuleinflammation. o f  
epithelium was also observed frequently, and  the 
extent and severity o f  this process paralleled the 
overall severity of  the degenerative changes. In 
general, the severity grades  were based upon  the 
extent o f  tubularandglomerular involvement: 
minimal - less than 25%; mild - 25%to 50%; 
moderate -50% to 75%; marked -greater than75%. 

The kidneys were initially sampled  for histopathology 
by preparing  a single hematoxylin and  eosin stained 
section o f  each kidney. In  addition to the nephrop-
athy previously described, low numbers o f  renal 
tubule adenomas were seen in all groupsof  male rats 
and in the 100mgkg female  rats (Tables 10, 11, Al ,  
andBl).The incidences in the 25  and 50 mg/kg
males and  in 100mgkg female  rats (two per group) 
were not significantly greater  thanthose o f  the 
controls. However, no more  than one per  group has 
been observed inhistoricalNTP 2-year control 
M44/Nrats (Tables A4a and B4a). Renaltubule 

hyperplasia, a precursor o f  adenoma,possible
occurredinmaleratsin the control  and 25 mgkg 
groups(Tables 10and A5); hyperplasia was not 
observed in female rats. 

Primarily because o f  theoccurrence o f  this rare 
neoplasm in 100mgkg female  rats and  in the male 
groups,additional step sections o f  kidney were 
preparedfrom the remaining formalin-fmed tissue. 
Approximately 6 to 8 additionalsectionstaken at 
1p m  intervals  werepreparedforeachmaleand 
femalerat.Additionalrats,primarilydosed males, 
were identified with focal hyperplasia or adenoma.  A 
carcinoma was also  seen in one 25 mgkg male rat. 
The incidences o f  theseproliferative 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 occurredmore 
frequently in the dosed male rats, the incidences did 
not increase with increasing dose. In female  rats, the 
lesions occurred much less frequently, butthe 
adenomas were seen in the50 and 100 mgkg groups. 

Renal tubule hyperplasia, as defined  in this study,was 
distinguishedfrom the commonregenerativeepi-
thelial changes commonly seen  as a parto f  nephrop-
athy and was consideredapreneoplastic lesion. 
Hyperplasia, adenoma, and carcinoma  were part o f  a 
morphological continuum and occurred in the cortex 
o f  the kidney. Hyperplasia o f  the tubule epithelium
was characterized by single or  multiple  profiles o f  a 
singletubule partially or  completely filled' with 
normal or slightly enlarged  epithelial cells. The renal 
tubuleadenomaswerediscrete,sometimesmulti-
nodular masses at least three times  greater in diam-
eterthanan average tubuleand composed o f  
somewhatpleomorphicepithelial cells arranged  in 
complex tubular  structuresandsolidclusters.The 
carcinoma was larger than  the adenomas and exhib- 
itedcellularpleomorphism and atypia and  'central 
necrosis. 

Oncocytomas were observed in two 25 mgkg male 
rats (Table 10). These were small, discrete nodules 
o f  uniform cells with dense,  hyperchromatic nuclei 
andgranulareosinophilic cytoplasm. While these 
lesions also occurred inthe cortex, they appear to be 
morphologically distinct  fromrenaltubule hyper-
plasia, adenoma, or carcinoma. 
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DOSE 	 Vehicle 25 mghg mghg 100 an-Control 

Single Sections (Standard Evaluation) 

15-Month Interim Evaluation 
K i d n g  

Renal Tubule Adenoma 
Nephropathyb 

0 

10 
10 (1.O)C 

10 
10 (1.7) O o  

0 

9 

9 (2.3)O*
1 

10 
10 (2.5)*O
0 

ear Stuay 
Kidney 49 50  51 50 

Nephropathy 48 (2.0) 48 (2.9)"* 50  (3.6)Oo 50 (3.6)O' 
Renal Tubule Hyperplasia 1 3 0 0 
Renal Tubule Adenomad 1 2 2 1 

Step Sections (Wended Evaluation) 

15-Month Interim Evaluation 
Kidney 10 10 9 10 

Renal Tubule Hyperplasia 0 0 1 1 
Renal Tubule Adenoma 0 0 0 0 

%Year Study 
Kidney 49 50 51 50 

Renal Tubule Hyperplasia 2 12*4 IO"* 6 
Renal Tubule Adenoma 0 4 450 

Renal Tubule Carcinoma 0 1 0 0 
Renal Tubule Adenoma or Carcinoma 0 5 0  5 0  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 

E-Year Study 
Kidney 49 50 51 50 

Renal Tubule Hyperplasia 3 15*O 1000 6 
Renal Tubule Adenoma 1 6' 700 5 
Renal Tubule Carcinoma 0 1 0 0 
Renal Tubule Adenoma or Carcinoma 1 6" 700 5 
Renal Tubule Oncocytoma 0 2 0 0 

Significantly different (PsO.05) from the  control group by the logistic regression test (2-year study) or  Mann-Whitney U test 
(severity grades) 

O 0  PSO.01 
a 	 Number of animals wi th  organ examined microscopically. 

Number o f  animals with lesion. 
Group average  severity grade of lesion: 0 = normal, 1 = min ima l ,  2 = mild, 3 = moderate, 4 = marked 
Historical incidence for 2-year corn oil gavage studies wi th  vehicle control groups (mean f standard deviation): 8/1,019 
(0.8% k 1.0%); range 0%-2% 
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"LE 11 
Incidences of Kidney Lesions in Female Rats in the 2-YearGavage Study of Coumarin 

Dose 

Single Sections (Standard Evaluation) 

15-Month Interim  Evaluation 
Kidn$ 

Nephropathyb 

2-Year Study 
Kidney 

Nephropathy 
Renal Tubule Adenomad 

Step Sections (Extended Evaluation) 

15-Month Interim  Evaluation 
Kidney 

Renal Tubule Hyperplasia 
Renal Tubule Adenoma 

2-Year Study 
Kidney 

Renal Tubule Hyperplasia 
Renal Tubule Adenoma 

Single and Step Sections Combined 

15-Month Interim  Evaluation 
Kidney 

Renal Tubule Hyperplasia 
Renal Tubule Adenoma 

2-Year Study 
Kidney 

Renal Tubule Hyperplasia 
Renal Tubule Adenoma 

VehicleControl 25 mg/kg 50 mg/kg 100 mg/kg 

10 8 10 10 
4 (0.4)' 8*(1.0)' 10*(1.0)** lO*(l.S)** 

49 5 0  5 0  49 

0 
34 (0.9) 

0 
44'(1.2)* 

0 
44*(1.6)** 

2 
49**(2.3)** 

10 8 10 10 
0 0 0 0 
0 0 0 0 

49 50 50 49 
1 0 4 2 
0 0 1 l e  

10 8 10 10 
0 0 0 0 
0 0 0 0 

49 50 50 49 
1 0 4 2 
0 0 1 2 

* Significantly different (PsO.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)

* *  PSO.01 
a Number of  animals with organexamined 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 f standard deviation): U1,018 

(0.2% f 0.6%); range 0%-2% 


e The adenoma in the step section  is the same adenoma seen i n  the original single section. 
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Parathyroid gland:The incidences o f  bilateral, diffuse 
hyperplasia o f  the parathyroid gland in 25, 50, and 
100mgkg male  rats were significantly greater  than 
that o f  controls (0 mgkg, 3/41; 25 mgkg, 20/47; 
50 mgkg, 31/49; 100  mgkg, 29/47; Table A5). This 
increased incidence o f  hyperplasia was considered to 
be secondary to  the increased severity o f  renal disease 
and characteristic o f  renal secondary hyperpara- 
thyroidism. Consistent with the overall lower severity 
o f  renal disease in females as  compared with males, 
parathyroid hyperplasia occurred  infrequentlybut 
only in  dosed female rats (Table BS). 

Phatynx: Squamous cell papillomas  occurred in one 
control, one 25 mgkg, and one50 mgkg male  and in 
two 100mgkg female  rats (Tables A1 and  Bl).
Further,a squamous cell carcinoma was seen in 
another 50 mgkg male rat. No morethan one 
squamous cell neoplasm  (papilloma or  carcinoma) 
has been observed in an individual control  group o f  
male or  female  rats from recent NTP 2-year gavage 
studies (Tables A4b and B4b). Because of  the overall 
low incidences, the lack o f  increasing incidence  over 
a fourfold range o f  doses in males, and  the lack o f  
statistical significance, these  neoplasmswerenot 
considered chemical related. 

Forestomach: Ulcers o f  the forestomachoccurred 
frequently in dosed male rats, and the incidences in 
dosed male rats weresignificantly greater  than thato f  
controls (Tables 12 and A5). While ulcers occurred 
much less frequently  in dosed females, the incidence 
in the  100 mgkg 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 o f  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- 
curredinseveralmaleandfemalerats (Tables 12, 
A l ,  and  Bl). The incidence o f  threepapillomas 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 (Tablestudies B4c).
However, since  there were no increased incidences in 

the 50 and100 mgkg females, the squamous cell 
papillomas in the 25 mgkg females were not 
considered t o  be chemical related. 

Thyroid gland: Follicular cell carcinomas were seen 
in one control  and one 25 mgkg male,  while follic- 
ular cell adenomas  wereseen in three additional 
25 mgkg males (Table Al). No follicular cell neo- 
plasms were observed in 50 or  100 mgkg males. 
Follicular cell hyperplasia, a  precursor to follicular 
cell neoplasia, did not  occur in any male rat groups. 
The incidence o f  four thyroid gland follicular cell 
neoplasms in 25 mgkg male  rats exceeds the range 
observed in control  male rats from recentNTP 2-year
studies (range 0%-6%; 22/1,09, 2.2%; Table A4c). 
The marginally greater  incidence o f  thyroid neo-
plasms in 25 mgkg males is difficult t o  evaluate 
because o f  the early  deaths of  dosedmale rats. 
However, the absence o f  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 mgkg 
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 A5 and B5). Inflamma- 
tion generally consisted o f  accumulations o f  neutro-
phils in the nasal cavity, often  associated with glob- 
ules o f  yellow refractile  materialcompatible with 
cornoil o r  fragments o f  plantmaterial. Inflam-
mation in the nose is frequently observed in  corn oil 
gavage studies  andappears to be due to reflux o f  
corn oil into the nasal cavity following dosing. The 
increased incidence  in dosed animals may be related 
tothegreaterdegree o f  irritationcaused by the 
coumarin-corn oil mixture than by corn oil alone. 

Testis: The incidences of  testicularinterstitial cell 
adenomas in dosed  groups o f  male rats were margin- 
ally greater  than those o f  controls (38/45, 43/49, 
42/49,46/50; Table A3), but the incidenceineach 
group is within the historical  range o f  controls from 
recent NTP studies(range88%-94%; 886/1,012, 
85.6%; TableA4d)and is not considered chemical 
related. 

Pituitarygland: The incidence o f  adenomas o f  the 
pituitary gland pars distalis in the 100 mgkg 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-YearGavage Study of Coumarin 

D e  

Male 

15-Month Interim Evaluation 

Forestomacha 
Squamous C ~ I IPapillomab 

%Year Study 

Forestomach, 
Ulcer 

Squamous Cell Papilloma' 
Overall rated 
Logistic regression teste 

%Year Study 

Forestomach 
Ulcer 
Squamous Hyperplasia 

Squamous C e l l  PapiIIomag 
Overall rate 
Logistic regression test 

Vehicle Control 25 mgntg 50 mgntg 100 mgntg 

10 10 9 10 
0 1 0 1 

48 5 0  5 1  ' , 5 0 .  
7 24** 35** 34;l 

P=O.219 
0/49 (0%) 1/50 (2%) 

P=O.275 
o m  (0%) 
-f 

1/50 (2%) 
P=O.543 

48 49 50 48 
1 1 6 9.9 
0 2 0 0 

1/50 (2%) 
P=O.406P=0.407N 

3/50 (6%) 0/50 (0%) 
P=0.457N P=O.749

1/50 (2%) 

* *  Significantly different (PSO.01) from the control group by the logistic regression test 
a Number o f  animals with organexamined microscopically. 

Number of animals with lesion.
'	Historical incidence for 2-year corn oilgavage studies with vehicle control groups (mean f standard deviation): 5 / l , O m  

(0.5% f 1.1%); range 0%-4% 
Number of animals with neoplasm per number o f  animals necropsied. 

* 
e 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 

g Historicalincidence: 3/1,020(0.3% k 0.7%): range 0%-2% 
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STOP-IEXIPOSURE EVALUATION 
Stop-exposure groups o f  male rats were included in 
the NTP 2-year study to evaluate the  potential for 
chemical-related liver lesions to progress or regress 
duringa recovery period, based on reportsthat 
coumarinproducedcholangiofibrosisandbileduct 
carcinomas in male rats (Bar and Griepentrog, 1967; 
Griepentrog, 1973). Groups o f  20 male rats  each 
were given 1 0 mgkg coumarin  for 9 or  15 months 
followed by administration o f  only the gavage vehicle 
until the  end o f  the study (2 years). To determine 
progression or  regression o f  chemical-related lesions 
during the recovery period, the incidences o f  neo-
plasms and  nonneoplasticlesions in thesestop-
exposure groups were compared with those of  male 
rats scheduled for 9- and 15-month interim evalua-
tions. To provide an additional  measure o f  dose 
responserelative to duration o f  exposure, the 
incidences o f  neoplasms in ratsin the 9- and 
15-month stop-exposure groups were compared with 
the incidences in  rats receiving 1 0 mgkg for the 
entire 2 years (the  lattergroup was part of  the 
regular 2-year study). 

Ssawi9d 

Estimates o f  the survival probability  for male rats in 
the stop-exposure  groups are shown in  Table 13. 

1QQ mg&g 

Nine of  the 20 males that received 1 0  mgkg for 
9 months (9-month stop-exposure group) and two of  
the 20 males that received 1 0  mgkg for 15 months 
(15-month group) untilstop-exposure survived 
week 104. The decreased survival o f  each o f  the 
stop-exposuregroups was attributed primarily to a 
chemical-related increased severity o f  renal disease. 

B d y  Weights 
The mean body weights o f  male rats in the 9- and 
15-monthstop-exposuregroups 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 o f  coumarin t o  this group ceased. Thereafter, 
body weight gain o f  this group improved slightly and 
the weight deficit diminished to  about 12% for much 
o f  the study. 

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

1QQmgkg 
(9-month exposure) (15-month exposum) 

Animals initially in study 

9-Month interim evaluationa 
15-Month interim evaluationa 
Natural deaths 
Moribund kills 
Accidental deathsa 
Animals surviving to study termination 
Percent probability of survival at end of studyb 
Mean survival (days)' 

a 	 Censored from survival analyses 
Kaplan-Meier determinations ' 

40 30 

20 0 
0 10 
4 2 
6 13 

. 1 3 
9 2 

47 12 
629 511 

Mean of all deaths  (uncensored, censored, and terminal sacrifice) 
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TABLE14 
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 mp/kp. (9-month) 100 mikg (15-month) 
on Av. W t  No. of Av. W t  W t  (% of No. of Av. W t  W t  (% of No. of 

Study (9) survivors (9) Survivors (9) controls) Survivors controls) 

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 
7 315 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 90 17 
25 426 59 376 88 19 384 90 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 
65a 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 
77 522 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 


a Interimevaluationoccurredduringweek65. 
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i ?d”agy  d a m %  $ E d a E k E i ~ ~ khda&ses of ResdEs 
Summaries o f  the incidences o f  neoplasmsand 
nonneoplasticlesionsand the individual animal 
diagnoses for male rats o f  the stop-exposure  groups
are shown in  Appendix E. For statistical analyses, 
the incidences o f  neoplasmsin the stop-exposure 
groupswerecompared with the controls o f  the 
regular 2-year study  (Table E3a) and with the group 
receiving 100 mgkg for the entire study  (Table E3b). 

PGWflSSiQRll &@iZ?S~~ORZ 

of Chemical-IduCed L&sions 
Consistent with the findings o f  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 o f  the stop-exposure  groups (Tables 15 
and 16). Comparisons of  the incidences o f  hepatic
lesions at  the interim evaluations with their  corre-
spondingstop-exposuregroupsshowthat the inci-
dencesand/or severity o f  the lesions returned t o  
levels similar to those o f  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 o f  exposure were reversible. For 
completeness,Table 19 compares the incidences o f  
liver lesions  among male rats receiving 100 mgkg in 
the 9- and 15-month stop-exposure groups and in the 
2-year study  group.Thesecomparisonsalso show 
thatcontinued administration is necessary for the 
manifestation of  theselesions atthe end. Since 
coumarinadministered by gavage to F344/N rats 
failed to produce cholangiofibrosis or bileduct 
carcinomas, as suggested by reports in the literature, 

the primary purpose o f  the stop-exposure groups was 
largely confounded. 

In contrast t o  the liver lesions, the severity of  
nephropathy in male rats o f  the two stop-exposure
groups was significantly greater at  the endo f  2 years 
than that in the male rats at  the respective  interim 
evaluations(Tables 17 18). This isand not 
unexpected, sincenephropathy is a progressive 
degenerativedisease that naturallyincreases in 
severity with age. However, it  doesindicate that 
renal damage caused by 9 or 15 months o f  exposure
to coumarin was largely irreversible. Consistent with 
the increased average severity o f  renal disease, the 
incidence o f  parathyroid hyperplasia was greater in 
the stop-exposuregroups than in the 9- and 
15-month interim evaluation groups (Tables 17 and 
18). The severity o f  nephropathyandincidence o f  
parathyroid hyperplasia male receivingin rats 
100 mgkg coumarin  for the  entire 2-year study  were 
significantly greater  than those in the stop-exposure 
groups (Table 19). 

In the standard evaluation o f  single sections, renal 
tubuleadenomaswereseen in one malein the 
9-month 100 mgkg stop-exposure group  and in two 
males in the 15-month 100mgkg stop-exposure 
group(Table 16). Further, renal  tubuleonco-
cytomas were  also seen in two males in the 15-month 
100 mgkg stop-exposure  group. Microscopic exam-
ination o f  the additional step sections revealed 
additional males with hyperplasia and  adenomain 
these stop-exposure groups (Table 16). 
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TABLE15 
Incidences of Nonneoplastic Liver Lesions in Male Rats in the Stop-Exposure Gavage Evaluation 
of Coumarin 

Dose 

9-Month Interim Evaluation 

Live? 
Necrosisb 
Bile Duct Hyperplasia 

15-Month Interim  Evaluationd 

Liver 
Fatty Change 
Necrosis 
Hepatocyte Degeneration 
Bile Duct Hyperplasia 

stop-Exposure 

Liver 
Necrosis 
Hepatocyte Degeneration 
Bile Duct Hyperplasia 
Fibrosis 

100 mgntg 100 mgntg 
VehicleControl(9-monthexposure)(15-month exposure) 

17 18 

7 (1.0) 
0 

17**(1.6)
17**(1.6)' 

17 20 
1 (1.0) 
0 
0 
11 (1.0) 

13**(1.2) 

14**(1.6) 

19*(1.8) 

3 (1.0) 

49 20 20 

0 
1 (3.0)' 

0 
41 (1.6) 

0 

0 
2 (2.0) 

17 (1.9) 14 (1.4) 

3 (2.3) 

2 (1.5) 

1 (1.0) 

* Significantly different (PSO.01) from the control group by the Fisher exact test (interims)
+* (P50.01) 
a Number of animals with organ examined microscopically. 

Number of animals with lesion. 
Average severity grade of lesion i n  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 stopexposure evaluation. 



Vehicle Control 
1m mglkg 

(9-monthexposure) 
1m m& 

(15-month exposure) 

Single Sections (Standard Evaluation) 

Kidn$ 
%Month Interim Evaluation 

Nephropathyb 17 (1.0)' 
17 

18 (2.3)"" 
18 

Kidney 
15-Month Interim  Evaluationd 

Nephropathy 17 (1.3) 
17 

20 (2.7)"" 
20 

Stop-Exposure 
Kidney 

Renal Tubule Oncocytoma 
Renal Tubule Adenoma 
Renal Tubule Hyperplasia 
Nephropathy 

0 
1 
1 

48 (2.0) 
49e 

0 
1 
0 

20 (3.1)"" 
20 20 

2 
2 
3 

20 (3.4)** 

Hyperplasia 
Parathyroid Gland 

3 
41 

4 
19 18 

8"" 

Ulcer 
Forestomach 

7 
48 

3 
19 

5 
19 

Step Sections (Extended Evaluation) 

Kidney 
15-Month Interim  Evaluation 

Renal Tubule Adenoma 
Hyperplasia 

0 
0 

17 

1 
1 

20 

S Q o g - E ~ S U r n  

Kidney 

Renal Tubule Adenoma 
Renal Tubule Hyperplasia 

0 
2 

49 

3" 
2 

20 

1 
5"" 
20 

(wntinued) 



Coumarin, NTP TR 422 

TABLE16 
Incidences of Selected Lesions of the Kidney, Forestomach, and Parathyroid Gland in Male Rats 
in the Stop-Fxposure Gavage Evaluation of Coumarin (continued) 

100 mglkg 100 mgkg 
Vehicle(9-monthexposure) exposure)Control 	 (15-month 

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 7.. 
Renal Tubule Adenoma 1 4" 2 

* 	 Significantly different (PSO.05) from the control group by the  logistic regression test (stopexposure) or Mann-Whitney U test 
(severity grades).

* *  PSO.01 
a 	 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 i n  the stop-exposure evaluation. 

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



Live? 
Necrosisb 
Bile Duct Hyperplasia 

Kidney 
Nephropathy 

Parathyroid Gland 
Hyperplasia 

Stomach, Forestomach 
Ulcer 

!%Month 
Inkrim Evaluation 

18 
17 (1.6)' 
17 (1.6) 

18 
18 (2.3) 

18 
0 

18 
0 

20 
2"(2.0) 

17 (1.9) 

20 
20 (3.1)" 

19 
4 

19 
3 

*' 	 Significantly different (PSO.01) from the 9-month interim group by the logistic regression test (incidence data) or Mann-Whitney U 
test (severity grades) 

a Number of animals with organexaminedmicroscopically. 
Number of animals with lesion. 
Average severity grade o f  lesion in affected animals: 1 = min ima l ,  2 = mild, 3 = moderate, 4 = marked 

TABLE n8 
CQUItlpar"MllOff the Is-hfOUlldh I[PrmteltiUItlEVdllIIaDtiCDUl Withi d h Q  ~S-MOPrmhS t O p - E v S U m  Gli33llIIp 
iun the S t ~ p - I E x r p ~ ~ m  OP C ~ ~ ~ ~ t l a l t i mGavage EvaU~at80~rm 

Liverb 
Fatty Change' 
Necrosis 
Hepatocyte Degeneration 
Fibrosis 
Bile Duct Hyperplasia 

Kidney 
Nephropathy 

Parathyroid Gland 
Hyperplasia 

Stomach, Forestomach 
Ulcer 

20 20 
14 (1.6)d 3**(1.0) 
3 (1.0) 3 (1.7) 

13 (1.2) l"(1.0) 
0 3 (1.7) 

19 (1.8) 14 (1.4) 

20 20 
20 (2.7) 20 (3.4)*' 
20 18 
0 8*' 

20 19 
0 5' 

* 	 Significantly different (PSO.05) from the 15-month interim group by the logistic regression test (incidence data) or Mann-Whitney 
U test (severity grades) 

"PSO.01 
a 	 Includes data from the 15-month interim i n  the 2-year core study and the 15-month interim i n  the stopexposure evaluation. 

Number of  animals with organ examined microscopically. 

Number of  animals wi th  lesion. 

Average severity grade of  lesion i n  affected animals: 1 = min ima l ,  2 = mild, 3 = moderate, 4 = marked 
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TABLE19 

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-F’xposure Gavage Evaluationof Coumarin 


Dose (100 mgntp) 

Live? 
Hepatocyte Degenerationb 
Necrosis 
Fibrosis 
Bile Duct Hyperplasia 

Kidney 
Nephropathy 
Renal Tubule Hyperplasiad 
Renal Tubule Adenomad 

Parathyroid Gland 
Hyperplasia 

Stomach, Forestomach 
Ulcer 

9-Month 
stop-Exposure Group 

20 

0 

2 (2.0) 

0 


17 (1.9) 

20 

20 (3.1) 

2 

4 


19 

4 


19 

3 


15-Month 
stop-Exposure Group 

20 

1 (1.O)C 
3 (1.7) 
3 (1.7) 

14 (1.4) 

20 

20 (3.4) 

7 

2 


18 

8 


19 

5 


2-Year , 

core Group 

5 0  

1 (3.0) 

40**(2.4) 
42**(1.9) 
47 (2.1) 

50 

50  (3.6)* 

6 

5 


47 

29.. 


50 
34.; 

l Significantly different (PsO.05) from the 9-month stop-exposure group by the logistic regression test (incidence data) or  Mann-

Whitney U test (severity grades)
*+ (PSO.01) 
a 	 Number of animals  with organ examined microscopically. 

Number of animals w i t h  lesion. 
Average severity grade of  lesion i n  affected animals: 1 = m i n i m a l ,  2 = mild ,  3 = moderate, 4 = marked 
Includes standard (single section) and extended (step sections)  evaluations. 
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mcIE or ataxia were observed in one  or more mice from 
Il6-IlDAY STUDY the 3 0 and 600mgkg groups  within the first several 
All male  and female mice receiving 600mgkg died hours after dosing. These signs were generally seen 
within the first 3 days o f  the study (Table 20). O f  the during the first week o f  the study. 

I 	 mice that received 3 0  mgkg, one female died on 
day 1 and one maledied on day 6. While the deaths The mean body weight gains  and final mean body 
o f  mice in the 3 0  and 60mgkg groups were weights o f  all surviving mice that received coumarin 
considered chemical related, the cause of death of  weresimilar to those o f  the controls. Further, the 
one 75 mgkg male on day 3 was uncertain. There plateletcounts and capillary clotting  time o f  mice 
were no clinical findings related to specific organ receiving coumarin  were also similar to those o f  the 
toxicity. One  or more clinical findings o f  inactivity, controls(Table H6). Histopathologyexaminations 
excessive lacrimation,  piloerection, bradypnea, ptosis, were not performed  in the 16-day study. 

0 22.6 f 0.9 24.6 f 1.4 2.0 f 0.8 
40 21.8 f 0.9 24.4 f 0.8 2.6 f 0.2 99 
75 22.4 f 0.5 25.3 f 0.5 2.5 f 0.3 103 

150 22.2 f 0.8 24.6 f 0.8 2.4 f 0.2 100 
300 21.2 f 0.7 23.5 f 1.2 2.0 f 0.4 96 
600 23.2 f 0.7 

Female 

0 18.6 f 0.5 21.0 f 1.0 2.4 f 0.5 
40 17.4 f 0.6 20.2 f 0.6 2.8 f 0.2 96 
75 18.4 f 0.8 20.4 f 0.8 2.0 f 0.3 97 

150 17.6 & 0.7 20.4 & 0.5 2.8 & 0.6 97 
300 18.2 ? 0.5 20.0 ? 0.7 1.8 ? 0.3 95 
600 18.4 f 1.2 - -

a 	 Number of animals  suwivinghumber initially in group 
Weights and weight changes  are given as mean f standard error. Subsequent calculations  are based on animals surviving to  the 
end of the studies. N o  data were  collected for groups with 100%mortality. Differences from the  control group are not significant 
by Williams' or Dunnett's tests.

' Day o f  death 3 
Day of death6 

e Day of death 1,1, 2, 2, 3 
Day of death 1 

g Day of death 1, 1,1,1, 3 
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THTo male mice that received 300 mgkg died during 
the first week (Table 21). One female  mouse receiv- 
ing 75 mgkg died  in week 12  and one female receiv- 
ing 19 mgkg died  in week 2. While the cause o f  
death o f  the lattertwo mice was not  reported by the 
laboratory, the deaths weremore likely related to 
gavage error  than to toxicity. There were no clinical 
signs of  toxicity observed. The mean body weight 
gainand final mean body weight o f  males that 
received 300 mgkg were significantly lower than 
those o f  controls (Table 21). 

Hematologyevaluations arevealed dose-related 
decrease in meanerythrocytevolumeandmean 
erythrocytehemoglobininmaleandfemale mice 
receiving coumarin  (Table H7). The meanerythro-
cyte volume o f  males receiving 38 mg/kg or  more  and 
of  females receiving 75 mg/kg or  more was signifi- 
cantly lower than  thato f  controls. The hematocrit o f  
male mice receiving 300 m a g  was also significantly 
lower than controls.  While these changes were not 
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clinically important,  they are characteristic o f  ' a  
microcytic, normochromic  anemia. 

At necropsy, the absolute and relative liver weights of 
male and female mice receiving 150 or  300mgkg
were significantly greater  than those of  the controls 
(Table G5).  Significantly increased  relative brain and 
testis weights o f  300 mgkg male mice were consid- 
ered to  be dueto the significantly lower body weight 
o f  this group. The principal lesion observed in mice 
receiving 300 mgkg was minimal to  mild centri- 
lobularhepatocellularhypertrophy,consistent with 
the significant increase  in liver weight. The.hepato-
cellularhypertrophy was seen  in sevenmales and 
seven females in  the 300 mgkg 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 o f  significant toxicity at 
lower doses, the high dose selected  for the 2-year 
study was 200 mgkg. 



I 
I
i
I

i 
0 1ono 25.0 f 0.6 32.3 f 0.8 7.3 f 0.6I 19 lono 24.4 f 0.5 32.6 f 0.9 8.2 f 0.4 101I 38 1ono 24.i f 0.6 32.7 f 0.8 8.0 f 0.5 101 

I 75 l O / l O  24.6 f 0.6 32.1 f 0.7 7.5 f 0.7 99 
150 1ono 24.6 f 0.6 31.6 f 0.5 7.0 f 0.4 98I 300 8noc 24.2 f 0.5 28.3 f 0.7** 4.4 f 0.4** 87I

!
i 

FemaleI
i
I 0 l o n o  19.1 f 0.5 25.3 f 0.6 6.2 f 0.5
I 19 m o d  19.0 f 0.2 25.1 f 0.4 6.1 2 0.4 99 
I 38 l o n o  19.4 f 0.3 25.0 f 0.7 5.6 f 0.5 99 

75 w o e  19.3 f 0.4 25.8 f 0.7 6.3 f 0.4 102 
150 1ono 19.1 f 0.4 24.8 f 0.6 5.7 f 0.3 98

I 300 1ono 18.6 f. 0.5 23.5 f 0.7 4.9 f 0.4’ 93 
i 

I 
i * Significantly different (PsO.05) from the control group by Williams’or Dunnett’s testsI * *  PSO.01 

a Number of animals  survivinghumber initially in group i 
Weights and weight changes are given as mean f standard error. Subsequent calculations are based on animals  surviving to the I 
end of the studies.!

i
I 

Week of death 1,1 

Week of  death 2 


e Week of death 12 


i 
I 
I 
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%YEAR STUDY 
Survival 
Eftimates o f  survival probabilities  formaleand 
female mice are showninTable22 and in the 
Kaplan-Meier curves inFigure 4. Survival o f  all 
dosed groups o f  male and female mice was similar t o  
that o f  the controls. 

Body Weights and Clinical  Findings 
The mean body weights o f  200 mgkg male mice were 
about 3% to 10% lower than those o f  controls from 
week 10 to week 81 of  the study. Thereafter, the 
body weight differences between the 200 mgkg and 
control males diminished,  and at the end o f  the study 
the mean body weights were similar. The mean body 
weights o f  200 mgkg female mice followed a  pattern
similar to males and varied from  about 3% t o  18% 
lower than  controls from week 11 until week 49. The 
body weight differences  diminished slightly thereafter, 
butremained about12% lower at  theend 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 volume,erythrocyte mean 
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erythrocyte hemoglobin, and hematocrito f  200 mgkg
males were significantly lower  thanthose of  the 
controls. O f  these parameters, only mean erythrocyte 
volume o f  200 mgkg females was significantly lower 
than controls. The platelet counts o f  both males and 
females in the 200 mgkg groups  were significantly
higher than controls. O f  the clinical chemistry 
parametersevaluated, only the value o f  alkaline 
phosphatasein 200 mgkg males was significantly
differentfromcontrols. The lower mean  value o f  
alkaline phosphatase for 200 mgkg males is of  uncer-
tain significance, since  increases in this enzyme are 
usually seen with certain  disease processes. 

Pathology and Statistical  Analyses of Results 
This section describes the statistically significant or 
biologically noteworthy  changes in the incidences o f  
neoplasms or nonneoplastic  lesionso f  the lung, liver, 
andforestomach.Summaries o f  the incidences o f  
nonneoplastic lesions and neoplasms, the individual 
animal tumor diagnoses, the statistical analyses o f  
primary neoplasms that  occurred with an incidence o f  
at least 5% in at least one group,  andhistorical 
control incidences for the biologically significant 
neoplasms mentioned in this  section are presented  in 
Appendix C formale mice and Appendix D for 
female mice. 
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Male 

'Animals initially70 studyin 

15-Month interim evaluationa 
Natural deaths 
Moribund kills 
Accidental deathsa 
Animals surviving to study termination 
Percent probability of  survival a t  end of studyb 
Mean survival (days)' 

analysisd Survival 

Female 

Animals ini t ia l ly  i n  study 

15-Month interim evaluationa 
Natural deaths 
Moribund kills 
Accidental deathsa 
Animals surviving to study termination 
Percent probability o f  survival a t  end of study 
Mean survival (days) 

P=O.105 Survival analysis 

a 	 Censoredfromsurvivalanalyses 
Kaplan-Meier determinations 

i 

i 


70 70 70 


20 20 20 19 

5 3 1 11 

1 0 6 3 

1 0 1 0 


43 47 42 37 

88 94 87 74 


642 647 618 619 


P=O.O08 P=0.476N P=O.927 P=O.O75 

70 70 70 70 


18 20 19 19 

7 5 3 13 

8 5 5 8 

4 0 1 2 


33 40e 42 28 

70 80 85 61 


577 639 618 577 


P=0.240N P=0.124N P=O.330 

~~ ~ ~~ 

Meanof a l l  deaths (uncensored, censored, and terminal sacrifice) 

The result of the  life table trend test (Tarone, 1975) is i n  the control column, and the results of the  life table painvise comparisons 

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


e 	 Includes one animal killedmoribundthelastweekofthestudy. 
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FIGURE4 
Kaplan-Meier Survival Curves for Male and Female Mice Administered Coumarin 
by Gavage for 2 Years 



-

.................. ... ................ :................... 1.. .............. :................... 


.................. ... ....... ............ ...... ............. 
 D 
v)
I
<g 45 .................. ... .................. ................... ................ 


I 

40 .................. ... .......... .............. ....................................... ................... ................ 


0 
W 

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


... 

W 

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


1 
: 0 VEHICLE CONTROL 

f 0 5 0  UC/KG 

20  .................. ... .................. f................... f ................... f A l O O Y G / K G  .. 

15 i 

0 15 30 4; QO ;5 90 5 


WEEKS ON STUDY 


0 15 30 45 60 75 9 0  5 


WEEKS O N  STUDY 




62 Coumarin, NTP TR 422 

TABLE23 
Mean Body Weights and Survival of Male Mice in the 2-Year Gavage Study of Coumarin 

Weeks Vehicle Control 50 mplkp. LOO In$& 200 In$& 
on Av.Wt. No. ofAv. Wt. Wl. (%of No. ofAv. Wl. Wt. (%of No. of Av. Wt.Wt. (%of No. of 

Study (9) Survivors (9) controls)Survivors (g) controls)Survivors (9) controls)Survivors 

1 22.8 70 22.4 98 70 22.3 98 69 22.6 99 70 
2 24.1 70 24.0 100 70 24.2 100 69 24.1 100 70 
3 25.9 70 25.9 100 70 25.3 98 70 25.5 99 70a 
4 26.3 70 26.3 100 70 25.9 99 70 25.8 98 70 
5 27.4 70 27.3 100 70 27.1 99 70 27.3 100 70 
6 27.9 70 28.2 101 70 27.9 100 70 27.9 100 70 
8 28.7 70 29.0 101 70 28.4 99 70 28.3 99 70 
9 30.2 70 29.8 99 70 29.4 97 70 29.0 % 70 

10 30.9 70 30.9 100 70 30.3 98 69 29.9 97 70 
11 31.9 70 31.9 100 70 31.4 98 69 30.8 97 70 
12 32.4 70 32.2 99 70 32.1 99 69 31.0 96 70 
13 32.8 70 33.0 101 70 32.7 100 69 31.7 97 70 
17 34.8 70 34.9 100 70 34.0 98 68 33.7 97 70 
21 38.6 70 38.2 99 70 36.9 96 68 36.0 93 70 
25 41.9 70 40.8 97 70 39.8 95 68 38.8 93 70 
29 41.7 70 42.1 101 70 41.8 100 68 40.8 98 69 
33 44.6 70 43.0 96 70 42.3 95 68 41.2 92 69 
37 45.5 70 44.2 97 70 44.2 97 68 42.3 93 69 
41 47.5 70 47.1 99 70 46.8 99 68 43.9 92 69 
45 47.6 70 46.1 97 70 46.2 97 68 42.2 89 69 
49 48.5 70 47.1 97 70 46.6 96 68 44.0 91 68 
53 49.9 70 48.9 98 70 48.5 97 68 45.5 91 68 
57 48.6 70 48.1 99 70 48.8 100 68 45.4 93 68 
62 50.3 70 50.2 100 70 51.1 102 67 46.7 93 67 
65 51.1 65 50.6 99 65 51.6 101 62 47.9 94 62 
69b 52.6 49 52.0 99 50  52.3 99 47 47.7 91 47 
73 52.4 49 51.6 99 50  52.1 99 47 47.4 91 46 
77 53.0 49 52.6 99 49 52.2 99 46 48.4 91 46 
81 54.3 48 54.2 100 49 54.0 99 44 49.4 91 44 
85 52.4 48 52.5 100 49 52.2 100 44 48.9 93 44 
89 54.4 48 54.6 100 48 53.2 98 44 50.4 93 43 
93 54.3 48 55.0 101 48 55.4 102 43 52.1 96 43 
97 53.3 46 53.3 100 48 53.8 101 43 51.2 % 40 

101 52.5 45 53.1 101 47 53.4 102 43 50.0 95 38 
103 51.8 44 53.1 103 47 54.7 106 43 51.7 100 37 

Mean for weeks 
1-13 28.4 28.4 100 28.1 99 27.8 98 

14-52 43.4 42.6 98 42.1 97 40.3 93 
53-103 52.2 52.1 100 52.4 100 48.8 93 

~~ ~~ 

a The number o f  animals weighed for this week is fewer than the  number o f  animals sutviving. 
Interim evaluation occurred during week 65. 
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We@b Vehicle Control 50 m& 1 0  * 2 0  mgllcg 

on Av. W L  No. of Av. W L  W L(%of No. of Av. W L  W L(%of No. of Av. W e  W L  (%of No. of 


Study (1) Survivors (g) controls) Survivors (g) cont~ob)Survivors (e) controls) Survivors 


1 18.5 70 18.7 101 70 18.6 101 70 18.5 100 70 
2 20.2 65 20.5 102 70 20.2 100 70 19.9 99 70 
4 22.0 65 22.7 103 70 21.9 100 68 21.8 99 70 
5 22.5 65 23.1 103 70 23.0 102 68 22.5 100 70 
6 23.1 65 24.0 104 70 23.4 101 68 22.8 99 70 . : 

8 24.5 65 25.1 102 70 24.7 101 68 24.2 99 69 
9 25.3 65 25.6 101 70 25.1 99 68 24.5 97 69 


10 25.3 65 26.4 104 70 26.0 103 67 25.3 100 69 

11 26.4 65 27.1 103 70 27.0 102 67 25.7 97 69 

12 26.9 65 27.6 103 70 27.6 103 67 26.4 98 69 

13 27.6 65 27.7 100 70 28.1 102 67 26.7 97 69 

17 28.6 65 29.6 104 70 29.5 103 67 27.7 97 69 

21 31.9 65 32.8 103 70 32.8 103 67 29.1 93 68 

25 34.4 64 35.3 103 70 35.4 103 67 32.1 93 68 

29 36.1 64 36.8 102 70 36.7 102 67 32.9 91 68 

33 38.0 64 38.7 102 70 38.7 102 67 33.8 90 67 

37 39.9 64 40.3 101 70 40.0 100 67 34.9 88 65 

41 41.6 64 41.9 101 70 41.4 100 67 35.7 86 64 

45 42.3 64 41.8 99 70 40.5 96 67 35.0 83 63 

49 45.3 64 43.4 96 70 42.2 93 67 37.3 82 63 

53 44.0 63 43.7 99 70 42.6 97 67 38.5 88 62 

57 43.9 63 43.5 99 70 42.5 97 67 38.6 88 62 

62 47.4 63 46.0 97 70 44.7 94 67 40.6 86 61 

65 48.1 60 45.8 95 68 45.3 94 64 41.1 85 59 

6 9  48.9 44 48.4 99 50 46.3 95 48 43.1 88 42 

73 49.1 44 49.0 100 49 46.1 94 48 42.4 86 40 

77 49.6 44 49.9 101 49 47.1 95 48 43.7 88 39 

81 47.4 42 51.4 108 49 48.3 102 47 44.0 93 40 

85 49.0 40 50.0 102 48 47.5 97 46 43.6 89 40 

89 50.6 40 51.2 101 47 48.5 96 46 44.6 88 37 

93 52.9 39 52.6 99 45 49.4 93 46 45.7 86 36 

97 50.5 38 51.7 102 43 48.1 95 45 46.4 92 34 


101 49.8 35 50.8 102 42 48.2 97 42 45.4 91 30 

103 51.4 33 51.2 100 41 48.8 95 42 45.0 88 28 


Mean for week 
1-13 23.6 24.2 103 23.9 101 23.3 99 

14-52 37.6 37.8 101 37.5 100 33.2 88 
53-103 48.8 48.9 100 46.7 96 43.1 88 

a Interim evaluation occurred during week 65. 
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Lung: Alveolarbronchiolaradenomaswereseen in 
two 50 mgkg and  three 200 mgkg male mice and in 
one 100 mgkg andtwo 200 mgkg female mice at the 
15-month interim evaluation,while none were  seen in 
controls(Tables 25, C1, and Dl). In the 2-year 
study, the incidences o f  alveolarbronchiolar 
adenomas in the 200 mgkg male and female mice 
were significantly greater  than those o f  the controls. 
Further, the incidence o f  alveolarbronchiolar carci- 
nomas in 200 m a g  females, but  not in males, was 
also significantly greater  than controls. The in- 
cidences o f  pulmonary neoplasms in 200 mgkg male 
and female mice are well above the  range of  histor-
ical control  groups in recentNTF' studies (Tables C4a 
and D4a). 

No nonneoplastic lesions o f  the lungs o f  dosed mice 
were considered chemical related. Low incidences o f  
focal alveolar hyperplasia,epithelial generally
considereda o fprecursor alveolarbronchiolar 
neoplasms,occurred at low incidence in all  groups 

TABLE25 

o f  male mice and all  but the control  group o f  female 
mice (Tables 25, C5, and D5). 

Alveolar epithelial hyperplasia, alveolarbronchiolar 
adenoma, and  alveolarbronchiolar carcinoma consti-
tute a  morphologiccontinuum.Alveolarepithelial
hyperplasia consisted o f  focal  areas with normal 
alveolar architecture lined by cuboidal or low colum- 
narepithelial cells. Adenomaswerediscrete ex-
pansile masses that compressed  adjacent tissue. The 
adenomas lacked normal  architecture and consisted 
o f  somewhat pleomorphic cuboidalto columnar cells 
arranged in regular or  papillary  patterns. No single
morphologicalcriteriondistinguishedcarcinomas 
fromadenomas. As the neoplasms  becamelarger 
they generally exhibited greaterheterogeneity o f  
growth pattern  and cellular  pleomorphism andatypia.
Neoplasms diagnosed as carcinomas  consistedof  cells 
that were  moderately t o  highly pleomorphic  and, in 
someareas,appeared to grow in  solid clusters. 
Mitotic figures were  frequently observed. 

Incidences of Lung Lesions  in Mice in the 2-Year Gavage Study of Coumarin 

D e  VehicleControl 50 mentg 100 mg/kg 200 mdkg 

Male 

Lunga 
15-Month Interim Evaluation 

Alveolarfironchiolar Adenomab 0 
10 

2 
2 

0 
1 

3 
9 

Lung 
2-Year Study 

Alveolar Epithelium Hyperplasia 3 
50 

1 
50 

4 
50 

5 
51 

Alveolarfironchiolar Adenoma' 
Overall rated 14/50 (28%) 8/50 (16%) 14/50 (28%) 24/51 (47%) 

29.7%33.3% 

First incidence (days) 653 729 (T )  729 ( T )  

Logistic regression testg P=O.O04 P=0.114N P=0.588N P=O.O38 


Alveolarfironchiolar Carcinomah 

Adjustedratee 

Terminal ratef 


58.3% 17.0% 
10/43(23%)8/47(17%)14/42(33%)20/37(54%) 

Overallrate 1/50 (2%) 1/50 (2%) (4%) 2/501/51(2%) 
Adjusted rate 2.2%4.8% 
Terminalrate 0/43 (23%) 1/47 (2%) 

2.7% 2.1% 
(5%)1/372/42 (3%) 

First incidence (days) 716 729 (T )  729 ( T )  729 (9
Logistic regression test P=O.619 P=O.579P=O.332 P=0.758N 

Alveolarfironchiolar Adenomaor  Carcinoma' 
Overallrate 14/50 (28%) 9/50 (18%)  (30%)15/50 25/51 (49%) 

29.7%35.7% 
Terminalrate (23%)10/43 (19%) 21/379/47 15/42 (36%) (57%) 
First incidence (days) 653 729 (T )  729 ( T )  
Logistic regression test P=O.O03 P=0.171NP=O.O25 P=0.5O0N 

Adjusted rate 60.8% 19.1% 

558 

558 



IFC?mal@ 

15-Month Ilnkrian Evaluation 
Lung 8 1 1 9 

Alveolar Epithelium Hyperplasia 0 1 0 0 

Alveolarbronchiolar Adenoma 0 0 1 2 

2-Year Study 
Lung 51 49 49 51 

Alveolar Epithelium Hyperplasia 0 3 4 4 

Alveolarbronchiolar Adenomd 

Overall rate 2/51 (4%) 5/49 (10%) 7/49 (14%) %/51 (39%) 

Adjusted rate 5.8% 113 %  16.3% 64.2% 

Terminal rate 1/33 (3%) 3/40 (8%) 6/42 (14%) 17/28 (61%) 

First incidence (days) 708 673 694 684 

Logistic regression test P<0.001 P=O.201 P=O.O72 P<0.001 


Alveolar/bronchiolar Carcinoma' 

Overall rate O b 1  (0%) 0/49 (0%) 0/49 (0%) 7/51 (14%) 

Adjusted rate 0.0% 0.0% 0.0% 22.3% 

Terminal rate Of33 (0%) 0/40 (0%) 0/42 (0%) 5/28 (18%) 

First incidence (days) -1 - - 615 

Logistic regression test P<O.001 - - P=O.007 


Alveolarbronchiolar Adenoma or  Carcinomam 

Overall rate 2/51 (4%) 5/49 (10%) 7/49 (14%) 27/51 (53%) 

Adjusted rate 5.8% 118% 16.3% 81.5% 

Terminal rate 1f33 (3%) 3/40 (8%) 6/42 (14%) 22/28 (79%) 

First incidence (days) 708 673 694 615 

Logistic regression test P<0.001 P=O.u)l P=O.O72 P<0.001 


OTerminal sacrifice 
a 	 Number of animals with organ examined microscopically. 

Number of animalswi th  lesion. 
Historical incidence for 2-year corn oil gavage studies with vehicle control groups (mean ? standard deviation): 1 4 1 m  
(15.7% f 5.7%); range 4%-28% 
Number of animals wi th  neoplasm per number o f  animals with organ examined microscopically. 

e 	 Kaplan-Meier estimated neoplasm incidence a t  the end of the study after adjustment for intercurrent mortality. 
Observed incidence in animals surviving until  the end of the study. 

g 	 I n  the control column are the P values associated wi th  the trend test. I n  the dosed group columns are  the P values corresponding 
to the pailwise comparisons between the controls and that dosed group. The logistic regression test regards these lesions as 
nonfatal. A lower  incidence i n  a dose group is indicated by N.' 	Historicalincidence: 34/900 (3.8% f 3.6%); range 0%-12% 
Historicalincidence: 166/900 (18.4% k 5.9%); range 6%-28% 
Historicalincidence: 40/899 (4.4% ? 2.4%); range 0%-10%' ' Historicalincidence: 19/899(2.1% r?: 2.0%); range 0%-6% 
Not applicable; no neoplasms i n  a n i m a l  group 
Historicalincidence: 58/899 (6.5% f 3.7%); range 0%-14% 

i 
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L i v e r  The administration o f  coumarin to mice was 
associated with  increased incidences o f  several non- 
neoplastic lesions o f  the liver in mice evaluated at 
15 months and at the endo f  the study (Tables 26, C5, 
and D5). At the 15-monthinterimevaluation,the 
incidences o f  syncytial alteration  andcentrilobular 
hypertrophyin 200 mgkg mice were significantly 
greaterthanthose o f  controls.At theend o f  the 
study, the incidences of  these lesions were signifi- 
cantly greater in 100 and 200 mgkg males and 
200 mgkg females. Coagulative necrosis o f  hepato-
cytes also  occurred more frequently in the 200 mgkg 
mice. 

Syncytial alteration was generally minimal to mild in 
severity and  consisted of  widely scattered,  enlarged,
individual hepatocytes with 3 to 10 nuclei (Plate 11). 
The term syncytial alteration may be amisnomer 
since the  alteration is likely not  the result o f  cell 
fusion, but  rather a failure of  cell division. Centri-
lobularhypertrophy was also  minimal t o  mild in 
severity and  characterized by generalized,centri-
lobularhepatocellularenlargement(Plate 12). The 
affected cells usually had cytoplasm that stained  more 
homogeneous and densely eosinophilic  than cells in 
the periportal region. Aboutathird or less o f  the 
liver lobule was affected in  minimal lesions, while 
one-third t o  one-half the liver lobule was affected in 
mild lesions. Coagulative necrosis was focal and 
randomly distributed  in some mice or located  within 
or adjacent to hepatocellular neoplasms in others. In 
a few mice, it  consisted o f  massive necrosis o f  an 
entire liver lobe  and was judged the cause o f  death. 
Thus, the coagulative necrosis, while increased in 
incidence in the dosed  groups, was not clearly chem- 
ical related. 

The incidences o f  eosinophilic focus weresignificantly 
greater in all groups o f  dosed mice, except for the 
100 mgkg males and 200 mgkg females, than in 
controls(Table 26). Consistent with the increased 
incidences o f  foci in females, the incidences o f  
hepatocellularadenomain the 50 and 100 mgkg
female mice werealso significantly greater  than 
controls. A few hepatocellular  carcinomas occurred 

indosed females, but  none wereseenincontrols. 
The incidences of  benign and malignant  neoplasms
combined in  the50 and 100 mgkg females (55% and 
61%) exceeds the range o f  historicalcontrols from 
recent NTP studies (range 2%-34%; 129/898, 14.4%; 
Table D4b). The absence o f  a significant increased 
incidence o f  neoplasms thehepatocellular in 
200 mgkg  group may be  related to the reduced body 
weights o f  this group. 

In contrast to female mice, the incidences o f  hepato-
cellular adenoma in dosed males were  similar to  that 
o f  controls,while the incidence o f  hepatocellular
carcinomain the 200 mgkg  group was lower than 
controls. The incidences of hepatocellular neoplasms
in all male groups were high (57%-70%)  but within 
the range o f  historicalcontrols(range14%-72%; 
370/901, 41.1%; Table C4b). 

Hepatic foci o f  cytoplasmic alteration,  hepatocellular
adenoma, and hepatocellular carcinoma constituted 
amorphologiccontinuum. The foci generally con- 
sisted of enlarged cells with eosinophilic,  basophilic,
or clear cytoplasm and  were classified based on the 
predominant staining characteristicso f  the cytoplasm.
The staining characteristicso f  the cytoplasm generally 
reflect increased amounts o f  smooth endoplasmic 
reticulum(eosinophilic),roughendoplasmicretic-
ulum or ribosomes  (basophilic), or  glycogen (clear). 
The architecture o f  the hepatic plates was generally 
normal within foci o f  cytoplasmic alteration.  Hepato-
cellular adenomas were discretemasses with distorted 
or absent  lobular architecture consistingo f  plates one 
t o  two cells thick,  similar to  the normal liver. The 
hepatocytes often had staining properties similar to 
thosefoundin foci o f  cytoplasmic alteration. In 
contrast t o  the adenomas,  hepatocellular carcinomas 
had heterogeneous  growth patterns with hepatocytes
arranged in plates two to six cells thick or with 
glandular structures. Carcinomas exhibited a greater 
degree o f  cellular pleomorphism and atypia than did 
adenomas.Hepatoblastomas usually consisted 
predominantly o f  neoplastic cells similar t o  those o f  
carcinomas, but with an added  component o f  small, 
undifferentiated cells intenselywith basophilic
cytoplasm. 



Rmults 

Male 

15-Month h t d m  Evaluation 

Live? 10 
Syncytial Alterationb 0 
Centrilobular Hypertrophy 0 

Hepatocellular Adenoma 0 

%Year Study 

Liver 50 
Eosinophilic Focus 6 
Syncytial Alteration 0 
Centrilobular Hypertrophy 1(2.0) 
Coagulative Necrosis 3 (2.3) 

Hepatocellular Adenomad 
Overall ratee 26/50 (52%) 
Terminal rate' 56.5% 
Adjusted rat8 23/43 (50%) 
First incidence (days) 680 
Logistic regression testh P=0.519N 

Hepatocellular Carcinoma' 
Overall rate 11/50 (22%) 
Terminal rate 23.6% 
Adjusted rate 8/43 (19%) 
First incidence (days) 541 
Logistic regression test P=0.003N 

Hepatocellular Adenoma or Carcinomd 
Overall rate 35/50(70%) 
Adjusted rate 71.4% 
Terminal rate 29/43 (67%) 
First incidence (days) 541 
Logistic regression tests P=0.080N 

Hepatoblastomak 
Overall rate 0/50 (0%) 
Adjusted rate 0.0% 
Terminal rate 0/43 (0%) 
First incidence (days) -1 

Logistic regression test P=0.299 

Hepatocellular Carcinomaor  Hepatoblastomam 
Overall rate 11/50 (22%) 
Adjusted rate 23.6% 
Terminal rate 8/43 (19%) 
First incidence (days) 541 
Logistic regression tests P=0.004N 

(continued) 

4 
1 (1.O)C 

0 

2 

50 
15* 
6*(1.2) 
2 (2.0) 
1 (3.0) 

29/50 (58%) 
59.2% 
27/47 (57%) 
607 
P=O.344 

11/50 (22%) 
22.0% 
8/47 (17%) 
532 
P=O.505 

34/50(68%)
68.0% 
31/47 (66%) 
532 
P=OSON 

0/50 (0%) 
0.0% 
0/47 (0%) 
-

-


11/50 (22%) 
22.0% 
8/47 (17%) 
532 
P=O.505 

6 

4 (1.8) 

0 


1 

50 

13 

35**(1.2) 

23**(1.7) 

0 

29/50 (58%) 
67.4% 
28/42 (67%) 
567 
P=O.344 

5/50 (10%) 
11.6% 
4/42 (10%) 
636 
P=0.099N 

31/50 (62%) 
70.4% 
29/42 (69%) 
567 
P=0.263N 

5/50 (10%) 
11.3% 
4/42 (10%) 
1 
P=O.o60 

9/50 (18%) 
20.2% 
7/42 (17%) 
1 
P=0.347N 

9 

9**(2.0) 

8**(2.9) 


3 

51 

150" 

47"*(1.9) 

44**(1.6) 

8 (3.3) 

27/51 (53%) 
64.0% 
22/37 (59%) 
476 
P=O.542 

3/51 (6%) 
7.5% 
2/37 (5%) 
558 
P=O.OllN 

29/51 (57%) 
67.2% 
23/37 (62%) 
476 
P=0.122N 

1/51 (2%) 
2.7% 
1/37 (3%) 
729 (9
P-0.470 

3/51 (6%) 
7.5% 
2/37 (5%) 
558 
P=O.OllN 
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TABLE26 

Incidences of Liver Lesions in Mice in the 2-Year Gavage Study of Coumarin (continued) 


50 mg/kg 

1 
1(2.0) 
0 
0 
0 

0 

49 
20**(2.3) 
0 
0 
2 (3.0) 

26/49 (53%) 
63.4% 
25/40 (63%) 
722 
P<0.001 

3/49 (6%) 
7.3% 
2/40 (5%) 
715 
P=O.132 

27/49 (55%) 
64.3% 
25/40 (63%) 
715 
P<0.001 

1/49 (2%) 
2.5% 
1/40 (3%) 
729 
P=O.538 

4/49 (8%) 
9.7% 
3/40 (8%) 
715 
P=O.O76 

100 m g / b  

2 

2 (1.5) 

0 

0 

0 


0 

51 
U)'*(2.4) 
2 (1.0) 
0 
2 (2.0) 

29/51 (57%) 
62.9% 
25/42 (60%) 
5 6 4  
P<0.001 

3/51 (6%) 

6.7% 

1/42 (2%) 

612 

P=O.101 


31/51 (61%) 
65.9% 
26/42 (62%) 
5 6 4  
PcO.001 

0/51 (0%) 

0.0% 

0/42 (0%) 

-

-


3/51 (6%) 
6.7% 
1/42 (2%) 
672 
P=O.lOl 

200 mg/kg 

9 
0 
4**(1.0) 
8**(1.6) 
0 

0 

50 
9 (1.9) 

19**(1.4) 
17**(1.2) 
11l *(3.3) 

12/50 (24%)
39.7% 
10128 (36%) 
684 
P=0.227 

1/50 (0%) 
2.8% 
o m  (0%) 
655 
P=O.594 

13/50 (26%)
41.4% 
10128(36%)
655 
P=O.163 

0/50 (0%) 
0.0% 
o m  (0%)
-
-

1/50(2%) 
2.8% 
0128(0%) 
655 
P=O.594 

Dose 

Female 

15-Month Interim Evaluation 

Liver 
Eosinophilic Focus 
Syncytial Alteration 
Centrilobular Hypertrophy 
Coagulative Necrosis 

Hepatocellular Adenoma 

2-Year Study 

Liver 
Eosinophilic Focus 
Syncytial Alteration 
Centrilobular Hypertrophy 
Coagulative Necrosis 

Hepatocellular Adenoma" 

Overall rate 

Adjusted rate 

Terminal rate 

First incidence (days) 

Logistic regression test 


Hepatocellular Carcinomao 

Overall rate 

Adjusted rate 

Terminal rate 

First incidence (days) 

Logistic regression test 


Hepatocellular Adenoma or  Carcinomap 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Logistic regression tests 

Hepatoblastomaq 

Overall rate 

Adjusted rate 

Terminal rate 

First incidence (days) 

Logistic regression test 


Hepatocellular Carcinoma or Hepatoblastoma' 
Overall rate 0/50 (0%) 
Adjusted rate 0.0% 
Terminal rate 0/33 (0%) 
First incidence  (days) -
Logistic regression tests P=0.502N 

(continued) 

VehicleControl 

8 
0 
0 
0 
1 (2.0) 

1 

SO 
4 (2.5) 

0 

0 

2 (2.5) 


8/50 (16%) 

23.4% 

7/33 (21%) 

694 

P=O.525 


0/50 (0%) 
0.0% 
0/33 (0%) 
-
P=0.570N 

8/50 (16%) 
23.4% 
7/33 (21%) 
694 
P=O.447 

0/50 (0%) 
0.0% 
0/33 (0%) 
-
P=0.601N 



TABLE 26 

~mcidewCesOff U V Q P  bSiOrIlS irIl M i C Q  in the 2-yM.r GlTJVlTJge % M d y  Qff @QMUMI&~I~I~I~
(continued) 

* 	 Significantly different (P50.05) from the control group by the Fisher exact test (15-month interim) or logistic regression test (2-year 
study)

* *  P-<O.Ol 
(T)Terminal sacrifice 
a Number of animals with organ examined microscopically. 

Number of  animals with lesion. 

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

Historical incidence for 2-year corn oil gavage studies wi th  vehicle control groups (mean f standard deviation):  249/901 

(27.6% & 15.0%); range 4%-58% 


e 	 Number of animals with neoplasm per number o f  animalswith organ examined microscopically. 
Kaplan-Meier estimated neoplasm incidencea t  the end o f  the study after adjustment  for intercurrent mortality. 
Observed incidence in animals surviving until  the end o f  the study.’ In the  control column are  the P values associated wi th  the trend test. In the dosed group columns are  the P values  corresponding 
to the painvise comparisons between the controls andthat dosed group. The logistic regression test regards these lesions as 
nonfatal. A negative trend or lower incidence in a dose  group is indicated by pi.

i 	Historicalincidence: 1551901 (17.2% 2 5.8%); range8%-32% 
Historicalincidence:370/901(41.1% 2 15.5%); range 14%-72% 
Historicalincidence:2&01(0.2% f 0.7%);range0%-2% 
Not  applicable; no neoplasms in animal group 
Historicalincidence:1551901(17.2% 2 5.8%); range8%-32%

’ 	Historicalincidence:94B98(10.5% f 7.2%);range 2%-26% 
Historical incidence: 41B98 (4.6% -+ 3.6%);range0%-14% 

p 	 Historicalincidence:129B98(14.4% k 8.1%);range2%-34% 
Historicalincidence:OB98 
Historical incidence: 41B98 (4.6% k 3.6%); range 0%-14% 



70 Coumarin, NTP TR 422 

Forestomach: Squamous hyperplasia o f  the fore-
stomach was seenin one control male, three 
50 mgikg males, andthree100 mg/kg males. 
Squamous cell papillomas o f  the forestomach 
occurred more frequently in 50 mgkg male mice than 
in controls; the incidence in the 100 mgkg group was 
similar tocontrolsandnone wereseenin the 
200 mg/kg group (Tables 27 and Cl). Squamous cell 
carcinomaswereseenin one 50 mg/kg and two 
1 0 mgikg males as well, and  none were observed in 
the controls. The incidence o f  squamous cell 
papilloma in the 50 mgikg males slightly exceeds the 
range in historical  controls from recent NTP studies; 
further, no more  than one squamous cell carcinoma 
has been observed in a  group o f  50 historical control 
male mice (Table C4c). 

The incidence o f  forestomach hyperplasia was signifi- 
cantly increased in 100 mgikg female mice. Similar 
to the patternseen in male mice, the incidence o f  
squamous cell papilloma in the 50 mg/kg females was 
slightly greater  than that of  the controls. However, 
the incidence is within the range o f  NTP historical 
controls(Table D4c). Squamous cell carcinomas 
were seen in one 50 mgikg and one 100 mgikg female 
(Tables 27 and Dl) .  

Focal hyperplasia o f  the forestomachepithelium, 
squamous cell papilloma,  andsquamous cell car-
cinoma constitute a morphologic continuum. Hyper-
plasia was characterized by focally thickened  stratified~ 
squamousepitheliumformingrugose folds that 
extended into  thestomach lumen.Papillomasalso 
consisted o f  thickened, folded epithelium,butthe 
folds were  more complex and had a fibrovascular 
core. Differentiation of ' the epitheliumwithinpap-
illomas was normal  and there was no cellular atypia. 
Squamous cell carcinomas consisted of  cords o f  
stratifiedsquamousepithelium which invaded the 
submucosa and muscularis. 

GENETICTOXICOLOGY 
Positive results  were obtained with in vitro mutage-
nicity tests, but no mutagenicresponseswere 
observed in vivo. Coumarin (33 to 3,333 pg/plate) 
was testedforinduction o f  genemutationsin 
Salmonella strains TA100,typhimurium TA98, 
TA1535, and TA1537 using a  preincubation protocol 
with and Aroclor 1254-induced malewithout 
Sprague-Dawley rat  and Syrian hamster liver S9; a 
positive response was obtained only in TAl00 with 
S9 (Table F1; Haworth et al., 1983). 

In Chinese  hamster ovary cells, coumarin  induced 
sisterchromatid exchanges in the absence, but  not 
the presence, o f  Aroclor 1254-induced male  Sprague-
Dawley rat liver S9; the lowest effective dose was 
100 pg/mL (Table F2, Galloway et al., 1987). In both 
sisterchromatid exchange trials  without S9, the 
increases in sister  chromatid exchanges were sig-
nificant, but did not correlate with dose. Coumarin 
was also  tested for inductiono f  chromosomal aberra-
tions in Chinese  hamster ovary cells with  and without 
S9. Adose-related positive response was also 
observed, but only in the presence o f  S9 (Table F3; 
Galloway ef al., 1987). A significant increase  in 
chromosomalaberrations was seen at  the highest
dose tested (1,600 pg/mL)  with S9; at this  dose,37% 
of cells showed chromosomal  damage. 

Coumarin did not induce sex-linked recessive lethal 
mutations in germ cells o f  male Drosophila melano- 
gaster exposed either  as adults, by feeding (70 ppm) 
or by injection (500ppm), or  as  larvae,treated by 
feeding (194 and 200 ppm) (Table F4; Yoon et al., 
1985; Valencia et al., 1989). 

Peripheralblooderythrocytes o f  maleand female 
B6C3F, mice administered  coumarin at doses up to 
300 mg/kg for 13weeks by gavage were  examined for 
frequencies o f  micronuclei; no increases  inmicro-
nucleated erythrocytesnormochromatic were 
observed (Table F5). 
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Male 

Forestomacha 
Squamous Hyperplasiab 

Squamous cell Papilloma' 

Overall rated 

Adjusted ratee 

Terminal ratef 

First incidence (days) 

Logistic regression testg 


Squamous Cell Carcinoma' 

Overall rate 

Adjusted rate 

Terminal rate 

First incidence (days) 

Logistic regression test 


Squamous C e l l  Papilloma or Carcinoma (CI 

Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Logistic regression test 

Female 

Forestomach 
Squamous Hyperplasia 

Squamous cell Papilloma" 

Overall rate 

Adjusted rate 

Terminal rate 

First incidence (days) 

Logistic regression test 


Squamous C ~ I I  Carcinoma' 

Overall rate 

Adjusted rate 

Terminal rate 

First incidence (days) 

Logistic regression test 


Squamous cell Papilloma or Carcinoma"' 
Overall rate 
Adjusted rate 
Terminal rate 
First incidence (days) 
Logistic regression test 

(continued) 

48 
1 

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

729 (T )
P=0.051N 

0/50 (0%) 
0.0% 
0/43 (0%) 
-
P=0.289N 

3mbined)i 
2/50 (4%) 
4.7% 
2/43 (5%) 

729 (T )
P=0.042N 

48 

0 


1/52 (2%) 
2.4% 
OB3 (0%) 
589 
P=0.548N 

0/52 (0%) 
0.0% 
OB3 (0%) 

P=0.573N 

1/52 (2%) 
2.4% 
OB3 (0%) 
589 
P=0.578N 

49 
3 

8/50 (16%) 
17.0% 
8/47 (17%) 
729 ( T )
P=O.o48 

1/50 (2%) 
2.1% 
1/47 (2%) 
729 (V
P=O.518 

9/50 (18%) 
19.1% 
9/47 (19%) 
729 (T )
P=0.039 

49 
2 

5/50 (10%) 
12.5% 
5/40 (13%) 
729 ( T )
P=O.O95 

1/50 (2%) 
2.5% 
1/40 (3%) 
729 ( T ) 

P =os38 


6/50 (12%) 
15.0% 
6/40 (15%) 
729 (T )
P=O.O83 

49 
3 

2/50 (4%) 
4.8% 
2/42 (5%) 

729 (T )
PsO.695 

2/50 (4%) 
4.1% 
0/42 (0%) 
1 

4/50 (8%) 
8.7% 
2/42 (5%) 
1 
P=O.686 

49 
5 0  

2/51 (4%) 
4.8% 
2/42 (5%) 

729 (T )
P=O.493 

1/51(2%) 
2.3% 
0/42 (0%) 
694 
P=O.419 

3/51(6%) 
7.0% 
2/42 (5%) 
694 
P=O.236 

47 
0 

0/51 (0%) 
0.0% 
OB7 (0%) 
-h 

P=0.233N 

O b 1  (0%) 
0.0% 
OB7 (0%) 

0/51 (0%) 
0.0% 
OB7 (0%) 
-
P=0.272N 

46 
0 

2/51 (4%) 
7.1% 
2/28 (7%) 
729 (T )
P=O.493 

0/51 (0%) 
0.0% 
0/28 (0%) 

2/51 (4%) 
7.1% 
m (7%) 
729 ( T )
P=O.436 
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TABLE27 

Incidences of Forestomach Lesions in Mice in the 2-Year Gavage Study of Coumarin (continued) 


* Significantly different (PSO.05) from the control group by the logistic  regression test 
(VTerminal sacrifice 
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 f. standard deviation): 2 7 B 2  

(3.0% k 3.4%); range 0%-14% 

Number of animals with neoplasmper number o f  animals necropsied. 


e 	 Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality. 
Observed incidence in animals surviving until the end of the study. 

g 	 In the  control column are theP values associated with the trend test. In the dosed group columns are the P values corresponding 
to the pailwise comparisons between the controls and that dosed group. The logistic regression test regards these lesionsas 
nonfatal. A negative trend or  lower incidence in a dose group is indicated by N. 

h 	 Not applicable; no  neoplasms  in animal group 
Historical incidence: 4 M 2  (0.4% k 0.9%); range 0%-2% 

J Historicalincidence: 3 1 B 2  (3.4% f. 3.6%); range 0%-14% 
Historical incidence: 271901(3.0% f 2.9%); range 0%-10%' Historicalincidence: 3 M 1  (0.3% f. 1.0%); range 0%-4% 
Historical incidence: 3OM1 (3.3% +. 3.3%); range 0%-10% 



PUTE n m m  3 
Centrilobularhepatocellulardegeneration o f  the liver  inamale F344/N Centrilobularhepatocellularnecrosisoftheliverinamale F344/pI rat 
ratreceiving 150 m& coumarininthe13-weekgavagestudy.Notethereceiving 300 mg/kg coumarin  inthe13-weekgavagestudy.Notethe 
clearvacuoles (lipid droplets)  withinthecytoplasm of  theaffected cells. necroticcellswithpalecytoplasmandpyknotic or fragmentednuclei 
H&E, 8OX surroundingthecentralvenule. H&E, 8OX 

m T E  3 P U T E  4 
Bile duct hyperplasia and inflammation of the liver  in a male F344/Nrat Moderate coagulative necrosis o f  the liver  in a male F344/N rat receiving 
receiving 300 mgkg coumarin in the 13-week  gavagestudy. The portal 1 0  mg/kg coumarin  inthe2-yeargavagestudy.Notethepale,shrunken 
areacontainsbranchingbileductsanda mixed leukocyte  infiltrate.hepatocyteswithpyknotic or fragmented nuclei. H&E, 50X 
H&E, 8OX 



PLATE4 PLATE4 
Hepatocellulargranulardegeneration of the  liver in a female F344/N ratHighermagnificationofthehepatocellulargranulardegeneration in 
receiving 1 0  mgkg coumarin in the2-yeargavagestudy.NotethePlate 5 showingswollenhepatocyteswithclearcytoplasm. H&E, 50X 
hepatocytes wi th  pale cytoplasm which tend to be  located in centrilobular 
or midzonalareasofthehepaticlobules. H&E, 1OX 

PLATE7 PLATE8 
Moderatefibrosis of the  liver in a male F344/N ratreceiving 100 mgikgHighermagnificationoftheliverfibrosis i n  Plate 7 showingcollapsed 
coumarin i n  the2-yeargavagestudy.Bandsofcollagenousconnectivestroma and collagenousconnectivetissueseparatinghepaticlobules. 
tissueextendbetweenhepaticlobules. H&E, 1OX H&E, 50X 



PLATE9 PLATE18 
Fibrosis and moderate bile duct hyperplasia of the liveri n  a male F344/N Higher magnification of the fibrosis and bile duct hyperplasia i n  Plate 9 
rat receiving 100 mgfkg coumarin in the 2-year gavage study. H&E, 20X showing the increased number of small bil ialy ducts and ductules. H&E, 

50X 

PLATE 11 PLATE12 
Syncytialalteration(arrow) of a hepatocyte i n  theliver o f  a maleCentrilobularhepatocellularhypertrophyoftheliver in a maleB6C3Fl 
B6C3Flmousereceiving 2 0 mgfkg coumarin i n  the2-yeargavagestudy.mousereceiving200rngfkgcoumarin in the2-yeargavagestudy.Note 
H&E, l00X centralhepatocytesthe pale thesurroundingvenule swollen i n  the right 

half of the  photomicrograph. H&E, 50X 



Coumarin is the basic structure of numerous 
naturally occurring compounds with important  and 
diverse physiological Moreactivities. than 
1 , 0  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. The NTP has previously reported on 
toxicity and carcinogenicity studies o f  S-methoxy-
psoralen (NTP, 19S9a), a andfuranocoumarin, 
ochratoxin A (NTP, 1989b), a  dihydroisocoumarin, as 
well asquercetin (NTY, 1992), a benzo-gamma-
pyrone derivative resembling the  12-benzopyrone 
moiety in  coumarin. 

Coumarin and 3,4-dihydrocoumarin were  nominated 
for study by the Food and Drug Administration and 
the National  Cancer Institute because o f  the wide- 
spread use o f  coumarin in perfumes, cosmetics, and 
other products  as a fragrance, continued interest in 
using coumarincompounds as flavor-enhancing 
agentsforfoods,and the interest in chemical 
structure-biological activity relationships o f  this 
importantgroup o f  compounds.This Technical 
Report describes the findings o f  the 16-day, 13-week, 
and 2-year toxicity and carcinogenicity studies o f  
coumarin in F344/PJ rats  and B6C3Fl mice. The 
results o f  the NTP toxicity and carcinogenicity studies 
of 3,4-dihydrocoumarin are  reported separately  (NTP, 
1993). 

The principal toxic effects associated with the admin- 
istration o f  coumarin occurred in the liver o f  both 
rats and mice and in the kidney o f  rats. Slight, but 
clinically unimportant, effects also  occurred in the 
blood o f  both species, and ulcers of the forestomach 
occurredmorefrequently in dosed  ratsthan in 
controls. While the hepatotoxicity o f  coumarin in 
several species of  experimental animals has previously 
been described (Hazleton ef al. ,  1956; Hagan et al. ,  
1967;Lake, 1984), the  renal effects observed in  rats 
in the NTP studies have not reportedbeen 
previously. 

The hepatic effects observed in  rats in the 13-week 
study occurred primarily in groups receiving 150 or 

300 mgkg and included increased liver weight, 
accumulation o f  lipid within  hepatocytes,centri-
lobular hepatocellular degeneration and necrosis, bile 
duct hyperplasia, and  inflammation. Consistent with 
the histologic  observations, there were  elevations in 
activities o f  several cytoplasmic enzymes found  within 
hepatocytes including aminotransferase,alanine 
aspartate aminotransferase, sorbitol dehydrogenase,
and ornithine carbamoyltransferase. These cytoplas- 
mic enzymes are released into the blood following 
hepatocellular injury and necrosis. 

While the hepatic lesions produced in rats by the 
prolonged administration o f  coumarin in the 2-year 
study were  similar to those  in the 13-week study, 
there were slight differences possibly due t o  one or 
morefactors including the lower doses,  cumulative 
toxicity, age o f  the animals, or the duration or 
chronicity o f  the lesions in the 2-year study. In the 
2-year study, the  degree o f  inflammation associated 
with the hepatocellularand biliary lesions was less 
apparent,and fibrosis, which did not occur  in the 
13-week study, was seen  in dosed rats in the 2-year 
study. On a body weight basis, male  rats were more 
susceptible than female rats to coumarin. In males, 
hepatic lesions were  seen in groups receiving 25, 50, 
or 100 mgkg, while in females they were seen only in 
groups receiving 50 or 100 mgkg. Moreover, the 
varioushepaticlesions generally occurredmore 
frequently in males than females at similar  dose 
levels. 

While the administration o f  coumarin t o  F344W rats 
was associated with an increase in the severity o f  bile 
duct hyperplasia, the atypical bile duct cells and 
marked peribiliary fibrosis (cholangiofibrosis) de-
scribed by Hagan et al. (1967) in  Osborne-Mendel 
male rats  werenotseen in the NTP 2-year study. 
Further,the induction o f  bileductcarcinomas as 
reported by Griepentrog (1973) was also not 
observed. However, the  studies by Hagan et a l .  
(1967) and  Griepentrog (1973) were  conducted by 
administering coumarin in the  diet at levels substan- 
tially higher than  those received by the rats  in the 
NTP 2-year study. The cholangiofibrosis  and bile 
duct carcinomas  were observed in  male rats receiving 
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dietary levels of 5,OOO t o  6,OOO ppm coumarin, which 
is estimated  to deliver 250 to 500 mgkg, in contrast 
t o  the 100 mgkg given by gavage in the NTP study. 
Thus, the doses of coumarin used in  the NTP study 
may have  been too low to  induce these lesions. 

The increased liver weights  in rats receiving coumarin 
inthe NTP 13-week and 2-year studies is likely 
related t o  anincreaseinhepatocyteendoplasmic
reticulumandmicrosomalproteinsynthesis o r  
enzyme induction. Grasso et al. (1974) have  shown 
by electron  microscopy that coumarin administration 
to ratsproduceshypertrophyanddilatationof the 
endoplasmic reticulum.Consistentwith the role o f  
theendoplasmicreticulum in protein synthesis, 
Nievel (1969) demonstratedincreasedmicrosomal 
proteinsynthesisin the liver o f  rats given 50 t o  
450 mg coumarinkg body weight for 3 t o  7 days. 

Thehepatocytelipidaccumulationobservedinthe 
NTP studies may be  related to impaired function o f  
the endoplasmic reticulum, the principal site o f  lipid 
synthesisandformation o f  lipoproteins, o r  t o  per-
turbations in glucose metabolism o r  energy produc-
tioninhepatocytes.Feuer et al. (1965a,b) demon- 
strated a reduction in glucose-6-phosphatase activity 
andaconcomitant increaseinglucose-6-phosphate 
dehydrogenase activity in  the rat liver  following oral 
administration of coumarin. These investigators also 
showedo-hydroxyphenylaceticacidand o-hydroxy-
phenyllactic acid, two metaboliteso f  coumarin in the  
rat, inhibited glucose-6-phosphatase activity in virro, 
whilecoumarinand 3-, 4-, 6-, 7-, and 8-hydroxy- 
coumarin produced no inhibition (Feueret al., 1966). 
They concluded that ring opening during the metab-
olism o f  coumarin confers inhibitoryactivity and  that 
the phenolic hydroxyl group  in the ortho position of 
the aromaticacids is important for the inhibitory 
activity. 

Whilethebiochemicalmechanisms by which cou- 
marinproduceshepatocytenecrosis in ratshasnot 
been determined, a reactive intermediate capable o f  
binding t o  cytoplasmic proteins is generated  during 
the metabolism of coumarin.Coumarin rapidly 
depletes intracellular glutathione levels both in vivo 
and invirro in rat hepatocyte suspensions o r  mono-
layer cultures and enhances urinary mercapturic acid 
excretionafter invivo administration(Lake, 1984; 
Lake et al., 1989; Peters et al., 1991). Further, 
sulfhydryl agents  inhibit covalent binding to  micro-
somal proteins (den Besten et al., 1990). It has  been 

suggestedthatcoumarin may be  converted t o  a 
3,4-epoxide intermediate  which may either  rearrange 
t o  3-hydroxycoumarino r coumarin 3,4-dihydrodiol, or  
produce toxicity by covalent  binding t o  cytoplasmic 
proteins(Lake et al., 1989; Peters et al., 1991). A 
structurallycompound, Irelated precocene 
(7-methoxy-2,2-dimethyl-2H-benzo[b]pyran)also 
produces centrilobular hepatocellular necrosis in the 
ratand is metabolized by microsomal  cytochrome
P-450 enzymes to  a reactive metabolite which binds 
covalently to and hepaticproteinsdepletes
glutathione levels (Halpin et al., 1984, Ravindranath 
et al., 1987). 

Although the specificmetabolite or  metabolites 
producing the  bile duct hyperplasia observed in the 
NTP study and the cholangiofibrosis observed in male 
rats by other  investigators have not been identified, 
the biliary lesions  are likely related  to the excretion 
o f  toxic coumarin  metabolites in the bile. Williams 
et al. (1965) showed  that 50% o f  an oral o r  intra-
peritoneal dose o f  coumarin was excreted in the  bile 
as unidentified ring-opened compounds. 

In contrast to rats, mice did not exhibit lipid accumu-
lation in hepatocytes o r  centrilobular hepatocellular
necrosisin the NTP13-weekand 2-year studies. 
These differences are likely related  toquantitative 
differences in the coumarin metabolites produced by 
these species o r  t o  differences in the  rates o f  forma-
tionandconjugation of  the toxic intermediate(s). 
Coumarin hydroxylase  activity has  been shown t o  be 
highly strain-dependent  in mice. Instudya of 
16 strains of mice for coumarin hydroxylase  activity, 
five strains  were shown to have highactivity while  the 
other 11 had low activity (Wood and Taylor, 1979). 
Coumarin hydroxylase activity  varied from a lowof 32 
(units of enzyme activity) to 358 in the strains ex- 
amined.EndellandSeidel (1978) showedthatthe 
LD,, in CH3/HeJ mice for orally administered cou-
marin was approximately half that  of DBA/;ZJ mice, 
and that hepatotoxicity, as measured by elevations  in 
serumenzyme activity, was  substantiallygreaterin 
CH3/HeJ mice than in DBA/2J mice. Theseobser-
vations correlate with the higher hepatic coumarin 
7-hydroxylaseactivity inDBA/2Jmice(Woodand 
Conney, 1974). The metabolism o f  coumarin in the 
B6C3F, mouse  has not been studied. 

Coumarin likely  may notproducehepatoxicityin 
humanssimilartothatinratsbecauseofthe 
demonstrateddifferencesinmetabolismbetween 
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these species. In contrast  to rats, the metabolism o f  
coumarininhumansresults principally in the 
hydroxylation at the number 7 position with the 
f o r m a t i o n  o f  a n d7 - h y d r o x y c o u m a r i n  
7-hydroxycoumarin glucuronide  (Ritscheletaf.,1977).
As mentioned above, the higher hepatic  coumarin 
7-hydroxylase activity in DBAL2.J mice is associated 
with a much higher  threshold for hepatotoxicity. 

Centrilobular hepatocellular hypertrophy was seen in 
mostmale and female mice in the 300 mgkg dose 
groups, but not  in mice in the lower dose  groups in 
the 13-week study. However, the mean liver weights 
o f  the 150 mgkg groups  as well as the 3 0  mgkg 
groupswere significantly greater  thancontrols, 
indicating that hypertrophywas probably also  present
in mice receiving 150  mgkg.Centrilobular hyper-
trophy was also  frequently observed in males receiv- 
ing 1 0  or 2 0  mgkg and  in females receiving 
200 mgkg in  the 2-year study. The centrilobular 
hepatocellular hypertrophy in mice was likely related 
to an increase  in endoplasmic reticulum and enzyme 
inductionasreported in rats receiving coumarin 
(Nievel, 1969;Grasso et af., 1974). 

The kidneys of  male and female rats, but not mice, 
also exhibited toxic effects related to the admin-
istration o f  coumarin in the NTP 13-week and 2-year 
studies. In the 13-week study, the most severe renal 
lesions were observed in the three male rats receiving 
300 mgkg  that died during the study. The lesions in 
theserats consisted o f  widespread necrosis o f  the 
proximal tubule  epithelium, while others exhibited 
scatteredrenaltubules with thickened basement 
membranesand small basophilic cells. While the 
latter lesion is typical o f  spontaneousnephropathy
occasionally seen in untreated  rats,similar lesions 
were not  seenintheconcurrentcontrol males. In 
the 2-year study, nearly all males and most females in 
each of the groups including the  control groups
exhibited degenerative  renal lesions, but the average 
severity o f  the nephropathy increased with dose. The 
severity o f  nephropathy in the dosed rats as well as 
the controls was generally greater in males than in 
females. 

The chemical-related increased severity of  nephrop-
athy in dosed males was the principal cause o f  the 
decreased survival o f  the 50 and 100 mgkg groups. 
The incidences o f  parathyroid gland hyperplasia in all 
groups o f  dosed males were  also higher than  controls, 
consistent with renal secondary hyperparathyroidism. 

Hyperparathyroidismaccompaniesseverenephrop-
athyinratsbecause the progressive loss of renal 
functiondisrupts calcium and  phosphorushomeo-
stasis, leading to prolonged  parathyroid gland stimu- 
lation. 

Renal toxicity associated with coumarinadmin-
istrationhasbeenreported to occur  in dogs given 
oraldoses o f  100 mgkg for 8 consecutive days 
(Hazleton et af.,1956). These  investigators described 
swelling and  granularityof  tubule epithelial cells and 
bilestained hyaline casts  intubulelumens,and 
suggested that  the renal lesions  were consistent with 
"bile nephrosis." Renal toxicity was not described in 
rats receiving 10,ooO ppm  in the feed for 8 weeks or 
in rats receiving 2,500 ppm for  29 weeks (Hazleton 
et af.,1956). Further, renal toxicity was not  reported 
to occur in a 2-year study in  rats given coumarin at 
dietary levels o f  2,500 ppm or 5 , W  ppm (Hagan 
et af., 1967). While it is not clear why renal toxicity 
was not  seen in these  studies, the route o f  admin-
istrationand the strain o f  rats used were  different 
from those o f  the NTP studies. 

Increased incidences o f  neoplasms attributed to  the 
administration o f  coumarin in the NTP studies were 
observed in the kidney o f  male rats, lungof  male and 
female mice, and liver o f  female mice. Bile duct 
carcinomas, as reported by Griepentrog (1973) were 
notseen in dosed F344Pd rats, possibly because o f  
differences in route o f  administration and dose level. 
There have been  no previous long-term  studiesin 
mice. 

During the initialstandardevaluation o f  single 
sections of  the kidney, renal  tubule adenomas were 
identified in one control, two 25 m a g ,  two 
50 mgkg, and two 100 mgkg male  rats.Moreover, 
2 of 20 males receiving 100 mgkg for 15 months 
followed by the recovery period  also had renal  tubule 
neoplasms, which is substantially  greaterthan the 
incidence in NTP historicalcontrolmalerats 
(8/1,019, 0.8%). In addition, two 10 mgkg female 
rats had renal  adenomas, which is also much higher 
thanthe incidence in historical  controls (2/1,018, 
0.2%). Althoughrenalneoplasms are relatively 
uncommon in control  rats, the low incidences in rats 
receiving coumarin  were difficult to interpret. 

The NTP has found  that multiple sectioning o f  the 
kidney may enable  a more precise evaluation o f  the 



76 Coumarin, NTP TR 422 

potential chemical-related induction o f  renal prolif- 
erativelesions than observations  made from single 
sections. The majority of  renalneoplasms in the 
2.-year study o f  coumarin were small and identified 
only by microscopicexamination.Thus,multiple
s'ections might be expected t o  increase the number o f  
neoplasms observed and allow a more rigorous 
statisticalevaluation. The residual formalin-fixed 
kidneys from  allmaleandfemaleratswere step 
sectioned to provide  approximately eight additional 
tissue sectionsof  each kidney for microscopic exami- 
nation. 

A s  expected, additional  renal tubule neoplasms were 
identified in the  step sections, and  the majority were 
seen in dosed males. The overall incidences in  rats 
were as follows: males, control, 1/49; 25 mgkg, 6/50; 
50 mgkg, 7/50; 100 mgkg, 5/50; females, 0/49; 0/50;
1/50;2/50. Moreover, focal hyperplasia was also 
observed in  dosed rats with incidences that generally 
paralleled the incidences o f  renal neoplasms. The 
incidences of  focal hyperplasia and o f  renal tubule 
adenoma in the low- and mid-dose  male rats, but not 
the high-dose males, were significantly greater  than 
those o f  the controls. The marginal increased inci- 
dence o f  renaltubuleneoplasms was considered 
chemical related  becauseof  the statistical significance 
and supporting evidenceo f  focal hyperplasia, a  lesion 
considered to be preneoplastic. The lack of  statistical 
significance by pairwise comparison o f  the high-dose
andcontrolincidencesand lack o f  adose-related 
trend is likely due t o  the lower survival o f  the 
high-dose group, and perhaps due to the increased 
severity of  nephropathy in the high-dose group. The 
nephropathy may influencetheinduction, 
development, or progression o f  renalneoplasmsin 
several ways, including  areductionintarget cell 
populationcontinued andfrom degeneration 
necrosis, alteration  in vascularity as  a result of the 
interstitial . or alterations infibrosis, other 
microenvironment. 

The increased incidences o f  renal tubule neoplasms
in dosed male rats were consideredto provide "some" 
rather than "clear evidence" o f  carcinogenic activity 
because a) the increased incidences were marginal 
and b) the majority o f  neoplasms were benign. While 
the evaluation o f  step sections revealed one 
additionaladenomaina mid-dose female, the low 
incidences o f  renaltubuleneoplasmsin mid- and 
high-dose females could not  be clearly attributed  to 
coumarin administration. 

The incidences o f  pharyngeal neoplasms, primarily 
squamous cell papillomas, in mid-dose males, thyroid 
gland follicular cell neoplasms  in low-dose males, and 
forestomachsquamous cell papillomas  in low-dose 
females were because marginallynotable they
exceeded the incidences o f  these neoplasms in NTF' 
historicalcontrols. However, they were not 
attributed to coumarin administrationbecause a) the 
incidences were not significantly increased  relativeto 
concurrent controls, b) there was no  apparent dose 
response, and c) there was no supporting evidence o f  
hyperplasia or  other preneoplastic lesions. 

The stop-exposure  groups o f  male rats were included 
in the present NTP studies becauseof  the controversy 
over the biological potential o f  coumarin-induced 
biliary lesions as described by B2r and  Griepentrog 
(1967). These authors reported that diets containing 
5,OOO ppm or  6,OOO ppm coumarin induced bile duct 
carcinomasinmale rats. However, other scientists 
reviewing these liver lesions  consideredthem t o  
represent a nonneoplastic proliferative lesion some-
times diagnosed as cholangiofibrosis  (Cohen, 1979). 
The intent was to produce the biliary lesions diag- 
nosed as  cholangiofibrosis or bile  duct carcinoma in 
ratsdosed for 9 or 15 months  and to follow their 
progression or regression during the recovery period. 
However, the doses administered to male  rats in the 
present study did not  producethese lesions. As 
expected, the degenerativehepatocellular lesions 
observed in F344/N rats did not progress following 
cessation o f  dosing. In contrast to the liver lesions, 
the renal injury produced by coumarin was not 
reversible, .and the severity o f  nephropathy in male 
rats o f  the two stop-exposure  groups was greater  than 
that in the controls. This is not unexpected based on 
the progressive nature o f  spontaneous,this 
age-related disease. 

In contrast to rats, the 2-year study o f  coumarin in 
mice was associated with chemical-related  increased 
incidences o f  neoplasms inthe lung and liver, but  not 
the kidney. The incidences of  alveolar/bronchiolar
adenomas in groups of males and females receiving 
200 mgkg were significantly greater  than thoseo f  the 
controls. In female mice, the increased incidence of  
benign pulmonary  neoplasms was accompanied by a 
significantincrease in the incidence o f  malignant
neoplasmsas well. The incidences o f  pulmonary 
neoplasms, benign or malignant  combined,inboth 
the high-dose male  and female mice were well above 
the highest incidence observed in  groups o f  NTP 
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historicalcontrols. The chemical-related increased 
incidence of benignpulmonaryneoplasms in male 
mice was considered "some evidence" o f  carcinogenic
activity while the increased incidences o f  benign and 
malignant pulmonary neoplasms in female mice was 
considered "clear evidence" o f  carcinogenic activity. 

While nonneoplastic liver lesions  related to coumarin 
administrationwere observed inbothmaleand 
female mice, a  chemical-related increased incidence 
o f  hepatocellular neoplasms was seen only in females 
receiving 50 or  100 mgntg. Although only the inci- 
dence o f  hepatocellular adenoma was increased in the 
50 and 100mglag females, it was supported by an 
increased incidenceo f  eosinophilic foci in these  dose 
groups. Eosinophilic foci are morphologically similar 
to adenomas  andare consideredpreneoplasticin 
mice. Although it is not known for  certain why the 
incidence o f  neoplasms thehepatocellular in 
200 mgkg group was not increased  relative to con- 
trols, the lower body weights o f  this group may have 
contributed to the lack of  effect. Rao et al. (1987)
have reported  that body weight is positively cor- 
relatedwith the incidence of spontaneous liver 
neoplasms in mice in 2-year studies. 

Squamous cell neoplasms o f  the forestomach,  primar-
ily papillomas, were marginally increased  in50 mgntg
male and female mice. Further, the incidences in the 
50 mglag groups slightly exceeded the highest
incidences observed in groups o f  historical controls. 
However, the forestomachneoplasms could not be 
clearly related to the administration o f  coumarin 
because the incidences in the 50 mgntg groups  were 
not significantly greater  than those of  the controls 
andthere was no correspondingincrease over a 
fourfold range o f  doses from 50 to 200 mgntg. 

The results o f  the in vitro genetic toxicity tests are 
also consistent with the hypothesized metabolism o f  
coumarin to an electrophilic  intermediate. Coumarin 
was mutagenicin Salmonella typhimurium strain 
TAl00 only in the presence o f  liver S9  fraction, 
indicating that a  metabolite, rather than the parent
compound, was responsiblefor the mutagenicity. 
While it is not clear why coumarin  produceda 
positive response only in  strain TA100, this  strain has 
beenfound to be moresensitive to mutagens. The 
positive response  for mutations in S, typhimurium and 
the increased incidences o f  neoplasms at several sites 
in rats  and mice administered  coumarin is consistent 
with findings from other studies  conducted by the 

NTP. O f  114 chemicals studied by the NTP, the 
S. typhimurium assay had the highest positive pre- 
dictivity for carcinogenicity in  rodents, with 89% of 
the mutagenic chemicals also  producing increases in 
neoplasms in rats and/or mice (Tennant et al., 1987; 
Zeiger et al., 1990). 

The toxicity and  carcinogenic activity demonstrated 
by coumarin in the NTP 13-week and 2-year studies 
contrasts with those o f  3,4-dihydrocoumarin (NTP,
1993). While the  amount of  3,4-dihydrocoumarin 
administered to rats was four  times that o f  coumarin 
in the 13-week studies,  hepatocyte lipidosis, degenera- 
tion and necrosis, and bile duct hyperplasia were not 
observed. Partialsaturation o f  the lactone ring by 
the introduction o f  a methyl group,  as in 6-methyl- 
coumarin,hasalsobeenshown to decrease liver 
toxicity in the rat(Feuer, 1974). Further, 3,4- 
dihydrocoumarin did not increase the incidence o f  
pulmonary neoplasms in dosed male or  female mice 
in the 2-year study, even though the doses o f  3,4-
dihydrocoumarinadministered to mice were  four 
times greater  than thoseo f  coumarin. These findings 
are consistent with the hypothesis that a reactive 
metabolite generated from oxidationo f  the coumarin 
3,4-double bond, possibly coumarin 3,4-epoxide, is 
responsibleforcovalentbinding with cytoplasmic 
constituentsandsubsequent hepatotoxicity and 
carcinogenic activity in the lung. 3,4-Dihydro-
coumarin, which lacks the double bond, would not be 
expected to produce the epoxide. Moreover,  unlike 
coumarin, 3,$-dihydrocoumarin was not mutagenic  in 
any o f  the S. typhimurium strains,with or without 
liver S9 fraction. 

Althougha reactive intermediate  generatedat the 
3,4-double bond o f  coumarin may be responsible  for 
the hepatotoxicity in rats  and carcinogenic activity in 
the lung of  mice, the renal toxicity in  rats and carci- 
nogenic effect in the liver o f  mice are  not so  readily
explained. The severity o f  nephropathy was greater 
in male  rats receiving either  coumarin or  3,4-dihydro- 
coumarin, and a marginal increase  in the incidence o f  
renal tubule adenomas was also observed in dosed 
malerats o f  both studies. The magnitude o f  these 
effects was similar  despite asixfold difference in dose, 
suggesting that  there are quantitative differences in 
the formation o f  the responsible  metabolite. 

The mechanism o f  the development o f  renal tubule 
adenomas in malerats receiving coumarin or 
3,4-dihydrocoumarin needs to be studied further to 
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determine the relevance o f  this effect. While it is 
possible that an electrophilic  metabolite other than 
a 3,4-epoxide is responsible  forinduction o f  renal 
neoplasms, the potential  role of cytotoxicity in  the 
development o f  these neoplasms should be investi-
gated. DNA damage  hasbeenassociated with 
cytotoxicity, but  it is clear that  the mechanism o f  cell 
injury or  cell death may determine  the type and 
extent o f  DNA damage (Stevens and  Jones, 1990). 
Further, injury and necrosis o f  tubule epithelial cells 
induces both proliferation  anddedifferentiation o f  
regenerating cells. Konishiand Ward (1989) have 
demonstrated increased 3H-thymidine labelingindices 
in the  tubule epithelium with increasing severity o f  
nephropathy.Cellproliferation is an essential 
component of the multistage process o f  carcino-
genesis (Cohen  and Ellwein, 1990). It is interesting 
to note that 8-methoxypsoralen (a furanocoumarin), 
ochratoxinA (a dihydrocoumarin),  andquercetin
(a benzo-gamma-pyrone  derivative resembling the 
1,Zbenzopyrone moiety incoumarin)werealso 
nephrotoxic and produced  renal tubule neoplasms. 

Bothcoumarinand 3,4-dihydrocoumarin also  pro-
duced an increase in the incidence o f  hepatocellular 
neoplasms in female mice. This effect was observed 
in groups o f  females receiving 25 to 50 m@g cou-
marin, or  400 or  800 mgkg 3,4-dihydrocoumarin. 

These observations also suggest that the mechanism 
of  induction o f  liver neoplasms  in female mice does 
not involve an electrophilicmetabolitegenerated 
from the 3,4-double bond.  Unlike the kidney, there 
was no histologic  evidenceof liver toxicity to suggest 

that enhanced cell proliferation  secondary to cell 
injury played a  role in the induction o f  these neo-
plasms. The possible role o f  other mechanisms  such 
as alterations in gene expression through  changes in 
DNA methylation  cannot be excluded (Goodman 
et al., 1991). 

CONCLUSIONS 
Under the conditions o f  these 2-year gavage studies 
there was some evidence of carcinogenic activity* of  
coumarininmale F344/N ratsbased on increased 
incidences o f  renaltubuleadenomas.There was 
equivocal evidence.of carcinogenic activityof coumarin 
infemale F344/N rats based on a marginally -in- 
creased incidence o f  renal tubule adenomas. There 
was some evidence ofcarcinogenic activityof  coumarin 
in male B6C3Fl mice based on  the increased inci- 
dence o f  alveolarbronchiolar adenomas. There was 
clear evidence of carcinogenic activity of  coumarin in 
female B6C3Fl mice based on increased  incidenceso f  
alveolarbronchiolar adenomas, alveolarbronchiolar 
carcinomas, and hepatocellular Theadenomas. 
marginally increased  incidences o f  squamous cell 
papillomas o f  the forestomach  inmale and female 
mice receiving 50 m@g may have been  related to 
coumarin administration. 

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

l Explanation of Levels of Evidence o f  Carcinogenic Activity is on page 10. A summary o f  the Technical Reports ReviewSubcommittee 
comments and the public discussion on this Technical Report appeals on page 12. 
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Lesions in Male Rats 

DispositionSummary 
Animals initially in study 
Is-" iFF&iim e v 0 b d a h  

Early deaths 

Accidental deaths 

Moribund 

Natural deaths 


Sulvivors 

Terminal sacrifice 


Animals examined microscopically 

15-MonEh I&dm E v d U b n  
Alimentary System 
Liver 


Hepatocellular adenoma 

Leukemia mononuclear 


Stomach, forestomach 

Papilloma squamous 


Cardiovascular System 
None 

Endocrine System 
Pituitary gland 


Pars distalis, adenoma 


General Body System 
None 

Genital System 
Testes 


Interstitial cell, adenoma 


HematopoieticSystem 
Lymph node,  mandibular 


Leukemia mononuclear 

Lymph node,  mesenteric 


Leukemia mononuclear 

Spleen 


Leukemia mononuclear 

Thymus 


Leukemia mononuclear 


Integumentary System 
Mammary gland 


Fibroadenoma 

(9)
1 (11%) 

60 
10 

2 
14 
6 

28 

60 

(10) 

(10) 

60 
10 

3 
31 
7 

9 

60 

(1)
1 (100%) 

60 
9 

2 
34 
13 

2 

60 

60 
10 

2 

31 

17 


60 

(10)
1 (10%)
1 (10%) 

(10)
1 (10%) 



88 Coumarin, NTP TR 422 

TABLEA1 

Summary of the Incidence of Neoplasms in Male Rats in the 2-YearGavage Study of Coumarin (continued) 


Vehicle Control 25 mgikg 100 mg/kg50 mgntg 

15-Month Interim Evaluation (continued) 
Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Lung (10)


Alveolarbronchiolar adenoma 

Leukemia mononuclear 


Special Senses System 
None 

Urinary System 
Kidney 


Renal tubule, adenoma 


Systemic Lesions 
Multiple organsb 


Leukemiamononuclear 


2-Year S M y  
Alimentary System 
Intestine large, colon (45)

Adenoma, papillary 
Intestine small (45)

Adenocarcinoma 
Intestine small, duodenum (46) 

Fibrosarcoma, metastatic 1 (2%) 
Intestine small, ileum (45)

Fibrosarcoma, metastatic 1 (2%) 
! Intestine jejunumsmall, (45)


Fibrosarcoma,metastatic 1 (2%) 

Liver (49)


Fibrosarcoma, metastatic 1 (2%) 

Hemangiosarcoma 

Hepatocellular carcinoma 2 (4%) 


Mesentery (19)

Fibrosarcoma, metastatic 1 (5%) 


Pancreas (47)

Adenoma 1 (2%) 

Fibrosarcoma, metastatic 1 (2%) 


Pharynx (1)

Carcinoma 

Papillomasquamous 1 (100%) 




Alimentary System (continued) 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

Fibrosarcoma, metastatic 
Tooth 

Csediova~ularSystem
H a r t  

Endcrcrine System 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 

Adenoma 
Pituitary gland 

Pars distalis,  adenoma 
Thyroidgland 

C-cell, adenoma 
C e l l ,  carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

General sady System
Tissue NOS 

Adenocarcinoma 
Fibrosarcoma 

Genital System
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Prostate 
Seminal vesicle 

Fibrosarcoma, metastatic 
Testes 

Interstitial cell. adenoma 

(49) 
(49)

9(18%) 
(47)

4 (9%) 
(41)

1(2%) 
(48)

19 (40%) 
(47)

1 (2%) 
1 (2%) 

1(2%) 

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

(45) 
(45)

2 (4%) 
1 (2%) 

(45) 
(45)

1 (2%) 
(45)

38 (84%) 
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TABLEA1 

Summary of the Incidence of Neoplasms in Male Rats in the 2-YearGavage Study of Coumarin (continued) 


2-Yew Study (continued) 
.Hematopoietic System 
Blood 
Bone m a n w  
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 

Hemangiosarcoma 
Thymus 

Sarcoma 

Integumentary System 
Mammary gland 

Adenoma 
Fibroadenoma 

Skin 
Basal ce l l  adenoma 
Fibroma 
Keratoacanthoma 
Papilloma squamous 
Squamous c e l l  carcinoma 
Face, papilloma squamous 
Pinna, papilloma squamous 
Sebaceous gland, adenoma 
Subcutaneous tissue,  fibroma 
Subcutaneous tissue, fibrosarcoma 

Musculoskeletal System 
Bone 

Chordoma 
Skeletal muscle 

Fibrosarcoma, metastatic 

Nervous System 
Brain 

Respiratory System 
Lung 

Adenocarcinoma, metastatic 
Ahreolarhronchiolar adenoma 
Fibrosarcoma 
Squamous cell carcinoma, metastatic 

Vehicle Control 25 mgntg a m g n t g  100 mgntg 

(45) (46) 	 (44) 

3 (7%) 1 (2%) 2 (5%) 
(49) 	 (50) (51) 

1 (2%) 
1 (2%) 

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

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


2 (4%) 1 (2%) 

1 (2%) 


(49) 

(49) 	 (49) (50 )  (50) 
1 (2%) 
1 (2%) 2 (4%) 1 (2%) 
1 (2%) 


1 (2%) 




2-&?QP &ldjJ (continued) 
Special Senses System 
Ear 

Fibroma 
Papillomasquamous 

Eye
Papilloma squamous 

Zymbal'sgland 
Carcinoma 

Urinary System 
Kidney 

Adenoma 
Fibrosarcoma, metastatic 
Renal tubule, adenoma 

Urethra 
Urinary bladder 

Systemic ILeions 
Multiple organsb 

Leukemiamononuclear 
Mesothelioma NOS 

Neoplasm Summary 
Total animals with primary neoplasms' 

15-Month interim evaluation 
2-Year study 

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

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

Totalbenignneoplasms 
15-Month interim evaluation 
2-Year study 

Total animals with malignant neoplasms 
15-Month interim evaluation 
2-Year 

Total malignant neoplasms ' 

15-Monthinterimevaluation 
2-Year study 

Total animals with metastatic neoplasms 
2-Year study 

Total metastatic neoplasms 
2-Year study 

Total animals with uncertain neoplasms 
benign or malignant 
2-Year study 

Total uncertain neoplasms 
2-Year study 

(49) 

1 (2%) 
1 (2%) 

(49)
8 (16%) 
1 (2%) 

9 

46 


10 
105 

9 

45 


10 

85 


16 

19 

2 

11 

1 

3 

( 5 0 )  
1 (2%) 

1 (2%) 

(50 )
10 (20%) 

9 
46 

10 
98 

9 
46 

10 
84 

13 

14 

1 

1 

(51) 

2 (4%) 

(51)
1 (2%) 
1 (2%) 

8 

41 


12 

85 


8 

46 


12 

80 


4 

4 

1 

1 

( 5 0 )  

1 (2%) 

(50) 

1 (2%) 

10 

41 


13 

63 


9 

41 


12 

58 


1 
3 

1 
4 

1 


3 


\ 
a 	 Incidences are expressed  asthe ratio o f  animals with lesions to  the number o f  animalsexaminedmicroscopically at the site. 

Number of  animals with any tissue examined microscopically
Primaryneoplasms:a11neoplasmsexceptmetastaticneoplasms 

1 
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Number of Days on Study 

Carcass 1 D Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large, colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 

Fibrosarcoma, metastatic 
Intestine small,  ileum 

Fibrosarcoma, metastatic 
Intestine small, jejunum 

Fibrosarcoma, metastatic 
Liver 

Fibrosarcoma, metastatic 
Hepatocellular carcinoma 

Mesentery 
Fibrosarcoma, metastatic 

Pancreas 
Adenoma 
Fibrosarcoma, metastatic 

Pharynx 
Papilloma squamous 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Fibrosarcoma, metastatic 

Cardiovascular System 
Blood vessel 

Heart 


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

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 

Adenoma 

+: Tissue examined microscopically 
A Autolysis precludes examination 

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

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

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

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

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

A
v 

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

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

X 

X 
+ + +  + +  + + + +  

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

X + 
X 

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

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

X 

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


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


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


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

X x x x x x  

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

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

M Missing tissue X Lesion present 

I Insufficient tissue Blank Not  examined 
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Balimeantaq SysUem 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small,  duodenum 

Fibrosarcoma, metastatic 
Intestine small,  ileum 

Fibrosarcoma, metastatic 
Intestine small,  jejunum 

Fibrosarcoma, metastatic 
Liver 

Fibrosarcoma, metastatic 
Hepatocellular carcinoma 

Mesentery 
Fibrosarcoma, metastatic 

Pancreas 
Adenoma 
Fibrosarcoma, metastatic 

Pharynx 
Papilloma squamous 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Fibrosarcoma, metastatic 

Endwrine sysuem 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 

Adenoma 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1  Total 
2 2 3 4 4 4 5 5 6 1 8 8 9 9 1 1 1 2 2 4 5 6 8 0 2  Tissues/ 
4 5 3 1 2 5 3 4 5 5 1 2 2 4 2 3 5 4 1 3 1 1 3 4 3  Tumors 

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


. . . . . . . . . . . . . . . . . . . . . . . . .  44 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 

1 


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


X 2 

+ +  + + + + +  + + + 19 


1 
. . . . . . . . . . . . . . . . . . . . . . . . .  41 

X 1 


1 

1 

1 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


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

1 


+ 1 

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


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


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


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

X X X 9 


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

X x x  4 


+ M + + + + + + + + + M + + + M + + + + + + + + +  41 

1 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year.Gavage Study of Coumarin: Vehicle Control 
(continued) 

Number of Days OD Study 

Carcass ID Number 

Endocrine System (continued) 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

C e l l ,  adenoma 
C-cell, carcinoma 
Follicular cel l ,  carcinoma 

General Body System 
Tissue NOS 


Adenocarcinoma 

Fibrosarcoma 


Genital System 
Epididymis 
Preputial gland 


Adenoma 

Carcinoma 


Prostate 
Seminal vesicle 

Fibrosarcoma, metastatic 
Testes 

Interstitial c e l l ,  adenoma 

Hematopoietic System 
Blood 

Bone mamow 

Lymph node 

Lymph node, mandibular 

Lymph node, mesenteric 

Spleen 

Thymus 

Sarcoma 

Integumentary System 
Mammary gland 


Fibroadenoma 

Skin 

Basal c e l l  adenoma 
Papilloma squamous 
Subcutaneous tissue, fibroma 
Subcutaneous tissue, fibrosarcoma 

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

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

+ + + M + + + + + + + + + + + + + + + + + + + +  
x xx x x  x x x x  

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

X 

+ + 
X 
X 

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

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

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

X X x x x x xx x xx x x  

+ + + + + + + + + + + + + + + , + + A + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

+ + + M + + + M + + + + + + + + + + M + + + + +  
x x  X 

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


X 
X 
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Endocrine System (continued) 
Pituitary gland 

Pars distalis,  adenoma 
Thyroidgland 

C-cell ,  adenoma 
C-cell, carcinoma 
Follicular cell, carcinoma 

General Body System 
Tissue NOS 


Adenocarcinoma 

Fibrosarcoma 


Genital System 
Epididymis 
Preputial gland 


Adenoma 

Carcinoma 


Prostate 
Seminal vesicle 

Fibrosarcoma, metastatic 
Testes 

Interstitial cel l ,  adenoma 

Wemactopietic System 
Blood 

Bone marrow 

Lymph node 

Lymph node,  mandibular 

Lymph node,  mesenteric 

Spleen 

Thymus 


Sarcoma 

Integumentary System 
Mammary gland


Fibroadenoma 

Skin 

Basal cell adenoma 
Papilloma squamous 
Subcutaneous tissue,  fibroma 
Subcutaneous tissue,  fibrosarcoma 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1  T O h l  

2 2 3 4 4 4 5 5 6 1 8 8 9 9 1 1 1 2 2 4 5 6 8 0 2  Tissues/ 
4 5 3 1 2 5 3 4 5 5 1 2 2 4 2 3 5 4 1 3 1 1 3 4 3  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

x x x x  x x x x x  x 19 

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


1 

X 1 


X 1 


2 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 

x x 2 


X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  45 

. . . . . . . . . . . . . . . . . . . . . . . . .  45 


1 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 

x x x x x x X x x x x x x x x x x x x x x x x x x  38 


+ 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ + + + + + + + + + + + + + + + + + M + I + + + +  43 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  4 1  


x 1 


+ + + M + + + + + + + + + + + + + + + + + + + + +  45 

3 


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

X 1 


1 

X 2 

X 1 
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TABLEA2 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on  Study 

Carcass ID  Number 

Musculoskeletal System 
Bone 


Chordoma 

Skeletal muscle 


Fibrosarcoma, metastatic 


Nervous System 
Brain 

Respiratory System 
Lung 

Adenocarcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Fibrosarcoma 

Nose 

Trachea 


Special Senses System 
None 

Urinary System 
Kidney 


Fibrosarcoma, metastatic 

Renal tubule, adenoma 


Urinary bladder 

Systemic Lesions 
Multiple organs 


Leukemia mononuclear 

Mesothelioma NOS 


Coumarin, NTP TR 422 

of Male Rats in the 2-YearGavage Study of Coumarin: Vehicle Control 

3 3 4 4 4 5 5 5 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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

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

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


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

X + 

X 

+ + + + + + + + + + + + + + + + + A A + + + + t  

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

X 

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

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


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

X 

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

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

X X x x  X 


X 
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Number OB Drays on Study 

~~~ ~ ~~ 

MUscUlosk@l@talSystem 
Bone 

Chordoma 
Skeletal muscle 

Fibrosarcoma, metastatic 

Nervous System 
Brain 

WespimQry System 
Lung 

Adenocarcinoma, metastatic 
Aiveolar/bronchiolar adenoma 
Fibrosarcoma 

Nose 

Trachea 


Spciral Senses System 
None 

~~~~~~ 

Urinary System 
Kidney 

Fibrosarcoma, metastatic 
Renal tubule, adenoma 

Urinary bladder 

Systemic !Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma NOS 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 1  Total 
2 2 3 4 4 4 5 5 6 1 8 8 9 9 1 1 1 2 2 4 5 6 8 0 2  Tissues/ 
4 5 3 1 2 5 3 4 5 5 1 2 2 4 2 3 5 4 1 3 1 1 3 4 3  Tumors 

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

1 

1 

1 


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


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

1 


X 1 

1 


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


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


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

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 


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

X x x  8 


1 
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TABLEA2 
Individual Animal Tumor Pathology of Male Rats in the 2-Year Gavage Study of Coumarin: 25 mg/kg 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small; duodenum 
Intestine small, i leum 
Intestine small,  jejunum 
Liver 
Mesentery 
Pancreas 

Adenoma 

Pharynx 


Papilloma squamous 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 
Tooth 

Cardiovascular System 
Blood vessel 
Hart 

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

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 

Parathyroid gland 

Pituitary gland 


Pals distalis,  adenoma 
Thyroid gland 

C e l l ,  adenoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

~ ~~~~ 

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

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

+ + + + + + + + + + + M + + + + + + + + + + + + +  
+ + + + + + + + + + + A + A + + + + + + + + + + +  
+ + + + + + + + + + + A A A + + + + + + + + + + +  
+ + + + + + + + + + + A + A + + + + + + + + + + +  
+ + + + + + + + + + + A + + + + + + + + + + + + +  
+ + + + + + + + + + + A A A + + + + + + + + + + +  
+ + + . + + + + + + + + + A A + + + + + + + + + + +  
+ + + + + + + + + + + A A A + A + + + + + + + + +  
+ + + + + + + + + + + A A A + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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

X 

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


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

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

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


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


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

X X 

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


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

x x  X X 

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


X 
X 



Aliaanenhcay sysuennn 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small,  duodenum 
Intestine small,  ileum 
Intestine small,  jejunum 
Liver 
Mesentery 
Pancreas 

Adenoma 

Pharynx 


Papilloma squamous 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 
Tooth 

Enamdne syst.~?m 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 

Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 
Thyroidgland 

C e l l ,  adenoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 1 7 1  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 2 2 1 2 2 1 2 1 1 2 2 2 1 2 1 1 1 1 1 2 2 2 1 2  Total 
6 0 1 6 4 0 7 4 3 6 0 0 2 8 3 9 4 5 1 1 2 3 3 3 2  Tissues/ 
2 3 3 3 2 4 1 1 2 4 2 1 1 3 3 5 1 4 2 3 5 2 4 3 4  Tumors 

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


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


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

+ + +  + + + + 11 

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


X 2 

+ 1 

x 1 


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


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


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

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ 1 


+ 4 

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


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


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


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

x x x  5 


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

X 1 


+ + + + + + M + + + + + + + + M + + + + + + + + +  47 

+ + + M + + + + + + + + + + + + + + + + + + + + +  48 


x x  x x x  X X X  12 

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


1 

x x 3 


X 1 
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TABLEA 2  
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
None 

Genital System 
Epididymis 
Preputial gland 


Adenoma 

Carcinoma 


Prostate 

Seminal vesicle 

T e s t e s  


Interstitial cell.  adenoma 

Hematopoietic System 
B l o o d  
Bone marrow 

Lymph node 

Lymph node,  mandibular 

Lymph node,  mesenteric 

Spleen 

Thymus 


Integumentary System 
Mammary gland 


Fibroadenoma 

Skin 


Keratoacanthoma 

Papilloma squamous 

Face, papilloma squamous 

Pinna, papilloma squamous 

Sebaceous gland, adenoma 


Musculoskeletal System 
Bone 

of Male Rats in the 2-Year Gavage Study of Coumarin: 25 mgntg 

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

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

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

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

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

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

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

x x x x x  x x x x   x x x x x x x x x  

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

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

M + + + + + + + + + + M + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

X 


X 


X 

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




i

i

i

i 


6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 1 1 1 7 7 7 7 
I 

Numker off Days onn SUudy 5 5 6 6 6 6 1 7 1 7 7 8 9 9 9 1 2 2 2 2 2 2 2 3 3 
i 


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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I 
 1 2 2 1 2 2 1 2 1 1 2 2 2 1 2 1 1 1 1 1 2 2 2 1 2  Total
i
I
I 

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

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


i Genital System 
Epididymis . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Preputial gland . . . . . . . . . . . . . . . . . . . . . . . . .  49 


Adenoma X 1 

Carcinoma 1 


Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Testes . . . . . . . . . . . . . . . . . . . . . . . . .  49 


Interstitial cell,  adenoma x x x x x x x x x x x x x x x x x x x x x x x x x  43 


Wematopietic System 

Blood 1 

Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Lymph node . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Lymph node, mandibular + + + M + + + + + + + + + + + + + + + + + + + + +  47
I 

Lymph node,  mesenteric . . . . . . . . . . . . . . . . . . . . . . . . .  50
I Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  50 
I Thymus . . . . . . . . . . . . . . . . . . . . . . . . .  48 


I 

Integumenhry System 

Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  46 

Fibroadenoma 1 


Skin . . . . . . . . . . . . . . . . . . . . . . . . .  50 


I
I Keratoacanthoma 1 


Papilloma squamous X X 3 

Face, papilloma squamous X 1
I 
 Pinna, papilloma squamous X 1
I Sebaceous gland, adenoma 1
I 


Musculoskelehal System 

Bone . . . . . . . . . . . . . . . . . . . . . . . . .  50 




102 Coumarin, NTP TR 422 

TABLEA 3  
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID  Number 

Nervous System 
Brain 

Respiratory System 
Larynx 
Lung 

Alveolar/bronchiolar adenoma 
Squamous c e l l  carcinoma, metastatic 

Nose 
Trachea 

Special Senses System 
Ear 

Fibroma 
Papilloma squamous 

Zymbal’s gland 
Carcinoma 

Urinary System 
Kidney 

Adenoma 
Renal tubule, adenoma 

Urethra 
Urinary bladder 

Systemic, Lesions 
Multiple organs 

Leukemia mononuclear 

of Male Rats in the 2-YearGavage Study of Coumarin: 25 mg/kg 

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

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

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

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

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

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

+ 
X 

+ 
X 

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

X 

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

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

X x x x x  X 



Lesions in Male Rats 1Q3 

TABLEK 2  
1undiv"all AunlmaU T u ~ Q ~PaUhdogy off Malle Rats I w  the 2-Yeaar Gavage SUnndy off Connmariw: 25 mgkg 
(continued) 

Number of Days on Study 

carcass I D  Number 

Nervous System 
Brain 

Resgiratmy system 
Larynx
Lung 

Alveolarbronchiolar adenoma 
Squamous c e l l  carcinoma, metastatic 

NO% 
Trachea 

Special Senses System 
Ear 

Fibroma 
Papilloma squamous 

Zymbal's gland 
Carcinoma 

Urinary System 
Kidney 

Adenoma 
Renal tubule, adenoma 

Urethra 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
1 2 2 1 2 2 1 2 1 1 2 2 2 1 2 1 1 1 1 1 2 2 2 1 2  Total 
6 0 1 6 4 0 7 4 3 6 0 0 2 8 3 9 4 5 7 7 2 3 3 3 2  Tissues/ 
2 3 3 3 2 4 1 1 2 4 2 1 1 3 3 5 1 4 2 3 5 2 4 3 4  Tumors 

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

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 
X X 2 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

+ +  
X 

+ 
X 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  
1 

X 1 
+ 1 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  50  
x x  x x  10 
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TABLE&2 
Individual Animal Tumor Pathology of 

Number of Days on Study 

CarcassIDNumber 

Alimentary System 
Esophagus 

Intestine large 

Intestine large,  cecum 

Intestine large, colon 


Adenoma, papillary 

Intestine large,  rectum 

Intestine small 


Adenocarcinoma 

Intestine small,  duodenum 

Intestine small,  ileum 

Intestine small,  jejunum 

Liver 

Mesentery 

Pancreas 


Adenoma 
Pharynx 


Carcinoma 

Papilloma squamous 


Salivary glands 

Stomach 

Stomach, forestomach 

Stomach, glandular 


Cardiovascular System 
Blood vessel 
Heart 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 


Pheochromocytomabenign 

Islets, pancreatic 


Adenoma 

Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 

Thyroid gland 


C c e l l , adenoma 


Coumarin, NTP TR 422 

Male Rats in the 2-Year Gavage Study of Coumarin: 50 mg/kg 

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

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

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

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

+ + + A + + + + + + A + M + + + + M I + + + + + M  
+ + + A + + + + + + + + + + + + + + + + + + + A M  

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

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

+ + + A + + + + + + 
+ A + + + + + + + + + + A M  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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

X 
+ 
X 

+ + + A + + + + + + + + + + + + + M + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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


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

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

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

X x x  X X X 
+ + + A + + + + + + + + + + + + + M + + + + + + +  



105 

Alimentary Syskm 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large,  colon 

Adenoma, papillary 
Intestine large,  rectum 
Intestine small 

Adenocarcinoma 
Intestine small,  duodenum 
Intestine small,  ileum 
Intestine small,  jejunum 
Liver 
Mesentery 
Pancreas 

Adenoma 
Pharynx 

Carcinoma 
Papilloma squamous 

Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

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

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 

Parathyroid gland 

Pituitary gland 


Pars distalis,  adenoma 
Thyroid gland 

C e l l ,  adenoma 

5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 1 1  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 2 2 2 3 2 3 3 3 2 2 3 2 2 3 2 3 3 3 3 2 2 3 3 3 3  Total 
1 6 5 9 1 1 6 3 4 6 1 1 5 7 5 6 0 3 2 5 8 8 5 2 6 6  Tissu@s/ 
5 5 4 2 5 4 5 5 5 3 1 1 2 2 4 2 3 2 1 2 2 3 1 3 2 4  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 


. . . . . . . . . . . . . . . . . . . . . . . . . .  45 

+ A + + + + + + + A + + + + +A + + + + + + + + +  41 

+ + + + + + + + + A + + + + +A + + + + + + + + +  42 


X 1 

+ + + + + + + + + A + + + + +  + + + + + + + + + +  43 

+ + + + + + + + + A + + + + + + + + + + + + + + + +  47 


1 

. . . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ M + + + + + + + A + + + + + + + + + + + + + + + +  43 

+ + + + + + + + + A + + + + + + + + + + + + + + + +  45 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

+ + +  + +  + +  + + + + 15 

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


x x  3
+ 2 

1 


X 1 
. . . . . . . . . . . . . . . . . . . . . . . . . .  49 
. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

+ + + + + + + + + A + + + + + + + + + + + + + + + +  49 


+ + 2 
. . . . . . . . . . . . . . . . . . . . . . . . . .  51 


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


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


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

X X X X 5 


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

X X 2 

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

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

x x  X X X  x X X  X X 16 
. . . . . . . . . . . . . . . . . . . . . . . . . .  49 


X 1 
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TABLEA2 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
Tissue NOS 

Genital System 
Epididymis 

Preputial gland 


Adenoma 

Prostate 

Seminal vesicle 

Testes 

Interstitial cell, adenoma 

Hematopoietic System 
Bone marrow 

Lymphnode 

Lymphnode,mandibular 

Lymphnode,mesenteric 

Spleen 

Thymus 


Integumentary System 
Mammary gland 


Fibroadenoma 

Skin 

Fibroma 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 

Musculoskeletal System 
Bone 

Skeletalmuscle 


Nervous System 
Brain 

Coumarin, NTP TR 422 

of Male Rats in the 2-YearGavage Study of Coumarin: 50 m& 

~~ 

0 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

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

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


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

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

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


X 

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

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

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


x x x   x x x x xx x xx x x x x x  


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

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

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

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

+ + + A + + + + + + + + + + + + + + + + + + + + +  
+ + + A + + + + + + + + + + , M + + + + + + + + + +  

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

X 


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


X 

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

+ 

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



Lesions in  Male Bats 

TABLEA2 
ILmdiV~dUa! hh" TU!l!lllOr h l a h O ! w  
(continued) 

Number of Days on Study 

Carcass ID Numher 

GeneralBody System 
Tissue NOS 

Genital System 
Epididymis 
Preputial gland 

Adenoma 

Prostate 

Seminal vesicle 

Testes 


Interstitial ce l l ,  adenoma 

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

Integumentary System 
Mammary gland 

Fibroadenoma 
Skin 

Fibroma 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 

Musculoskeletal System 
Bone 
Skeletal muscle 

Nervous Sysbm 

Brain 


Off Mane Rats dhe Off @OUUllWdUK 50 UIll& 

5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 1 1  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 2 2 2 3 2 3 3 3 2 2 3 2 2 3 2 3 3 3 3 2 2 3 3 3 3  Total 
1 6 5 9 1 1 6 3 4 6 1 1 5 1 5 6 0 3 2 5 8 8 5 2 6 6  Tissues/ 
5 5 4 2 5 4 5 5 5 3 1 1 2 2 4 2 3 2 1 2 2 3 1 3 2 4  Tumors 

+ 1 


+ M + + + + + + + + + + + + + + + + + + + + + + + +46 

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


1 

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

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

+ M + + + + + + + + + + + + + + + + + + + + + + + + 46 

X X X X X X X X X X X X X X X X X X X X X X X X X  42 


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

+ + + + + + + + + + + + + + + + + M + + + + + + + +  49 

+ + + + + + + + + + + + + + + + + M + + + + + + + +48 

. . . . . . . . . . . . . . . . . . . . . . . . . .  48 

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

+ + + + + + + + + + + + + + + + + + + + + + + + + M48 


. . . . . . . . . . . . . . . . . . . . . . . . . .  44 

X 2 
. . . . . . . . . . . . . . . . . . . . . . . . . .  51 


X 1 

X 1 


1 


. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

+ 2 


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


i 
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Number of Days on Study 

Carcass ID Number 

Respiratory System 
Lung 
Nose 

Trachea 


Special Senses System 
Ear 

Papilloma squamous 
Eye

Papilloma squamous 
Zymbal’s gland 

Urinary System 
Kidney 

Renal tubule, adenoma 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma NOS 

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

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

+ + + A + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

+ + + 
X 

+ 

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


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

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

X 



I

i
1 

i

i

i

I 


I
I 

I 


I
! Special Senses System 

Ear 
Papilloma squamous 

Eye 
Papilloma squamous 

Zymbal’s gland 

Urinary System 
Kidney 

Renal tubule, adenoma 

I Urinary bladder 

i 

systemic k i o n s  

Multiple organs 
Leukemia mononuclear 
Mesothelioma NOS 

I

I 


5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
2 2 2 2 3 2 3 3 3 2 2 3 2 2 3 2 3 3 3 3 2 2 3 3 3 3  Total 
7 6 5 9 1 7 6 3 4 6 7 1 5 7 5 6 0 3 2 5 8 8 5 2 6 6  Tissues/ 
5 5 4 2 5 4 5 5 5 3 1 1 2 2 4 2 3 2 1 2 2 3 1 3 2 4  Tumors 

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


. . . . . . . . . . . . . . . . . . . . . . . . . .  51 


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


+ 	 1 

X 	 1 


3 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

X X 2 


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


. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

1 


X 1 


= I  
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TABLEA2 
Individual Animal Tumor Pathology 

Number of Days on  Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large 

Intestine large, cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small 

Intestine small, duodenum 

Intestine small, ileum 

Intestine small, jejunum 

Liver 


Hemangiosarcoma 

Mesentery 

Pancreas 

Salivary glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 

Stomach, glandular 

Tongue 


Cardiovascular System 
Blood vessel 
Heart 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 

Thyroid gland 


GeneralBody System 
Tissue NOS 

of Male Rats in the 2-Year Gavage Study of Coumarin: 100 mg/kg 

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

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

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

+ + + + + + + + + + + + + + + A A + + + + + + A +  
+ + + + + M + + + + + + + + + A A + + + + + + A +  
+ + + + + + + + + + + + + + + A A + + + + + + A +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + + + + + + + + + + + + + A A + + + + + + A +  
+ + + + + + + + + + + + + + + A A + + + + + + A +  
+ + + + + M + + + + + + + + + A A + + + + + + A +  
+ + + + + M + + + + + + + + + A A + + + + + + A +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


M +  + +  
+ + + + + A + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


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


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


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


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


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

+ + + + + A + + + + + + + + + + + + + + + + + + +  
+ M + + + + + + + + + + + + + M + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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


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

Hemangiosarcoma 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 
Tongue 

@adiovascular S p 9 m  
Blood vessel 

H a r t  


Endacrine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

General Badly System 
Tissue NOS 

5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 4 4 4 4 4 3 3 3 4 4 4 4 3 4 3 3 3 4 4 4 4 4 4 3  Total 
7 7 4 3 0 6 7 9 9 2 6 7 1 8 6 8 9 8 8 7 8 8 4 5 7  Tissues/ 
4 5 4 2 3 2 1 3 4 5 5 2 5 5 3 4 5 1 3 3 4 1 3 2 5  Tumors 

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

A A A + + + + + + + + + + + A + + + + + + + + + +  43 

A A A + + + + + + + + + + + A + + + + + + + + + +  42 

+ A A + + + + + + + + + + + A + + + + + + + + + +  44 

+ A + + + + + + + + + + + + + + + + + + + + + + +  47 

+ A A + + + + + + + + + + + A + + + + + + + + + +  44 

+ A + + + + + + + + + + + + + + + + + + + + + + +  46 

A A A + + + + + + + + + + + A + + + + + + + + + +  42 

. . . . . . . . . . . . . . . . . . . . . . . . .  44 

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


X 1 

+ + + + 7 

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

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

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

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


x 1 

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


+ 1 


+ 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50  


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


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


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


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

+ + M + + + + + + + + + + + + + + + + + + + + + +  47 

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


x x x  X 6 

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


1 
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TABLEA 2  
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Epididymis 

Preputial gland 


Carcinoma 

Prostate 

Seminal vesicle 

Testes 


Interstitial c e l l .  adenoma 

Hematopoietic System 
Bone marrow 

Lymph node 

Lymph node,  mandibular 

Lymph node, mesenteric 

Spleen 


Hemangiosarcoma 
Thymus 

Integumenhry System 
Mammary gland 


Adenoma 

Skin 


Keratoacanthoma 

Papilloma squamous 


Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 

Peripheral nene 

Spinal cord 


Respiratory System 
Lung

Al;eoIar/bronchiolar adenoma 
Nose 
Trachea 

of Male Rats in the 2-YearGavage Study of Coumarin: 100 mg/kg 

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

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

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

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

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

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

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

+ + + + + + + + + + + + + + + M + + + + + + M + +  
+ + + + + + + + + + + + + + + M + + + + + + M + , +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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


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

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

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

X 


X 


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


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

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

X 

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


. . . . . . . . . . . . . . . . . . . . . . . . .  
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Genital System 
Epididymis 
Preputial gland 

Carcinoma 

Prostate 

Seminal vesicle 

Testes 


Interstitial cel l ,  adenoma 

Wemaaqmieaic s p t e m  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 

Hemangiosarcoma 

Thymus 


Integumentary System 
Mammary gland 

Adenoma 
Skin 


Keratoacanthoma 

Papilloma squamous 


Mussulwkelehi System 
Bone 
Skeletal muscle 

Nervous System 
Brain 
Peripheral nerve 
Spinal cord 

IespimtoPy System 
Lung 

Alveolar/bronchiolar adenoma 
Nose 
Trachea 

5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
3 4 4 4 4 4 3 3 3 4 4 4 4 3 4 3 3 3 4 4 4 4 4 4 3  Total 
7 7 4 3 0 6 7 9 9 2 6 7 1 8 6 8 9 8 8 7 8 8 4 5 7  Tissues/ 
4 5 4 2 3 2 1 3 4 5 5 2 5 5 3 4 5 1 3 3 4 1 3 2 5  Tumors 

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

+ + + + + M + + + + + + + + + + + + + + + + + + +  47 


1 

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

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

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

x x x x x x xx x x x x x x x x x x x x x x x x  46 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


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


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

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 

X 1 


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

1 

1 


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

+ 1 


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

1 

1 


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

1 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLEA2 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID  Number 

Special Senses System 
Eye

Zymbal’s gland 


Carcinoma 


Urinary System 
Kidney 


Renal tubule, adenoma 

Urinary bladder 


Systemic Lesions 
Multiple organs 


Mesothelioma NOS 


Coumarin, NTP TR 422 

of Male Rats in  the2-YearGavageStudy of Coumarin: 100 mg/kg 

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

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

+ 
X 

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

A 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE 


I I~" I IU~U Aninman T U ~ O ~  off Mane ~ a a s  ~avage  OP C O U ~ ~ ~ K Km g ~
P ~ U ~ Q U Q ~  in ahe 2 - ~ m r  S U U ~ Y  nm 
(continued) 

5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  
NumPrer of Days on Study 6 6 6 7 8 8 8 9 0 0 1 1 1 1 1 3 3 3 3 4 4 5 5 6 9  

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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
Carcass ID Numkm 	 3 4 4 4 4 4 3 3 3 4 4 4 4 3 4 3 3 3 4 4 4 4 4 4 3  Tohl 

7 7 4 3 0 6 7 9 9 2 6 7 1 8 6 8 9 8 8 7 8 8 4 5 7  Tissues/ 
4 5 4 2 3 2 1 3 4 5 5 2 5 5 3 4 5 1 3 3 4 1 3 2 5  Tu,,, 

Special Senses System 
Eye + 
Zymbal's gland 

Carcinoma 

Urinary System 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  50  

Renal tubule, adenoma 1 
Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Systemic Lesions 
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Mesothelioma NOS X 1 
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TABLEA 3  
Statistical Analysis of Primary Neoplasms in Male Rats in the 2-YearGavage Study of Coumarin 

VehicleControl 25 mgkg 50 mgntg 100 mgntg 

AdrenalIMedulla: BenignPheochromocytoma 
Overall ratesa 9/49 (18%) 5/50 (10%) 5/50 (10%) 0/50 (0%) 
Adjusted ratesb 27.2% 29.9% 61.1% 0.0% 
Terminalrates' 5/28 (18%) 2/9 (22%) 1/2 (50%) O D  (0%)
Firstincidencedays 573 503 506 -doLife table tests P=O.483 P=O.468 P=O.O55 P=0.613N 
Logistic regression testsd P=0.038N P=0.295N P=0.607N P=0.078N 
Cochran-Armita e testd P=0.002NIFisher exact test P=0.183N P=0.183N P=0.001N 

Kidney (Renal Tubule):  Adenoma (Single Sections) 
Overall rates 1/49 (2%) 2/50 (4%) 2/51 (4%) 1/50 (2%) 

Adjusted rates 3.6% 6.4% 12.1% 2.4% 

Terminal rates 1/28 (4%) O D  (0%) o n (0%) o/o (0%) 

First incidence (days) 729 ( T )  583 602 4% 

Lifetabletests P=O.192 P=O.337 P=O.122 P=O.486 

Logisticregressiontests P=O.614 P=O.490 P=O.375 P=O.787 

Cochran-Armitage test P=O.549 

Fisher exact test P=O.508 P30.515 P=0.747N 


Kidney (Renal Tubule):  Adenoma (Single and Step Sections) 
Overall rates 1/49 (2%) 5/50 (10%) 7/51 (14%) 5/50 (10%) 
Adjusted rates 3.6% 22.0% 70.4% 31.8% 
Interim rates on0 (0%) opo (0%) 1EJ(11%) oflo (0%) 
First incidence (days) 729 ( T )  613 506 426 
Lifetabletests PCO.001 P=O.O24 P<O.001 P=O.003 
Logistic regression tests P=O.O59 P=O.O78 P=O.o09 P=O.119 
Cochran-Armitage test P=O.145 
Fisher exact test P~O.107 P=O.O34 P=O.107 

MammaryGland:Fibroadenoma 
Overall rates 3/49 (6%) 1/50 (2%) 2/51 (4%) 0/50 (0%) 
Adjusted rates 8.9% 3.1% 10.8% 0.0% 
Terminal rates Ins  (4%) 0/9 (0%) o n (0%) o/o (0%)-First incidence (days) 622 625 533 
Life table tests P=0.524N P=0.463N P=O.391 P=0.691N 
Logistic regression tests P=0.136N P=0.317N P=0.555N P=0.225N 
Cochran-Armitage test P=0.100N 
Fisher exact test P=0.301N P=0.481N P=0.117N 

MammaryGland: Fibroadenoma or Adenoma 
Overall rates 3/49 (6%) 1/50 (2%) 2/51 (4%) 1/50 (2%) 
Adjustedrates 8.9% 3.1% 10.8% 14.3% 
Terminal rates 1/28 (4%) 0/9 (0%) o n (0%) O D  (0%) 
Firstincidence(days) 622 625 533 638 

Life table tests P=O.343 P=0.463N P=O.391 P=O.456 
Logistic regression tests P=0.397N P=0.317N P=0.555N P=0.574N 
Cochran-Armitage test P=0.272N 
Fisher exact test P-0.301N P=0.481N P=0.301N 
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Pancreas: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Pancreatic Is lets  Ade~oma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

PituitaryGland (Pars Distalis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

PreputialGland:Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Skin: Squamous CellPapilloma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/47 (2%) 
3.6% 
1/28 (4%) 
729 ( T )
P=O.376 
P=0.407N 
P=0.325N 

4/47 (9%) 
13.3% 
3/28 (11%) 
660 
P =0.468 
P=0.403N 
P=0.048N 

19/48 (40%) 
51.2% 
11/28 (39%) 
472 
P=O.005 
P=0.072N 
P=0.O3N 

3/45 (7%) 
10.7% 
3/28 (11%) 
729 (T )
P=O.318 
P =0.394N 
P=0.188N 

1/49 (2%) 
2.6% 
on8 (0%) 
609 
P=O.284 
P=0.475N 
P=0.330N 

2/49 (4%) 
13.2% 
1l9 (11%) 
518 
P=O.255 
P=O.493 

P=O.516 

1/50 (2%) 
11.1% 
1l9 (11%) 
729 (9
P=0.554N 
P=0.399N 

P=0.162N 

12/48 (25%) 
56.2% 
319 (33%) 
577 
P=O.2% 
P=0.183N 

P=0.095N 

2/49 (4%) 
7.8% 
O B  (0%) 
615 
P=O.531 
P=0.602N 

P=0.459N 

4/50 (8%) 
28.1% 
219 (22%) 
569 
P=O.O53 
P=O.156 

P=O.187 

3/50 (6%) 
13.5% 
o n (0%) 
548 
P=O.o60 
P=O.279 

P=O.332 

2/50  (4%) 
27.9% 
o n (0%) 
5 8 8  
P=O.207 
P =0.677 

P=0.310N 

16/49 (33%) 
100.0% 
2/2 (100%) 
506 
Pc0.001 
P=O.594 

P=0.309N 

1/50 (2%) 
3.6% 
o n  (0%) 
580 
P=O.565 
P=0.681N 

P=0.270N 

0/51 (0%) 
0.0% 
o n (0%)-
P=0.643N 
P=0.479N 

P=0.490N 

0/49 (0%) 
0.0% 
o/o (0%) 
-
-f 

-

P=0.490N 

0149 (0%) 
0.0% 
010 (0%) 
-
P =0.976N 
P=0.526N 

P =0.054N 

6/50 (12%) 
48.1% 
o/o (0%) 
485 
P=O.130 
P=0.035N 

P=O.O2N 

1/47 (2%) 
3.1% 
010 (0%) 
525 
P=O.441 
P=0.698N 

P=0.292N 

1/50 (2%) 
2.7% 
o/o (0%) 
511 
P=O.637 
P =0.708N 

P=0.747N 
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TABLEA3 

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-YearGavageStudy of Coumarin (continued) 


Vehicle Control 25 mg/kg 

Skin: Squamous Cell Papilloma or Squamous Cell Carcinoma 
Overall rates 1/49 (2%) 4/50 (8%) 1/51 (2%) 1/50 (2%) 
Adjusted rates 2.6% 28.1% 50.0% 2.7% 
Terminal rates o m .(0%) 2/s (22%) ln (50%) o/o (0%)
First incidence (days) 609 569 729 (T) 511 
Life table  tests P=O.421 P=O.O53 P=O.119 P=O.637 
Logistic regression tests P=O.672 P=O.156 P=O.617 P=0.708N 
Cochran-Armitage test P=0.365N 
Fisher exact test P=O.187 P=0.742N P=0.747N 

Skin: Basal Cell Adenoma, Keratoacanthoma, Squamous Cell Papilloma, or Squamous Cell Carcinoma 
Overall rates 2/49 (4%) 5/50 (10%) 1/51 (2%) 2/50 (4%)
Adjusted rates 6.0% 29.6% 50.0% 4.7% 
Terminal rates 1/28 (4%) 2/s (22%) ln (50%) o/o (0%) 
First incidence (days) 609 482 380729 ( T )
Life table  tests P=O.103 P=O.473 P=O.O58 P=O.378 
Logistic regression tests P=0.417NP=O.733 P=O.215 P=0.579N 
Cochran-Armitage test P=0.362N 
Fisher exact test P=O.226 P=0.485N P=0.684N 

Skin (Subcutaneous Tissue): Fibroma or Fibrosarcoma 

Overall rates 3/49 (6%) 0/50 (0%) 1/51 (2%) 0/50 (0%) 

Adjusted rates 9.5% 2.8% 0.0% 0.0% 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Stomach (Forestomach): Squamous Cell Papilloma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Testes: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

2/28 (7%)
609 
P=0.418N 
P=0.132N 
P=0.083N 

0/49 (0%) 
0.0% 
om (0%)
-
P=O.o60 
P=219 
P=O.408 

38/45 (84%) 
100.0% 
2.8128 (100%) 
408 
Pc0.001 
P=O.002 
P=O.149 

P=O.248 

0/9 (0%)
-
P=0.275N 
P=0.154N 

P=0.117N 

1/50 (2%) 
11.1% 
1/9 (11%) 
729 (T)
P=O.275 
P=O.275 

P=505 

43/49 (88%)
100.0% 
9/9 (100%) 
482 
PCO.001 
P=O.167 

P=O.433 

o n  (0%)
539 
P=O.706 
P=0.395N 

P=0.294N 

0/51 (0%) 
0.0% 
o n  (0%) 
-
-
-

-

42/46 (91%) 
100.0% 
2r2 (100%)
428 
P<0.001 
P=O.O18 

O D  (0%)-
P =0.6WN 
P=0.348N 

P=0.117N 

1/50 (2%) 
4.8% 
O D  (0%) 
580 
P=O.367 
P=O.543 

P=O.505 

46/50 (92%) 
100.0% 
O D  (0%)
307 
Pc0.001 
P=O.O05 

P=O.204 
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ThyroidGland (Follicular Cell):  Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

ThyroidGland (Follicular Cell):  Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs:MononuclearCellLeukemia 
Overall rates 
Adjusted rates 
Terminal fates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs:Benign Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

All Organs: Malignant Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0/47 (0%) 
0.0% 
0128 (0%)
-
P=O.509 
P=0.500N 
P=0.299N 

or Carcinoma 
1/47 (2%) 
3.6% 
1/28 (4%) 
729 (T>
P=O.434 
P=0.473N 
P=0.117N 

8/49 (16%) 
22.4% 
3/28 (11%) 
420 
P=0.266N 
P=O.002N 
P<O.OlN 

45/49 (92%) 
100.0% 
28/28 (100%) 
408 
P<0.001 
P=O.O54 
P=O.419 

17/49 (35%) 
45.9% 
9t28 (32%) 
420 
P=O.533 
P<O.001N 
Pc0.001N 

3/49 (6%) 
13.6% 
0/9 (0%)
645 
P=O.O55 
P=O.110 

P=O.129 

4/49 (8%) 
22.3% 
0/9 (0%) 
645 
P=O.O37 
P=O.118 

P=O.194 

10/50 (20%) 
46.4% 
2/9 (22%) 
503 
P=O.O58 
P=O.385 

PrO.416 

46/50 (92%)
100.0% 
9/9 (100%) 
482 
P<O.ool 
P=O.494 

P=O.631 

13/50 (26%) 
51.5% 
u9 (22%)
482 
P=O.201 
P=0.302N 

P=0.235N 

0/49 (0%)
0.0% 
or2 (0%) 
-
-
-

-

0/49 (0%) 
0.0% 
o n (0%)
-
P=0.959N 
P=0.959N 

P=0.490N 

1/51 (2%) 
3.6% 
o n  (0%) 
580 
P=O.39ON 
P=0.022N 

P=0.013N 

46/51 (90%) 
100.0% 
2 n  (100%) 
428 
Pc0.001 
P=O.545 

P=0.526N 

4/51 (8%) 
53.9% 
lr2 (50%)
408 
P=0.621N 
P=O.WN 

P<O.00lN 

0/50 (0%) 
0.0% 
o/o (0%)
-
-
-

-

0/50 (0%) 
0.0% 
o/o (0%)
-
-
-

P=0.485N 

O b 0  (0%)
0.0% 
o/o (0%)
-
P=0.295N 
P=O.o8N 

P=0.003N 

47/50 (94% 
100.0% 
o/o (0%)
307 
Pc0.001 
P=0.082 

P=O.489 

3/50 (6%) 
10.3% 
o/o (0%)
512 
P=O.558 
P=O.WN 

P<O.001N 
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TABLEA3 

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Gavage Study o f Coumarin (continued) 


All  Organs:Benign or Malignant Neoplasms 
Overall rates 46/49 (94%) 46/50 (92%) 47/51 (92%) 47/50 (94%)
Adjusted rates 100.0% 100.0% 100.0% 100.0% 
Terminal rates 28128 (100%) 9/9 (100%) 2/2 (100%) om (0%) 
First incidence (days) 408 482 408 307 
Life table tests P<O.001P<O.001 <0.001PP<0.001 
Logistic regression tests P=O.221 P=O.580 P=O.722 P=O.129 
Cochran-hitage test P=O.527 
Fisher exact test P=0.511N P=0.523N P=O.651 

(T)Terminal sacrifice 
Number o f  neoplasm-bearing animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal 
gland, bone marrow, brain, epididymis, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland, 
prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied. 
Kaplan-Meier estimated neoplasm incidence at the end of the study after adjustment for intercurrent mortality 
Observed incidence a t  terminal kill 
Beneath the control incidence are the P values associated with the trend test. Beneath the dosed group incidence are the P values 
corresponding to painvise comparisons between the controls and tha t  dosed group. The life table analysis regards neoplasms i n  animals dying 
prior to terminal kill as being(directly or  indirectly)thecauseofdeath.Thelogisticregressiontestsregardtheselesionsasnonfatal.The 
Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. For all tests, a negative trend or  a lower incidence in a 
dose group is indicated by N. 

e' 	Not applicable; no neoplasms in animal group 
Valueof statistic cannot be computed 
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~~ 

Adenoma CarcinomaAdenoma 

Overall Historical Incidence 

Total 8/1,019 (0.8%) 2/l,o19 (0.2%) 
Standard deviation 1.O% 0.6% 
Range 0%-2% 0%-2% 

~ ~ 

a Data as o f  17 December 1991. 

Incidence in Controls 

SquamousSquamousSquamousPapillomaCell Cell Cell 
Papilloma Carcinoma 

Overall Historical Incidence 

Total 4/1,020 (0.4%) 1/1,020 (0.1%) 
Standard deviation 0.8% 0.5% 
Range 0%-2% 0%-2% 

a Data as o f  17 December 1991, includes data for oral mucosa,  tongue, pharynx, tooth, and lip. 

or 
Carcinoma 

10/1,019 (1.0%) 
1.2% 

0%-4% 

or Squamous Cell 
Carcinoma 

5/1,020 (0.5%) 
0.9% 

0%-2% 
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IrABLE A& 
llistorical Incidence of Thyroid Gland Follicular Cell Neoplasms in Male F W / N  Rats 
Receiving Corn Oil by Gavagea 

Incidence in Controls 

Adenoma CarcinomaAdenoma or 
Carcinoma 

Overall Historical Incidence 

Total 13/1,009 (1.3%) 9/l,009 (0.9%) 22/l,oo9(2.2%) 
Standard deviation 1.3% 1.2% 1.9% 
Range 0%-4% 0%-4% 0%-6% 

a Data as o f  17 December 1991. 

TABLEA4d 
Historical Incidence of Testicular Neoplasms in Male F344/N Rats Receiving Corn Oil by Gavagea 

Incidence in Controls 

Adenoma CarcinomaAdenoma or 
Carcinoma 

-
Overall Historical Incidence 

Total 886/l,O12(87.5%) 0/1,012(0.0%) 886/l,O12(85.6%) 
Standard deviation 5.7% 5.7% 
Range 887&94% 88%-94% 

a Data as of 17 December 1991. 
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Disposition Summa~g. 
Animals initially in study
Is-" .b&&x €%"m 
Early deaths 


Accidental deaths 

Moribund 

Natural deaths 


Sulvivors 

Terminal sacrifice 


Animals examined microscopically 

B§-Mo&h InEevirn E v d m b n  
Alimenhhgr System 
Liver 

Basophilic focus 
Fatty change 
Inflammation, chronic 
Necrosis, coagulative 
Bile duct, hyperplasia 
Hepatocyte, degeneration, granular 

Mesentery 

Fat, inflammation, suppurative 

Fat, necrosis,  coagulative 


Cardiovascular System 
Heart 


Cardiomyopathy 


Endocrine System 
Thyroid gland 


C e l l ,  hyperplasia 


General Bady System 
None 

Genihl System 
Preputial gland 


Inflammation, suppurative 

Prostate 


Inflammation, suppurative 

Testes 


Interstitial ce l l ,  hyperplasia 

Seminiferous tubule, atrophy 


Hematopoietic System 
Spleen 


Fibrosis 


60 

10 


2 

14 

6 

28 

60 

(10) 

1 (10%) 

6 (60%) 

(2) 

2 (100%) 

(10) 
9 (90%) 

60 

10 


3 

31 

7 


9 

60 

(10)
1 (10%) 
8 (80%) 

8 (80%)
7 (70%) 

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

60 
9 

2 
34 
13 

2 

60 

(9) 

8 (89%) 

9 (10%)
8 (89%) 

(3) 

3 (100%) 

60 

10 


2 

31 

17 


60 

(10) 

5 (50%) 

1 (10%) 
9 (90%) 
5 (50%) 
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Vehicle 25 mg/kg 50 mgntg 100 mg/kgControl 

15-Month Interm Evalmtwn (continued) 
Integumentary System 
None 

Musculoskeletal System 
Bone 

Necrosis 

Nervous System 
None 

Respiratory System 
Nose 

Inflammation, suppurative 

Special Senses System 
Eye (1)

Pigmentation 1 (100%) 

Urinary System 

Kidney (10) (9)


(100%) 910 10
(10) (10)

Nephropathy 

2-Year Study 
Alimentary System 

(100%) 10 (100%) (100%) 

Esophagus 
Inflammation, suppurative 
Periesophagealtissue,hemorrhage 

Intestine large, colon 
Inflammation, suppurative 

Intestine small, duodenum 
Ulcer 

Liver 
Basophilic focus 
Clear cell focus 
C y s t
Cytologic alterations 
Developmentalmalformation 
Eosinophilic focus 
Fatty change 
Fibrosis 
Hemorrhage 
Hyperplasia 
Infiltration cellular, lymphocyte
Inflammation, chronic 
Inflammation, suppurative 

(49) 

(45) 

(46)
1 (2%) 

(49)
16 (33%) 
5 (10%) 

2 (4%) 
5 (10%) 
4 (8%) 

2 (4%) 
3 (6%) 

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

(48)
1 (2%) 

(48)
1 (2%) 

(50) 
4 (8%) 

1 (2%) 
1 (2%) 
6 (12%) 
3 (6%) 

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

28 (55%) 
1 (2%) 

7 (14%) 
41 (80%) 

3 (6%) 

(44) 

(46) 
3 (7%) 

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

29 (58%) 
4 (8%) 
3 (6%) 
1 (2%) 

42 (84%) 
3 (6%) 
2 (4%) 

2 (4%) 



2 - Y h ~Saadc%g,(continued) 
Alimentary System (continued) 
Liver (continued) 

Mineralization 
Mixed cell focus 
Necrosis, coagulative 
Bile duct, hyperplasia 
Hepatocyte, degeneration, granular 
Periductular, fibrosis 

Mesentery 
Ectopic tissue 
Fat, hemorrhage 
Fat, inflammation,  chronic 
Fat, inflammation,  suppurative 
Fat, necrosis,  coagulative 

Pancreas 
Atrophy 
Fibrosis 
Infiltration cellular, lymphocyte 
Inflammation, chronic 
Inflammation, suppurative 
Acinar cell, hyperplasia 
Acinus, hyperplasia 
Vein, dilatation 

Salivary glands 
Inflammation, suppurative 
Necrosis, caseous 

Stomach, forestomach 
Hyperkeratosis 
Inflammation, chronic 
Inflammation, suppurative 
Mineralization 
Ulcer 

Stomach, glandular 
Inflammation, chronic 
Inflammation, suppurative 
Mineralization 
Ulcer 

Tongue 
Necrosis, Zenker's 

Cardiovascular System 
B l o o d  vessel 

Aorta, mineralization 
Mesenteric artery,  arteriosclerosis 
Mesenteric artery, polyarteritis
Mesenteric artery,  thrombus 

Heart 
Cardiomyopathy 
Inflammation, suppurative 
Thrombus 
Atrioventricular valve, inflammation, chronic 

4 (8%)
1 (2%)
41 (84%) 

(19) 

1 (5%)
2 (11%) 

12 (63%) 
(47)
4 (9%) 

1 (2%)
2 (4%) 

(49) 

(48)
2 (4%) 

7 (15%) 
(47) 

2 (4%) 

(1) 

(49)
27 (55%) 

1 (2%)
13 (26%)
41 (82%)
1 (2%)
1 (2%) 

(11) 

1 (9%)
3 (27%)
7 (64%) 

(49)
7 (14%) 

1 (2%)
1 (2%) 

1 (2%)
1 (2%) 

(49)
1 (2%) 

(50)
3 (6%)
3 (6%) 
3 (6%) 

24 (48%) 
(48)
2 (4%) 
1 (2%)
4 (8%)
5 (10%) 

(4)
1 (25%)
1 (25%) 

(49)
34 (69%) 

1 (2%) 

1 (2%)
38 (75%)
45 (88%) 

(15)
1 (7%) 

1 (7%) 

13 (87%) 
(50)
2 (4%) 
2 (4%) 

(49) 

1 (2%) 
(51)
4 (8%) 
5 (10%)
1 (2%) 

35 (69%) 
(49)
3 (6%) 

5 (10%)
8 (16%) 

(2) 

2 (100%)
1 (50%) 

(51)
25 (49%)
1 (2%) 

2 (4%) 

40 (80%)
47 (94%) 
1 (2%) 

(7) 

1 (14%)
2 (29%)
3 (43%) 

(49)
1 (2%) 

1 (2%) 

1 (2%) 

(50) 

(50) 

4 (8%)
3 (6%) 
1 (2%)
34 (68%) 

(50)
1 (2%)
1 (2%)
5 (10%)
7 (14%) 

(1)
1 (100%) 

(1)
1 (100%) 

(50)
21 (42%) 

1 (2%) 

I 
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TABLE.A5 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats in the 2-Year Gavage Study of Coumarin (continued) 

2-Year Study (continued) 
Endocrine System 
Adrenal gland, cortex 

Clear c e l l  focus 
Cytoplasmic alteration 
Hypertrophy

Adrenal gland, medulla 
Basophilic focus 
Congestion 
Hyperplasia 

Parathyroid gland 
Hyperplasia 

Pituitary gland 
Pars distalis, cyst 
Pars distalis, hypertrophy 
Pars intermedia, hemorrhage 

Thyroidgland 
C-cell, hyperplasia 
Follicle, cyst 

General Body System
Tissue NOS 

Inflammation, chronic 

Genital System
Preputial gland 

Hyperplasia 
Inflammation, chronic 
Inflammation, suppurative 
Duct, dilatation 

Prostate 
Edema 
Hyperplasia 
Inflammation, chronic 
Inflammation, suppurative 

Testes 
Interstitial c e l l ,  hyperplasia 
Seminiferous tubule, atrophy 

Hematopoietic System 
Bone marrow 

Hyperplasia, mononuclear c e l l  
Hyperplasia, neutrophil 

Lymph node 
Lumbar,hemorrhage 
Mediastinal, hemorrhage 
Mediastinal, pigmentation 
Renal, hemorrhage 

VehicleControl 

(49) 

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

(41) 
3 (7%) 

(48)
1 (2%) 

1 (2%) 
(47)
5 (11%)
1 (2%) 

(45)
1 (2%)
1 (2%)
7 (16%)
3 (7%) 

(45) 

1 (2%) 

4(9%) 

(45) 

3 (7%) 

(48)
1 (270) 

(49) 

25 mg/kg 

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

(50)
1 (2%) 

4 (8%) 
(47)
20 (43%) 

(48)
4 (8%) 
1 (2%) 

(49)
3 (6%) 

(49) 

2 (4%) 
6 (12%) 

(50) 

2 (4%) 

7(14%) 

(49) 
2 (4%) 

(50) 

1 (2%) 
(50)

1 (2%) 
2 (4%) 

1 (2%) 

50 mg/kg 

(50)
1 (2%) 

(49)
31 (63%) 

(49) 

(49)
1 (2%) 

(50 )  

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

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

6 (12%) 
(46)
2 (4%) 

(50) 

(49)
1 (2%) 

100 m@kg 

(50) 
2 (4%) 

(47) 
29 (62%) 

(50)
3 (6%) 

(50)
2 (4%) 

(1)
1 (100%) 

(47) 

1 (2%) 
3 (6%) 

(49) 

1 (2%) 
4 (8%) 

(50)
1 (2%) 

(48)
3 (6%)
1 (2%)
1 (2%) 
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2-r1fU&4dJ (continued) 
WemeOopoietic System (continued) 
Lymphnode,mandibular 

Congestion 
Edema 
Hyperplasia, lymphoid 
Hyperplasia, plasma cell  
Infiltration cellular, histiocyte 

Lymphnode,mesenteric 
Hyperplasia, lymphoid 
Infiltration cellular, histiocyte 
Pigmentation, hemosiderin 

Spleen
Amyloid deposition 
Congestion 
Developmental malformation 
Hemorrhage 
Hyperplasia, histiocytic 
Hyperplasia, lymphoid 
Hypoplasia 
Infarct 
Inflammation, suppurative 
Necrosis, coagulative 
Pigmentation, hemosiderin 
Thrombus 

Thymus 
Ectopic tissue 
Inflammation, suppurative 

llntqumentary System 
Mammary gland 

Galactocele 
Skin 

Acanthosis 
Cyst epithelial inclusion 
Degeneration 
Hemorrhage 
Hyperkeratosis 
Inflammation, chronic 
Inflammation, suppurative 
Sebaceous gland, inflammation, chronic 

Musculoskeletal System 
Bone 

Inflammation, chronic 
Cranium, proliferation 

Skeletal muscle 
Inflammation, chronic 
Inflammation, suppurative 

(48) 
1 (2%) 

1 (2%) 
1 (2%) 

(43) 

(48) 

2 (4%) 
2 (4%) 

1 (2%) 

1 (2%) 

(47) 

(45) 
2 (4%) 

(49) 

3 (6%) 

1 (2%) 

2 (4%) 

(47) 

2 (4%) 
2 (4%) 

(50) 

1 (2%) 

(50) 

1 (2%) 

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

2 (4%) 
2 (4%) 

(48) 

1 (2%) 

(50) 

1 (2%) 

1 (2%) 

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

1 (2%) 

(44) 
2 (5%’). ,  

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

1 (2%) 

2 (4%) 

(51)
1 (2%’)
,~ 

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

(48) 

1 (2%) 
5 (10%) 

1 (2%) 
(50) 

1 (2%) 
(50)

1 (2%) 
1 (2%) 

2 (4%) 
1 (2%) 

(47) 

1 (2%) 

(1) 

1 (100%) 
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TABLEA5 

Summary of the Incidence of Nonneoplastic Lesions in  Male Rats in the 2-YearGavage Study of Coumarin (continued) 


Vehicle 25 mg&gControl 50 mgntg 

2-kW shrdy (continued) 
Nervous System 
Brain (471 (50) (49)

Cerebellum,developmentalmalformation 1 (2%) 

Hypothalamus, compression 1 (2%) 

Meninges,hemorrhage 


Respiratory System 
Larynx

Hemorrhage 
Lung (49) (50)

Atelectasis 1 (2%) 
Edema 1 (2%) 
Foreignbody 
Hemorrhage 1 (2%) 
Hyperplasia,macrophage 2 (4%)
Inflammation, suppurative 1 (2%) 1 (2%) 2 (4%) 
Mineralization 1 (2%) 
Alveolar epithelium, hyperplasia 5 (10%) 1 (2%) 1 (2%) 

Nose (49) (50) (51)
Fungus 4(8%) 2 (4%) 4(8%) 
Hemorrhage 1 (2%) 
Inflammation, suppurative 13 (27%) 20 (40%) 27 (53%) 
Metaplasia, squamous 1 (2%) 
Olfactory epithelium, degeneration 
Respiratory epithelium, hyperplasia 

Trachea (49) (49) (50 )
Inflammation, suppurative 1 (2%) 

SpecialSenses System 
Eye (3) 

Cataract 1 (33%) 
Cornea, edema 1 (33%) 
Retina, degeneration 

Zymbal’sgland (1 1 
Inflammation, suppurative 1(100%) 

Urinary System 
Kidney (49) (50) (51)  

Congestion 1 (2%) 
Nephropathy 48(98%) 48 (%%) 50 (98%) 
cortex, cyst 1 (2%) 3 (6%) 2 (4%) 
Renal tubule, hyperplasia 1 (2%) 3 (6%). ,  

’ ‘Urinary bladder (45) (49) 
Hyperplasia 1 (2%) 

Inflammation, suppurative 


a Incidences are expressed as the ratio of  animals with lesionstothenumberofanimalsexaminedmicroscopically 

100 mgntg 

(49) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 
(50) 

3 (6%) 

1 (2%) 


41 (82%) 


1 (2%) 
1 (2%) 

(50) 

(1)
1 (100%) 

1 (100%) 
(1) 

(50) 

50 (100%) 
1 (2%) 

(49) 

1 (2%) 

at the site. 
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TABLEB1 
Summary of the Incidence of Neoplasms in Female Rats in the 2-Year Gavage Study of Coumarina 

Vehicle Control 25 mgntg 50 mgntg 100 mgntg 

Early deaths 
1 S M d  inrainr cw” 
Animals initially in study 
Disposition Summary 

Natural deaths 
Moribund 
Accidental deaths 

Terminal sacrifice 
Died last week of study 

survivors 

10 
60 

5 
14 
2 

29 

10 
60 

4 
7 
1 

38 

10 
60 

2 
7 
5 

35 
1 

10 
60 

6 
14 

30 

Animals examined microscopically 60 60 60 60 

15-Moroth Interim Evaluation 

None 
Alimentary System 

None 
Cardiovascular System 

Pituitary gland 
Endocrine System 

Pars distalis, adenoma 
(1) 

1 (100%) 

None 
General Body System 

Uterus 
Genital System 

Polyp 

None 
Hematopoietic System 

None 
Integumentary System 

None 
Musculoskeletal System 

Nervous System 
None 
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urinary System 
None 

2-YeaR SuladJJ 
Nimenhuy SpQm 
Intestine large,  cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small,  ileum 
Intestine small,  jejunum

Leiomyoma
Liver 
Mesentery

Sarcoma 
Pancreas 
Pharynx 

Papilloma squamous 
Salivary glands 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

Endmrine !3ystem 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign
Islets, pancreatic 

Adenoma 
Pituitary gland

Pars distalis,  adenocarcinoma 
Pars distalis,  adenoma 

Thyroid gland 
C e l l ,  adenoma 
Ccell, carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

(48) 
1 (2%) 

(47) 

(50) 
1 (2%) 

(50) 

(50) 
3 (6%) 

(48)
2 (4%) 

(49)
1 (2%) 

(49)
1 (2%) 

(48)
1 (2%) 

(47)
2 (4%) 

(49)
1 (2%) 

(48) (49) 

30 (61%) 23 (48%) 28 (57%) 
(49) (49) 

1 (2%)
(49) 

1 (2%) 
1(2%) 

1(2%) 1 (2%) 1 (2%) 1 (2%) 
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TABLEEll 

Summary of the Incidence of Neoplasms in Female  Rats in the 2-YearGavage Study of Coumarin (continued) 


2-Year Study (continued) 
General Body System
Tissue NOS 

Fibroma 

Genital System 
Clitoral gland 

Adenoma 
Carcinoma 

ovary
Granulosa-theca tumor benign 

Oviduct 
Uterus 

Polyp
Sarcoma 

Vagina 
Leiomyoma 
Leiomyosarcoma 
Sarcoma 

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

Integumentary System
Mammary gland 

Adenocarcinoma 
Adenoma 
Fibroadenoma 
Fibrosarcoma 

Skin 
Lipoma 
Papilloma squamous 
Squamous c e l l  carcinoma 
Subcutaneous tissue, fibroma 

Musculoskenetal System
Bone 
Skeletal muscle 

Nervous System
Brain 

Meninges, meningioma NOS 

VehicleControl 

(2)
1 (50%) 

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

17  (35%) 

(50) 

1 (2%) 

25 m& 

(47)
6 (13%) 
1 (2%) 

(49) 

2 (4%) 
24 (48%) 

(50) 

1 (2%) 

1 (2%) 

50 mgikg 

(48) 

1 (2%) 
(50)

1 (2%) 
(1) 

(49)
4 (8%) 

22(44%) 
1 (2%) 

(50)
1 (2%) 

1 (2%) 

100 mgikg 

(1)
1(100%) 

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

(49) 

(49)
5 (10%) 
1 (2%) 

(4) 

1 (25%) 
1 (25%) 

(50)
1 (2%). ,  

11 (22%) 

(50) 

1 (2%) 
1 (2%) 



Special Senses System 
Far 

Papillomasquamous 
Eye

Papillomasquamous 
Zymbal'sgland 

Squamous cell  carcinoma 

~~ 

Urinary System 
Kidney (49) 

Lipoma 
Sarcoma 1 (2%) 
Renal tubule, adenoma 2 (4%) 

Urinary bladder (47)
Papillomasquamous 1 (2%) 

Systemic Lesions 
Multiple organsb (50) (50) (50) (50)

Leukemia mononuclear 6 (12%) 5 (10%) 6 (12%) 4 (8%) 
Mesothelioma NOS 1 (2%) 

Neoplasm Summary
Total animals with primary neoplasms' 

15-Month interim evaluation 1 2 2 2 
2-Year study 41 44 40 43 

Total primary neoplasms 
15-Month interim evaluation 1 2 2 2 
2-Year study 75 91 71 76' 

Total animals with benign neoplasms 
15-Month interim evaluation 1 2 2 2 
2-Year study 37 43 36 40 

Totalbenignneoplasms 
15-Month interim evaluation 1 2 2 2 
2-Year study 64 84 60 61 

Total animals with malignant neoplasms 
2-Year study 10 7 10 11 

Total malignant neoplasms 
2-Year study 10 7 10 15 

Total animals with uncertain neoplasms 
benign or malignant 
2-Year study 1 1 

Total uncertain neoplasms 
2-Year study 1 1 

a 	 Incidences are expressed  as the ratio o f  animals with lesions to  the number o f  animalsexaminedmicroscopically at  the site. 
Number of animals wi th  any tissue examined microscopically 
Primaryneoplasms: all neoplasmsexceptmetastaticneoplasms 
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TABLEB2 
Individual Animal Tumor Pathology 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large 

Intestine large, cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small 

Intestine small, duodenum 

Intestine small, ileum 

Intestine small, jejunum 

Liver 

Mesentery 

Pancreas 

Salivary glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 

Stomach, glandular 

Tongue 


Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 


Adenoma 

Adrenal gland, medulla 


Pheochromocytomabenign 

Islets, pancreatic 


Adenoma 

Parathyroidgland 

Pituitary gland 


Pars distalis, adenocarcinoma 
Pars distalis, adenoma 

Thyroidgland 
Follicular c e l l ,  carcinoma 

+: Tissue examined microscopically 
A: Autolysis precludes examination 

Coumarin, NTP TR 422 

of Female Rats in the 2-Year Gavage Study of Coumarin: Vehicle Control 

0 1 3 4 4 5 5 6 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

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

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


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

7 7 7 7 7 7 6 7 7 7 8 7 6 7 7 7 7 7 7 7 6 7 7 7 7  

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

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


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

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

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

A A + + + + + + + + + + + + + + + + + + + + + + +  
A A + + + + + + + + A + A + + + + + + + + + + + +  
A A + + + + + + + + + + A + + + + + + + + + + + +  
A A + + + + + + + + A + A + + + + + + + + + + + +  
A A + + + + + + + + A + A + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


+ + 
+ A + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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


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


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


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

X 

+ A + + + + + + + + + + + + + . + + + + + + + + + +  
X 

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

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

X 

X x x xx xx xx xx xx x  


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

M Missing tissue X Lesion present 
I: Insufficient tissue Blank Notexamined 
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Alimentary System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large,  colon 
Intestine large,  rectum 
Intestine small 
Intestine small,  duodenum 
Intestine small,  ileum 
Intestine small,  jejunum 
Liver 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular
Tongue 

Cardiovascular System 
Heart 

Endacrine System 
Adrenal gland 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 

Parathyroid gland 

Pituitary gland 


Pars distalis,  adenocarcinoma 
Pars distalis, adenoma 

Thyroid gland 
Follicular cel l , carcinoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
6 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 8 7 7 7 7 7 7 8 8  Total 
9 1 2 3 4 5 5 8 9 9 9 0 3 6 6 7 0 0 4 4 5 7 9 0 0  Tissues/ 
1 2 3 5 2 1 3 3 1 4 4 5 1 1 2 1 2 4 1 5 4 2 2 3 4  Tumors 

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


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


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

+ 3 


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

1 


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

X 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


X X 3 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 


+ + + M + M + + + M + + + + + + + + + + + + M + +  46 

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


1 

x x x x x x x x x  x x x x x  x X 30 

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


1 
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TABLEB2 
IndividutrlAnimal Tumor Pathology of Female Rats in the 2-YearGavage Study of Coumarin: Vehicle Control 
(continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
Tissue NOS 

Fibroma 

Genital System 
Clitoral gland 
ovary 
Uterus 


Polyp 

Vagina 


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

Integumentary System 
Mammary gland 

Adenocarcinoma 
Adenoma 
Fibroadenoma 

Skin 
Squamous c e l l  carcinoma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung 
Nose 
Trachea 

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

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

+ + 
X 

+ M + + M + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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


X X 

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

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

+ M + + + + + + + + + + + + + + + + + + + + + + t  

X 
x x x x  X X 

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

X 

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


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


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE B3 
I[nndi~dua!h lman Tumdpr ibath~n~gyoff Femsnne Rats in Uhe 2 - y a r  Gavage Study Qff @oumadnn: vehisne @onntrfQn 
(continued) 


N u m b r  of Days onn Study 


General Body System 
Tissue NOS 

Fibroma 

Genihl  System 
Clitoral gland 
Ovary
Uterus 

Polyp 
Vagina 

Wematopietic System 
i3lood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 
Thymus 

Unkgumenhry System 
Mammary gland 

Adenocarcinoma 
Adenoma 
Fibroadenoma 

Skin 
Squamous c e l l  carcinoma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung 
Nose 
Trachea 

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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
6 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 8 7 7 7 7 7 7 8 8  Total 
9 1 2 3 4 5 5 8 9 9 9 0 3 6 6 7 0 0 4 4 5 7 9 0 0  Tissues/ 
1 2 3 5 2 1 3 3 1 4 4 5 1 1 2 1 2 4 1 5 4 2 2 3 4  Tumors 

2 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


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


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

X x x  X X 7 


+ 1 


+ 1 

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

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

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

+ + + + M + + + + M + + + + + + + + + + + + + + +  47 

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

+ + + + + + + + + + + + + + + + M + + + + + + + +  48 


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

X 1 


1 

x x  x x x  x x  x x  x x  17 

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


1 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  50  
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TABLE112 
Individual Animal Tumor Pathology of Female Rats in the 2-YearGavage Study of Coumarin: Vehicle Control 
(continued) 

~ ~ ~~ 

Number of Days on Study 

~~ 

Carcass ID Number 

Special Senses System 
Eye 

Urinary System 
Kidney
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma NOS 

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

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

+ 

+ A + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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

X x x X X 

X 



TABLEI52 

Im”lmaU AnnimaU T U ~ Q I C  off FemraUeRaPs in Uhe 2-Year Gavage Study off CCDU~ZIIC~UTJ:
P ~ U ~ Q U C D ~ ~  VehicUe CQUI~ICQU 
(continued) 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
Number of Days on Study 	 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
Carcass ID Numka 6 1 7 7 1 1 7 7 7 7 6 7 7 7 1 1 ~ 7 7 7 7 7 7 ~ ~Tot231 

9 1 2 3 4 5 5 8 9 9 9 0 3 6 6 7 0 0 4 4 5 1 9 0 0  Tissues/ 
1 2 3 5 2 1 3 3 1 4 4 5 1 1 2 1 2 4 1 5 4 2 2 3 4  Tumors 

Special Senses System 
Eye 1 

Urinary System 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  49 
Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  so 

Systemic k i o n s  
Multiple organs . . . . . . . . . . . . . . . . . . . . . . . . .  50  

Leukemia mononuclear X 6 
Mesothelioma NOS 1 
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TABLE132 
Individual Animal Tumor Pathology 

Number of Days OD Study 

Carcass ID Number 

Alimentary System 
Esophagus 

Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 

Intestine small 

Intestine small,  duodenum 

Intestine small,  ileum 

Intestine small,  jejunum 


Leiomyoma 

Liver 

Mesentery 

Pancreas 

Salivary glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 

Stomach, glandular 


Cardiovascular System 
Hart  

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 


Pheochromocytomabenign 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 

Thyroidgland 


Follicular c e l l ,  carcinoma 


General Body System 
None 

of Female Rats in the 2-Year Gavage Study of Coumarin: 25 mg/kg 

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

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

A + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + A + + + + + + + + + + + + + + + + + +  
A + + + + A A + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . 

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

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

+ 

A + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


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


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


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


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

X 

A + + + + + + + + + + + + + + + + + + + + + + + +  
+ + + + + M + + + + + + + + + + + + + + I + + + +  
A + + + + + + + M + + + + + + + + + + + + + + + +  

x x  x xx x x x x x  x 
. . . . . . . . . . . . . . . . . . . . . . . . .  
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Alimentmy System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Leiomyoma 
Liver 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

Endmpine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroid gland 

Follicular cell, carcinoma 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
8 9 9 9 8 8 8 8 8 8 8 8 8 9 9 8 8 8 8 8 9 9 9 9 9  Totid 
9 0 1 1 1 3 3 5 6 7 8 8 9 0 2 2 2 3 5 6 0 1 1 1 2  Tissues/ 
5 4 1 4 3 4 5 3 4 5 1 2 2 3 5 2 4 3 2 5 2 2 3 5 3  Tumors 

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


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  48  


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


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

X 1 


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

+ + + + +  6 


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


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


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


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

X X 3 

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


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


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


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


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

X 2 


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

+ + + + + + + + + + M + + + + + + + + + + + + + +  47 

+ + + + + + + + + + + + + + + + + + + + + + + A +  41 

x x x x  x x x xx x x  X X  X 25 

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


X 1 
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Number of Days on Study 

Carcass 11) Number 

Genital System 
Clitoral gland 


Adenoma 

Carcinoma 


ovary

Uterus 


Polyp

Vagina 


Leiomyoma 


Hematopoietic System 
Blood 
Bone marrow 
Lymphnode 
Lymphnode,mandibular 
Lymphnode,mesenteric 
Spleen 
Thymus 

Integumentary System 
Mammary gland 


Adenoma 

Fibroadenoma 


Skin 
Papillomasquamous 
Subcutaneous tissue, fibroma 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung 

Adenoma 

Nose 

Trachea 


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

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

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

+ + + + + + + + M + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X X X x x  
+ 
X 

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

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

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

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

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

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

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


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


X 

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


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


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  
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TABLE B2 
hl~diVidUaPnhilmnd TUlmnOPr B 8 l U h O j w  Off FQ!l"t! ~ I U §in Uhk! %yQ&ilOrr ahWAgt! ShUdj' Off @OUUllNWh: 25 Ull& 
(continued) 

Number of Days on Study 

Carcass ID Numbrr 

Genital System 
Clitoral gland 


Adenoma 

Carcinoma 


Ovary

Uterus 


Polyp 

Vagina 


Leiomyoma 


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

Entegumentmy System 
Mammary gland 


Adenoma 

Fibroadenoma 


Skin 
Papilloma squamous 
Subcutaneous tissue, fibroma 

Musculoskelehl System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung 

Adenoma 
N e  
Trachea 

~ 1 1 1 1 1 1 1 7 1 1 1 1 1 7 7 7 1 1 1 1 1 1 1 1  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
8 9 9 9 8 8 8 8 8 8 8 8 8 9 9 8 8 8 8 8 9 9 9 9 9  Total 
9 0 1 1 1 3 3 5 6 1 8 8 9 0 2 2 2 3 5 6 0 1 1 1 2  Tissues/ 
5 4 1 4 3 4 5 3 4 5 1 2 2 3 5 2 4 3 2 5 2 2 3 5 3  Tumors 

+ + + + + M + + + + + + + + + + + + + + + + + + +  41 

x x  X X 6 


X 1 

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

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

X X x x x  x x  X 13 


1 

1 


1 

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

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

+ + + M + + + + + + + + + + + + + + + + + + + + +  41 

+ + + + + + + + M + + + + + + + + + + + + + + + +  49 

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

+ + $ + + + + + + + + + + + + + + + + + + + + + M  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  

X X 2 


x x x  x x x x  x x x  x X X X 24 

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


X 1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


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

' X 1 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  
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TABLEH 2  
Individual Animal Tumor Pathology 
(continued) 

Number of Days on  Study 

Carcass ID  Number 

Special Senses System 
Eye 

Urinary System 
Kidney 

Lipoma 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

of Female Rats in the 2-YearGavageStudy of Coumarin: 25 mg/kg 

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

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

A + + 

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


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

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

X X X X 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
8 9 9 9 8 8 8 8 8 8 8 8 8 9 9 8 8 8 8 8 9 9 9 9 9  Total 
9 0 1 1 1 3 3 5 6 1 8 8 9 0 2 2 2 3 5 6 0 1 1 1 2  Tissues/ 
5 4 1 4 3 4 5 3 4 5 1 2 2 3 5 2 4 3 2 5 2 2 3 5 3  Tumors 

+ + 4 

urinary system 
Kidney . . . . . . . . . . . . . . . . . . . . . . . . .  50  

Lipoma X 1 
Urinary bladder . . . . . . . . . . . . . . . . . . . . . . . . .  49 

Systemic Lesions 
Multipleorgans . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Leukemia mononuclear X 5 
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TABLEB;! 
Individual1 Animal  Tumor Pathology of Female Rats in the 2-Year  Gavage Study of Coumarin: 50 mg/kg 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Cardiovascular System 
B l o o d  vessel 
Heart 

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

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 

Parathyroid gland 

Pituitary gland 


Pars distalis, adenoma 
Thyroid gland 

Follicular cell, carcinoma 

General Body System 
None 

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

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

+ + + M + + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + + + + + + + + + + + + A + + +  
+ + + + + + + + + + + + + + + + + + + + + M + + +  
+ + + + + + + + + + + + + + + + + + + + + A + + +  
+ + M + + + + + + + + + + + + + + + + + + A + + +  
+ + + + + + + + + + A + + + + + + + + + + A + + +  
+ + + + + + + + + + A + + + + + + + + + + A + + +  
+ + + + + + + + + + A + + + + + + + + + + A + + +  
+ + + + + + + + + + A + + + + + + + + + + A + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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

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

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

x x  x x x x  x x x  X 
+ + + + + + + + + + + + + + + + + + + + + A + + +  



Number of Days on Study 

Alimentary System
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

~~ ~ ~ ~ ~ ~~ ~ 

Cardiovascular System
Blood vessel 
Heart 

Endacrine System 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid glandI 

Pituitary gland 

Pars distalis,  adenoma 
Thyroid gland 

Follicular cel l , carcinoma 

1 I General Bady System 

None 

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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4  


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

9 9 9 9 9 9 9 0 0 0 0 0 0 9 9 9 0 0 0 0 0 0 0 0 0  

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

3 5 2 4 2 4 4 4 i 3 2 2 4 5 1 5 3 2 5 1 5 1 3 1 2  
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TABLEB2 
Individual Animal Tumor Pathology of Female Rats in the 2-YearGavageStudy of Coumarin: 50 mg/kg 
(continued) 

Number of Days on Study 

Carcass ID Number 

Genital System 
Clitoral gland 


Carcinoma 

Ovary 


Granulosa-theca tumor benign 
Oviduct 
Uterus 

Polyp 

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

Integumentary System 
Mammary gland 


Fibroadenoma 

Fibrosarcoma 


Skin 
Lipoma 
Subcutaneous tissue,  fibroma 

Musculoskeletal System 
Bone 

Skeletal muscle 


Nervous System 
Brain 

Meninges, meningioma NOS 

Respiratory System 
Lung 
NOS2 
Trachea 

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

~ ~ ~~~~ 

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

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

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

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

+ + + + + + + + + + + + + + + + + + + + + A + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ M + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + + + + + + A + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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

x x  x x x  x x  

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


X 
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+ 
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X 
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. . . . . . . . . . . . . . . . . . . . . . . . .  
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Numkwp of Days on Study 

Genital System 
Clitoral gland 

Carcinoma 
ovary

Granulosa-theca tumor benign 
Oviduct 
Uterus 

Polyp 

Wematopietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 
Thymus 

Integumentary System 
Mammary gland 

Fibroadenoma 
Fibrosarcoma 

Skin 
Lipoma 
Subcutaneous tissue, fibroma 

Musculoskeletal System 
Bone 
Skeletal muscle 

NervousSystem 
Brain 

Meninges, meningioma N O S  

Respiratory System 
Lung 
Nose 
Trachea 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 7 1 1 1 1 1 ~ 1 1 1 1  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4  


0 0 0 0 0 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1  
9 9 9 9 9 9 9 0 0 0 0 0 0 9 9 9 0 0 0 0 0 0 0 0 0  Total 
3 5 6 6 7 7 9 0 1 1 2 3 3 3 4 4 0 1 1 2 2 3 3 4 4  Tissues/ 
3 5 2 4 2 4 4 4 1 3 2 2 4 5 1 5 3 2 5 1 5 1 3 1 2  Tum0I.S 
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. . . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLEB2 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Ear 

Papilloma squamous 
Eye

Papilloma squamous 
Harderian gland 
Zymbal’s gland

Squamous c e l l  carcinoma 

Urinary System 
Kidney 

Urinary bladder 


Systemic Lesions 
Multiple organs

Leukemiamononuclear 

Coumarin, NTP TR 422 

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

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

+ 

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

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

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

x  x x  x  x x  



Number of Days on Study 

Special Senses System 
Far 

Papilloma squamous 
Eye

Papilloma squamous 
Harderian gland 
Zyrnbal’s gland 

Squamous c e l l  carcinoma 

Wrinary Syshm 
Kidney 
Urinary bladder 

I 
Syshrnic Lesions 

I Multiple organs 
I Leukemia mononuclear 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
, 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4  

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

+ 
X 

+ 
x 

+ 
X 

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


T O t d  
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TABLEE12 
Individual Animal Tumor Pathology of Female Rats in the 2-YearGavage Study of Coumarin: 100 mgkg 

3 4 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 1 7 7 7  
Number of Days on Study 7 6 9 4 5 8 1 2 4 4 5 5 5 6 7 7 8 9 9 9 2 2 2 2 3  

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Carcass ID Number 	 0 1 1 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 0 0 0 0 1 1 0  

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

Alimentary System 
Esophagus . . . . . . . . . . . . . . . . . . . . . . . . .  
Intestine large A + + + + + A + A A + + + + + A + + + + + + + + +  
Intestine large,  cecum A + + + + + A + A A + + + + + A + + + + + + + + +  
Intestine large,  colon A + + + + + + + A + + + + + + A + + + + + + + + +  
Intestine large,  rectum A + + + + + + + A + + + + + + + + + + + + + + + +  
Intestine small A + + + + + A + A A + + + + + + + + + + + + + + +  
Intestine small, duodenum A + + + + + + + A + + + + + + + + + + + + + + + +  
Intestine small,  ileum A + + + + + A + A A + + + + + + + + + + + + + + +  
Intestine small,  jejunum A + + + + + A + A A + + + + + + + + + + + + + + +  
Liver . . . . . . . . . . . . . . . . . . . . . . . . .  
Mesentery + + + M  + 

Sarcoma X 
Pancreas A + + + + + A + A + + + + + + A + + + + + + + + +  
Pharynx

Papilloma squamous 
Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach A + + + + + + + A A + + + + + + + + + + + + + + +  
Stomach, forestomach A + + + + + + + A + + + + + + + + + + + + + + + +  

Papilloma squamous X 
Stomach, glandular A + + + + + + + A A + + + + + + + + + + + + + + +  
Tongue 

Cardiovascular System 
Hart  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Endocrine System 
Adrenal gland 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Adrenal gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . .  
Adrenal gland, medulla A + + + + + + + + + + + + + + + + + + + + + + + +  

Pheochromocytoma benign 
Islets, pancreatic A + + + + + A + A + + + + + + + + + + + + + + + +  

Adenoma X 
Parathyroid gland M + + + + + + + + + + + + + + + + + M + + + + + +  
Pituitary gland + + + + + + + + + + + + M + + + + + + + + + + + +  

Pars distalis,  adenoma 	 x x  x x x  x x x x  x x x x  
Thyroid gland A + + + + + + + + + + + + + + + + + + + + + + + +  

C-cell, adenoma 
C-cell, carcinoma X 
Follicular cell, adenoma X 
Follicular cell, carcinoma 



153 Lesions in Female Rats 

TABLEB3 

I [ ~ ~ M ~ W D I Im m a n T U ~ O ~  OP FemanQ~ a u s  B U U P ~ ~  ~ ~ ~ m a d n : 
~ a u ~ o g y  in uhe 2-ymr ~ a v a g e  O~T naMD m e  
(continued) 

Number OB Days on Study 

Carcass ID Numker 

d8limerntm-y System 
Esophagus 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Mesentery 

Sarcoma 

Pancreas 

Pharynx 


Papilloma squamous 
Salivary glands 
Stomach 
Stomach, forestomach 

Papillomasquamous 
Stomach, glandular
Tongue 

Cardiovascular System 
Heart 

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

Pheochromocytomabenign 
Islets, pancreatic 

Adenoma 

Parathyroid gland 

Pi tu i ta ry  gland 


Pars distalis, adenoma 
Thyroidgland 

C-cell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 
Follicular cell, carcinoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 1  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1  Total 

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

1 2 4 2 1 4 2 3 1 3 3 3 3 4 4 2 2 5 5 1 5 1 5 2 1  Tumors 
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TABLEB2 
Individutrl Animal Tumor Pathology of Female Rats  in the 2-Year Gavage Study of.Coumarin: 100 mglkg 
(continued) 

3 4 4 5 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 7 7  
Number of Days on Study 7 6 9 4 5 8 1 2 4 4 5 5 , 5 6 7 7 8 9 9 9 2 2 2 2 3  

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Carcass ID Number 	 0 1 1 1 1 1 1 1 1 1 0 0 1 1 0 1 0 1 0 0 0 0 1 1 0  

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

General Body System 
Tissue NOS + 

Fibroma X 

Genital System 
Clitoral gland M + + + + + + + + + + + + + + + + + + + + + + + +  


Adenoma . X 

Carcinoma X 


+ + + + + + + + + + + + M + + + + + + + + + + + +ovary

Uterus A + + + + + + + + + + + + + + + + + + + + + + + +  


Polyp x x  

Sarcoma X 


Vagina + + 

Leiomyosarcoma 

Sarcoma X 


Hematopoietic System 
Bone marrow + + + + + + A + + + + + + + + + + + + + + + + + +  
Lymph node A + + + + + + + + + + + + + + + + + + + + + + + +  
Lymph node, mandibular M + + + + + + + + + + + M + + + + + + + + + + + +  
Lymph node,  mesenteric A + + + + + + + + + + + + + + + + + + + + + + + +  
Spleen + + + + + + + + A + + + + + + + + + + + + + + + +  
Thymus 	 + + + + + + + + + + + + M + + + + + + + + + + + +  

Integumentary System 
Mammary gland . . . . . . . . . . . . . . . . . . . . . . . . .  


Adenocarcinoma 

Fibroadenoma X X x x x  X X 


Skin . . . . . . . . . . . . . . . . . . . . . . . . .  

Squamous c e l l  carcinoma 

Subcutaneous tissue, fibroma X 


Musculoskeletal System 
Bone . . . . . . . . . . . . . . . . . . . . . . . . .  



Carcass ID Number 

General Body System 
Tissue NOS 

Fibroma 

Genital System 
Clitoral gland 

Adenoma 
Carcinoma 

ovary 
Uterus 

Polyp  
Sarcoma 

Vagina 
Leiomyosarcoma 
Sarcoma 

Wematopietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 
Thymus 

Integumentary Sysbm 
Mammary gland 

Adenocarcinoma 
Fibroadenoma 

Skin 
Squamous cell carcinoma 
Subcutaneous tissue, fibroma 

Musculoskeletal System 
Bone 

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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

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

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

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


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

X 


X 

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

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


X x x  


+ + 
X 


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


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


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


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


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

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

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

X 


x x X X 

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


X 


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


Total 
Tissues/ 
TPmOm 

1 

1 


49 

2 

2 


49 

49 

5 

1 

4 

1 

1 


49 

49 

48 

49 

49 

47 


50 

1 


11 

50 

1 

1 


50 
1 
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TABLE B2 
Individual Animal Tumor Pathology of Female Rats in the 2-Year Gavage Study of Coumarin: 100 mgntg 
(continued) 

Number of Days on Study 

Carcass I D  Number 

Nervous System 
Brain 
Spinal cord 

Respiratory System 
Lung 
NOS2 
Trachea 

Special Senses System 
Eye 

Urinary System 
Kidney 

Sarcoma 
Renal tubule, adenoma 

Urinary bladder 
Papilloma squamous 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 

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

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

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

+ 

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


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

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


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

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

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

X X X 



Nervous system 
Brain 
Spinal cord 

WespimBory system 
Lung
Nose 
Trachea 

urinary System 
Kidney 

Sarcoma 
Renal tubule,  adenoma 

Urinarybladder 
Papilloma squamous 

Sysbmic Lesions 
Multiple organs 

Leukemia mononuclear 

7 7 1 1 1 7 7 1 1 1 7 1 7 7 7 1 7 1 1 1 7 7 1 1 1  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4  

1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  
0 0 0 0 0 0 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 1 1 1 1  Total 
6 6 6 7 8 8 0 3 4 5 5 9 2 2 3 4 5 6 8 9 9 0 1 2 5  Tissuest 
1 2 4 2 1 4 2 3 1 3 3 3 3 4 4 2 2 5 5 1 5 1 5 2 1  Tumors 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
1 

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

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

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

+ 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
1 

X 2 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 

x 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
X 4 
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TABLEB3 
Statistical Analysis of Primary Neoplasms in Female Ra,ts in the 2-Year Gavage Study of Coumarin 

. .  . . 

VehicleControl 25 mg/kg s m g n t g  100 mg/kg 

Adrenal Medulla:  BenignPheochromocytoma 

Overall r a t e s a  3/50 (6%) 2/50 (4%) 2/48 (4%) 1/49 (2%) 

Adjustedratesb 9.1% 5.3% 5.7% 3.3% 

Terminal rates' 2/29 (7%) 2/38 (5%) 2f35 (6%) 1/30(3%)

Firstincidencedays 607 729 (T) 729 (T) 729 (T)
d )Life table tests P=0.235N P=0.401N P=0.434N Pz0.295N 
Logistic regression testsd P=0.235N P=0.480N P=0.519N P=0.300N 
Cochran-Armita e testd P=0.241NIFisher exact test P=OSOON P=0.520N P=0.316N 

Clitoral Gland Adenoma 
Overall rates 0/48 (0%) 6/47 (13%) 0/48 (0%) 2/49 (4%) 
Adjusted rates 0.0% 15.9% 0.0% 6.3% 
Terminal rates Of29 (0%) 5/36 (14%) OB4 (0%) 1/30 (3%) 

e -First incidence (days) - 659 693 
-fLife table tests P=O.580 P=O.O31 P=O.234 

Logistic regression tests P=0.594N P=O.O18 - P=O.241 
Cochran-Annitage test P=0.584N 
Fisher exact test P=O.O12 P=O.253-

Clitoral Gland Adenoma or Carcinoma 
Overall rates 0/48 (0%) 7/47 (15%) 1/48 (2%) 4/49 (8%) 
Adjusted rates 0.0% 18.6% 2.9% 11.7% 
Terminal rates .Of29 (0%) 6/36 (17%) 1/34 (3%) 2/30 (7%) 
First incidence (days) 659 729 (TI 642-
Life  table tests P=O.252 P=O.O18 P=O.532 P=O.o66 
Logistic regression tests P=O.W P=O.OlO P=O.532 P=O.O67 
Cochran-Armitage test P=O.286 
Fisher exact test P=O.o06 P=O.500 P=O.O61 

Kidney (Renal Tubule):  Adenoma (Single Sections) 
Overall rates 0/49 (0%) 0/50 (0%) O b 0  (0%) 2/49 (4%) 
Adjusted rates 0.0% 0.0% 0.0% 6.4% 
Terminal rates Of29 (0%) o m  (0%) 0/36 (0%) 1/30 (3%) 
First incidence (days) 699 
Life table tests P=O.O37 - - P=O.234 
Logistic regression tests P=O.O44 - - P=O.238 
Cochran-Armitage test P=O.O45 
Fisher exact test - P=O.247-

Kidney (Renal Tubule):  Adenoma (Single and Step Sections) 
Overall rates 0/49 (0%) 0/50 (0%) 1/50 (2%) 2/49 (4%) 
Adjusted rates 0.0% 0.0% 2.8% 6.4% 
Terminal rates On9 (0%) o m  (0%) 1/36 (3%) 1/30 (3%) 

-First incidence (days) - 729 (T> 699 
Life table tests P=O.O57 - P=O.543 P=O.234 
Logistic regression tests P=O.O65 - P=O.543 P=O.238 
Cochran-Annitage test P=O.O69 
Fisher exact test - P=O.505 P=O.247 



Mammav Gland: Fibmdeoloma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Mammary Gland: Fibroadenoma or Adenoma 

24/50 (48%) 
57.0%
m/38(53%) 
659 
P=O.393 
P=O.143 

P=O.111 

25/50 (50%) 
59.4% 
21/38 (55%) 
659 
P=O.414 
P=O.147 

P=O.113 

25/50 (50%) 
59.4% 
21/38 (55%) 
659 
P=O.502 
P=O.203 

P=O.157 

25/47 (53%) 
60.7% 
21/37 (57%) 
547 
P=0.042N 
P=0.211N 

P=O.278N 

25/47 (53%) 
60.7% 
21/37 (57%) 
547 
P =0.029N 
P=0.155N 

P=0.214N 

22/50 (44%) 
59.5% 
21/36 (58%) 
709 
P=O.470 
P=O.211 

P=0.206 

22/50 (44%) 
59.5% 
21/36 (58%) 
709 
P=O.564 
P=O.280 

P=O.270 

22/50 (44%) 
59.5% 
21/36 (58%) 
709 
P=0.512N 
P=O.360 

P=0.342 

23/48 (48%) 
60.2% 
20/35 (57%) 
622 
P=0.033N 
P=0.156N 

P=0.133N 

23/48 (48%) 
60.2% 
2 0 m  (57%) 
622 
P=0.023N 
P=O.lllN 

P=0.094N 

11/50 (22%) 
29.8% 
6/30 (20%) 
551 
P=0.131N 
P=0.118N 

P=0.133N 

11/50 (22%) 
29.8% 
6/30 (20%) 
551 
P=0.093N 
P=0.081N 

P=0.093N 

12/50 (24%) 
32.7% 
7/30 (23%) 
551 
P=0.095N 
P=0.083N 

P=0.097N 

28/49 (57%) 
69.1% 
18/30 (60%) 
463 
P=0.393N 
P=0.391N 

P=0.419N 

28/49 (57%) 
69.1% 
18/30 (60%) 
463 
P=0.336N 
P=O.312N 

P=0.340N 

Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Mammary Gland: Fibm"noma, Adenoma, 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Pituitary Gland (Pars Distalis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

17/50 (34%)
48.2% 
12/29 (41%) 
491 
P=0.065N 
P=0.045N 
P=0.051N 

18/50 (36%) 
51.3% 
13/29 (45%) 
491 
P=0.039N 
P=0.026N 
P=0.031N 

Pituitary Gland (Pars Distalis): Adenoma or Carcinoma 

or Carcinoma 
19/50 (38%) 
54.3% 
14/29 (48%) 
491 
P=0.044N 
P=0.030N 
P=0.035N 

30/49 (61%) 
74.3% 
19/29 (66%) 
435 
P=0.512N 
P=0.424N 
P=0.416N 

Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

31/49 (63%) 
75.1% 
19/29 (66%) 
435 
P=0.452N 
P=0.356N 
P=0.351N 
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TABLEB:3 

Statisticar1 Analysis of Primary Neoplasms in Female Rats in the 2-Year Gavage Study of Coumarin (continued) 


VehicleControl 25 msJag 50 mgntg 100 mgntg 

Stomach(Forestomach): Squamous Cell  Papilloma 

Adjusted rates 
Overall rates 

3.4% 
1/50 (2%) 

7.9% 
3/50 (6%) 

0.0% 
0/50 (0%) 

2.1% 
1/50 (2%) 

Life table  tests 
First incidence (days) 
Terminal rates 1/29 (3%) 

P=0.413N 
729 (T) 

P=O.406 
729 (T) 
3/38 (8%) 0/36 (0%)

-
P =0.457N P=0.752N 

543
0/30 (0%) 

Fisher exact test 
Cochran-Armitage test 
Logistic regression tests 

P=0.409N 
P=0.407N P=O.406 

P=O.309 

P=0.457N 

P=0.500N 

P=O.749 

P=0.753N 

Uterus: Stromal Polyp 

Life table tests 

First incidence (days) 
Terminal rates 
Adjusted rates 
Overall rates 

P=0.128N 
699 
5L29 (17%) 
22.3% 
7/50 (14%) 

P=O.264 
659 
12/38 (32%) 
33.2% 
13/50 (26%) 

11.1% 
4/50 (8%) 

729 (T) 
4/36 (11%) 

P=0.161N 

15.6% 
5/50 (10%) 

P=0.381N 
699 
3/30 (10%) 

Fisher exact test 
Cochran-Armitage test 
Logistic regression tests 

P=0.117N 
P=0.127N P=O.165 

P=O.105 

P=0.201N 

P -0.262N 

P=0.385N 

P=0.380N 

All Organs:MononuclearCellLeukemia 

Adjusted rates 
Overall rates 

15.5% 
6/50 (12%) 

12.0% 
5/50 (10%) 

14.4% 
6/50 (12%) 

9.4% 
4/50 (8%) 

Life table  tests 
First incidence (days) 
Terminal rates 

P=0.354N 
554 
1/29 (3%) 

P=0.401N 
439
3/38 (8%) 

P=0.559N 
554
2/36 (6%) 

P=0.370N 
375
1/30(3%) 

Fisher exact test 

Cochran-Armitage test 
Logistic regression tests 

P=0.334N 
P=0.223N P=0.512N 

P=0.500N 

P=O.619 

P =0.620N 

P=0.430N 

P=0.370N 

All Organs:Benign Neoplasms 

Life table  tests 
First incidence (days) 
Terminal rates 
Adjusted rates 
Overall rates 

P=O.350 
435 
23/29 (79%) 
85.8% 
37/50 (74%) 

P=0.370N 
531 
35/38 (92%) 
93.5% 
43/50 (86%) 

P=0.109N 
622 
32/36 (89%) 
90.0% 
36/50 (72%) 

P=O.415 
463 
24/30 (80%) 
86.8% 
40/50 (80%) 

Fisher exact test 
Cochran-Armitage test 
Logistic regression tests 

P=O.454 
P=O.547 P=O.126 

P=O.105 

P=0.540N 

P=0.500N 

P=O.409 

P=O.318 

All Organs: Malignant Neoplasms 

Life table tests 
First incidence (days) 
Terminal rates 
Adjusted rates 
Overall rales 

P=O.311 
554 
2/29 (7%) 
24.9% 
10/50 (20%) 

P=0.202N 
439 
5/38 (13%) 
17.0% 
7/50 (14%) 

P=0.491N 
554 
6/36 (17%) 
24.4% 
10/50 (20%) 

P=O.507 
375 
7/30 (23%) 
29.9% 
11/50 (22%) 

Fisher exact test 
Cochran-Armitage test 
Logistic regression tests 

P=O.335 
P=O.447 P=0.298N 

P=0.298N 

P=O.588 

P=0.598N 

P =0.487 

P=O.500 
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Overall rates 41/50 44/50 (88%) 40/50 (So%) 43/50 (86%)
(82%) 
Adjusted rates 89.0% 
Terminal rates 

93.6%89.5% 
24/29 (83%) 35/38 (92%) 32/36 (89%) 25/30 (83%) 

90.9% 

First incidence (days) 554 435 439 375 
Life table tests P=O.360  P=O.l91N P=0.127N P = O . 4 8 5  
Logistic regression tests P=0.407NP=O.604 P=O.359 P = O . 4 8 4  
Cochran-Armitage test P =0.448 
Fisher exact test P=O.288 P=0.5ON P=O.393 

$T)Terminal sacrifice 
Number of neoplasm-bearing animaldnumber of animals examined. Denominator is number o f  animals examined microscopically for adrenal 
gland,bonemarrow,brain,clitoralgland,heart, kidney, larynx,liver, lung, nose, ovary, pancreas, parathyroid gland, pituitary gland,salivary 
gland, spleen, thyroid gland, and urinary bladder; for other tissues,  denominator is number of animals necropsied. 
Kaplan-Meier estimated neoplasm incidence a t  the end of the study after adjustment for intercurrent mortality 
Observed incidence at  terminal ki l l  
Beneath the control incidence are the P values associated with the trend test. Beneath the dosed groupincidence are the P values 
corresponding to painvise  comparisonsbetweenthecontrols and that dosed group. The life table analysis regards neoplasms i n  animalsdying
prior to terminal kill as being  (directly or  indirectly)thecauseofdeath.Thelogisticregressiontestsregardtheselesionsasnonfatal.The 
Cochran-Annitage and Fisher exact tests compare directly the overall incidence rates. For all  tests, a negative trend or a lower  incidence i n  a 
dose group is indicated by N. 

e 	 Notapplicable;noneoplasms in animalgroup 
Value.of statistic cannot be computed 

2 
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TABLEB4a 
Historical Incidence of Renal Tubule Neoplasms in Female F344/N Rats Recei.ving Corn.,Oil by &vagea 

Incidence in  Controls ' 
~ _ _~ 

Adenoma Carcinoma Adenoma or 
Carcinoma 

Overall Historical Incidence 

Total 2/l,O18 (0.2%) 2/l,O18O/l,O18 (0.0%) (0.2%) 
Standard deviation 0.6% 0.6% 
Range 0%-2% 0%-2% 

a Data as of  17 December 1991. 

- .. .TABLEB4b 
Historical Incidence of Oral Cavity Neoplasms in Female F344/N Rats Receiving Corn Oil by Gavagea . . 

Incidence in  Controls 
Squamous Cell Squamous Cell Squamous Cell Papilloma 

Papilloma Carcinoma or Squamous Cell 
Carcinoma 

Overall Historical Incidence 

Total 411,020 (0.4%) 2/l,o20 (0.2%) 611,020 (0.6%) 

Standard deviation 0.8% 0.6% 0.9% 

Range 0%-2% 0%-2% 0%-2% 


a Data as of  17 December 1991, includes data for oral mucosa,tongue,pharynx, tooth, and  lip. 

TABLEB4c 
Historical Incidence of Forestomach Neoplasms in Female F344/N Rats Receiving  Corn Oil by Gavagea 

Incidence in  Controls 
Squamous Cell Squamous Cell Squamous Cell Papilloma 

Papilloma Carcinoma or Squamous Cell 
Carcinoma 

Overall Historical Incidence 

Total 3/1,020 (0.3%) 011,020 (0.0%) 3/1,020 (0.3%) 

Standard deviation 0.7% 0.7% 

Range 0%-2% 0%-2% 


Data as of  17 December 1991. 



Dispitioan Summary 
Animals initially in study 
1s" im&n 6 m z h a h a  

Early deaths 
Accidental deaths 
Moribund 
Natural deaths 

Sutvivors 
Died last week o f  study 
Terminal sacrifice 

Animalsexaminedmicroscopically 

Alimentary SyssQm 
Liver 

Basophilic focus 
Developmental malformation 
Fatty change 
Inflammation, chronic 
Necrosis 
Bile duct, hyperplasia 
Hepatocyte, degeneration, granu llar 

Mesentery 
Fat, mineralization 
Fat, necrosis,  coagulative 

Cardiovascular System 
Heart 

Cardiomyopathy 

Endwrine System 
Pituitary gland 

Pars distalis, cyst 

General Buddy System 
None 

Genital System 
Clitoral gland 

Inflammation, suppurative 
ovary

Follicle, cyst 
Uterus 

Hydrometra 

60 
10 

2 
14 
5 

29 

60 

(101 
3 (30%) 

5 (50%) 

1 (10%) 

60 
10 

1 
7 

4 


38 

60 

(8) 
1 (13%) 
1 (13%) 

2 (25%)  

3 (38%) 

(2) 
2 (100%) 
2 (100%) 

60 
10 

5 

7 

2 


1 
35 

60 

(8) 

3 (38%) 
5 (63%) 
3 (38%) 
1 (13%) 
1 (13%) 
3 (38%) 

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

60 
10 

14 

6 


30 

60 

~~ 

(10)
1 (10%) 
2 (20%) 
9 (90%) 
4 (40%) 

3 (30%) 
9 (90%) 

(10) 
2 (20%) 
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TABLEBS 
Summae of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-YearGavage Study of Coumarin 
(continued) 

Vehicle Control 25 mgntg 50 mgntg 100 mgntg 

15-Month Interim E v a l d w n  (continued) 
Hematopoietic System 
Lymph node, mandibular (10)

Hyperplasia, lymphoid 
Spleen (10) (1)

Congestion 1 (100%) 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Nose 

Inflammation, suppurative 

Special Senses System 
None 

Urinary System 
Kidney 

Nephropathy 

2-Year Study 
Alimentary System 
Intestine small,  duodenum 

Ulcer 
(9 (48) (48)

2 (4%) 
Liver 

Basophilic focus 
(50) 

32 (64%) 
(50 )  

17 (34%) 
(50)
20 (40%) 

Clear cell focus 1 (2%) 3 (6%) 
Cytologic alterations 9 (18%) 
Developmentalmalformation 6 (12%) 3 (6%) 6 (12%) 4 (8%) 

Fatty change 
Eosinophilic focus 

5 (10%) 
1 (2%) 

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

.8 (16%) 
Fibrosis 1 (2%) 12 (24%) 
Hematopoietic ce l l  proliferation 1 (2%) 



~-R%cw 5'- (continued) 
Alimentary S p k m  (continued) 
Liver (continued) 

Inflammation, chronic 
Inflammation, suppurative 
Mineralization 
Mixed c e l l  focus 
Necrosis, coagulative 
Bile duct, cyst 
Bile duct, hyperplasia 
Hepatocyte, cytologic alterations 
Hepatocyte, degeneration, granular 

Mesentery 
Fat, cyst 
Fat, inflammation,  chronic 
Fat, necrosis,  coagulative 

Pancreas 
Infiltration cellular, lymphocyte 
Acinus, atrophy 
Acinus, hyperplasia 

Salivary glands 
Inflammation, chronic 

Stomach,forestomach 
Developmental malformation 
Hyperkeratosis 
Hyperplasia, squamous 
Inflammation, chronic 
Inflammation, suppurative 
Ulcer 

Stomach, glandular 
Mineralization 
Ulcer 

Tongue 
Hyperkeratosis 
Hyperplasia 
Inflammation, suppurative 

~~ ~ 

CarcBiovasculran System 
Blood vessel 

Polyarteritis, chronic 
Heart 

Cardiomyopathy 
Fibrosis 
Inflammation, suppurative 
Mineralization 
Thrombus 

14 (28%)
1(2%) 

6 (12%) 
3 (6%) 

26 (52%) 

(3) 

3 (100%) 
(49) 

6 (12%) 

(50)
1(2%) 

(48)
1 (2%) 

1 (2%) 

1(2%) 
(48)

1 (2%) 
4 (8%) 

(1) 

1(100%) 
1 (100%) 

(50)
22 (44%) 
2 (4%) 

1 (2%) 
2 (4%) 

22 (44%) 

3 (6%) 

27(54%) 

(6)
1(17%) 
1(17%) 
3 (50%) 

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

(50) 

(49) 

2 (4%)
2 (4%) 

1(2%) 
1 (2%) 

(49) 

(50)
20(40%) 

18 (36%) 

1(2%) 


1 (2%) 

4 (8%) 

1(2%) 


29 (58%) 


8 (16%) 
(9) 

2 (22%) 
5 (56%) 

(48) 

4 (8%) 

(50) 

(50) 

1 (2%) 

1(2%) 

6(12%) 
(49) 

1(2%) 

(1)
1 (100%) 

(50)
22 (44%) 
2 (4%) 

1 (2%) 

17 (34%) 

1 (2%) 

3 (6%) 


15 (30%) 


20 (40%) 

1 (2%) 

30 (60%) 


(7) 

2 (29%) 
2 (29%) 

(46) 

4 (9%) 
1 (2%) 

(50) 

(48) 

1 (2%) 

9 (19%) 
(47) 

7 (15%) 
(1)

1(100%) 

(50)
21 (42%) 

1 (2%) 

1 (2%) 

2 (4%) 
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TABLEB5; 

Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-YearGavage Study of Coumarin 

(continued) 

2-Year Study (continued) 
Endocrine System 
Adrenal gland, cortex 

Atrophy 
Clear c e l l  focus 
Hemorrhage 

Hyperplasia 


Adrenal gland, medulla 
Basophilic focus 
Infiltration cellular, lymphocyte 

Parathyroid gland 
Hyperplasia 
Pituitary gland 

Pars distalis, congestion 
Pars distalis, cyst 
Pars distalis, pigmentation, melanin 
Pars intermedia, congestion 
Pars nervosa, cyst multilocular 

Thyroid gland 
C-cell, hyperplasia 
Follicle, cyst 

GeneralBody System 
None 
Genital System . 
Clitoral gland 

Inflammation, suppurative 

Duct, dilatation 


Ovary
Corpus luteum, cyst 
Follicle, cyst 

Uterus 
Hydrometra 
Hyperplasia, cystic 
Necrosis, coagulative 
cervix, cyst 
Cervix, inflammation, suppurative 
Epithelium, cytoplasmic alteration 

Vagina 
Cyst
Hyperkeratosis 
Inflammation, suppurative 

Hematopoietic System 
Blood 

Anisocytosis 
Monocytosis 

Bone marrow 
Hyperplasia, neutrophil 
Inflammation, chronic 
Myelofibrosis 

VehicleControl 

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

(50) 
2 (4%) 

(46) 

(49) 

5 (10%) 
1 (2%) 
1 (2%) 

(49) 
6 (12%) 

(48) 
3 (6%) 
2 (4%) 

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

(50) 
7(14%) 
3 (6%) 
1 (2%) 

1 (2%) 

(1)
1 (100%) 

25 mgkg 

(50) 

1 (2%) 

(47) 
10 (21%) 
2 (4%) 

(49) 

2 (4%) 

(50) 
5 (10%) 
3 (6%) 

1 (2%) 

1 (100%) 

2 (4%) 

(48) 

1 (2%) 

(45) 
3 (7%) 

(48) 

7 (15%) 

1 (2%) 

(49) 
6 (12%) 
1 (2%) 

(48) 
6 (13%) 
4 (8%) 

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

(49) 
7 (14%) 
1 (2%) 

100 rng/kg 

(50) 

1 (2%) 

(49) 

(47) 
1 (2%) 

(49) 

4 (8%) 

(49) 
4 (8%) 

(49) 	 .' 
4(8%) 
1 (2%) 

(49) 

2 (4%) 

(49) 
10 (20%) 
1 (2%) 

1 (2%) 

(4) 

1 (25%) 
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~ - Y x wS&dy (continued) 
Wematopietic System (continued) 
Lymph node 

Mediastinal, hyperplasia, macrophage 

Pancreatic, hemorrhage, acute 

Pancreatic, inflammation, suppurative 


Lymph node, mandibular 
Hyperplasia, lymphoid 
Hyperplasia, macrophage 
Hyperplasia, plasma c e l l  

Lymph node,  mesenteric 
Congestion 
Hyperplasia, lymphoid 
Spleen 
Congestion 
Hematopoietic c e l l  proliferation 
Hyperplasia, lymphoid 
Pigmentation, hemosiderin 
Sinusoid, dilatation 

Thymus 
Congestion 

Integumentary System 
Mammary gland 

Galactocele 
Hyperplasia, glandular 
Inflammation 

Skin 
Cyst epithelial inclusion 
Inflammation, suppurative 

Musculoskeletal System 
Bone 

Fracture 
Osteopetrosis 

Nervous System 
Brain 

Cerebrum, atypical cells 
Cerebrum, hemorrhage 
Cerebrum, mineralization 
Hypothalamus, compression 
Hypothalamus, developmental  malformation 
Hypothalamus, hemorrhage 
Meninges, hemorrhage 

(49) 

1(2%) 
(49) 

1 (2%) 

(47) 

1 (2%) 
(49) 

1 (2%) 

(48) 

(49) 
6 (12%) 
1 (2%) 
1 (2%) 

(50) 

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

(50) 

(47) 

1 (2%) 

(49) 
2 (4%) 

(50 )  
1 (2%) 

2 (4%) 
3 (6%) 

(48) 

(50 )  
4 (8%) 

1 (2%) 
(50 )  

2 (4%) 
1 (2%) 

(50 )  

2 (4%) 

2 (4%) 

(50) 

1(2%) 

(48) 

1 (2%) 
(49) 

(49) 
1 (2%) 

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

(49) 

(50 )
3 (6%) 

(50) 

(50) 

1(2%) 

3 (6%) 

1 (2%) 

(49) 
1(2%) 

(48) 

(49) 

(49) 
1 (2%) 

1 (2%) 

(47) 
1 (2%) 

( 5 0 )  
1 (2%) 

(50) 
2 (4%) 

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

(49) 

2 (4%) 
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TABLEB5 
Summary of the Incidence of Nonneoplastic Lesions in Female Rats in the 2-YearGavageStudy of Coumarin 
(continued) 

2-Year Study (continued) 
Respiratory System
Lung 

Congestion 
Edema 
ForeignBody 
Hemorrhage 
Inflammation 
Alveolar epithelium, hyperplasia 
Alveolus, inflammation, chronic 

NOS2 
Congestion 

Fungus 

Inflammation, suppurative 


Special Senses System 
Eye

Anterior chamber, edema 
Cornea, edema 
Lens, cataract 
Retina, degeneration 

Urinary System
Kidney 

Inflammation, suppurative 
Mineralization 
Nephropathy 
Cortex, cyst 

Urinary bladder 
Inflammation, suppurative 

VehicleControl 

(50) 

2 (4%) 

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

(50 )  

1 (2%) 
4 (8%) 

1 (100%) 
1 (100%) 

(49) 

2 (4%) 
34 (69%) 

(50) 

25 mg/kg 

(49) 
2 (4%) 

2 (4%) 
2 (4%) 

(50 )  

2 (4%) 

3 (75%) 

(50 )  

1 (2%) 
44 (88%) 

(49) 

50 mg/kg 

(50)
1 (2%) 

4 (8%) 

1 (2%)
1 (2%) 

(50) 
1 (2%) 

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

44 (88%) 
1 (2%) 

(49) 

100 mg/kg 

(50) 

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

(49) 

1 (2%) 
13 (27%) 

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

(49) 

49 (100%) 
2 (4%) 

(47) 
1 (2%) 

a Incidences are expressed as  the ratio of  animalswithlesions to the number of  animalsexaminedmicroscopically at the site. 
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TABLEC1 
Summary of the Incidence of Neoplasms in Male Mice in the 2-YearGavage Study of Coumarina 

Vehicle Control 50 mgncg 100 mg/kg 200 mgkg 

Disposition Summary 
Animals initially in study 70 70 70 70 
ZI" intaim c w h o t i o n b  20 20 20 19 
Early deaths 

Accidental deaths 1 1 

Moribund 1 6 3 

Natural deaths 5 3 1 11 


Survivors 
Terminal sacrifice 43 47 42 37 

Animals examined microscopically 60 60 60 60 

15-Month Interim Evaludwn 
Alimentary System 
Liver (4) (6) (9)

Hepatocellular adenoma 2 (50%) 3 (33%) 
Hepatocellular adenoma, multiple 1 (17%) 

Cardiovascular System 
None 

Endocrine System 
None 

General Body System 
None 

Genital System 
None 

Hematopoietic System 
None 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
None 



ds-&&W&%h $ E ' R t h  &VdU&Oi'8 (continued) 
wespimtony System 
Lung (10)

Alveolarbronchiolar adenoma 

Special Sen= System 
Harderian gland 

Adenoma 

%Yew Study 
Alimentary System 
Gallbladder 

Squamous cell carcinoma, metastatic, stomach 
Intestine large, cecum 
Intestine small, ileum 
Intestine small, jejunum 

Adenocarcinoma 

Adenoma 


Liver 
Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 
Squamous c e l l  carcinoma, metastatic, stomach 

Mesentety 
Squamous cell carcinoma, metastatic, stomach 

Pancreas 
Squamous cell carcinoma, metastatic, stomach 

Stomach,forestomach 
Papillomasquamous 
Squamous cell  carcinoma 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland, cortex 

Adenoma 
Adrenal gland, medulla 

Pheochromocytomabenign
Islets,pancreatic 

Adenoma 
Thyroid gland 

Ccell, adenoma 
C-cell, carcinoma 
Follicular cell, adenoma 

(47) 

(47) 
(47) 
(47)

1 (2%) 
1 (2%) 

(50 )  

11 (22%) 

9 (18%) 
20 (40%) 

(3) 

(50 )  

(49)
8 (16%) 
1 (2%) 

(47)
1 (2%) 

(49) 
(48) 
(49) 

(50 )  
5 (10%) 
5 (10%) 

12 (24%) 
17 (34%) 

1 (2%) 
(3)

1 (33%) 
(50)

1 (2%) 
(49)

2 (4%) 
2 (4%) 

(9)
3 (33%) 

(1)
1 (100%) 
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TABLEC1 
Summary of the Incidence of Neoplasms in Male Mice 

Vehicle Control 

2-Year S t d y  (continued) 
General Body System 
None 

Genital System 
Epididymis (49)
Preputial gland (16)
Prostate (49)
Seminal vesicle (49)

Squamous cell  carcinoma, metastatic, stomach 
Testes (49)

Interstitial cell, adenoma 	 3 (6%) 

Hematopoietic System 
Bonemarrow 
Lymph node 

Histiocytic Sarcoma 
Lymph node,  mandibular 
Lymph node, mesenteric 
Spleen 

Histiocytic Sarcoma 
Thymus 

Integumentary System 
Skin 

Basal c e l l  adenoma 
Tail, neurofibroma 

Musculoskeletal System 
Bone (49)
Skeletal muscle 

Diaphragm, squamous c e l l  carcinoma, metastatic, 
stomach 

Nervous System 
Brain 

Respiratory System 
Lung (50 )

Alveolarflmmchiolar adenoma 12 (24%) 
Alveolarbronchiolar adenoma,  multiple 2 (4%) 
Alveolarbronchiolar carcinoma 1 (2%) 
Carcinoma, metastatic 1 (2%) 
Hepatocellular carcinoma, metastatic 1 (2%) 
Hepatocellular carcinoma,  metastatic, liver 
Hepatocellular carcinoma, metastatic 

Nose (49) 

Coumarin, NTPTR 422 

in the 2-YearGavage Study of Coumarin (continued) 

100 mgntg 200 mgntg 

( 5 0 )  
(18) 
(50) 
(50) 

( 5 0 )  

(50 )  	 ( 5 0 )  (51) 
8 (16%) 12 (24%) 19 (37%) 

2 (4%) 5 (10%) 
1 (2%) 2 (4%) 1 (2%) 

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

(50 )  	 (50 )  (51) 



(3)
3 (100%) 

(1)
1 (100%) 

(1)
1 (100%) 

U~Qarg.SpQm 
Kidney 

Renal tubule, adenoma
Squamous cell carcinoma, metastatic, stomach 

Urinary bladder (49) 

(49) 

1 (2%) 
(50) 

(50) 

Systemic !Lesions 
Multiple organs' 

Lymphomamalignantmixed 
Lymphomamalignantlymphocytic 
Lymphomamalignanthistiocytic 
Lymphoma malignant 
Histiocytic sarcoma 

(50) (50) 

3 (6%) 

(50)  

1 (2%) 
1 (2%) 

2 (4%) 

(51) 

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

N@oplasanSlammaQJ 
Total animals with primaly neoplasmsd 

15-Month interim evaluation 3 1 6 

15-Month interim evaluation 

2-Year study 
Total primary neoplasms 

42 

4 

40 

1 

42 

7 

39 

15-Month interim evaluation 

2-Year study 
Total animals with benign neoplasms 

64 

3 

68 

1 

68 

6 

65  

2-Year study 
Totalbenignneoplasms 

38 35 36 38 

15-Month interim evaluation 4 1 7 

2-Year study 

2-Year study 
Total animals with malignant neoplasms 

14 

5 0  

14 

50 

16 

50 

8 

56  

Totalmalignantneoplasms 

2-Year study 

2-Year study 

2-Year study 

Total metastatic neoplasms 

Total animals with metastatic neoplasms 

2 

2 

14 

1 

1 

18 

8 

2 

18 

1 

1 

9 

a 

Primaryneoplasms: all  neoplasmsexceptmetastaticneoplasms 
Number o f  animals with any tissue examined microscopically 
Of the animals designated for the 15-month interim evaluation, only 5-10 per dose group were examined microscopically. 
Incidences are expressed as the ratio o f  animalswithlesionstothenumber o f  animalsexaminedmicroscopically at the site. 

I 
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TABLEC2 
Individual Animal Tumor Pathology of 

Number of Days on Study 

Carcass I D Number 

Alimentary System 
Esophagus 

Gallbladder 

Intestine large 

Intestine large, cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small 

Intestine small, duodenum 

Intestine small, ileum 

Intestine small, jejunum 


Adenocarcinoma 
Liver 

Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentely 

Pancreas 

Salivary glands 

Stomach 

Stomach,forestomach 

Papillomasquamous 


Stomach, glandular 


Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenalgland,medulla 


Pheochromocytoma benign 

Islets, pancreatic 

Parathyroid gland 

Pituitaly gland 

Thyroidgland 


+: Tissueexaminedmicroscopically 
A: Autolysis precludes examination 

Coumarin, NTP TR 422 

Male Mice in the 2-Year Gavage 'Study of Coumarin: Vehicle Control 

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

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

+ + + M + + + + + + + + + + + + + + + + + + + + +  
+ A M A + A + + M + + + + M M + + + M + + + + + +  
+ A + A + A + + + + + + + + + + + + + + + + + + +  
+ A + A + A + + + + + + + + + + + + + + + + + + +  
+ A + A + A A + + + + + + + + + + + + + + + + + +  
+ A + A + A + + + + + + + + + + + + + I I + + + +  
+ A + A + + + + + + + + + + + + + + + + + + + + +  
+ A + A + A A + + + + + + + + + + + + + + + + + +  
+ A + A + + + + + + + + + + + + + + + + + + + + +  
+ A + A + A A + + + + + + + + + + + + + + + + + +  

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

x x x  X X X 

X 
x x x  x x  x - x  

X X x x  x x 
+ +  + +  + 

+ + + A + + + + + + + + + + + + + + + + + + + + +  1 

+ + + A + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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


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

X 
+ + + A + + + + + + + + + + + + + + + + + + + + +  
+ + + M + + I + M + + + + + + + M + + + + M + + +  
+ I + M + + + + + + + + + + + + + + + + + + + + +  
+ + + A + + + + + + + + + + + + + + + + + + + + +  

M: Miss ing  tissue X Lesion present
I: Insufficienttissue Blank Not  examined 
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M i m e n h y System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Adenocarcinoma 
Liver 

Hepatocellular carcinoma 
Hepatocellular carcinoma, multiple 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentety 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papillomasquamous 
Stomach, glandular 

I 


Endocrine Sysbm 
Adrenal gland 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytomabenign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 

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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

0 0 0 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

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

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


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

+ M + + + + + + + + + + + + M + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

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

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

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


X X 

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

x x  X X 


X X X x x  X X X 

x x  X X X 


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

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

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

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


X X 

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


~ ~ ~~~ 

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


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


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


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


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

M M + + + + + + + + M + + + M + + M M + M + + + +  
+ + " + I  + + + + + + + + I  M + + M + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


TO'otal 

Tissues/ 
Tumors 

49 

40 

47 

47 

46 

45 

48 

46 

48 

46 

2 


50  

10 

1 


15 

11 

8 


49 

49 

48 

48 

2 


46 


50 


49 

49 

49 

1 


49 

38 

42 

49 
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TABLEC2 
Individual Animal Tumor Pathology of Male Mice in the 2-YearGavage Study of Coumarin: Vehicle Control 
(continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
Tissue NOS 

Genital System 
Epididymis 

Preputial gland 

Prostate 

Seminal vesicle 

Testes 


Intelstitial cel l ,  adenoma 

Hematopoietic System 
Bonemarrow 

Lymph node 

Lymph node,  mandibular 

Lymph node, mesenteric 

Spleen 

Thymus 


Integumentary System 
Mammaly gland 

Skin 


Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolarbronchiolar adenoma, multiple 
Alveolarbronchiolar carcinoma 
Carcinoma, metastatic 
Hepatocellular carcinoma, metastatic 

NOW2 
Trachea 

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

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

+ 

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

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

X 

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

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

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

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

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

x x x   x x  X 

X 

X 


X 

X 


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



Geneml B d y  S p C m  
Tissue NOS 

Genital System 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

Interstitial cel l ,  adenoma 

WemaQopieaicS J W ~  
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

Integumentary System 
Mammary gland 

Skin 


Nervous System 
Brain 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar adenoma, multiple 
Ahreolarbronchiolar carcinoma 
Carcinoma, metastatic 
Hepatocellular carcinoma, metastatic 

Nose 

Trachea 


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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

0 0 0 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4  


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

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


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

+ + + +  + + + + + +  

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


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


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

X X 


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


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

+ + + + M + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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


M M M M M M M M M M M M M M M M M M M M M M M + M  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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


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


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

X x X X X X 


X 


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


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


Total 
Tissues/ 
Tumors 

1 


49 

16 

49 

49 

49 

3 


49 

49 ,

48 

49 

49 

47 


1 

49 


49 


49 


50 

12 

2 

1 

1 

1 


49 

49 
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TABLEC2 
Individuan Animal Tumor Pathology of Male Mice in the 2-YearGavage Study of.Coumarin:  Vehicle Control 
(continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye 
Harderian gland 

Adenoma 
Lacrimal gland 

Urinary System 
Kidney 

Renal tubule, adenoma 
Urinary bladder 

Systemic Lesions 
Multiple organs 

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

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

+ + 
+ . + 
X X 

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

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

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




I 

~ ~~~ 

Special Senses System 

Eye 
Harderian gland 

Adenoma 
Lacrimal gland 

Kidney
I Renal tubule, adenoma 

Urinary bladder 

Systemic Lesions 
Multiple organs i

I 

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

+ 
X 

M 


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


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


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


~~~ 

Total 
Tissues/ 
Tumors 

49 
1 
49 

: 
i~ 

50 
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TABLEC2 
Individual Animal Tumor Pathology of Male Mice in  the 2-YearGavage Study of Coumarin: 50 mg/kg 

Number of Days on Study 

CarcassIDNumber 

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

Adenocarcinoma 

Adenoma 


Liver 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery 

Pancreas 

Salivary glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 
Squamous ce l l carcinoma 

Stomach, glandular 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 

Thyroid gland 


C-cell, adenoma 

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

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

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

+ A + + + + + + + + I + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

A A A + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

x x x  x x 

X X x x  
x x  x x x  x x x x x  

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

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

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

X X X X 

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

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


+ + A + + + + + + + + + + + + + + + + + + + + + +  
+ + A + + + + + + + + + + + + + + + + + + + + + +  
+ + A + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

+ + + + + M M + + + M M + + + I + M + + + + + + +  
A + + + + + + + + + + + M + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 
C-cell, carcinoma X 



Alimentary System 
Esophagus 

Gallbladder 

Intestine large 

Intestine large, cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small 

Intestine small, duodenum 

Intestine small, ileum 

Intestine small, jejunum 


Adenocarcinoma 

Adenoma 


Liver 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple

Mesentery 

Pancreas 

Salivary glands 

Stomach 

Stomach,forestomach 


Papillomasquamous 
Squamous c e l l  carcinoma 

Stomach, glandular 

Endacrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 

Islets, pancreatic 

Parathyroid gland 

Pituitary gland 

Thyroid gland 


C-cell, adenoma 

C - c e l l ,  carcinoma 


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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  


~~~~ ~ ~ ~ ~ ~ 

0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1  
8 1 2 2 2 3 7 8 0 1 1 1 1 2 2 3 3 7 8 9 0 1 3 3 3  Total 
9 8 1 7 8 5 9 5 2 0 4 5 6 0 3 0 1 7 6 4 4 2 7 8 9  Tissues/ 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Tumors 

+ + + + + + M + + + + + + + + + + + + + + + + + +  49 

+ + + + + + + + + + + + + + + + + + M + + + + + + 47 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  47 

X 1 


1 

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

x x  x x  x X 11 


X X X x x 9 

x x  x x X X X x x x 20
+ + 3 

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

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

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

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


X X X X 8 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


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


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


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


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


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

+ + + + + + + + + + + + + + M + + M + + + + + + M  41 

+ + + + + M + + + + + + + + + + + + M + + + + + +  46 

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


1 

1 
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TABLEC2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year,Gavage Study'ofCoumarin: 50 mg/kg 
(continued) 

5 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 7 7  
Number of Days on Study 3 0 0 2 2 2 2 2 2 2 2 2 2 2 , 2 2 2 2 2 2 2 2 3 3 3  

2 7 1 9 9 9 9 9 9 9 9 9 . 9 . 9 ' 9 9 9 9 9 9 9 9 0 0 0  

0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0  
Carcass ID Number 	 8 9 7 7 7 8 8 8 9 9 9 9 0 0 0 0 0 1 2 2 2 2 7 7 8  

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

General Body System 
None 

Genital System 
Epididymis . . . . . . . . . . . . . . . . . . . . . . . . .  
Preputial gland + + + + + + +  
Prostate . . . . . . . . . . . . . . . . . . . . . . . . .  

Seminal vesicle . . . . . . . . . . . . . . . . . . . . . . . . .  

Testes . . . . . . . . . . . . . . . . . . . . . . . . .  


Hematopoietic System 
Bone marrow . . . . . . . . . . . . . . . . . . . . . . . . .  
Lymph node . . . . . . . . . . . . . . . . . . . . . . . . .  

Lymph node, mandibular + + + + + M + + + + + + + + + + + + + + + + + + +  

Lymph node,  mesenteric + A + + + + + + + + + + + + + + + + + + + + + , , + +  

Spleen . . . . . . . . . . . . . . . . . . . . . . . . .  

Thymus + + I + + + + + + + + + M + + + + + M + + + + + +  


Integumentary System 
Mammary gland M M M M M M M M M M M M M M M M M M M M M + M M M  
Skin . . . . . . . . . . . . . . . . . . . . . . . . .  

Basal cell  adenoma 

Tail, neurofibroma X 


Musculoskeletal System 
Bone 	 . . . . . . . . . . . . . . . . . . . . . . . . . .  


Nervous System 
Brain 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Respiratory System 
Lung . . . . . . . . . . . . . . . . . . . . . . . . .  


Alveolarbronchiolar adenoma X x x  

Alveolarbronchiolar carcinoma 

Hepatocellular carcinoma, metastatic, 


liver 	 X 
NOX. 	 . . . . . . . . . . . . . . . . . . . . . . . . .  

Trachea 	 . . . . . . . . . . . . . . . . . . . . . . . . .  




Geneml aady Sysa@sm 
None 

Genital System 
Epididymis 
Preputial gland 
Prostate 
Seminal vesicle 
Testes 

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

Integumentary System 
Mammaly gland 
Skin 

Basal cell adenoma 

Tail, neurofibroma 


Musculoskelehl System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 

liver 
NOW 
Trachea 

7 7 7 , 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 . 3 . 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  

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

’ 8 1 2 2 2 3 7 8 0 1 1 1 1 2 2 3 3 7 8 9 0 1 3 3 3  

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


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

. , .  . 

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

+ + + +  + + + + +  + +  

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


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


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


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


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

+ + + + + + M + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

M M M + M M M M + M M M M M M M M M M M M M M M M  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 


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


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


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

x x  X X X 


X 


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


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


T O h l  

Tissues/ 
T’umOrS 

50 

18 

50 

50 

50 


50 

50 

48 

49 

50 

45 


3 

50 

1 

1 


50  


50 


50 

8 

1 


1 

50 

50  
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TABLEC2 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Harderian gland 

Adenoma 
Lacrimalgland 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphoma malignant lymphocytic 

of Male Mice in the 2-YearGavageStudy of Coumarin: 50 mskg 

5 6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
3 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3  
2 1 1 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 0 0 0  

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

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


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


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




h i o m s  inn MaleMice 

§ p i a l  Scns@s§yst@m 
Harderian gland 

Adenoma 
Lacrimal gland 

Urinary §'stem 
Kidney 
Urinary bladder 

§ystemic Lesions 
Multiple organs 

Lymphoma malignant lymphocytic 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4  

0 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 0 0 1 1 1 1 1  
8 1 2 2 2 3 7 8 0 1 1 1 1 2 2 3 3 7 8 9 0 1 3 3 3  

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

+ 
X + 

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


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


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

X X X 

T o h l  
Tissues/ 
TlsrnOE3 

1 

1 

1 


50 

50 


50 

3 
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TABLEC2 
Individual Animal Tumor Pathology 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 

Squamous cell  carcinoma, metastatic, 
stomach 


Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 
 , 

Intestine small 

Intestine small, duodenum 

Intestine small,  ileum 

Intestine small,  jejunum 

Liver 


Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Squamous cell carcinoma, metastatic, 
stomach 

Mesentery 
Squamous ce l l  carcinoma, metastatic, 
stomach 

Pancreas 
Squamous cell  carcinoma, metastatic, 
stomach 


Salivary glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 

Squamous cell  carcinoma 


Stomach, glandular 


Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 


Adenoma 

Adrenal gland, medulla 

Islets, pancreatic 


Adenoma 

Parathyroid gland 

Pituitary gland 

Thyroid gland 


Coumarin, NTP TR 422 

of Male Mice in the  2-Year Gavage Study of Coumarin: 100 mg/kg 

. . .  

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

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

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

X 
+ + A + + + + + + + + + + + + + + + + + + + + + +  
+ + A + + + + + + + + + + + + + + + + + + + + + +  
+ + A + + + + + + + + + + + + + + + + + + + + + +  
+ + A + + + + + + + + + + + + + + + + + + + + + +  
+ + A + + + + + + + + + + + + + + + + + + + + + +  
+ + A + + + + + + + + + + + + + + + + + + + + + +  
+ M A + + + + + + + + + + , + + + + + + + + + + + +  
+ + A + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  
X X X 

X 
X X x x  x  x  

x x  X x  x  

+ +  
X + 
X 

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


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

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

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

~~~ ~ 

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


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

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


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



Lesionas in Male Mice 

TABLE c 2  

~ l r m d ~ d M a n n  of ~ a n eice irm he 2 - ~ a r  ~ D PC O M ~ ~ O ~ ~ :nm m g / ~ 
/miman ~nnmor~ a n ~ t t m n o g y  ~ a v a g eSUM^^ 
(continued) 

Number of Days o w  Study 

Carcass I D N ” R r  

Alimentary SysEem
Esophagus 
Gallbladder 

Squamous cell carcinoma, metastatic, 
stomach 


Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 

Intestine small 

Intestine small,  duodenum 

Intestine small,  ileum 

Intestine small,  jejunum 

Liver 


Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Squamous cell carcinoma, metastatic, 
stomach 

Mesentery 
Squamous cell carcinoma, metastatic, 
stomach 

Pancreas 
Squamous cell carcinoma, metastatic, 

stomach 

Salivary glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 

Squamous cell carcinoma 


Stomach, glandular 


Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 


Adenoma 

Adrenal gland, medulla 

Islets, pancreatic 


Adenoma 

Parathyroid gland 

Pituitary gland 

Thyroidgland 


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

2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 4 4 4 4  


2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 2  

0 4 5 6 7 7 7 8 8 8 8 9 4 5 6 6 6 7 7 8 0 9 9 0 0  T O t d  


8 8 0 0 3 4 7 1 3 7 8 1 3 5 3 5 8 0 8 4 6 5 8 4 7  Tissues/ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Tumors 


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

+ + + + + + + M + M + + + + + + + + + + + + + + +  47 


1 

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

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

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

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

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


x x 5 

X X x x 5 

X x x X x x  12 


x x  x x x x x  x x x  x x 17 


1 

3 


1 

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


1 

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

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

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


X 2 

2 


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


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


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


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

1 


+ + + + + + + + + + + + + + + + + M + + + + + + +  48 

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


X X 3 

+ + + + M + + + + + + + + + + + + + + + + M + + +  45 

+ + + + M + M + M + + + + I + M + M + + + + + + +  40 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLEC;Z 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

General BodySystem 
None 

Genital System 
Epididymis 
Preputialgland 
Prostate 
Seminal vesicle 

Squamous cell carcinoma, metastatic, 
stomach 

Testes 

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

Integumentary System 
Mammarygland 
Skin 

MusculoskeletalSystem 
Bone 
Skeletal muscle 

Diaphragm, squamous c e l l  carcinoma, 
metastatic, stomach 

of Male Mice in the 2-YearGavage Study of Coumarin: 100 mgntg 

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

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

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

+ +  + +  + + 

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


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


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


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


. . . . . . . . . . . . . . . . . . . . . . . . . 
+ M + + + I + + + + + + + + + + + + + + + + + + +  
+ + + M + M + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

M M M + M M M M M M M M M M M M M M M M M M M M M  
. . . . . . . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . . . . . . .  
+ 
X 



General Bady System 
None 

Genital System 
Epididymis 

Preputialgland 

Prostate 

Seminal vesicle 


Squamous c e l l  carcinoma,metastatic, 
stomach 

Testes 

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

Ilntegymenhry System 
Mammarygland 
Skin 

b ' fMtXX"k~l@hlSJ'Shm 

Bone 
Skeletal muscle 

Diaphragm, squamous c e l l  carcinoma, 
metastatic, stomach 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 4 4 4 4  

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 2  
0 4 5 6 7 7 7 8 8 8 8 9 4 5 6 6 6 7 7 8 0 9 9 0 0  T O h l  

8 8 0 0 3 4 7 1 3 7 8 1 3 5 3 5 8 0 8 4 6 5 8 4 7  TiSSU& 

1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  Tumors 

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

+ + +  + + + + 13 

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


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


1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ + + + + + + + + + + + + + + M + + + + + + + + +  47 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

+ + + + + + + + + + + M + + + + + + + + + + + + +  44 

M M M M M M M M M M M M M + M M M M M M M + M M M  3 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


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

1 

1 
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TABLEC2 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

Nervous System 
Brain 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar adenoma, multiple 
Alvmlarbronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 

liver 

Nose 

Trachea 


Special Senses System 
Eye
Harderian gland 

Adenoma 

Urinary System 
Kidney 

Squamous c e l l  carcinoma, metastatic, 
stomach 

Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

of Male Mice in the 2-YearGavage Study of Coumarin: 100 mglkg 

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

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

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

x x  X x x x  x 

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


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


+ 
+ 
X 

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


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


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

X X 

X 
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Nervous System 
Brain 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar adenoma, multiple 
Alveolarbronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 

liver 
Nose 
Trachea 

Special Senses §ystem 
Eye 
Harderian gland 

Adenoma 

Urinary System 
Kidney 

Squamous c e l l  carcinoma, metastatic, 
stomach 

Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 0 0 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 3 3 3 4 4 4 4  

2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 2 2  
0 4 . 5 6 7 7 7 8 8 8 8 9 4 5 6 6 6 7 7 8 0 9 9 0 0  T O b l  

8 8 0 0 3 4 7 1 3 7 8 1 3 5 3 5 8 0 8 4 6 5 8 4 7  Tissues/ 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Tumons 

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

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
X X X x x 12 

X X 2 
XX 2 

X 1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

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

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 

. . . . . . . . . . . . . . . . . . . . . . . . .  50 
2 

X 1 
1 
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TABLEC2 
Individual Animal Tumor Pathology of 

Number o€ Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large,cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small 

Intestine small,
duodenum 

Intestine small, ileum 

Intestine small, jejunum 

Liver 

Hepatoblastoma 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic sarcoma 

Mesentery 

Pancreas 

Salivary glands 

Stomach 
Stomach, forestomach 

Stomach, glandular 


Cardiovascular System 
Heart 

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

Pheochromocytoma benign 


Islets, pancreatic 

Adenoma 


Parathyroid gland 

Pituitary gland 

Thyroid gland 

Follicularce l l , adenoma 

Coumarin, NTP TR 422 

Male Mice in the 2-YearGavage Study of Coumarin: 200 mgkg 

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

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

. . . . . . . . . . . . . . . . . . . . . . . . .  
A M + + + + A + A A A A A + + + + + + + + + + + +  
A A A + + A A + + + A + A + + + + + + + + + + + +  
A A A + + A A + + A A A A + + + + + + + + + + + +  
A A A + + A A + + + A A A + + + + + + + + + + + +  
A A A + + A A + + A A + A + + + + + M + + + + + +  
A A A + + A A + + A A A A + + + + + + + + + + + +  
A A A + + A A + + A A A A + + + + + + + + + + + +  
A A A + + A A + + A A A A + + + + + + + + + + + +  
A A A + + A A + + A A A A + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 
X x 

X x x  x  x  
X x x x  x X X 

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

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

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

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


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

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

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


M M M + + M + + + + + M M + M + + + + + + + + + +  
+ M M + + + + + + + + M M + + + M + M + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


.r
A 
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TABLE c 2  
~nd~ci~nnaan ~nnmorrpaallnoan= M ~ C C  in uhe %-year~ a v a g e~unnci~y m mh iman QI QI co~maahn:Z ~ W ,  
(continued) 

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

Number Qff 00 $olady 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  


9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 4 4 4 4  


2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

carcass JID Nuanher 6 6 7 7 7 7 7 1 1 3 3 4 4 5 5 5 2 2 2 3 4 6 2 3 4 8  Tohcal 


6 8 2 5 6 7 8 5 6 2 4 1 5 7 8 9 0 5 6 1 0 9 1 0 3 0  T~SSM& 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Tumors 


Alimemhry System 

Esophagus . . . . . . . . . . . . . . . . . . . . . . . . . .  51 

Gallbladder + + + + + + + + + + + + + + + + + + + + + + M + + +42 

Intestine large . . . . . . . . . . . . . . . . . . . . . . . . . .  44 

Intestine large,  cecum . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Intestine large,  colon . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

Intestine large,  rectum + + + + + + + + + M + + + + + + I + + + + + M + + +  39 

Intestine small . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Intestine small,  duodenum . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Intestine small,  ileum . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Intestine small, jejunum . . . . . . . . . . . . . . . . . . . . . . . . . .  42 

Liver . . . . . . . . . . . . . . . . . . . . . . . . . .  51 


Hepatoblastoma 1 

Hepatocellular carcinoma x 3 

Hepatocellular adenoma x x  x x  X X X X  13 

Hepatocellular adenoma, multiple x x  x x x x  X 14 

Histiocytic sarcoma x 1 


Mesentery + 3 

Pancreas . . . . . . . . . . . . . . . . . . . . . . . . . .  50 

Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . . .  51 

Stomach . . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Stomach, forestomach . . . . . . . . . . . . . . . . . . . . . . . . . .  47 

Stomach, glandular . . . . . . . . . . . . . . . . . . . . . . . . . .  44 


@8rdiOVlLSCMl~E'SJ'Skm 

Heart . . . . . . . . . . . . . . . . . . . . . . . . . .  51 


Endcrcrime System 
Adrenal gland . . . . . . . . . . . . . . . . . . . . . . . . . .  51 

Adrenal gland, cortex . . . . . . . . . . . . . . . . . . . . . . . . . .  51 

Adrenal gland, medulla . . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Pheochromocytoma benign X 1 

Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . . .  50 


Adenoma x x  2 

Parathyroid gland + + + + + + + + M + + + M + + + + I + + + M + + + +  40 

Pituitary gland + + + + + + + + + M I + + + I  + + M M + + + M + + +  39 

Thyroidgland . . . . . . . . . . . . . . . . . . . . . . . . . .  51 


Follicular cel l ,  adenoma x 2 
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TABLEC.2 
Individual Animal Tumor Pathology 
(continued:) 

Number of Days on Study 

Carcass 1D Number 

General Body System 
Tissue NOS 

Genital System 
Epididymis
Preputial gland
Prostate 
Seminal vesicle 
Testes 

Hematopoietic System 
Bone marrow 
Lymphnode 

Histiocytic sarcoma 

Lymphnode,mandibular 

Lymphnode,mesenteric 

Spleen


Histiocytic sarcoma 

Thymus 


Integumentary System 
Mammary gland
Skin 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung

Alveolarbronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple
Alveolar/bronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 
metastatic 

Nose 
Trachea 

of Male Mice in the 2-YearGavageStudy of Coumarin: 200 mglkg 

. . . 

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

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

+ 

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

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


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

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

+ + + + + + A + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . . .  


+ M + + M + + + + + + + + + + + + + + + + + + + +  
+ + + + + + + + + + A + A + + + + + + + + + + . + +  
+ + + + + + A + + + + + + + + + + + + + + + + + +  

+ + M + M + I  M + + + A + I  + + I  M + + I  + + + +  

M M M M M M M M M M M M M M + M M M M M M M M M M  
. . . . . . . . . . . . . . . . . . . . . . . . .  


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


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

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

x x x x  x x x xx x  
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I
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TABLE c z 

I IIUMUMCUM~Uh i m a n  ~ l l n m m a p r rpaahapnw of ~
 

(continued)
i

i 


NumPrer of Days on Sun"I
I 


General B d y  Syskm 

Tissue NOS 


I Genital Syskm 
EpididymisI Preputial gland 
Prostate1 
 Seminal vesicle 

i TestesI 

Wemetopietic System 


Bone marrow 

Lymph node 


Histiocytic sarcoma 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 

Histiocytic sarcoma 
Thymus 

Integumentary System 

Mammary gland 

Skin 


I 


Musculoskeletal System 

Bone 


NeWoMS SySkm 

Brain 


R@spimtorySyskm 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar multipleadenoma, 
Alveolarbronchiolar carcinoma 
Hepatocellular carcinoma, metastatic, 

metastatic 
Nose 
Trachea 

a ~ saudg. apf C Q U ~ ~ I I I ~ ~ :ice ine allne z-glmrr ~ a v a g e  

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

2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 4 4 4 4  


2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

6 6 7 7 7 7 7 1 1 3 3 4 4 5 5 5 2 2 2 3 4 6 2 3 4 8  Total 

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Tumors 


1 


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

+ + + + + + 9 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

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


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


. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

x 1 


+ + + + M + + M + + + + + + + + + + + + + + + + M + 46 

+ + + + + + + + + + + + + + + + + + + + + + + M + + 48 

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


x 1 

+ + + + M + + + + + + + + + + + + + + + + + + + + + 41 


M M M M M M M M M M M M M + M M M M M M + M M M M M  3 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 


~ ~-~ 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 


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


. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

X x x  X x x  X X X  19 


X X X 5 

X 1 


1 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

. . . . . . . . . . . . . . . . . . . . . . . . . .  51 
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TABLEC2 
Individual Animal Tumor Pathology of Male Mice in the 2-Year Gavage Study of Coumarin 200 mg/kg 
(continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
None 

Urinary System 
Kidney 
Urethra 
Urinary bladder 

Systemic Lesions 
Multiple organs ' 

Histiocytic sarcoma 
Lymphoma malignant 
Lymphoma malignant histiocytic 

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

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

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

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

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


X 
X 



I L a i o ~ sin Male Mice 

Special Senses System 
None 

UrinaPy System 
Kidney 
Urethra 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant 
Lymphoma malignant histiocytic 

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

2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0 3 3 3 3 3 3 4 4 4 4  


2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

6 6 7 7 7 7 7 1 1 3 3 4 4 5 5 5 2 2 2 3 4 6 ' 2 3 4 8  Total 

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l  TMmOR3 


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

1 


. . . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . . .  51 

x 1 


1 

X 2 
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TABLEC:3 
Statistical Analysis of Primary Neoplasms in Male Mice in the 2-YearGavage Study of Coumarin 

HarderianGland:Adenoma 
Overall ratesa 
Adjusted ratesb 
Terminalrates' 
Firstincidencedays6 )Life table tests 
Logistic regression testsd 
Cochran-Annita e testd 5Fisher exact test 

Liver: Hepatocellular Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Liver: Hepatocellular Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
Firstincidence(days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall rates 
Adjustedrates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Liver:Hepatoblastoma 
Overall rates 
Adjustedrates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Vehicle Control 

3/50 (6%) 
6.7% 
2/43 (5%) 
680 
P=0.091N 
P=0.071N 
P=0.071N 

26/50 (52%) 
56.5% 
23/43 (53%) 
680 
P=O.155 
P=0.519N 
P=0.519N 

11/50 (22%) 
23.6% 
8/43 (19%) 
541 
P=0.018N 
P=0.003N 
P=0.006N 

35/50 (70%) 
71.4% 
29/43 (67%) 
541 
P=0.483N 
P=0.080N 
P =0.080N 

0/50 (0%) 
0.0% 
0/43 (0%)
-
P=O.1% 
P=O.299 
P=O.248 

50 mgFg 

1/50 (2%) 
2.1% 
1/47 (2%) 
729 (T>
P=0.280N 
P=0.305N 

P=0.309N 

29/50 (58%) 
59.2% 
27/47 (57%) 
607 
P=O.526 
P=O.344 

P=O.344 

11/50 (22%) 
22.0% 
8/47 (17%) 
532 
P=0.520N 
P=O.505 

P=0.595N 

34/50 (68%)
68.0% 
31/47 (66%) 
532 
P=0.302N 
P=0.500N 

P=0.500N 

O b 0  (0%) 
0.0% 
0/47 (0%)
-
-f 

-

-

100 mg/kg 

1/50 (2%) 

2.3% 

0/42 (0%) 

723 

P=0.320N 

P=0.305N 


P=0.309N 

29/50 (58%) 
67.4% 
28/42 (67%) 
567 
P=O.293 
P=O.344 

P=O.344 

5/50 (10%) 
11.6% 
4/42 (10%) 
636 
P=0.109N 
P=0.099N 

P=0.086N 

31/50 (62%) 
70.4% 
29/42 (69%) 
567 
P=0.346N 
P=0.263N 

P=0.263N 

5/50 (10%) 
11.3% 
4/42 (10%) 
1 
P =0.033 

P=O.o60 


P=0.028 

200 mg/kg 

0/51 (0%) 

0.0% 

0/37 (0%)
-e 

P=0.150N 

P=0.117N 


P=0.118N 

27/51 (53%) 
64.0% 
22/37 (59%) 
476 
P=O.231 
P=O.542 

P=O.542 

3/51 (6%) 
7.5% 
2/37 (5%) 
558 
P=0.045N 

P=O.OllN 


P=0.019N 

29/51 (57%) 
67.2% 
23/37 (62%) 
476 
P =0.470N 
P=O.l22N 

P=0.122N 

1/51 (2%) 
2.7% 
1/37 (3%) 
729 ( T )
P =0.470 
P=O.470 

P=O.505 
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Life table tests 
Firstincidence(days) 
Terminal rates 
Adjusted rates 
Overall rates 
Livec Wepataccllanlar Carcinoma or Wepatoblastoma 

P=O.O34N 
541 
8/43 (19%) 
23.6% 
11/50 (22%) 

P=O.52ON 
532 
8/47 (17%) 
22.0% 
11/50 (22%) 

P=0.438N 
1 
7/42 (17%) 
20.2% 
9/50 (18%) 

7.5% 
3/51 (6%) 

P=0.045N 
558
2/37 (5%) 

Fisher exact test 
Cochran-Armitage test 
Logistic regression tests 

P=0.012N 
P=O.WN P=O.505 

P=0.595N 

P=0.347N 

P=0.402N 

P=O.OllN 

P=0.019N 

Lung: .4Jvmolaribknchiolar Adenoma 
Overall rates 14/50 (28%) 8/50 (16%) 14/50 (28%) 24/51 (47%) 

Life table tests 
First incidence (days) 
Terminal rates 
Adjusted rates 

P<O.O01 
653 
10/43 (23%) 
29.7% 

8/47 (17%) 
17.0% 

P=0.087N 
729 ( T )  

14/42 (33%) 
33.3% 

P=O.549 
729 (V 

20/37 (54%) 
58.3% 

P=O.O12 
558 

Fisher exact test 
Cochran-Armitage t a t  
Logisticregressiontests 

P=O.o04 
P=O.W 

P=0.114N 

P-0.114N 

P=0.588N 

P=0.588N P=O.O38 

P=O.O38 

Lung Alvmlarfimnchiolar Carcinoma 

Terminal rates 
Adjusted rates 
Overall rates 

0/43 (0%) 
2.2% 
1/50 (2%) 1/50 (2%) 

1/47 (2%) 
2.1% 

2/42 (5%) 
4.8% 
2/50 (4%) 1/51 (2%) 

1/37 (3%) 
2.7% 

Lifetabletests 
First incidence (days) 

P=O.530 
716 

P=0.746N
729(T) 

P=0.489
7290)  

P=O.722 
7 2 9 m  

Logisticregression tats P=O.579 P=O.619 P=0.332 P=0.758N 

Fisher exact test 
Cochran-Armitage test P=O.597 

P-0.753N P=O.500 P=0.748N 

Lung: Alvmlarfimnchiolar Adenoma or Carcinoma 

Adjusted rates 
Overall rates 

29.7% 
14/50 (28%) 

19.1% 
9/50 (18%) 15/50 (30%) 

35.7% 60.8% 
25/51 (49%) 

Terminalrates 10/43 (23%) 9/47 (19%) 15/42 (36%) 21/37 (57%) 

Life table tests 
First incidence (days) 

P<O.Ol 
653 

P=0.131N 
729 (T )  

P=O.463 
729 ( T )  

P=O.O07 
558 

Cochran-Armitage test 
Logisticregressiontests 

P=O.O03 
P=O.O03 P=0.171N P=0.500N P=O.O25 

Fisher exact test P=0.171N P=O.500 P=O.O24 

Pancreatic Islets: Adenoma 

Life table tests 
First incidence (days) 
Terminal rates 
Adjusted rates 
Overall rates 

0/43 (0%) 
0.0% 
0/49 (0%) 

P=O.M7 
- -

0/47 (0%) 
0.0% 
O b 0  (0%) 

-

3/42 (7%) 
7.1%
3/50 (6%) 

P=O.117 
729 (T)  

2/37 (5%) 
5.4% 
2/50 (4%) 

P=O.206 
729 (T )  

Logisticregressiontests P=O.Q67 - P=O.117 P=O.206 

Fisher exact test 
Cochran-Armitage test P=O.o99 

- P=O.125 P=O.253 
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TABLEC3 

Statistical Analysis of Primary Neoplasms in Male Mice in the 2-YearGavage Study of Coumarin (continued) 


Vehicle 50 m& 200 m&Control 100 m& 

Stomach (Forestomach): Squamous Cell  Papilloma 

Overallrates 2/50 (4%) 8/50 (16%) 2/50 (4%) 0/51 (0%) 

Adjusted r a t e s 4.7% 17.0% 4.8% 0.0% 

rates 

rates 

Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Stomach (Forestomach): Squamous Cell  Carcinoma 
Overall rates 
Adjusted rates 
Terminalrates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Stomach (Forestomach): Squamous Cell  Papilloma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Testes: Adenoma 
Overall rates 
Adjusted rates 
Terminalrates 
Firstincidence(days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 

Fisher exact test 

AllOrgans: Malignant Lymphoma  and Histiocytic Sarcoma 
Overall 
Adjusted rates 
Terminal 
First incidence (days) 
Life tests 
Logistic testsregression 

test Cochran-Armitage 
Fisher test 

2/43 (5%) 
729 ( T )
P=0.078N 
P=0.051N 
P=O.OSlN 

0/50 (0%) 
0.0% 
0/43 (0%) 
-
P=0.638N 
P=0.289N 
P-0.611N 

2/50 (4%) 
4.7% 
2/43 (5%) 
729 (13
P=0.100N 
P=0.042N 
P=0.064N 

3/49 (6%) 
7.0% 
3/43 (7%) 
729 (TI
P=0.054N 
P=O.O46N 
P=O.O46N 

8/47 (17%) 
729 (r)
P=O.o64 
P=O.o48 

P=O.O46 

1/50 (2%) 
2.1% 
1/47 (2%) 
729(T)
P=O.518 
P=O.518 

P=O.500 

9/50 (18%) 
19.1% 
9/47 (19%) 
729 ( T )
P=O.O39 
P=O.O39 

P=O.O26 

0/50 (0%) 
0.0% 
0/47 (0%)-
P=0.106N 
P=0.117N 

P-0.117N 

0/50 (0%) 3/50 (6%) 
0.0% 6.4% 
0/43 (0%) 3/47 (6%) 
- 729 Q

P=O.138 P=O.O47 
P=O.121P=0.083 

P ~ 0 . 0 8 3  
P=O.121 

or Squamous Cell  Carcinoma 

2/42 (5%) 
729 (T) 
P-0.686 
P=O.695 

P=0.691N 

2/50 (4%) 
4.1% 
Ot42 (0%) 
1 
P=O.235 -
P=O.247 

4/50 (8%) 
8.7% 
2/42 (5%) 
1 
P =0.329 
P=O.686 

P=O.339 

0150 (0%) 
0.0% 
0/42 (0%)-
P=0.125N 
P=0.117N 

P=0.117N 

4/50 (8%) 
9.2% 
3/42 (7%) 
567 
P=O.062 
P=O.O63 

P=O.O59 

0/37 (0%) 
-
P=O.272N 
P=0.233N 

P=0.243N 

0/51 (0%) 
0.0% 
OB7 (0%) 

0/51 (0%) 
0.0% 
OB7 (0%) 
-
P=O.WZN 
P=0.272N 

P =0.243N 

Ot50 (0%) 
0.0% 
0/37 (0%) 

P=0.117N 

4/51 (8%) 
10.5% 
3/37 (8%) 
712 
P=O.O47 
P-0.066 

P=O.o61 



2Q1 

Overall rates 0/50 (0%) 3/50 (6%) 4/50 (8%) 3/51 (6%) 
Adjusted rates 0.0% 6.4% 9.2% 7.9% 
Terminal rates 0/43 (0%) 3/47 (6%) 3/42 (7%) 2r37 (5%) 
First incidence (days) - 729 (T) 567 712 
Life table tests P=O.111 P=O.138 P=0.062 P=O.O97 
Logistic regression tests P=O.175 P = O . 1 3 8  P=O.117 P=O.116 
Cochran-Amitage test P=O.169 
Fisher exact test P=O.121 P=O.O59 P=O.125 

A I 1  Organs: Benign Neoplasms 
Overall rates 38/50 (76%) 38/50 (76%) 36/50 (72%) 39/51 (76%) 
Adjusted rates 79.2% 77.6% 81.8% 86.6% 
Terminal rates 33/43 (77%) 36/47 (77%) 34/42 (81%) 31B7 (84%) 
First incidence (days) 653 607 567 476 
Life table  tests P=O.O56 P=0.324N P=0.500N P=O.137 
Logistic regression tests P=O.208 P=0.592N P=O.418 P=O.285 
Cochran-Armitage test PtO.541 
Fisher exact test P=0.592N P=0.410N P=O.570 

A I 1  Organs: Malignant Nmplasms 
Overall rates 15/50 (30%) 14/50 (28%) 16/50 (32%) 8/51 (16%) 
Adjusted rates 31.1% 28.0% 34.6% 20.2% 
Terminal rates 10/43 (23%) 11/47 (23%) 12/42 (29%) 6/37 (16%) 
First incidence (days) 541 532 1 558 
Life table  tests P=0.174N P=0.416N P=O.458 P=0.164N 
Logistic regression tests P=O.061N P=O.SOON P=0.5ON P=0,070N 
Cochran-Armitage test P=0.061N 
Fisher exact test P=0.500N P=O.500 P=O.M9N 

hbll Ogans: Benign or Malignant Neoplasms 
Overall rates 42/50 (84%) 42/50 (84%) 42/50 (84%) 40/51 (78%) 
Adjusted rates 85.7% 84.0% 89.3% 88.8% 
Terminal r a t e s  36/43 (84%) 39/47 (83%) 37/42 (88%) 32/37 (86%) 
First incidence (days) 541 532 1 476 
Life table tests P=O.140 P=0.297N P=O.486 P=O.278 
Logistic regression tests P=0.474N P=O.572 P=O.517 P=O.589 
Cochran-Armitage test P=0.251N 
Fisher exact test P=0.607N P=0.607N P=0.323N 

Terminal sacrifice 
Number of neoplasm-bearing  animals/number of animals examined. Denominator is number o f  animals examined microscopically for  adrenal 
gland, bone marrow, brain, epididymis, gallbladder, heart, kidney, larynx, liver, lung, nose, pancreas,  parathyroid gland, pituitary gland, preputial 
gland, prostate gland, salivary gland,  spleen, testes, thyroid gland, and urinary bladder; for  other tissues, denominator is number o f  animals 
necropsied. 
Kaplan-Meier estimated neoplasm incidence  at the end of the study after  adjustment for intercurrent mortality 
Obselved incidence at terminal kill 
Beneath the control incidence are the P values associated with the  trend test. Beneath the dosed group incidence are the P values 
corresponding to paimise comparisons between the  controls and that dosed group. The life table analysis regards  neoplasms in animals dying 
prior to terminal kill as being (directly or indirectly) the  cause of death.  The logistic regression tes t s  regard these lesions as nonfatal. The 
Cochran-Amitage and Fisher exact tests  compare directly the overall incidence rates, For all tests, a negative trend or a lower incidence in a 
dose group is indicated by W. 

e 	 Not applicable; no neoplasms in animal group 
Value of statistic  cannot be computed 
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TABLEC4a 
Historical Incidenceof Alveolar/Bronchiolar Neoplasms in Male B6C3Fl Mice Receiving CornbyOilGavagea 

Incidence in Controls 

Adenoma CarcinomaAdenoma or 
Carcinoma 

Overall Historical Incidence 

Total 141/900 (15.7%) 341900 (3.8%) 1661900(18.4%)
Standard deviation 5.7% 3.6% 5.9% 
Range 4%-28% 00/0-12% 6%-28% 

a Data as o f  17 December 1991. 

TABLEC4b 
Historical Incidence of LiverNeoplasms in Male B6C3F, Mice Receiving Corn Oil by Gavagea 

Incidencein Controls 
HepatoblastomaHepatocellular Hepatocellular Hepatocellular 

AdenomaCarcinomaAdenoma 
or Carcinoma 

Overall Historical Incidence 

Total 2/901 (0.2%) 249/901155I901(17.2%)(41.1%)(27.6%)3701901 
Standard deviation 0.7% 5.8% 15.0%15.5%. 

Range 00/02% 4%-58% 8%-32% 140/0-72% 

~~ 

a Data as o f  17 December 1991. 

TABLEC4c 
Historical Incidence of Forestomach Neoplasms in Male B6C3Fl Mice Receiving Corn Oil by Gavagea 

Overall Historical Incidence 

Total 

Standard deviation 

Range 


a Data as o f  17 December 1991. 

Incidence in Controls 

SquamousCell Squamous Cell Squamous Cell Papilloma 
PapillomaCarcinoma or Squamous Cell 

Carcinoma 

27I902 (3.0%) 4/902 (0.4%) 311902 (3.4%) 
3.4% 0.9% 3.6% 

0%-14% 0%-2% 0%-14% 
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Vehicle Control 

Animals initially in study 
DispositionSummary 

Natural deaths 
Moribund 
Accidental deaths 

Early deaths 

Terminal sacrifice 

15" ,6#rim ebq&aimb 

Survivors 

20 
70 

5 
1 
1 

43 

20 
70 

47 

3 

20 
70 

1 
6 
1 

42 

19 
70 

37 

11 
3 

Animals examined microscopically 60 60 60 60 

Intestine small, ileum 
Alimentary System 
l5-Monfh hterim Bvduatwn 

Liver 

Intestine small, jejunum 

Clear cell focus 

Lymphoid tissue, hyperplasia, lymphoid 

Lymphoid tissue, inflammation, suppurative 

Centrilobular,hypertrophy 
Vacuolization cytoplasmic 
Syncytial alteration 
Fatty change 

Infiltration cellular, lymphocyte 
Salivary glands 

Mineralization 
Infiltration cellular, lymphocyte 

Stomach, glandular 

4 (67%) 
3 (50%) 

(1)
1(100%) 

(9) 

(9) 

(9) 

1(11%) 
9 (100%) 

2 (22%) 

8 (89%) 

(9) 

(9)
4 (44%) 

1 (11%) 

None 
Cardiovascular System 

Adrenal gland 
Endocrine System 

Spindle cell, hyperplasia 
(10)

3 (30%) 
(8)

1 (13%) 

None 
General Body System 

Genital System 

Prostate 

Preputial gland 

Epididymis 

Infiltration cellular, lymphocyte 

Duct, dilatation 

Infiltration cellular, lymphocyte 
(10)

1(10%) 

(10)
2 (20%) 

(3) 
3 (100%) 

(9)
1(11%) 
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TABLEC5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Gavage  Study of Coumarin (continued) 

Vehicle Control s m g n t g  100 mgntg 200 mgkg 

15-Month Interim Evaluation (continued) 
Hematopoietic System 
None 

Integumentary System 
Skin 

Alopecia 
Hemorrhage 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Lung 

Bronchiole, dilatation, focal 

Special Senses System 
Eye

Inflammation, diffuse, chronic 
Retrobulbar, infiltration cellular,  lymphocyte, 

focal 

Urinary System 
Kidney 

Nephropathy 
Pelvis, infiltration  cellular, lymphocyte 

Urinary bladder 
Infiltration cellular, lymphocyte 

2-Year Study 
Alimentary System 
Esophagus 

Periesophageal tissue, edema 
Intestine large,  cecum 

Hyperplasia, lymphoid 
Inflammation, chronic 
Necrosis, coagulative 

Intestine large,  colon 
Inflammation, chronic 

Intestine small,  ileum 
Hemorrhage 
Hyperplasia, lymphoid 
Lymphoid tissue,  inflammation, suppurative 

(10)
2 (20%) 

(1)
1 (100%) 

(1)
1 (100%) 

(9) 

1 (11%) 

(1)
1 (100%) 

(1) (1)
1 (100%) 

1 (100%) 

(10) (9)
1 (11%) 

5 (50%) 2 (22%) 

2 (20%)
(10) 

4 (44%) 
(9) 

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

(47) 
3 (6%) 

(47) (49) 
5 (10%) 

(46) (50 )  

(48)
1 (2%) 

(47) 

1 (2%) 
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2 - y ~ ~ (continued)S t d ~  
Alimentary System (continued) 
Liver 

Angiectasis 
Basophilic focus 
Clear cell focus 
Congestion 
Developmentalmalformation 
Eosinophilic focus 
Fatty change 
Inflammation, suppurative 
Mixed c e l l  focus 
Necrosis, coagulative 
Syncytial alteration 
Vacuolization cytoplasmic 
Centrilobular, hypertrophy 

Mesentery 
Inflammation, granulomatous 
Fat,  hemorrhage 
Fat, inflammation,  chronic 
Fat, inflammation,  suppurative 
Fat, necrosis, coagulative 
Fat, necrosis,  liquifactive 

Pancreas 
Atrophy 
Degeneration
Infiltration cellular, lymphocyte 
Inflammation, granulomatous 
Necrosis, coagulative 
Polyarteritis 

Salivary glands 
Infiltrationcellular,lymphocyte 

Stomach,forestomach 
Hemorrhage 
Hyperkeratosis 
Hyperplasia, squamous 
Ulcer 

Stomach, glandular 
Infiltrationcellular,lymphocyte 
Ulcer 

Cardiovascular System 
Hart 

Infiltration cellular, lymphocyte 
Inflammation, chronic 
Inflammation, chronic active 
Mineralization 

Endocrine System 
Adrenal gland 

Spindle cell, hyperplasia 

(50 )  

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

6 (12%) 

4 (8%) 
3 (6%) 

4 (8%) 
1 (2%) 

(8) 
1 (13%) 

2 (25%) 
1 (13%) 
4 (50%) 
2 (25%) 

(49) 

1 (2%) 

(49)
13 (27%) 

(48)
1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 

(46) 

1 (2%) 

(50) 
1 (2%) 

(49)
9 (18%) 

(50 )  

4 (8%) 
7 (14%) 

15 (30%) 

3 (6%) 
1 (2%) 
6 (12%) 

2 (4%) 

(3) 

2 (67%) 

(50 )
3 (6%) 

1 (2%) 

1 (2%) 
1 (2%) 

(50)
19 (38%) 

(49) 

2 (4%) 
3 (6%) 

(4) 

(50) 

1 (2%) 

(49) 
1 2  (24%) 

(50 )  

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

13 (26%) 

1 (2%) 
4 (8%) 

35 (70%) 
8 (16%) 

23 (46%) 
(3) 

1 (33%) 

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

(50) 
14 (28%) 

(49) 

3 (6%) 
1 (2%) 

(49) 

1 (2%) 

(50) 
1 (2%) 

(49) 
6 (12%) 

(51) 
2 (4%) 
3 (6%) 
9 (18%)
I (14%) 
1 (2%) 

15 (29%) 
1 (2%) 

1 (2%) 
8 (16%) 

47 (92%)
5 (10%) 

44 (86%) 
(3) 

1 (33%)
1 (33%) 

2 (67%) 

(50)
1 (2%) 

4 (8%) 

(51)
17 (33%) 

(47) 

(44)
1 (2%) 

(51)
1 (2%) 
1 (2%) 

4 (8%) 

(51)
9 (18%) 
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TABLEC5 

Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year  Gavage Study of Coumarin (continued) 


&Year study (continued) 
Endocrine System (continued) 
Adrenal gland, cortex 

Basophilic focus 
Clear c e l l  focus 
Cyst
Cytomegaly 
Cytoplasmic alteration 
Hypertrophy 

Islets, pancreatic 
Hyperplasia 

Pituitary gland 
Fibrosis 
Pars distalis, cyst 

Thyroid gland 
Infiltration cellular, lymphocyte 
Follicular cell, cyst 
Follicular cell, hyperplasia 
Follicular cell, hyperplasia, papillary 

GeneralBody System 
Tissue NOS 

Mediastinum, inflammation, suppurative 

Genital System 
Epididymis 

Granuloma 
Infiltration cellular, lymphocyte 
Inflammation, chronic 

Preputial gland 
Hyperplasia 
Inflammation, suppurative 
Duct, dilatation 

Prostate 
Infiltration cellular, lymphocyte 
Inflammation, suppurative 

Seminal vesicle 
Dilatation 
Fibrosis 
Inflammation, chronic 

Testes 
Atrophy 

Hematopoietic System 
Bone marrow 

Hyperplasia,neutrophil 
Lymphnode 

Deep cervical, hyperplasia, plasma cell 
Mediastinal,hyperplasia,lymphoid 

Lymphnode,mandibular 
Hyperplasia, lymphoid 

VehicleControl 

(49) 

3 (6%) 

1 (2%) 

1 (2%) 
(49)

1 (2%) 
(42) 

1 (2%) 
(49) 

1 (2%) 
2 (4%) 

(1)
1 (100%) 

(49) 

(16)
1 (6%) 
1 (6%) 

14 (88%) 
(49) 

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

(49)
1 (2%) 

(49) 

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

(48)
1 (2%) 

50 mSCkS 

(49) 

1 (2%) 

1 (2%) 
1 (2%) 

(50) 
3 (6%) 

(46)
1 (2%) 
1 (2%) 

(50) 
1 (2%) 
2 (4%) 
6 (12%) 

(50) 
1 (2%) 

(50) 

(50) 

(48) 

100 mg/kg 

(49) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 
1 (2%) 

(40) 

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

(13) 

1 (8%) 
12 (92%) 

(50)
1 (2%) 

(50) 
1 (2%) 

(50)
1 (2%) 

200 mgkg 

(51)
1 (2%) 
1 (2%) 

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

1 (2%) 
1 (2%) 

(9) 

7 (78%) 
(51)

2 (4%) 
1 (2%) 

(51) 
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I
I 

VehicleControlI
I
i 

2-&%2P .%Urdy (continued)i Wemetopietic System (continued) 
Lymphnode,mesenteric (49)

Congestion 2 (4%) 
Hemorrhage 1 (2%)i Hyperplasia, lymphoid 5 (10%)I Inflammation, granulomatous 1 (2%)I

i Inflammation, suppurative 2 (4%)! Spleen (49)i Amyloiddeposition 1 (2%)
Angiectasis 1 (2%)I Congestion 1 (2%)

i Developmentalmalformation 1 (2%)
Hematopoietic cell proliferation erythrocytic 4 (8%) 
Hyperplasia, lymphoid 4 (8%) 
Lymphocyte, atrophy 

Thymus (47)I Inflammation, suppurative 1 (2%) 
I 
I Integumenhry §ystem 

Skin (49)
Alopecia 1 (2%)
Inflammation, chronic active 1 (2%)
Ulcer 

MusculoskeletalSystem 
Bone (49)

Metacarpal,inflammation,chronic 1 (2%) 

NervousSystem 
Braini Meninges,fibrosisi

I
II RespiratorySystemj Lung (50)i Congestion 

Inflammation, suppurative 1 (2%)
Alveolar epithelium, hyperplasia 3 (6%) 
Alveolus,hemorrhage 
Bronchiole, epithelium, hyperplasia 
Bronchiole, epithelium, necrosis 
Pleura,inflammation,suppurative 

Nose (49)
Fungus 

Inflammation, suppurative 

Lumen, inflammation, suppurative 


SpecialSensesSystem 
None 

9m@% 

(49)
1 (2%) 

1 (2%) 

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

(45) 

(50)
4 (8%) 

(50) 

(50) 

1 (2%) 

2 (4%) 

(50) 

lQQ mgjkg 

(47) 
1 (2%) 

2 (4%) 

3 (6%) 

(44) 

(50)
1 (2%) 

(50) 

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

1 (2%) 
(50) 

20-0 mgjkg 

(48) 
3 (6%) 

2 (4%) 

2 (4%) 

(41) 

(51)
1 (2%)
1 (2%)
1 (2%) 

(51)
2 (4%) 
1 (2%)
5 (10%) 

1 (2%)
2 (4%) 

(51)
1 (2%)
1 (2%) 
4 (8%) 
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TABLEC5 
Summary of the Incidence of Nonneoplastic Lesions in Male Mice in the 2-Year Gavage Study of Coumarin (continued) 

2-Year Study (continued) 
Urinary System 
Kidney 

Ectopic tissue 
Fibrosis 
GlOmeNlWlerOSiS 
Infiltration cellular, lymphocyte 
Nephropathy 
Collecting tubule, necrosis, coagulative 
Cortex,cyst 
Cortex,cystmultilocular 
Glomerulus, inflammation, chronic 
Renal tubule, mineralization 
Renal tubule, necrosis, coagulative 
Renal tubule, pigmentation, hemosiderin 

Urethra 
Inflammation, chronic active 

Urinary bladder 
Hemorrhage 
Infiltration cellular, lymphocyte 
Inflammation, chronic 

~ 	 ~ ~~~ 

VehicleControl 50 mglkg 	 100 mgkg 200 mglkg 

(49) 	 (49) 
1 (2%) 

1 (2%) 
1 (2%) 1 (2%) 1 (2%) 
5 (10%) 4 (8%) 4 (8%) 5 (10%) 
8 (16%) 12  (24%) 8 (16%) 2 (4%) 

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

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


1 (2%) 


(49) 	 (50 )  (50) 

1 (2%) 


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

1 (2%) 


a Incidences are expressed  as the  ratio o f  animals with lesions to  the number o f  animalsexaminedmicroscopically at the site. 
O f  the animals designated for the 15-month interim evaluation, only 5-10 per dose group were examined microscopically. 
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TABLE Dn 

snnmmmmy IT the ~ m ~ e m e  ice inn u~lne2 - ~ m r  ~unndyof ~onnmma~nn~
OIT Nmpnasms in emma mane ~ a w g e  

Vehicle Control a m m  1 w  m& 2 w  m& 

Disposition Sumwrprg. 
Animals initially in  study 70 70 70 70 
IS" itufmba e b l " m b  18 20 19 19 
Early deaths 

Accidentaldeaths 4 1 2 
Moribund 8 6 5 8 
Natural deaths 7 5 3 13 

Sutvivots 
Terminalsacrifice 33 39 42 28 

Animalsexaminedmicroscopically 60 60 60 60 

d5-MOR&fh %kt&?& B V d U d O m  

Alimentary System 
Liver (8) (1) (2) (9) 

Hepatocellular adenoma 1 (13%) 

Cardiovascular System 
None 

Endocrine System 
None 

General Body System 
None 

Genital System 
None 

Wematopietic System 
None 

Integumentary System 
None 

bfMscUkkSk~~@~~SyShlIl 
None 

NePVOMS SyShm 
None 
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TABLED l  

Summary of the Incidence of Neoplasms in Female Mice in the 2-YearGavage Study of Coumarin (continued) 


Vehicle Control 50 mgncp 100 mentg 200 mgncp 

15-Mondh Interim Evaluation (continued) 
Respiratory System 
Lung (8)

Alveolarbronchiolar adenoma 

Special Senses System 
None 

Urinary System 
None 

2-Year Study 
Alimentary System 
Gallbladder 
Intestine large,  cecum 
Intestine small 
Intestine small,  ileum 
Intestine small,  jejunum 

Sarcoma 
Liver 

Alveolarbronchiolar carcinoma, metastatic 
Hemangiosarcoma 
Hepatoblastoma 
Hepatocellular carcinoma 3 (6%) 1 (2%) 
Hepatocellular adenoma 8 (16%) 20 (39%) 10 (20%) 
Hepatocellular adenoma,  multiple 9 (18%) 2 (4%) 
Histiaytic sarcoma 1(2%) 

Mesentery (7) (3) (4)
Histiocytic sarcoma 
Squamous cell carcinoma, metastatic, stomach 1(33%) 

Pancreas (48) 
Salivary glands (51)

Leiomyosarcoma, metastatic 
Stomach, forestomach (49)

Papilloma squamous 2 (4%) 
Squamous c e l l  carcinoma 1(2%) 

Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland (49)

Spindle cell, adenoma 
Adrenal gland, cortex (49)

Ahreolarbronchiolar carcinoma, metastatic 
Spindle cell, adenoma 

Adrenal gland, medulla (49)
Pheochromocytoma benign 2 (4%) 



Islets, pancreatic 
Endocpinne System (continued) 
~-YRw (continued) 

Pituitary gland 
Carcinoma 
Adenoma 

Follicular cel l ,  adenoma 
Bilateral, follicular cel l ,  carcinoma 

Pars distalis, adenoma
NeoplasmNOS 

Thyroid gland 

Posterior, fibrosarcoma 
Tissue NOS 
General Body Syshm 

(1)
1 (lull%) 

Genital System 

Histiocytic Sarcoma
Cystadenoma

ovary 

polyp 
Leiomyosarcoma
Histiocytic Sarcoma
Hemangioma 

Sarcoma stromal 
Sarcoma 

Uterus 

Wematopoietic S s S m  

Thymus
Spleen 

Lymph node,mesenteric
Lymphnode,mandibular 

Lymphnode 
Bone marrow 

Mediastinal, histiocytic Sarcoma 

Squamous cell carcinoma, metastatic, stomach 

Alveolarbronchiolar carcinoma, metastatic 
(43) 
(50) 

(45) 
(47) 

(49) 
(51) 

1 
Skin 
Pnteguwentcary ~ y s t e m  

Subcutaneous tissue, leiomyosarcoma
Hemangioma 
Fibrosarcoma 
Fibroma 

(51) 

1 (2%) 

1 (2%) 
1 (2%) 

(49) 

1 (2%) 

(51) 

1(2%) 

(51) 

I b n M S " k d @ h l  

Skeletal muscle 

Bone 

Leiomyosarcoma, metastatic 

Vertebra, osteosarcoma 
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TABLED l  

Summaly of the Incidence of,Neoplasms.in Female  Mice in the 2-YearGavage Study of Coumarin (continued) 


2-Year Study (continued) 
Nervous System 
Brain 

Meningiomamalignant 

Respiratory System 
Lung 

Aiveolarbronchiolar adenoma 
Ahreolarbronchiolar adenoma, multiple 
Ahreolarbronchiolar carcinoma 

NOX 

Special Senses System 
Harderian gland 

Adenoma 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs' 

Histiocytic Sarcoma 
Lymphomamalignant 
Lymphoma malignant histiocytic 
Lymphomamalignantlymphocytic 
Lymphomamalignant mixed 

Neoplasm Summary 
Total animals  with primary neoplasmsd 

15-Month interim  evaluation 
2-Year study 

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

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

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

Total animals  with malignant neoplasms 
2-Year study 

Total malignant  neoplasms 
2-Year study 

Vehicle Control 

(49) 

(51)
2 (4%) 

. 
(50) 

(1)
1 (100%) 

(52)
1 (2%) 
4 (8%) 
1 (2%) 

1 
25 

1 
33 

1 
20 

1 
23 

8 

10 

50 mgntg 

(49) 
5 (10%) 

. 
(50) 

(1)
1 (100%) 

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

6 (12%) 
3 (6%) 

41 

69 

33 

47 

19 

22 

100 mglkg 

(49) 
7 (14%) 

(51) 

(51) 

1 (2%) 

6 (12%) 
1 (2%) 

1 
36 

1 
65 

1 
33 

1 
50  

13 

14 

200 mglkg 

(51) 
15 (29%) 
5 (10%)
7 (14%) 

(50)  

(51) 

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

2 
34 

2 
56 

2 
26 

2 
39 

14 

17 



Neoplasm Slammay (continued) 
Total animals with metastatic neoplasms 

2-Year study 1 1 1 
Total metastatic neoplasms 

2-Year study 2 2 3 
Total animals with uncertain  neoplasms 

benign or malignant
2-Year study 1 

Total uncertain  neoplasms 
2-Year study 1 

Incidences are expressed as the  ratio of  animals with lesions t o  the number of  animals examined microscopically at  the site. 

Of the animals  designated for the 15-month  interim evaluation, only 5-10 per dose group were examined  microscopically.

Number o f  animals with any  tissue examined microscopically

Primaryneoplasms:allneoplasmsexceptmetastaticneoplasms 
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TABLEID2 
Individual Animal Tumor Pathology of Female Mice 'in the 2-YearGavage Study of Coumarin: Vehicle Control 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large,cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small,duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Liver 
Hepatocellular adenoma 
Histiocytic sarcoma 


Mesentery 

Pancreas 

Salivary glands 

Leiomyosarcoma, metastatic 

Stomach 
Stomach, forestomach 
Papilloma squamous 


Stomach, glandular 


Cardiovascular System 
Heart 

Endocrine System 
Adrenal gland 
Adrenal gland,cortex 
Adrenal gland, medulla 
Pheochromocytoma benign 

Islets, pancreatic 
Adenoma 


Parathyroid gland 

Pituitary gland 

Pars 	 distalis,adenoma 


Thyroid gland 

Bilateral, follicular
ce l l ,  carcinoma 

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

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

+ + + + + + + + + + + + + + A + + + + + + + + + + + +  
. 	 + A A A + + + + A + A + + + A A + A + + + + + + + + +  

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

.' A + + + A + + M A + + + + + A A + A + + + + + + + M +  
+ + A A A + + + A + A + + + A A + A + + + + + + + + +  

- + + A A A + + + A + A + + + A A + A + + + + + + + + +  
A A A M A + + I A + A + + + A M + A + + + + + + + + +  
A A A A A + + + A + A + + + A A + A + + + + + + + + +  
+ + + + + + + + A + + + + + A + + + + + + + + + + + +  

X X x x x  
X 

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

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

X 
' 	 + + A + + + + + A + M + + + A A + A + + + + + + + + +  

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

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

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

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

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

X 

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

Gallbladder 

Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large,  rectum 

Intestine small 

Intestine small, duodenum 

Intestine small,  ileum 

Intestine small,  jejunum 

Liver 


Hepatocellular adenoma 
Histiocytic sarcoma 


Mesentery 

Pancreas 

Salivary glands 


Leiomyosarcoma, metastatic 
Stomach 
Stomach, forestomach 

Papilloma squamous 

Stomach, glandular 


1Endm:rine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland,medulla 


Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 

Parathyroid gland 

Pituitary gland 


Pars distalis,  adenoma 
Thyroid gland 

Bilateral, follicular cell, carcinoma 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 i  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4  


3 3 3 3 3 3 3 3 3 2 2 3 3 3 2 2 2 2 2 2 3 3 3 3 3  

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

1 9 6 5 0 3 6 9 0 9 3 9 8 0 1 2 7 0 2 6 2 4 1 2 7  T~SSWS/ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Turnow 


+ + + + + + + + + + + + + + + + + + + + + + + + M  50 

M + + + + + + M + + + + + + + + + + + + M + + + +  41 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  42 

. . . . . . . . . . . . . . . . . . . . . . . . .  46 

+ + + M + + + + + + M + + + + + + + + + + + + + +  42 
. . . . . . . . . . . . . . . . . . . . . . . . .  44 

. . . . . . . . . . . . . . . . . . . . . . . . .  44 

. . . . . . . . . . . . . . . . . . . . . . . . .  41 
+ + + + + +  + + + + + + + + + + + + + + + + + +  41 

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


x x  X 8 

1 
+ + +  + 7 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  51 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


~ ~ ~~ ~ ~~~~~ 

. . . . . . . . . . . . . . . . . . . . . . . . .  51 


+ + + + + + + M + + + + + + + + + + + + + + + + +  49 

+ + + + + + + M + + + + + + + + + + + + + + + + +  49 

+ + + + + + + M + + + + + + + + + + + + + + + + +  49 


x X 2 

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


1 

+ + + + + + + + + + M M + M + + I + M + + + + + +  35 

+ + + + + + + + I + + + + + + + + + + + M + + + +  45 


A 4 

+ + + + + + + + + + + + + + + + + + I + + + + + +  47 


1 
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TABLED2 
Individual Animal Tumor Pathology of Female Mice in the 2-YearGavageStudy of Coumarin: Vehicle Control 
(continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
None 

Genital System 
m a l y 


Cystadenoma

Uterus 


Hemangioma

Leiomyosarcoma


Vagina 


Hematopoietic System 
Bonemarrow 

Lymphnode 

Lymph node, mandibular 

Lymphnode,mesenteric 

Spleen 

Thymus 

Integumentary System 
Mammaxygland
Skin 

Fibroma 
Fibrosarcoma 
Subcutaneous tissue, leiomyosarcoma 

Musculoskeletal System 
Bone 

Skeletalmuscle 
 ' ' 

Leiomyosarcoma, metastatic 

Nervous System 
Brain 

Respiratory System 
Lung

AIveolarbronchiolar adenoma 
NO% 
Trachea 

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

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

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

X 

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

X + 

+ + + + + + + + + + + + + + A + + + + + + + + + + + +  
+ + + A + + + + + + + + + + M A + + + + + + + + + + +  
M + + M + M + + + + + + + + M A + + + + + + + + + + +  
+ + + A + + M M M + + + + + M A + A + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + + A + + + + + + + I + + A A M + + + + + M + + + +  

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

X 
x 

X 

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

+ 
X 

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

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

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


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




I 

General B d y  system 

None 


~~~~~~~~~ 

Genital System 

ovary


Cystadenoma 

Uterus 


Hemangioma 

Leiomyosarcoma 


Vagina 


Wemrabpietic system 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 
Thymus 

Untegumenhry System 

Mammary gland 

Skin 


Fibroma 
Fibrosarcoma 
Subcutaneous tissue, leiomyosarcoma 

IW~S"Ereletd System 

Bone 

Skeletal muscle 


Leiomyosarcoma, metastatic 

Nervous System 

Brain 


RapimuQy System 

Lung 


Alveolar/bronchiolar adenoma 
Nose 
Trachea 

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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 2 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4  


3 3 3 3 3 3 3 3 3 2 2 3 3 3 2 2 2 2 2 2 3 3 3 3 3  

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

1 9 6 5 0 3 6 9 0 9 3 9 8 0 1 2 7 0 2 6 2 4 1 2 7  '&sues/ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l  T M m O l X  


. . . . . . . . . . . . . . . . . . . . . . . . .  51 

x 2 


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

x 1 


1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  51 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 


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

+ + + + + + I  M + + + + + + + + + + + + M + + + + 43 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  51 

1 

1 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  52 

+ 	 2 


1 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  51 

x 	 2 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  50 
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TABLEID2 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye
Harderian gland 

Adenoma 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant 
Lymphoma malignant histiocytic 

of Female Mice in the 2-YearGavageStudy of Coumarin: Vehicle Control 

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

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

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

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

X 

x x  X X 



UJr i ra rPry  system 
Kidney 

Urinary bladder 


systemic !hSioans 
Multiple organs 

Histiocytic Sarcoma 
Lymphoma malignant 
Lymphoma malignant histiocytic , 

3 3 3 3 3 3 3 3 3 2 2 3 3 3 2 2 2 2 2 2 3 3 3 3 3  
1 1 2 3 4 4 4 4 5 8 9 0 1 2 8 8 8 9 9 9 0 0 2 3 4  Total 
1 9 6 5 0 3 6 9 0 9 3 9 8 0 1 2 7 0 2 6 2 4 1 2 7  Tissues/ 
1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  Tumors 

+ + 
X 

+ + + + + + + + A + + + + + A + + + + + + + + + +  50 
A + A A + + + + A + + + + M A + + + + + + + + + +  45 

. . . . . . . . . . . . . . . . . . . . . . . . .  52 
1 
4 

X 1 
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TABLED2 
Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Coumarin: 50 mgkg 

4 5 6 6 6 6 6 6 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
Number of Days on Study 9 9 2 3 3 7 7 8 1 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3  

5 3 2 5 5 0 3 3 5 2 9 9 9 9 9 9 9 9 9 9 9 0 2 2 2  

3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3  
Carcass IID Number 	 9 6 8 8 0 6 7 7 5 5 6 6 7 7 8 8 9 9 9 0 1 5 6 7 9  

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

Alimentary System 
Esophagus + + + + + + + A + + + + + + + + + + + + + + + M +  

Gallbladder M + A + + A + A + + I + + + + + + + + + + + M + +  

Intestine large A + A + + + + A + + + + + + + + + + + + + + + + +  

Intestine large,  cecum A + A + + A + A + + + + + + + + + + + + + + + + +  

Intestine large,  colon A + A + + + + A + + + + + + + + + + + + + + + + +  

Intestine large,  rectum A + A + + A + A + + + + + + + + + + + + + + + + +  

Intestine small A + A + + A + A + + + + + + + + + + + + + + + + +  

Intestine small,  duodenum A + A + + A + A + + + + + + + + + + + + + + + + +  

Intestine small,  ileum A + A + + A + A + + + + + + + + + + + + + + + + +  

Intestine small,  jejunum A + A + + A + A + + + + + + + + + + + + + + + + +  

Liver + + + + + + + A + + + + + + + + + + + + + + + + +  


Hemangiosarcoma

Hepatoblastoma

Hepatocellular carcinoma x x 

Hepatocellular adenoma x x  x x x x  X 

Hepatocellular adenoma, multiple X .  X X 

Histiocytic sarcoma 


Mesentery 	 + + 
Histiocytic sarcoma X 


Pancreas A + + + + + + A + + + + + + + + + + + + + + + + +  

Pharynx + 

Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . .  

Stomach A + + + + + + + + + + + + + + + + + + + + + + + +  

Stomach, forestomach A + + + + + + + + + + + + + + + + + + + + + + + +  


Papilloma squamous X 

Squamous c e l l  carcinoma X 


Stomach, glandular A + + + + + + M + + + + + + + + + + + + + + + + +  


Cardiovascular System 
Heart 	 . . . . . . . . . . . . . . . . . . . . . . . . .  


Endocrine System 
Adrenal gland A + + + + A + A + + + + + + + + + + + + + + + + +  

Adrenal gland, cortex A + + + + A + A + + + + + + + + + + + + + + + + +  


Spindle cel l ,  adenoma X 

Adrenal gland,  medulla A + + + + A + A + + + + + + + + + + + + + + + . + +  

Islets, pancreatic . . . . . . . . . . . . . . . . . . . . . . . . .  


Adenoma 	 X X 
Carcinoma X 


Parathyroid gland M M M + + + M M + + + + + + + + + + + + + + + + +  

Pituitary gland + + + + + M M A + M + + + + + + + + + + + + + + +  


Pals distalis, adenoma X 

Thyroid gland + + + + + + + A + + + + + + + + + + + + + + + + +  




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

Hemangiosarcoma
Hepatoblastoma
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 
Histiocytic Sarcoma 

Mesentery
Histiocytic Sarcoma 

Pancreas 
Pharynx
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Squamous c e l l  carcinoma 

Stomach, glandular 

Endmaim System 
Adrenal gland

Adrenal gland, cortex 


Spindle cell, adenoma 

Adrenal gland, medulla 

Islets, pancreatic 


Adenoma 

Carcinoma 


Parathyroid gland

Pituitary gland


Pars distalis,  adenoma 

Thyroid gland 


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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  


4 4 3 3 3 3 3 3 3 3 3 4 4 4 4 4 3 3 3 3 3 4 4 4 4  

0 1 5 5 6 6 8 9 9 9 9 0 0 1 1 2 5 6 7 7 8 0 0 0 1  T O h i  


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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Tumors 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  44 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  45 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


. . . . . . . . . . . . . . . . . . . . . . . . .  46 


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

X 1 


X 1 

X 3 


X X X X X  x x  x x x  x 18 

X X X X X 8 


1 

+ + + + 6 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 


1 

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

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

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


X X X X  5 

1 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


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


. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

2 

1 


M + + + + M + + + + + M M + + M + + M M + + + + +  38 

+ + + + + + + + + + + + + + + + + + + M + + + + +  45 


X x 3 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
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TABLED2 
Individual Animal Tumor Pathology of Female Mice in  the 2-YearGavage Study of Coumarin: 50 mglkg 
(continued) 

4 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
Number of Days on Study 9 9 2 3 3 7 7 8 1 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3  

5 3 2 5 5 0 3 3 5 2 9 9 9 9 9 9 9 9 9 9 9 0 2 2 2  

3 3 3 3 4 3 3 3 3 3 , 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3  
Carcass IDNumber 	 9 6 8 8 0 6 7 7 5 5 6 6 7 7 8 8 9 9 9 0 1 . 5 6 7 9  

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

General BodySystem 
Tissue NOS + +  

GenitalSystem 
+ + + + + + + A + + + + + + + + + + + + + + + + +-sly

Cystadenoma X 

Histiocytic sarcoma X 


Uterus + + + + + + + A + + + + + + + + + + + + + + + + +  

Histiocytic sarcoma X 

Polyp 


Hematopoietic System 
Bone marrow A + + + + + + A + + + + + + + + + + + + + + + + +  
Lymph node + + + + + + + M + + + + + + + + + + + + + + + + +  

Mediastinal, histiocytic sarcoma X 

Lymph node, mandibular + + + + + + + M + + + + + + + + + + + + + + + M +  

Lymph node, mesenteric M + M + + A + M + + + + I + + + + + + + + + + + +  

Spleen + + A + + + + A + + + + + + + + + + + + + + + + +  

Thymus + + M + I A + A M + + + + + + + + + + + + + + + +  


Integumentary System 
Mammarygland + + M + M + + + + + + + + + + + + + + + + + + + +  
Skin + + A + + + + + + + + + + + + + + + + + + + + + +  

Fibrosarcoma 	 X 

Musculoskeletal System 
Bone . . . . . . . . . . . . . . . . . . . . . . . . .  

Vertebra, osteosarcoma 

Nervous System 
Brain + + + + + + + A + + + + + + + + + + + + + + + + +  

Meningiomamalignant A 



P J I I ~ ~ R  sapncngrOP ~ a y s  

@arCa§S W M t w k T  

General B d y  system 
Tissue NOS 

G e n i h l  System 
ovary

Cystadenoma 
Histiocytic sarcoma 

Uterus 
Histiocytic sarcoma 
Polyp 

Wemmt4Bpietic system 
Bone marrow 
Lymph node 

Mediastinal, histiocytic sarcoma 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 
Thymus 

!Integumenbry System 
Mammary gland 
Skin 

Fibrosarcoma 

Musculoskekhl System 
Bone 

Vertebra, osteoSarcOma 

NeiTOMS s p k m  
Brain 

Meningioma malignant 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  

4 4 3 3 3 3 3 3 3 3 3 4 4 4 4 4 3 3 3 3 3 4 4 4 4  
0 1 5 5 6 6 8 9 9 9 9 0 0 1 1 2 5 6 7 7 8 0 0 0 1  T O M  

8 4 3 4 4 9 1 0 5 8 9 3 6 1 3 0 2 8 2 7 2 5 7 9 0  Tissues/ 
1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  Tumors 

. .  

2 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
x x 3 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

1 
x 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . . .  49 
1 

+ M + + + + + + + + + + + + + + + + + + + + + + + 47 
. . . . . . . . . . . . . . . . . . . . . . . . .  45 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

+ + + + + + M + + + + + + + + + + + + + + + + + +  44 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  49 
1 

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

x 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  49 
1 
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TABLED2 
Individual Animal Tumor Pathology of Female Mice in the 2-YearGavage Study of Coumarin: 50 mgnts 
(continued) 

Number of Days on Study 

Carcass ID  Number 

Respiratory System 
Lung 

Alveolar/bronchiolar adenoma 
N W  
Trachea 

Special Senses System 
Eye
Harderiangland 

Adenoma 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphomamalignant 
Lymphomamalignantlymphocytic 
Lymphomamalignant mixed 

4 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  

9 9 2 3 3 7 7 8 1 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3  

5 3 2 5 5 0 3 3 5 2 9 9 9 9 9 9 9 9 9 9 9 0 2 2 2  


3 3 3 3 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3  

9 6 8 8 0 6 7 7 5 5 6 6 7 7 8 8 9 9 9 0 1 5 6 7 . 9  

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


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


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

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

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

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

X 


X 

X X 


X X 
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TABLE ID3 
lmdi~dman~ n i m a n~ u m ~ r r  ~ a v a g e  50 m mpaanmnw OP ~emane ice in uhe 3-~mrr samdy QPP~ ~ ~ m a ~ m :  
(continued) 

Nunakb? OB Days om Sal” 

capcrpss ID N a m k r  

Wespim~opgrSysbm 
Lung 

Alveolarlbronchiolar adenoma 
Nose 
Trachea 

Sg”ia1 Senses Sysbm 
Eye
Harderian gland 

Adenoma 

usianary Sysbm 
Kidney 
Urinary bladder 

I Systemic Lesions 
Multiple organs 

Histiocytic sarcoma 
Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

~ 

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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  


4 4 3 3 3 3 3 3 3 3 3 4 4 4 4 4 3 3 3 3 3 4 4 4 4  

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

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  T u m O l X  


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

x x 5 


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


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


+ 1 

+ 1 

x 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 

+ + + + M + + + + + + + + + + + + + + + + + + + +  47 


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

1 


x 2 

x x x  x 6 


x 3 
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TABLED2 
Individual Animal Tumor Pathology of Female Mice in the 2-Yea~Gavage Study of Coumarin: 100 mgkg 

0 0 0 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
Numkr of Days on Study 	 0 0 7 6 8 7 7 8 9 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3  

3 4 0 4 6 2 9 9 4 9 9 9 9 9 9 9 9 9 9 9 9 2 2 2 2 2  
I .  	 . . .. . . . .. . . . .. . 

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

: . . . .  . . . . .  , ., . .. . . . . .  . .  . . . . . .  

Alimentary s@tem 
Esdphagus . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gailbiadder + M + A + A + A + + + + + + + + + + + + + + + + + +  
Int&tine large A + + A + + + A + + + + + + + + + + + + + + + + + +  
Intestine large, cecum A + + A + + + A + + + + + + + + + + + + + + + + + +  
Intestine large, colon A + + A + + + A + + + + + + + + + + + + + + + + + +  
Intestine large,  rectum A + + A + + + A + + + + + + + + + + + + + + + + + +  
Intestine small A + + A + + + A + + + + + + + + + + + + + + + + + +  
Intestine small, duodenum A + + A + + + A + + + + + + + + + + + + + + + + + +  
Intestine small,  ileum A + + A + + + A + + + + + + + + + + + + + + + + + +  
Intestine small,  jejunum A + + A + + + A + + + + + + + + + + + + + + + + + +  
Liver . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hepatocellular carcinoma x x  
Hepatocellular adenoma x x  x x x  x x X 
Hepatocellular adenoma, multiple X X X x x  

Mesentery + 
Squamous c e l l  carcinoma, metastatic, 
stomach X 

Pancreas A + + A + + + A + + + + + + + + + + + + + + + + + +  
Salivary glands . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stomach + + + A + + + A + + + + + + + + + + + + + + + + + +  
Stomach, forestomach + + + A + + + A + + + + + + + + + + + + + + + + + +  

Papilloma squamous 
Squamous c e l l  carcinoma X 

Stomach, glandular + + + A + + + A + + + + + + + + + + + + + + + + + +  

. . 
Cardiovascular s+& 

H a r t  	 . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  

Endocrine System
+renal gland + + + A + + + A M + + + + + + . + + + + + + + + + + +  
Adrenal gland, Cortex + + + A + + + A M + + I + + + + + + + + + + + + + +  
Adrenal gland, medulla + + + A + + + A M + + + + + + + + + + + + + + + + +  
Islets, pancreatic A + + A + + + A + + + + + + + + + + + + + + + + + +  

Adenoma 
Parathyroid gland M + + + + + + + + + + + + , + + + + M M + + + + M + M  
Pituitary gland + + + + + + + A + + + + M M M + + + + + + + + + M +  

Neoplasm NOS X 
Pars distalis, adenoma X 

Thyroid gland + + + A + + + + + + + + + + + + + + + + + + + + + +  
Follicular cell ,  adenoma A 
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Number off Bays on Study 

Alimentary System 
Esophagus

Gallbladder 

Intatine large 

Intestine large, cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small 

Intestine small, duodenum 

Intestine small, ileum 

Intestine small, jejunum 

Liver 


Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery 
Squamous c e l l carcinoma, metastatic, 
stomach 


Pancreas 

Salivary glands 

Stomach 

Stomach, forestomach 


Papilloma squamous 

Squamous cell carcinoma 


Stomach, glandular 


Cardiovascular System 
Heart 

EndocrineSystem 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 

Islets, pancreatic 


Adenoma 

Parathyroid gland 

Pituitary gland 


NeoplasmNOS 

Pars distalis, adenoma 


Thyroidgland

Follicular cell, adenoma 


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

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  


4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

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

5 8 0 5 6 3 6 0 5 4 5 9 6 8 9 9 0 4 3 8 9 2 4 2 4  Tissues/ 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 TUlanOlS 


+ + + + + M + + + + + + + + + + + + + + + + + + +  50 
. . . . . . . . . . . . . . . . . . . . . . . . .  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 
. . . . . . . . . . . . . . . . . . . . . . . . .  51 


.I

A 3 


x xx x  X X x x xx x  x 20 

X x x  X 9 
+ + 3 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

. . . . . . . . . . . . . . . . . . . . . . . . .  51 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 

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


X X 2 

1 
. . . . . . . . . . . . . . . . . . . . . . . . .  49 


. . . . . . . . . . . . . . . . . . . . . . . . .  51 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  47 
. . . . . . . . . . . . . . . . . . . . . . . . .  48 


. . . . . . . . . . . . . . . . . . . . . . . . .  48 

X 1 


+ + + M + M + + + + + M M + + + + + + + + I + + M  40 

+ + + + + + + + + + + + + + + + + M + + + + + + +  45 


1 

X X x 4 
. . . . . . . . . . . . . . . . . . . . . . . . .  50 


1 
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TABLED2 
Individual Animal Tumor Pathology 
(continued) 

Number of Days on Study 

Carcass ID Number 

General Body System 
Tissue NOS 

Posterior, fibrosarcoma 

Genital System 
@ary

Cystadenoma 
Uterus 

Sarcoma 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 

Squamous c e l l  carcinoma, metastatic, 
stomach 


Spleen 

Thymus 


Integumentary System 
Mammary gland 
Skin 

Hemangioma 

Musculoskeletal System 
Bone 
Skeletal muscle 

Nervous System 
Brain 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
NOS2 
Trachea 

of Female Mice in the 2-Year Gavage Study of Coumarin: 100 mglkg 

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

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . .  
+ + M + + + + A + + + + + + + + + + + + + + + + + +  
+ + M + + + + M + + + + + + + + + + + + + + + + + +  
+ + M A + + + A + + + + + + + + + + + + + + + + + +  

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


+ M + + + + + + + + + + + , + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . . .  


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


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


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

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


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




lLe!sionas in Female Mice 

TABLE D2 
~~ntr~~tr~nnaon pnuhonogyh i m a n  ~ o n m m ~ r r  
(continued) 

W U m k  Of D a p  OB s a U d y  

W M m h 9 r  

General lady System 
Tissue NOS 

Posterior, fibrosarcoma 

Genital System 
ovary

Cystadenoma 
Uterus 

Sarcoma 

WemrPQpietic system 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 
Squamous c e l l  carcinoma, metastatic, 

stomach 

Spleen 

Thymus 


IIntegumentacny System 
Mammary gland 
Skin 

Hemangioma 

M u S C U k B k d d d  sgrSblDl 
Bone 
Skeletal muscle 

Nervous System 
Brain 

B@spiraQrlp.system 
Lung 

AhreoIar/bronchiolar adenoma 
Nose 
Trachea 

231 

OF em mane h ice in uhe 2-ymr ~ n w g e  OF C O M ~ ~ D ~ ~ :~uontr~g nm 

7 1 7 1 7 7 7 7 7 7 7 7 7 7 7 7 1 1 7 1 1 1 7 7 1  

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  


4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  

8 8 9 2 2 3 3 4 4 5 6 6 7 7 7 8 3 3 5 5 5 6 6 7 7  Total 
5 8 0 5 6 3 6 0 5 4 5 9 6 8 9 9 0 4 3 8 9 2 4 2 4  Tissues/ 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  Tumors 

+ 1 

X 1 


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

X X X 4 


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

X 1 


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


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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  48 


1 

. . . . . . . . . . . . . . . . . . . . . . . . .  48 

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


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


. . . . . . . . . . . . . . . . . . . . . . . . .  51 

X 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  51 

+ 1 


. . . . . . . . . . . . . . . . . . . . . . . . .  
 5 0  


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

X X x x  7 


. . . . . . . . . . . . . . . . . . . . . . . . .  51 


. . . . . . . . . . . . . . . . . . . . . . . . .  5 0  


j 
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TABLED2 

Individual Animal Tumor Pathology of Female Mice in  the 2-Year Gavage Study of Coumarin: 100 m& 

(continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Eye
Harderian gland 

Adenoma 
Zymbal’s gland 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

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

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

+ 
+ 
X 

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

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


X X 
X 
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N M E I Q ~ Eoff Days on Study 

carccnss ID Plumber 

S p i a l  Sennses System 
Eye
Harderian gland 

Adenoma 
Zymbal's gland 

urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphoma malignant 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
2 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4  

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

+ 

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


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


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

x 

X X X x 

Total 
TiSS" 
Tumors 

1 

1 

1 

1 


49 
48 

51 
1 
6 
1 

j 
j 
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TABLED2 
Individual Animal Tumor Pathology 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large,cecum 

Intestine large, colon 

Intestine large, rectum 

Intestine small 

Intestine small,
duodenum 
Intestine small, ileum 
Intestine small, jejunum 
Sarcoma 

Liver 
Alveolarbronchiolar carcinoma, 
metastatic 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery 

Pancreas 

Salivary glands 

Stomach 

Stomach, forestomach 

Papilloma squamous 


Stomach, glandular 


Cardiovascular System 
Hart 

Endocrine System 
Adrenal gland 
Spindle cell,adenoma 


Adrenal gland,
cortex 
Alveolar/bronchiolar carcinoma, 
metastatic 

Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroid gland 
Follicular cell,adenoma 

of Female Mice in the 2-Year Gavage Study of Coumarin: 200 mslkg 

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

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

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

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

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


X 
X 

X 
X 

+ 
+ A A + A + + + + + A + + A + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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


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


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


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

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



  

C a m s s  IID Nuwnbr 

Alimenhry System 
Esophagus 
Gallbladder 
Intestine large 
Intestine large, cecum 
Intestine large, colon 
Intestine large, rectum 
Intestine small 
Intestine small, duodenum 
Intestine small, ileum 
Intestine small, jejunum 

Sarcoma 
Liver 
Alveolarbronchiolar carcinoma, 

metastatic 
Hepatocellular carcinoma 
Hepatocellular adenoma 
Hepatocellular adenoma, multiple 

Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 

Papilloma squamous 
Stomach, glandular 

' Endocrine System 
Adrenal gland 

Spindle cel l ,  adenoma 
Adrenal gland, cortex 
Ahreolar/bronchiolar carcinoma, 

metastatic 
Adrenal gland, medulla 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 
Thyroidgland 

Follicular c e l l ,  adenoma 

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

2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  

9 9 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4  


5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  

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

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

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  


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

M + + + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

+ + I + + + + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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


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


x xx x x x x  x x  

X 


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

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

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

X X 


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

~ 

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


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

X 


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


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


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

+ + + + M + + + + + + + + M + + + + + + + + + + +  
+ + + + M + + + + M + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . . . . . . .  


X 


Topal 
Tissues/ 
Tumors 

51 

39 

44 

41 

43 

42 

41 

38 

39 

41 

1 


50 


1 

1 


10 

2 

4 


45 

51 

46 

46 

2 


41 


51 


51 

1 


51 


1 

50 

47 

41 

48 

47 

1 
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TABLED2 
IndividualAnimalTumorPathology 
(continued) 

Number of Days on Study 

CarcassID Number 

General Body System 
None 

Genital System 
ovary

Cystadenoma 

Uterus 


Sarcoma stromal 


Hematopoietic System 
Bone m a m  
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 
Thymus 

Alveolarbronchiolar carcinoma, 
metastatic 

Integumentary System 
Mammary gland 
Skin 

Musculoskeletal System 
Bone 

Nervous System 
Brain 

Respiratory System 
Lung 

Alveolarbronchiolar adenoma 
Alveolarbronchiolar adenoma, multiple 
Alveolarbronchiolar carcinoma 

Nose 

Trachea 


. .  

of FemaleMiceinthe 2-YearGavageStudy of Coumarin: 206 mgkg . . 

0 1 2 2 2 2 2 3 4 4 5 6 6 6 6 6 6 6 6 7 7 7 7 7 7 7  
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Genital System 

Cystadenoma 
Uterus 

Sarcoma stromal 

Wemetopiet ic  §ysuem 

Bone marrow 

Lymph node 

Lymph node, mandibular 

Lymph node,  mesenteric 

Spleen 

Thymus

Alveolar/bronchiolar carcinoma, 
metastatic 

Nervous system 

Brain 


I 

R@spimtQPysystem 

Lung 
Alveolar/bronchiolar adenoma 
Alveolar/bronchiolar adenoma, multiple 
Alveolaribronchiolar carcinoma 

Nose 
Trachea 
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TABLED2 
Individual Animal Tumor Pathology of Female Mice in the 2-Year Gavage Study of Coumarin: 200 mg/kg 
(continued) 

Number of Days on Study 

Carcass ID Number 

Special Senses System 
Harderiangland 

Adenoma 

Urinary System 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphomamalignantlymphocytic 
Lymphomamalignantmixed 

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

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

+ 
X 

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

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




Special senses system 
Harderian gland 

Adenoma 

urinary system 
Kidney 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Lymphoma malignant histiocytic 
Lymphoma malignant lymphocytic 
Lymphoma malignant mixed 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7  
2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  
9 9 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 4 4 4  

5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  
4 6 9 0 0 2 2 2 3 3 4 5 5 5 0 1 3 3 3 3 4 5 1 1 2  T O b l  

9 0 1 0 3 0 2 4 3 4 0 5 6 7 6 6 5 7 8 9 2 8 3 8 5  Tissues/ 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  T M m O r S  

1 
1 

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

+ + + + M + + + + + + + + + + + + + + + + + + + +  47 

. . . . . . . . . . . . . . . . . . . . . . . . .  51 

X 1 

X X X X 4 
X 1 
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TABLED3 
Statistical Analysis of Primary Neopl-asmsin FemaleMice in the 2-YearGavage Study of Coumarin 

. 

Liver:HepatocellularAdenoma 
Overall ratesa 
Adjusted ratesb 
Terminal rates' 
Firstincidencedaysd )Life  table tests 
Logistic regression testsd 
Cochran-&ita e testdIFisher exact test 

Liver:Hepatocellular Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression 'tests 
Cochran-Armitage test 
Fisher exact test 

LiverHepatoblastoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Li fe  table tests 
Logistic regression tests 
Cqchran-Armitage test 
Fisher exact test 

Liver: Hepatoblastoma or Hepatocellular Carcinoma 
Overall rates 
Adjusted rates 
Terminal r a t e s  
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Liver: Hepatocellular Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression t&s 
Cochran-Armitage test 
Fisher exact test 

. 
VehicleControl 

8/50 (16%)
23.4% 
7/33 (21%) 
694 
P=O.222 
P=O.525 
P=os25 

0150 (0%) 
0.0% 
O B 3  (0%) 
-e 

P=O.465 
P=O.S70N 
P=O.530 

0/50 (0%) 
0.0% 

' O B 3  (0%) 
-
P=0.601N 
P=0.601N 
P=0.566N 

0150 (0%) 
0.0% 
0133 (0%)
-
P=O.533 
P =0.502N 
P=0.593N 

8/50 (16%) 
23.4% 
7/33 (21%) 
694 
P=O.162 
P=O.447 
P=O.447 

50 mg/kg 

26/49 (53%) 
63.4% 
25/40 (63%)
722 
P=O.001 
PcO.001 

Pc0.001 

3/49 (6%) 
7.3% 
2/40 (5%) 
715 
P=O.162 
P=O.132 

P=O.117 

1/49 (2%) 
2.5% 
i/40 (3%) 
7 2 9 m  
P=O.538 
P=O.538 

P=O.495 

4/49 (8%) 
9.7% 

.. 	 3/40 (8%) 
715 
P=O.O94 
P=O.O76 

P=O.O56 

27/49 (55%) 
64.3% 
25/40 (63%) 
715 
P<O.ool 
PCO.001 

P<0.001 

100mg/kg 

29/51 (57%) 

62.9% 

25/42 (60%)

564 

P<0.001 

P<0.001 


P<O.001 

3/51 (6%) 
6.7% 
1/42 (2%) 
672 
P=O.162 
P=O.101 

P=O.125 

0/51 (0%) 
0.0% 
0/42 (0%)-
-f 

3/51 (6%) 
6.7% 
1/42 (2%)
672 
P=O.162 
P=O.101 

P=O.125 

31/51 (61%) 
65.9% 
26/42 (62%) 
564 
P<O.ool 
P<O.001 

P < O . o o l  

200 mg/kg 

12/50.(24%)
39.7% 
1om (36%)
684 
P=O.124 
P=0.227 

P=0.227 

1/50 (2%) 
2.8% 
o m  (0%)
655 
P=O.484 
P=O.594 

P=O.500 

0150 (0%)
0.0% 
o m  (0%)-

1/50 (2%)
2.8% 
o m  (0%) . 
655 
P=O.484 
P-0.594 

P=O.500 

13/50 (26%) 
41.4% 
1om (36%)
655 
P=O.o84 
P=O.163 

P=O.163 



hllg: ~ V ~ k ~ P / b ! l W U l C h h 3 h~ @ l l O l l l l a  

Overall r a t e s  
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

5,urag: Nv@Qlar/btKDmchioarrCarciaaoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tes t s  
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Lung: AJvmlarrJbmnncllaionalrMemoma or Caminnoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 

Cochran-Armitage test 
Fisher exact test 

ovary: Cysbdennoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact tes t  

Pancmatic Islets: Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

2/51 (4%) 
5.8% 
1/33(3%)
708 
P<O.001 
P<O.001 
P<O.001 

O b 1  (0%) 
0.0% 
0133 (0%) 
-
P<O.O1 
P<O.Ol 
P<O.001 

2/51(4%) 
5.8% 
1/33 (3%)
708 
Pc0.001 
P<O.001 
P<O.001 

2/51 (4%) 
6.1% 
2/33 (6%) 
729 (9
P=O.519 
P=O.507 
P=0.556N 

1/49 (2%) 
3.0% 
1/33 (3%) 
729 (9
P=0.225N 
P=0.208N 
P=O.208N 

5/49 (10%) 
11.8% 
3/40 (8%) 
673 
P=O.301 
P=O.201 

PEO.202 

0/49 (0%) 
0.0% 
0/40(0%) 
-
-
-
-

5/49 (10%) 
11.8% 
3/40 (8%)
673 
P=O.301 
P=O.201 

P=O.202 

3/49 (6%) 
7.5% 
3/40 (8%) 
729 (T)
P=os88 
P=O.588 

P=O.481 

3/48(6%)
7.0% 
U40 (5%) 
635 
P=O.377 
P=O.298 

P=O.301 

7/49 (14%) 
16.3% 
6/42 (14%) 
694 
P=O.151 
P=O.O72 

P=O.O71 

0/49 (0%) 
0.0% 
0/42 (0%) 
-
-
-

-

7/49 (14%) 
16.3% 
6/42 (14%) 
694 
P=O.151 
P=O.O72 

P=O.O71 

4/50 (8%) 
9.5% 
4/42 (10%) 
729 ( T )
P=O.453 
P=O.453 

P=O.329 

1/48 (2%)
2.4% 
1/42 (2%) 
729 (9
P=O.707N 
P=O.758 

P=O.747 

2 / 5 1  (39%) 
64.2% 
17Rs (61%) 
684 
P<O.001 
P<O.001 

P<O.001 

7/51 (14%) 
22.3% 
5/28 (18%) 
615 
P=O.c06 
P=O.007 

P=O.oDs 

27/51 (53%) 
81.5% 
2 m  (79%) 
615 
P<0.001 
P<O.001 

PcO.01 

2/51 (4%) 
6.2% 
1/28 (4%) 
637 
P=O.644 
P=O.628 

P=0.691N 

0/47 (0%) 
0.0% 
O R s  (0%)-
P=0.533N 
P=0.508N 

P=O.SlON 
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TABLED3 

Statistical Analysis of Primary Neoplasms in Female Mice in the 2-Year Gavage Study of Coumarin (continued) 


Vehicle Control 50 mg/kg 100 mg/kg 200 mgkg 

Pituitary Gland (Pars Distalis): Adenoma 
Overall rates 4/45 (9%) 3/45 (7%) 4/45 (9%) 0/48(0%) 
Adjusted rates 11.O% 7.7% 10.8% 0.0% 
Terminal rates m (7%) 3/39 (8%) 4/37 (11%) o m  (0%) 
First incidence (days) 367 729 (T) 729 (T) -
Life table  tests P=O.O82N P=O.382N P-0.541N P=O.O81N 
Logistic regression tests P=0.056N P=O.500 P-0.645N P=0.055N 
Cochran-Amitage test P=0.056N 
Fisher exact test P=OSOON P=O.643N P=0.051N 

Stomach (Forestomach): Squamous Cell Papilloma 
Overall rates 1/52 (2%) 5/50 (10%) 2/51 (4%) 2/51 (4%) 
Adjusted r a t e s  2.4% 12.5% 4.8% 7.1% 
Terminal rates 0/33 (0%) 5/40 (13%) 2/42 (5%) 2/28 (7%)
First incidence (days) 589 729 (T) 729 729 (T) 
Life table  tests P=O.552 P=O.152 P=O.566 P=O.456 
Logistic regression tests P=0.548N P=O.095 P=O.493 P=O.493 
Cochran-Armitage test P=0.548N 
Fisher exact test P=O.094 P =0.493 P=O.493 

Stomach (Forestomach): Squamous Cell Carcinoma 
Overall rates 0/52 (0%) 1/50 (2%) 1/51 (2%) 0/51 (0%) 
Adjusted rats 0.0% 2.5% 2.3% 0.0% 
Terminal rates O B 3  (0%) 1/40 (3%) 0/42 (0%) o m  (0%) 
First incidence (days) - 7 2 9 m  694 -
Life table tests P=0.636N P=O.538 P=O.535 -
Logistic regression tests P=0.573N P-0.538 Pa0.419 -
Cochran-Armitage test P-0.596N 
Fisher exact test P=O.490 P=O.495 

Stomach (Forestomach): Squamous Cell Papilloma or Squamous Cell Carcinoma 
Overall rates 1/52 (2%) 6/50 (12%) 3/51 (6%) 2/51 (4%)
Adjusted rates 2.4% 15.0% 7.0% 7.1% 
Terminal r a t e s  O B 3  (0%) 6/40 (15%) 2/42 (5%) 2/28 (7%) 
First incidence (days) 589 729 Q 694 729 (T)
Life table tests P=O.575 P-0.095 P-0.376 P=O.456 
Logistic regression tests P=0.578N P-0.083 P=O.236 P=O.436 
Cochran-Armitage test P=0.505N 
Fisher exact test P=O.O50 P=O.301 P=O.493 

All Organs: Malignant Lymphoma or Histiocytic Sarcoma 
Overall rates 6/52 (12%) 12/50 (24%) 8/51 (16%) 5/51 (10%) 
Adjusted r a t e s  15.6% 26.8% 18.5% 17.9% 
Terminal r a t e s  3/33 (9%) 8/40 (20%) 7/42 (17%) 5/28 (18%) 
First incidence (days) 550 495 672 729 (13
Life table tests P=0.367N P=O.2OO P=O.550 P=O.598N 
Logistic regression tests P=0.251N P=O.O82 P=O.372 P=0.514N 
Cochran-Armitage test ' P=0.251N 
Fisher exact test P=O.O82 P=O.372 P=0.514N 
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Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Ogans: Belaigm Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
Firstincidence(days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs: Malignant Neoplasms 
Overall rates 
Adjustedrates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs: Benign or Malignant Neoplasms 
Overallrates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

~~ ~~ ~ 

Terminal sacrifice ' 

5/52 (10%) 11;50 (22%) 8/51 (16%) 5/51 (10%) 
13.3% 25.3% 18.5% 17.9% 
3/33 (9%) 8/40 (20%) 7/42 (17%) 5/28 (18%) 
550 635 672 729 (T)  
P=0.4%N P=O.176 P=O.427 P=O.536 
P=0.465N P=O.111 P=O.288 P=O.516 
P=0.362N 

P=O.O73 P=O.265 P=O.617 

20/52 (38%) 33/50 (66%) 34/51 (67%) 26/51 (51%) 
50.9% 76.7% 72.3% 78.6% 
14/33 (42%) 30/40 (75%) 29/42 (69%) 21/28 (75%) 
367 673 564 637 
P=O.O44 P=O.o86 P=O.O96 P=O.O51 
P=O.O79 P=O.O32 P=O.O07 P=O.O67 
P=O.259 

P=O.c05 P=O.c04 P=O.140 

8/52 (15%) 19/50 (38%) 13/51 (25%) 14/51 (27%) 
19.5% 40.2% 28.9% 42.4% 
3/33 (9%) 12/40 (30%) 10/42 (24%) 10/28(36%)
474 495 672 615 
P=O.138 P=O.O59 P=O.330 P=O.O73 
P=O.269 P = O . o 0 9  P=O.152 P=O.105 
P=O.269 

P=O.o09 P=O.152 P=O.105 

25/52 (48%) 41/50 (82%) 37/51 (73%) 34/51 (67%) 
56.5% 87.2% 77.1% 91.8% 
14/33 (42%) 34/40 (85%) 31/42 (74%) 25/78(89%) 
367 495 564 615 
P=O.O19 P=O.o62 P=O.226 P=O.O20 
P=O.O25 P=O.02 P=O.W P=O.O12 
P=O.136 

Pc0 .01  P=O.o09 P=O.O44 

~ ~~ ~ ~~ ~~ ~ 

Number of neoplasm-bearing animals/number o f  animals examined. Denominator is number of animals examined microscopically for adrenal 
gland, bone marrow, brain, clitoral gland, gallbladder, heart, kidney, larynx,liver, lung, nose,ovary,pancreas,parathyroidgland,pituitarygland, 
salivary gland, spleen, thyroid gland, and urinary bladder; for other tissues,  denominator is number of  animals necropsied. 
Kaplan-Meier estimated neoplasm incidence a t  the end of the study after adjustment  for intercurrent mortality 
Observed incidence at terminal ki l l  
Beneath the control incidence are the P values associated wi th  the trend test. Beneath the dosed group incidence are the P values 
corresponding to painvise  comparisonsbetweenthecontrols and tha t  dosed group. The life table analysis regards neoplasms i n  animals dying 
prior to terminal kill as being (directly or indirectly)thecauseofdeath.Thelogisticregressiontestsregardtheselesions as nonfatal.  The 
Cochran-Armitageand Fisher exact tests compare directly the overall incidence rates. For all  tests, a negative  trend or  a lower incidence in a 
dose group is indicated by W. 

e 	 Notapplicable;noneoplasms in animalgroup 
Value of statistic annot be computed 
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TABLED4a 
Historical Incidence of Alveolar/Bronchiolar Neoplasms in Female B6C3Fl Mice Receiving Corn Oil 
by GavagP 

Incidence in Controls 

Adenoma CarcinomaAdenoma or 
Carcinoma 

~~~ ~ ~ ~ 

Overall Historical Incidence 

Total 40/899 (4.4%) 19/899 (2.1%) 58/899 (6.5%)
Standard deviation 2.4% 2.0% 3.7% 
Range 0%-10% O M %  07~14% 

a Data as of  17 December 1991. 

TABLED4b 
Historical Incidence of Liver Neoplasms in Female B6C3Fl Mice Receiving Corn Oil by Gavagea 

Incidencein Controls 

. Hepatocellular Hepatocellular Hepatocellular 
Adenoma CarcinomaAdenoma or 

Carcinoma 
. .  

Overall Historical Incidence 

Total 94/898 (10.5%) 41/898 (4.6%) 129/898 (14.4%)

Standard deviation 7.2% 3.6% 8.1% 

Range 20/026% 0%-14% 2%-34% 


a Data as o f  17 December 1991. 

TABLED4c 
Historical Incidence of Forestomach Neoplasms in Female B6C3Fl Mice Receiving Corn Oil 
by Gavage" 

Incidencein Controls 

Squamous Cell Squamous Cell PapillomaSquamous Cell  
Papilloma Carcinoma or Squamous Cell 

Carcinoma 

Overall Historical Incidence 

Total 27/901 (3.0%) 3/901 (0.3%) 30/901 (3.3%) 
Standarddeviation 2.9% 1.O% 3.3% 
Range 0%-10% 004% 0%10% 

~~~~ ~~ ~~ 

a Data as o f  17 December 1991. 



Disposition Summany 
Animals initially in study 
Is-" i&fzfm l e v " m b  
Early deaths 


Accidental deaths 

Moribund 

Natural deaths 


sulvivors 

Terminal sacrifice 


Animals examined microscopically 

d.5-MQ&l h&?hl&&b&&Om 
Alimentary System
Liver 

Eosinophilic focus 
Infiltration cellular, lymphocyte 
Necrosis, coagulative 
Syncytial alteration 
Vacuolization cytoplasmic 
Centrilobular, hypertrophy 

Pancreas 
Fibrosis 
Infiltration cellular, lymphocyte 
Necrosis, coagulative 

Salivary glands 
Infiltration cellular, lymphocyte 

Endcpspilae system 
Adrenal gland 


Spindle c e l l ,  hyperplasia 

Pituitaxy gland 


Pars distalis, cyst 


General l d y  System 
None 

Genital System 
Ovary

Inflammation, suppurative 
Capsule, inflammation, chronic 
Follicle, cyst 

Uterus 
Hydrometra 
Hyperplasia, cystic 
Inflammation, suppurative 

70 
18 

4 

8 

7 


33 

60 

(8) 

2 (25%) 
1 (13%) 

(8)
1 (13%) 

1 (13%) 
(8)
3 (38%) 

(8)
1 (13%) 

(8) 

6 (75%) 
1 (13%) 

70 
2.0 

6 
5 

39 

60 

(1)
1 (10%) 

(3)
1 (33%)
1 (33%) 
2 (67%) 

(6)
1 (17%)
3 (50%)
1 (17%) 

70 
19 

1 

5 

3 


42 

60 

(2) 
2 (10%) 

(2) 

2 (10%) 
(2)  

2 (10%) 

70 
19 

2 
8 
13 

28 

60 

(9) 

2 (22%) 

4 (44%) 
3 (33%) 
8 (89%) 

(9) 

3 (33%) 

(9)
4(44%) 

(9)
9 (10%) 

(9) 

(9) 

(9)
1 (11%) 
7 (78%) 
1 (11%) 
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TABLED5 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-YearGavage Study of Coumarin 
(continued) 

Vehicle Control 50 mgntg 100 mgntg 200 mgntg 

15-Month I&nm Evaluation (continued) 
Hematopoietic System 
Lymphnode (8) (9)

Pancreatic, inflammation, chronic active 1 (11%) 
Lymphnode,mesenteric (8) (9)

Amyloiddeposition 1(11%) 
Hyperplasia, lymphoid 1 (11%) 

Integumentary System 
Skin (8) (2) ( 5 )  (9)

Alopecia 2 (25%) 2 (100%) 3 (60%) 4 (44%) 
Hyperkeratosis 1(13%) 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Lung (8)

Alveolar epithelium, hyperplasia 

Special Senses System 
None 

Urinary System 
Kidney (8) (9)

Pelvis, infiltration cellular, lymphocyte 4 (50%) 7 (78%) 
Urinary bladder (8) (9) 

Infiltration cellular, lymphocyte 4 (50%) 4 (44%) 

2-Year Study 
Alimentary System 
Intestine large, cecum 

Hyperplasia, lymphoid . ,
Intestine small, jejunum (48) (41)

Hyperplasia, lymphoid 1(2%) 



I 

2 - h ~ ~SEM& (continued) 
Alimentary System (continued) 
Liver 

Angiectasis 
Basophilic focus 
Clear cell focus 
Congestion 
Cytoplasmic alteration 
Developmental malformation 
Eosinophilic focus 
Fatty change 
Hemorrhage 
Infarct 
Infiltration cellular, plasma cell 
Infiltration cellular, lymphocyte 
Inflammation, chronic 
Inflammation, necrotizing 
Inflammation, suppurative 
Mineralization 
Mixedcellfocus 
Necrosis, coagulative 
Pigmentation 
Syncytialalteration 
Bile duct, cyst 
Centrilobular, hypertrophy 
Centrilobular, necrosis 
Hepatocyte,hyperplasia 

Mesentery 
Cyst
Fat, necrosis,  coagulative 

Pancreas 
Atrophy 
Hyperplasia 
Infiltration cellular, lymphocyte 
Inflammation, suppurative 
Necrosis, coagulative 

Pharynx 
C Y S I  

Salivary glands 
Infiltrationcellular,lymphocyte 

Stomach, forestomach 
Hyperkeratosis 
Hyperplasia, squamous 
Inflammation, suppurative 

Stomach, glandular 
Dilatation 
Infiltration cellular, lymphocyte 
Ulcer 

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

1 (2%) 
1 (2%) 
4 (8%) 

1(2%) 

1 (2%) 
6 (12%) 
1 (2%) 

2 (4%) 
1(2%) 

1(2%) 

(7)
1 (14%) 
5 (71%) 

(48)
2 (4%) 

10 (21%) 

(51)
19 (37%) 

(48) 

(46) 

1 (2%) 

(49) 

1 (2%) 

20 (41%) 
1 (2%) 

2 (4%) 

1 (2%)
2 (4%) 

1(2%) 
2 (4%) 

(6) 

3 (50%) 

(48)
2 (4%) 

4(8%) 

(1)
1 (100%) 

(50)
14 (28%) 

(49)
4 (8%) 
2 (4%) 
2 (4%) 

(48) 

1 (2%) 

(51)
1 (2%) 

1 (2%) 

20 (39%) 

1(2%) 

1 (2%) 
1 (2%) 

2 (4%) 

1 (2%) 
2 (4%) 

2 (4%) 
1 (2%) 

1 (2%) 
(3) 

2 (67%) 
(48)

1 (2%) 
1 (2%) 
9 (19%) 

1 (2%) 

(51)
16 (31%) 

(49)
1 (2%) 
5 (10%) 

(49) 

(50) 

4 (8%) 
2 (4%) 
3 (6%) 

9 (18%) 
1(2%) 

1(2%) 
1(2%) 

1(2%) 
3 (6%) 

11(22%) 

19 (38%) 

17 (34%) 

(4) 

4 (100%) 
(45)

2 (4%) 

7(16%) 
1(2%) 

(51)
21 (41%) 

(46) 

(41)
1(2%) 
1 (2%) 

I 
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TABLED5 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Gavage Study of Coumarin 
(continued) 

2-Year Study (continued) 
Cardiovascular System 
Heart 

Inflammation, chronic 
Inflammation, chronic active 
Mineralization 
Necrosis, zenkers 
Nuclear alteration 
Artery, inflammation, chronic active 
Artery, mineralization 
Perivascular, inflammation, chronic 

Endocrine System 
Adrenal gland 

Corticomedullary junction, hemorrhage 
Corticomedullary junction, necrosis, 

coagulative 

Spindle ce l l ,  hyperplasia 


Adrenal gland, cortex 
Clear c e l l  focus 
Cytoplasmic alteration 
Hyperplasia 
Necrosis, coagulative 
Vacuolization cytoplasmic 
Corticomedullary junction, necrosis, 

coagulative 
Adrenal gland,medulla 

Hyperplasia 
Islets, pancreatic 

Atrophy 
Parathyroid gland 

Ectopic thymus 
Hyperplasia 

Pituitary gland 
Pars distalis, cyst 
Pars distalis,  hyperplasia 

Thyroid gland 
Inflammation, suppurative 
C e l l ,  hyperplasia 
Follicle, cyst . 
Follicle, dilatation 
Follicular cel l ,  hyperplasia 

General Body System
Tissue NOS 

Hemorrhage
Abdominal, necrosis, coagulative 
Posterior, abscess 

Vehicle Control 

(51)
1(2%) 

1 (2%) 

(49) 

34 (69%) 
(49) 

1 (2%) 

(49) 

(49) 

(35) 

1 (3%) 
(45)

1 (2%) 

(47) 

2 (4%) 

3m f m  

1 (2%) 

1 (2%) 

(47)
1 (2%) 

1 (2%) 
13 (28%) 

(47) 

1(2%) 

1(2%) 
(47)

1 (2%) 
(48)

1 (2%) 
(38) 

(45) 

1 (2%) 
(49)

1 (2%) 
2 (4%) 
1 (2%) 
1 (2%) 
4 (8%) 

(2)
1 (50%) 
1 (50%) 

100 m f m  

1 (2%) 

1 (2%) 
1 (2%) 

(48)
1 (2%) 

23(48%) 
(47)

1 (2%) 
1(2%) 
2 (4%) 

(48)
1 (2%) 

(48) 

(40) 

(45) 

1 (2%) 
(50)

1 (2%) 
1 (2%) 
1 (2%) 
1 (2%) 
6 (12%) 

(1) 

1 (100%) 

200 m f m  

2 (4%) 
1 (2%) 

1 (2%) 

(51) 

15 (29%) 
(51) 

1 (2%) 

1 (2%) 

(50)
1 (2%) 

(47) 

(41)
1 (2%) 

(48)
1 (2%) 
2 (4%) 

(47) 

1(2%) 

4 (9%) 



I 
I 


~-Y~?QR§taaQg, (continued) 
Genib l  System 
ovary 

I 

I Hematocyst 
Inflammation, suppurative 
Pigmentation, ceroid 
Bilateral, corpus luteum, cyst 

Follicle, cyst 
Follicle, hematocyst 

Uterus 

Hydrometra 

Hyperplasia, cystic
I 
Inflammation, suppurative 
Endometrium, hyperplasia, cystic 

Vagina 

Hyperkeratosis 

Inflammation, suppurative 


Wematopietic Systemi
i

i 
Bonemarrow 


Hyperplasia, neutrophil 

Myelofibrosis 


Lymph node 
Mediastinal, hyperplasia, lymphoid 

Lymph node,  mandibular 

I Hyperplasia, lymphoid 
Hyperplasia, plasma cellI Lymph node,  mesenteric 

i Hyperplasia, histiocytic 

Hyperplasia, lymphoid 

Hyperplasia, macrophageI

! 	 Hyperplasia, plasma cell 

Inflammation, suppurative 

Necrosis 


i 
Spleen 

Angiectasis 
Atrophy 
Congestion 
Developmental malformation 
Hematopoietic c e l l  proliferation erythrocyticI Hyperplasia, histiocyticI Hyperplasia, lymphoid 
Hyperplasia, plasma cell 
Inflammation, suppurative 

Thymus 

Atrophy 

Hyperplasia,lymphoid 

Inflammation, suppurative 

Necrosis, coagulative 


(51) 
2 (4%) 
1 (2%) 

13 (25%) 

(50) 
10 (20%) 
25 (50%) 
2 (4%) 

(1) 
1 (100%) 
1 (100%) 

(51) 

(49)
1 (2%) 

(47) 
2 (4%) 

(45) 

1 (2%) 
1 (2%) 

1 (2%) 

(50) 
1 (2%) 
1 (2%) 
1 (2%) 

4 (8%) 

2 (4%) 

(43) 
1 (2%) 

(49) 
1 (2%) 
1 (2%) 

14 (29%) 

(49) 
9 (18%) 

23 (47%) 
3 (6%) 

(48) 

(49) 

(47) 
1 (2%) 
1 (2%) 

(45) 

4(9%) 

1 (2%) 
1 (2%) 

(48) 

2 (4%) 

2 (4%) 

5 (10%) 
1 (2%) 
1 (2%) 

(44) 

2 (5%) 
1 (2%) 

(50)  
1 (2%) 

1 (2%) 

13 (26%) 

(49) 
6 (12%) 

33 (67%) 
2 (4%) 

(49) 
1 (2%) 
2 (4%) 

(49) 

(49) 
3 (6%) 

(48) 

7 (15%) 

1 (2%) 
(48) 

1 (2%) 
1 (2%) 

6 (13%) 

(49) 
1 (2%) 

(51) 
2 (4%) 

1 (2%) 
6 (12%) 
1 (2%) 

(51) 
11 (22%) 
22 (43%) 
2 (4%) 
1 (2%) 

(51) 

.(50) 

(48)
1 (2%) 

(47) 
1 (2%) 
1 (2%) 

(48) 

1 (2%) 
1(2%) 

(42) 

3 (7%) 

1 (2%) 

2 (5%) 

I 
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TABLED5 
Summary of the Incidence of Nonneoplastic Lesions in Female Mice in the 2-Year Gavage Studyof Coumarin 
(continued) 

2-Year Study (continued) 
Integumentary System 
Mammary gland 

Inflammation, necrotizing 
Duct, dilatation 
Duct,hyperplasia 

Skin 
Alopecia 
Foot, inflammation,  suppurative 
Subcutaneous tissue, inflammation, 

active 

Musculoskeletal System 
Skeletal muscle 

Inflammation. chronic active 

Nervous System 
Brain 

Hypothalamus, compression 
Meninges, infiltration cellular, lymphocyte 
Thalamus, compression 

Respiratory System 
Lung 

Congestion
Foreignbody
Hyperplasia,histiocytic 
Hyperplasia, lymphoid 
Infiltration cellular, lymphocyte 
Inflammation, suppurative 
Alveolar epithelium, hyperplasia 
Alveolus, hemorrhage 
Alveolus, infiltration cellular, lymphocyte 
Alveolus, inflammation, chronic 
Bronchiole, inflammation, suppurative 
Bronchiole, epithelium, hyperplasia 
Bronchiole, epithelium, necrosis 
Mediastinum, foreign body 
Peribronchial, inflammation, suppurative 
Peribronchiolar,hemorrhage 
Pleura, inflammation, suppurative 
Subpleura, mineralization 

Nose 
Lumen, inflammation, suppurative 

' Special Senses System 
Eye


Cataract 


Vehicle Control 50 m @ %  

(49) 	 (49)
1 (2%) 

1 (2%) 

(51) 	 (49) 
2 (4%) 
3 (6%) 
1 (2%) 
3 (6%) 2 (4%) 
1 (2%) 
1 (2%) 

3 (6%) 
1 (2%) 1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 

1 (2%) 


100 mgnts 

(1)
1 (100%) 

(49) 

2 (4%) 

1 (2%) 
4 (8%) 
2 (4%) 

1 (2%)
1 (2%) 

200 mgnts 

(49) 

2 (4%) 

(51)
1 (2%) 

4 (8%) 
1 (2%) 

1 (2%) 
4 (8%) 
3 (6%) 

1 (2%) 

1 (2%) 

(50)  
5 (10%) 



S&dy (continued) 
UrinaPy S p b m  
Kidney 

Nephropathy 
Infiltration cellular, lymphocyte 
Glomerulosclerosis 

(50)
2 (4%) 
8 (16%) 

(47) 

5 (11%) 
1 (2%) 

(49) 

8 (16%) 

(49) 

6 (12%) 
1 (2%) 

Collecting tubule, necrosis, coagulative 
Collecting tubule, mineralization 
Artery, necrosis, fibrinoid 1 (2%) 

1 (2%) 
1 (2%) 

Collecting tubule, pigmentation, hemoglobin 1 (2%) 
Cortex, cyst multilocular 1 (2%) 
Cortex, pigmentation, bile 1 (2%) 
Pelvis, infiltration cellular, lymphocyte 2 (4%) 
Renal tubule, degeneration 1 (2%) 1 (2%) 

Inflammation, suppurative 
Infiltration cellular, lymphocyte 

Urinary bladder (45) 
23 (51%) 

(47)
14 (30%)
1 (2%) 

(48)
23 (48%) 

(47)
16 (34%) 

a Incidences are expressed as the ratio of  animals wi th  lesionstothenumberofanimalsexaminedmicroscopically at  the site. 
Of the  animals designated for the 15-month interim evaluation, only 5-10 per dose group were examined microscopically. 
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TABLEEl 
Summary Of the Incidence of Neoplasms in Male Rats in the 
of Coumarina 

Vehicle Controlb 

Disposition Summary 

Animals initially in  study 80 

9-Munth intainr evahdal 20 

1SMunth intainr evahdal 10 

Earlydeaths 


Accidental deaths 2 

Moribund 14 

Naturaldeaths 6 


Survivors 

Died last week of  study 

Terminalsacrifice 28 


Animalsexaminedmicroscopically 80 


9-Month Interim Evaluation 
Alimentary System 
None 

Cardiovascular System 
None 

Endocrine System 
Thyroid gland (17)

Follicular cell. adenoma 1 (6%) 

General Body System 
None 

Genital System 
Testes 

Interstitialcell,adenoma 

Hematopoietic System 
None 

Integumentary System 
None 

Musculoskeletal System 
None 

Coumarin, NTP TR 422 

9- and 15-Month Stop-Exposure Gavage Study 

100 mg/kg 100 mg/kg 
(kmonth exposure) (15-month exposure) 

40 30 

20 


10 


1 3 

6 13 

4 2 


1 

8 2 


40 30 


(18)
1 (6%) 
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Urinary System 
None 

Cardiovascular System 
None 

EndcrcPine System 
Pituitary gland (7) (10)

Pars distalis, adenoma 2 (20%) 

General Baddy System 
None 

Genital System 
Testes (7) (10) 

Interstitial c e l l ,  adenoma 7 (10%) 10 (10%) 

Wematopietic System 
None 

Integumentary System 
None 

MusculoskeletalSystem 
None 
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TABLEEl  
Summary of the Incidence of Neoplasms in Male Rats in the 
of Coumarin (continued) 

VehicleControl 

15-Month Interim Evaluation (continued) 
Nervous System 
None 

Respiratory System 
None 

Special Senses System 
None 

Urinary System 
None 

2-Year Study 
Alimentary System 

Intestine large,  cecum (45)

Intestine large,  colon (45)

Intestine large,  rectum (45)

Intestine small, duodenum (46)


Fibrosarcoma, metastatic 1 (2%) 
Intestine small,  ileum (45)

Fibrosarcoma, metastatic 1 (2%) 
Intestine small,  jejunum (45)

Fibrosarcoma, metastatic 1 (2%) 
Liver (49)

Fibrosarcoma, metastatic 1 (2%) 
Hepatocellular carcinoma 2 (4%) 
Hepatocellular adenoma 

Mesentery (19)
Fibrosarcoma, metastatic 1 (5%) 

Pancreas (47)
Adenoma 1 (2%) 
Fibrosarcoma, metastatic 1 (2%) 

Pharynx (1)
Squamous c e l l  papilloma 1 (100%) 

Stomach, forestomach (48)
Stomach, glandular (47)

Fibrosarcoma, metastatic 1 (2%) 
Tongue 

Squamous ce l l  papilloma 

Cardiovascular System 
Heart (49)

Fibrosarcoma 

Coumarin,NTPTR 422 

9- and 15-Month Stop-Exposure Gavage Study 

100 mgntg 100 mgntg 
(9-month (15-monthexposure) exposure) 

(20) 
1 (5%) 



2 - Y k ~$&y (continued) 
Endmrine System 
Adrenal gland, cortex 
Adrenal gland, medulla 

Pheochromocytoma benign 
Islets, pancreatic 

Adenoma 
Parathyroid gland 

Adenoma 
Pituitary gland 

Pars distalis, adenoma 
Thyroidgland 

C e l l ,  adenoma 
C e l l ,  carcinoma 
Follicular cell, carcinoma 

General Body System 
Tissue NOS 

Adenocarcinoma 
Fibrosarcoma 

Genital System 
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 

Seminal vesicle 
Fibrosarcoma, metastatic 

Testes 
Interstitial cell, adenoma 

Hematopoietic System 
Bone marrow 
Lymph node 
Lymph node,  mandibular 
Lymph node,  mesenteric 
Spleen
Thymus 

Sarcoma 

Integumentary Syskm 
Mammary gland 


Fibroadenoma 

Skin 

Basal cell adenoma 
Squamous c e l l  papilloma 
Subcutaneous tissue,  fibroma 
Subcutaneous tissue, fibrosarcoma 

(49) 
(49)

9(18%) 
(47)

4(9%) 
(41)

1 (2%) 
(48)

19 (40%) 
(47)

1 (2%) 
1 (2%) 
1 (2%) 

(2)
1 (50%) 
1 (50%) 

(45) 
(45)

2 (4%) 
1 (2%) 

(45)
1 (2%) 

(45)
38 (84%) 

(45)
3(7%) 

(49)
1 (2%) 
1 (2%) 
2 (4%) 
1 (2%) 
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TABLEEl 
Summary of the Incidence of Neoplasms in Male Rats in the 9- and 15-Month Stop-Exposure Gavage Study 
of Coumarin (continued) 

2-Year Study (continued) 
Musculoskeletal System 
Bone 

Chordoma 

Lumbar, vertebra, sarcoma 


Skeletal muscle 
Fibrosarcoma, metastatic 
Back. sarcoma 

Nervous System 
Brain 

Squamous c e l l  carcinoma, metastatic 
Spinal cord 

Meninges, sarcoma 

Respiratory System 
Lung 

Adenocarcinoma, metastatic 
Alveolar/bronchiolar adenoma 
Fibrosarcoma 
Squamous c e l l  carcinoma 

NOX 
Polyp 

Special Senses System 
Ear 

Basal c e l l  adenoma 
Zymbal's gland 

Squamous c e l l  carcinoma 

Urinary System 
Kidney 

Fibrosarcoma, metastatic 
Renal tubule, adenoma 
Renal tubule,  oncocytoma benign 

Urinary bladder 

Systemic Lesions 
Multiple organs' 

Leukemiamononuclear 
Mesothelioma NOS 

Vehicle Control 100 mglkg
(Pmonth exposure) 

(47) 

(49)
1 (2%)

1 (2%)

1 (2%) 


1 (5%) 
(49) (20) 

(49)
1 (2%) 
1 (2%) 

(45) 

(49) (20) 
8 (16%) 5 (25%) 
1 (2%) 1 (5%) 

100 mglkg 
(15-month exposure) 

(20) 
1 (5%) 

(20)
4 (20%) 



TABLE En 

summ~nq U D ~ Q  off N ~ ~ U S ~ S ~ SR ~ U S  9- n § - m m I l a  SUOP-EFSUPE smng.
M ~ C W Q  in ~ a u e  in a ~ l a ~  G ~ O V ~ P ~ Q  

Qff ~ O u m ~ d n(continued) 

N@oplmsmSummaq 
Total animals with primary neoplasmsd 

9-Month interim evaluation 
15-Month interim evaluation 
2-Year study 

Total primary neoplasms 
9-Month interim evaluation 
15-Month interim evaluation 
2-Year study 

Total animals with benign neoplasms 
9-Month interim evaluation 
15-Month interim evaluation 
2-Year study 

Total benign neoplasms 
9-Month interim evaluation 
15-Month interim evaluation 
2-Year study 

Total animals with malignant neoplasms 
2-Year study 

Total malignant neoplasms 
2-Year study 

Total animals with metastatic neoplasms 
2-Year study 

Total metastatic neoplasms 
2-Year study 

Total animals with uncertain neoplasms 
benign or malignant 
2-Year study 

Total uncertain neoplasms 
2-Year study 

Vehicle Control ntm m e 100 w@g 
(%month @ q h x O p s )  (15-month egosum) 

1 1 

I 10 


46 18 17 


1 1 

I 12 


105 43 31 


1 1 

I 10 


45 18 16 


1 1 

7 12 


85 34 28 


16 8 7 


19 8 9 


2 1 


11 1 


1 1 


3 3 


a Incidences are  expressed as the ratio o f  animals with lesions to the number o f  animals examined microscopically at the site. 
Includes the 50 vehicle control animals from the 2-year core study.

' Number of  animals with any tissue examined microscopically 
Primaryneoplasms:allneoplasmsexceptmetastaticneoplasms 
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Coumarin, NTP TR 422 


TABLEE2a 

Individual Animal Tumor Pathology of Male Rats in the 9-Month Stop-Exposure GavageStudy of Coumarin: 

100 mgkg 

Number of Days on Study 

Carcass ID  Number 

Alimentary System 
Esophagus

Intestine large 

Intestine large,  cecum 

Intestine large,  colon 

Intestine large, &turn 

Intestine small 

Intestine small, duodenum 

Intestine small,  ileum 

Intestine small, jejunum 

Liver 

Mesentery

Pancreas 


Adenoma 

Salivary glands

Stomach 

Stomach, forestomach 

Stomach, glandular 

Tongue


Squamous cell  papilloma 

Cardiovascular System 
Blood vessel 
Heart 

Fibrosarcoma 

Endocrine System 
Adrenal gland 

Adrenal gland, cortex 

Adrenal gland, medulla 


Pheochromocytoma benign
Islets, pancreatic 

Adenoma 
Parattiyroid gland 

Adenoma 
Pituitary gland

Pars distalis, adenoma 
Thyroidgland 

GeneralBody System 
Tissue N O S  

+: Tissue &mined m i c ~ p i & l l y  
A Autolysis prkcludes examination 

0 3 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

4 0 2 8 8 1 1 8 8 8 8 2 2 2 2 2 2 2 3 3  

9 7 0 3 8 8 9 0 0 0 8 9 9 9 9 9 9 9 0 0  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
5 5 5 5 5 5 5 5 5 6 5 5 5 5 6 6 6 6 5 5  Total 
9 8 8 8 9 7 9 8 9 0 9 7 7 7 0 0 0 0 7 8  Tissues/ 
4 5 2 1 3 2 1 4 5 3 2 1 3 4 1 2 4 5 5 3  Tumors 

. . . . . . . . . . . . . . . . . . . .  20 

+ A + A + + + + + + + + + + + A + + + +  17 

+ A + A + + + + + + + + + + + A + + + +  17 

+ A + + + + + + + + + + + + + A + + + +  18 

" + + + + + + + + + + + + + + + + + +  18 

+ + + A + + + + + + + + + + + A + + + +  18 

+ A + A + + + + + + + + + + + + + + + +  18 

+ A + A + + + + + + + + + + + A + + + +  17 

+ M + A + + + + + + + + + + + A + + + +  17 

. . . . . . . . . . . . . . . . . . . .  20 


+ + + + +  + +  7 

+ A + + + + + + + + + + + + + + + + + +  19 


X 1 

. . . . . . . . . . . . . . . . . . . .  20 

+ A + + + + + + + + + + + + + + + + + +  19 

+ A + + + + + + + + + + + + + + + + + +  19 

+ A + + + +  + + + + + + + + + + + + +  18 


+ 1 

X 1 


+ 1 

. . . . . . . . . . . . . . . . . . . .  20 


x - 1 


. . . . . . . . . . . . . . . . . . . .  20 


. . . . . . . . . . . . . . . . . . . .  20 


. . . . . . . . . . . . . . . . . . . .  20 

X x x  X 4 


+ A + + + + + + + + + + + + + + + + + +  19 

X 1 


+ + + + + + + + + + + + + M + + + + + +  19 

X 1 


. . . . . . . . . . . . . . . . . . . .  20 

x x x  X 4 


. . . . . . . . . . . . . . . . . . . .  20 


+ 1 


M:Missing tissue X: Lesion present 
I: Insufficienttissue Blank Not  examined 



Number of Days on Study 

Genital System 
Epididymis 
Preputial gland 

Adenoma 
Carcinoma 


Prostate 

Seminal vesicle 

Testes 


Interstitial cel l ,  adenoma 

Wematopietic System 
Blood 
Bone marrow 
Lymph node 
Lymph node, mandibular 
Lymph node,  mesenteric 
Spleen 
Thymus 

Integumentary System 
Mammary gland 

Fibroadenoma 
Skin 

Musculoskeletal System 
Bone 

Nervous Sysbm 
Brain 

Respimtory System 
Lung 

Squamous c e l l  carcinoma 
Nose 
Trachea 

Special Senses System 
Eye 

Urinary System 
Kidney 

Renal tubule, adenoma 
Urinary bladder 

Systemic Lesions 
Multiple organs 

Leukemia mononuclear 
Mesothelioma NOS 

0 3 5 5 5 6 6 6 6 6 6 7 7 7 7 7 7 7 7 7  

4 0 2 8 8 1 1 8 8 8 8 2 2 2 2 2 2 2 3 3  

9 7 0 3 8 8 9 0 0 0 8 9 9 9 9 9 9 9 0 0  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

5 5 5 5 5 5 5 5 5 6 5 5 5 5 6 6 6 6 5 5  

9 8 8 8 9 7 9 8 9 0 9 7 7 7 0 0 0 0 7 8  

4 5 2 1 3 2 1 4 5 3 2 1 3 4 1 2 4 5 5 3  


. . . . . . . . . . . . . . . . . . . .  

+ + M + + + + + + + + + + + + + + + + +  


X 

X 


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

x x x x x x x x x x x x x x x x x x  


+ 
+ + + A + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

M + + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

X X 


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


+ A + + + + + + + + + + + + + + + + + +  
~~ ~ 

. . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

+ 

. . . . . . . . . . . . . . . . . . . .  
X 


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

x x  X x x  


X 


~ 

20 

19 

1 

1 


20 

20 

20 

18 


1 

19 

20 

20 

20 

19 

20 


20 

2 


20 


20 


19 


20 

1 


20 

20 


1 


20 

1 


20 


20 

5 

1 
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TABLEE2b 

Individual Animal Tumor Pathology of Male Rats in the 15-Month Stop-Exposure Gavage Study of Coumarin: 

100 mg/kg 

Number of Days on Study 

Carcass ID Number 

Alimentary System 
Esophagus 
Intestine large 
Intestine large,  cecum 
Intestine large, colon 
Intestine large,  rectum 
Intestine small 
Intestine small, duodenum 
Intestine small,  ileum 
Intestine. small,  jejunum 
Liver 

Hepatocellular adenoma 
Mesentery 
Pancreas 
Salivary glands 
Stomach 
Stomach, forestomach 
Stomach, glandular 

Cardiovascular System 
Blood vessel 

Heart 


Endocrine System 
Adrenal gland 
Adrenal gland, cortex 

Adrenal gland, medulla 


Pheochromocytoma benign 
Islets, pancreatic 
Parathyroid gland 
Pituitary gland 

Pars distalis, adenoma 
Thyroidgland

Follicular cell, carcinoma 

General Body System 
None 

Genital System 
Epididymis 

Preputial gland 

Prostate 

Seminal vesicle 

Testes 

Interstitial cell, adenoma 

+: Tissue examined microscopically
A Autolysis precludes examination 

0 0 0 2 4 4 5 5 5 5 5 6 6 6 6 6 6 7 7 7  

4 4 7 5 9 9 6 6 8 8 9 0 1 1 2 3 3 2 2 2  

0 0 0 3 6 9 5 6 5 8 3 9 8 8 3 9 9 6 9 9  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

6 6 6 6 . 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

5 8 8 8 7 7 5 5 8 8 7 6 7 7 6 5 6 6 5 6  

4 4 1 5 3 4 1 5 2 3 2 5 1 5 3 3 2 1 2 4  


+ M + + + + + + + + + + + + + + + + + +  
. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

+ +  + + 
. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  

+ + + + + + + + + + + + + + + + M + + +  
. . . . . . . . . . . . . . . . . . . .  


+ 
. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . .  

+ + + + M + + + + + + + + + + M + + + +  
. . . . . . . . . . . . . . . . . . . .  


X x x x  X 

. . . . . . . . . . . . . . . . . . . .  


X 


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

x x x x x x x x x x x x x x x  


M Missing tissue X Lesion present 
I: Insufficienttissue Blank Not  examined 

Total 
Tissues/ 
Tumors 

19 

20 

20 

20 

20 

20 

20 

20 

20 

20 

1 

4 


20 

20 

20 

19 

20 


1 

20 


20 

20 

20 

1 


20 

18 

20 

5 


20 

1 


20 

20 

20 

20 

20 

15 




TABLE m b  

hld~Vkb”nhhMlan TUtlDJlOPrr h b h d w  Off “hi!Rat§ iUIl the l§-hbUIlth ~ ~ P - ~ GaW@l!U StUdJ’ Off @OUUUlIZWiUU:
S E 

l@lDmg/kg (continued) 

N u m k n  of Drays on Study 

@arCiaSSI D N M d X E ’  

WemiaQopieticSysbm 
Bone marrow 
Lymph node 
Lymph node,  mandibular 
Lymph node, mesenteric 
Spleen 
Thymus 

Integumentary System 
Mammary gland 
Skin 

MusculoskeleQralSystem 
Bone 


Lumbar, vertebra, Sarcoma 

Skeletalmuscle 


Back, Sarcoma 


Nervous System 
Brain 

Squamous c e l l  carcinoma, metastatic 
Spinal cord 

Meninges, sarcoma 

Respiratory System 
Lung
Nose 

Polyp 
Trachea 

Special Senses Sysuem 
Ear 

Basal c e l l  adenoma 
Eye
Zymbal’s gland 

Squamous cell  carcinoma 

UrinarySystem 
Kidney

Renal tubule, adenoma 
Renal tubule,  oncocytoma benign

Urinary bladder 

Systemic Lesions 
Multiple organs 


Leukemia mononuclear 


0 0 0 2 4 4 5 5 5 5 5 6 6 6 6 6 6 7 7 7  

4 4 7 5 9 9 6 6 8 8 9 0 1 1 2 3 3 2 2 2  

0 0 0 3 6 9 5 6 5 8 3 9 8 8 3 9 9 6 9 9  


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  

5 8 8 8 7 7 5 5 8 8 7 6 7 7 6 5 6 6 5 6  

4 4 1 5 3 4 1 5 2 3 2 5 1 5 3 3 2 1 2 4  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

+ + + + M + + + + + + + + + + + + + + +  

M + M M + + + + + + + M + + + + + + + +  
. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

X 

+ 
X 


. . . . . . . . . . . . . . . . . . . .  

X 


+ 
X 


. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

X 


. . . . . . . . . . . . . . . . . . . .  

+ 
X 


+ 
+ 
x 


. . . . . . . . . . . . . . . . . . . .  

X I X 


X X 

. . . . . . . . . . . . . . . . . . . .  


. . . . . . . . . . . . . . . . . . . .  

X X X X 


T O h l  

Tissues/ 
TUmOIS 

20 

20 

20 

20 

20 

19 


16 

20 


20 

1 

1 

1 


20 

1 

1 

1 


20 

20 

1 


20 


1 

1 

1 

1 

1 


20 

2 
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20 


20 
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TABLEE3a 

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year Gavage Study of Coumarin: 

2-Year Vehicle Control versus Stop-Exposure 100 mgkg Groups 

VehicleControl 

AdrenalMedulla:BenignPheochromocytoma 
Overall ratesa 9/49 (18%) 
Adjusted ratesb 27.2% 
Terminal rates' 5/28 (18%) 
Firstincidencedays 573d )Life table tes t s  P=O.405 
Logistic regression testsd P=0.509N 
Cochran-Armita e testd P=0.148NIFisher exact test 

Kidney(RenalTubule):Adenoma (Single Sections) 
Overall rates 1/49 (2%) 
Adjusted rates 3.6% 
Terminal rates 1 m  (4%) 
First incidence (days) 729 (r)
Life table  tests P=O.O11 
Logistic regression tests P=O.o64 
Cochran-Armitage test P=O.130 
Fisher exact test 

Kidney(RenalTubule): Adenoma(Singleand Step Sections) 
Overall rates 1/49 (2%) 
Adjusted rates 3.6% 
Terminal rates 1/28(4%) 
First incidence (days) 729 (r)
Life table  tests P=O.ool 
Logistic regression tests P=O.O19 
Cochran-Armitage test P=O.O69 
Fisher exact test 

Kidney(RenalTubule):BenignOncocytoma 
Overall rates 0/49 (0%) 
Adjusted rates 0.0% 
Terminal rates o m  (0%) 

-First incidence (days) 
Life table  tests P=O.O15 
Logistic regression tests P=O.O31 
Cochran-Armitage test P=O.O30 
Fisher exact test 

Liver:HepatocellularAdenoma or Carcinoma 
Overall rates 2/49 (4%) 
Adjusted rates 6.8% 
Terminal rates 1/28 (4%) 
First incidence (days) 720 
Life table  tests P =0.395 
Logistic regression tests P=O.531 
Cochran-Armitage test P=0.634N 
Fisher exact test 

100 mgntg 
(9-monthexposure) 

4 m  (20%) 
38.5% 
3/9 (33%) 
680 
P=O.431 
P=O.499 

P=O.560 

1no (5%) 
11.1% 
119 (11%) 
729 (r)
P=O.491 
P=O.491 

P=O.499 

4/20 (20%) 
38.1% 
3/9 (33%) 
619 
P=O.o08 
P=O.O11 

P=O.O23 

on0 (0%) 
0.0% 
O D  (0%) 

on0 (0%) 
0.0% 
019 (0%)-
P=0.517N 
P=0.506N 

P=0.501N 

100 mgkg 
(15-monthexposure) 

1/20 (5%) 
50.0% 
ln (50%) 

729 ( T )
P=O.663 
P=0.465N 

P=0.145N 

2/20 (10%) 
53.1% 
ln (50%) 
496 
P=O.O25 
P=O.137 

P=O.199 

2/20 (10%) 
53.1% 
1/2 (50%) 
4% 
P=O.O25 
P=O.137 

P=O.199 

2/20 (10%)
16.4% 
0/2 (0%) 
565 
P=O.O36 
P=O.O76 

P=O.ogl 

1m (5%)  
12.5% 
o n  (0%) 
618 
P=O.380 
P=O.551 

P=O.648 



Mammary Gland: Fibmdenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Pancreatic Isle- Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Piituitmy Gland (Pam Distalis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

PreputialGland: Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Preputial Gland  Adenoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

3/49 (6%) 
8.9% 
1/28 (4%) 
622 
P=O.5% 
P=0.479N 
P=0.312N 

4/47 (9%) 
13.3% 
3/28 (11%) 
660 
P=0.373N 
P=0.207N 
P=0.140N 

19/48 (40%) 
51.2% 
11/28 (39%) 
472 
P=O.271 
P 30.269N 
P=O.lC@N 

2/45 (4%) 
7.1% 
2/28 (7%) 
729 (T)
P=O.699 
P=O.699 
P=0.333N 

3/45 (7%) 
10.7% 
3/28 (11%) 
729 (T)
P= O S 5 5  
P=O.555 
P=0.286N 

2/20 (10%) 
22.2% 
u9 (22%) 
729 (T)
P=O.401 
P=O.447 

P=O.453 

1/19 (5%)  
6.3% 
oi9 (0%)
588 
P=0.588N 
P=0.538N 

P=0.551N 

4/20 (20%) 
44.4% 
4i9 (44%) 
729 ( T )
P=0.245N 
P=0.131N 

P=O.lC@N 

1/19 (5%) 
11.1% 
1i9 (11%) 
729 (T)
P=O.625 
P=O.625 

P=O.659 

2/19 (11%) 
22.2% 
2i9 (22%) 

729 (T)
P=O.377 
P=O.377 

P=O.468 

on0 (0%)
0.0% 
o n  (0%)
-
P=0.665N 
P=0.395N 

P=0.352N 

on0 (0%)
0.0% 
o n  (0%) 
-

P=0.672N 
P=0.455N 

P =0.233N 

5/u) (25%) 
43.7% 
o n  (0%)
565 
P=O.176 
P=0.404N 

P=0.194N 

o m  (0%)
0.0% 
o n  (0%)
-
P=0.855N 
P=0.855N 

P=0.476N 

on0 (0%)
0.0% 
o n  (0%) 
-
P=0.764N 
P=0.764N 

P=0.325N 
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TABLEE3a 

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-YearGavage Study of Coumarin: 

2-Year Vehicle Control versus Stop-Exposure 100 mgkg Groups (continued) 


Skin (Subcutaneous Tissue): Fibroma or Fibrosarcoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Testes. Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tes t s  
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs:MononuclearCellLeukemia 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs:Benign Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs: Malignant Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table  tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

VehicleControl 100 mgkg 100 mglkg 
(9-month exposure) (15-month exposure) 

3/49 (6%) o m (0%) o m (0%) 

9.5% 0.0% 0.0% 


2rz8 (7%) 0/9 (0%) o n  (0%) 

609 - -
P=0.261N P=0.362N P=0.634N 
P=0.181N P=0.332N P=0.449N 
P=0.137N 

P=O.352N P=0.352N 

38/45 (84%) 18/20 (90%) 15/20 (75%) 
100.0% 100.0% 100.0% 
28/28 (100%) 9/9'(100%) 2/2 (100%) 
408 520 4% 
P<O.001 P=O.o40 P<0.001 
P=O.112 P=O.220 P=O.201 
P=0.283N 

P=0.432 P=0.282N 

8/49 (16%) 5/20 (25%) 4/20 (20%) 
22.4% 40.0% 65.8% 
3/28 (11%) 2D (22%) 1/2 (50%)  
420 619 499 
P=O.O19 P=O.215 P=O.O48 
P=O.222 P=O.287 P=O.392 
P = O . 3 6 6  

P=O.302 P=O.481 

45/49 (92%) 18/20 (90%) 16/20 (80%) 
100.0% 100.0% 100.0% 
28/28 (100%) 9/9 (100%) 2/2 (100%) 
408 520 4% 
P<O.001 P=O.251 P<O.001 
P=O.268 P=O.659 P=O.413 
P=0.129N 

P=0.565N P=0.163N 

17/49 (35%) 8/20 (40%) 7/20 (35%) 
45.9% 65.7% 73.0% 
9/28 (32%) 5/9 (56%) 1/2 (50%) 
420 619 253 
P=O.007 P = O . 2 6 4  P=O.O15 
P=O.272 P=O.370 P=O.452 
P=O.508 

P=O.440 P=O.5% 



All Organs:Benign or Malignant Neoplasms 
Overall rates 46/49 (94%) 18/20 (90%) 17/20 (85%) 
Adiusted rates 10.0% 10.0% 10.0% 
Terminal rates 28/28 (10%) 9/9 (10%) 2 n  (10%) 
First incidence (days) 408 520 253 
Life table tests P<O.01 P=O.2% P c0 . 0 1  
Logistic regression tests P=O.102 P=O.761 P=O.200 
Cochran-Armitage test P=0.170N 
Fisher exact test P=O.453N P=0.229N 

Terminal sacrifice 
6T)Number of neoplasm-bearing  animals/number of animals examined. Denominator is number of animals examined microscopically for adrenal 

gland,bonemarrow,brain,epididymis, heart, kidney, larynx,liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland, 
prostate gland,  salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues, denominator is number of animals necropsied. 
Kaplan-Meier estimated neoplasm incidence a t  the end of the study after adjustment  for intercurrent mortality 
Observed incidence at terminal ki l l  
Beneath the control incidence are the P values associated wi th  the trend test. Beneath the dosed group incidence are the P values 
corresponding to painvise  comparisons between the controls and that dosed group. The life table analysis regards neoplasms in animalsdying 
prior to terminal kill as being (directly or indirectly)thecauseofdeath.Thelogisticregressiontestsregardtheselesions as nonfatal.  The 
Cochran-Armitage and Fisher exact tests compare. directly the overall incidence rates. For a l l  tests, a negative trend or a lower  incidence in a 
dose group is indicated by N. 

e 	 Notapplicable;noneoplasms in animal group
Value o f  statistic cannot be computed 
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TABLEE3b 

Statistical Analysis of Primary Neoplasms in Male Rats in the 2-Year GavageStudy of Coumarin: 

2-Year 100 mgkg Group versus Stop-Exposure 100 mgkg Groups 

100 mg& 100 mgkg 
(24-month (15-monthexposure) exposure) 

Adrenal Medulla:  BenignPheochromocytoma 
overall ratesa 
Adjustedratesb 
Terminal rates' 
Firstincidencedaysd )Life table tests 
Logistic regression testsd 
Cochran-Armita e testdIFisher exact test 

Kidney (Renal Tubule):  Adenoma 
Overall rates 
Adjusted rates ' 

Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Kidney (Renal Tubule):  Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Li fe  table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

0/50 (0%) 
0.0% 
o/o (0%) 

e-
P=O.711 
P=O.379 
P=O.o02 

(Single Sections) 
1/50 (2%) 
2.4% 
o/o (0%) 
4% 
.P=0.341N 
P =0.4O4 
P=O.301 

(Single and Step Sections) 
5/50 (10%) 
31.8% 
o/o (0%) 
426 
P=0.086N 
P=O.419 
P=0.224 

Kidney (Renal Tubule):  BenignOncocytoma 

Overall rates 0/50 (0%) 

Adjusted rates 0.0% 

Terminal rates o/o (0%) 

First incidence (days) 
 -
Life  table tests P=O.598 
Logistic regression tests P=O.461 
Cochran-Armitage test P=O.442 
Fisher exact test 

MammaryGland:Fibroadenoma 
Overall rates 0/50 (0%) 
Adjusted rates 0.0% 
Terminal rates o/o (0%) 

-First incidence (days) 
Life table tests P=O.604 
Logistic regression tests P = O . 6 0 4  
Cochran-Armitage test P=O.O29 
Fisher exact test 

P=O.286 

m o  (10%) 
53.1% 
1/2 (50%) 
496 
P=O.539 
P=O.199 

P=O.194 

2/20 (10%) 
53.1% 
1/2 (50%) 
496 
P=0.378N 
P=O.669 

P =0.684N 

2/20 (10%) 
16.4% 
o n (0%) 
565 
P=O.127 
P=O.O70 

P=O.O79 

on0 (0%) 
0.0% 
012 (0%) 
-
-
-

100 mg& 
(9-month exposure) 

4/20 (20%)
38.5% 
319 (33%)
680 
P=O.952 
P=O.579 

P=O.o05 

1/20 (5%) 
11.1% 
1/9 (11%) 
729 ( T )
P=0.664N 
P=O.657 

P=O.493 

4/20 (20%) 
38.1% 
3/9 (33%) 
619 
P=0.121N 
P=O.479 

P=O.226 

o m  (0%) 
0.0% 
0/9 (0%) 
-

2/20 (10%) 
22.2% 
2/9 (22%) 
729 ( T )-
-

P=O.O79 



~ a m m a r g .~lanndl:~ i b m c ~ c n o m aor Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

Pituitary Gland (Pam Dishlis): Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Li fe  table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

PreputialGland: Memoma or Carcinoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

Testes Adenoma 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs: Mononuclear Cell Leukemia 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

1/50 (2%) 
14.3% 
o/o (0%) 
638 
P=0.354N 
P=0.6oN 
P=O.140 

6/50 (12%) 
48.1% 
O D  (0%) 
485 
P=O.o6oN 
P=O.514 
P=O.193 

1/47 (2%) 
3.1% 
o/o (0%)
525 
P=0.541N 
P=O.403 
P=O.143 

46/50 (92%) 
100.0% 
O D  (0%) 
307 
P<0.001N 
P=O.352N 
P=0.323N 

0/50 (0%)
0.0% 
O D  (0%)
-
P=O.377 
P=O.O13 
P<0.001 

o m  (0%) 
0.0% 
o n (0%) 
-
P=0.567N 
P=O.579N 

P=0.714N 

5/20 (25%) 
43.7% 
o n (0%)
565 
P=O.373 
P=O.173 

P=O.161 

0/20 (0%) 
0.0% 
o n  (0%)
-
P=0.665N 
P=0.669N 

P=0.701N 

15/20 (75%) 
100.0% 
w2 (100%)
496 
P=0.013N 
P=0.321N 

P=0.068N 

4120 (20%) 
65.8% 
1n (50%) 
499 
P=O.o48 
P=O.o06 

P=O.005 

2/20 (10%)
22.2% 
2/9 (22%) 
729 (9
P=0.377N 
P=O.667N 

P=O.194 

4fZO (20%) 
44.4% 
4 D  (44%)
729 0 
P=O.O18N 
P=0.461N 

P=O.304 

2/19 (11%) 
22.2% 
2D (22%) 
729 ( T )
P=0.626N 
P=O.595 

P=O.197 

18/20 (90%) 
100.0% 
9D (10%)  
520 
P<O.OlN 
P=O.633IV 

P=0.556N 

5/20 (25%) 
40.0% 
2/9 (22%) 
619 
P=O.450 
P=O.o62 

P=O.001 
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TABLEE3b 
Statistical Analysis of Primary Neoplasms in Male Rats in the2-Year Gavage Study of Coumarin: 
2-Year 100 mglkg Group versus Stop-Exposure 100 mglkgGroups (continued) 

All Organs:Benign Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitage test 
Fisher exact test 

All Organs: Malignant Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Armitagetest 
Fisher exact test 

All Organs:Benign or Malignant Neoplasms 
Overall rates 
Adjusted rates 
Terminal rates 
First incidence (days) 
Life table tests 
Logistic regression tests 
Cochran-Annitage test 
Fisher exact test 

aT)Terminal sacrifice 

100 mg/kg 

47/50 (94%) 
100.0% 
om (0%)
307 
P<0.001N 
P=0.469N 
P=0.259N 

5/50 (10%)
43.3% 
om (0%)
512 
P=0.248N 
P=O.O11 
P=O.002 

47/50 (94%) 
100.0% 
O D  (0%)
307 
Pc0.001N 
P=0.558N 
P=0.298N, 

100 mg/kg 
(15-month exposure) 

16/20 (80%) 
100.0% 
2f2 (100%) 
4% 
P=0.018N 
P=0.754N 

P=0.097N 

7/20 (35%) 
73.0% 
1/2 (50%)
253 
P=O.152 
P=O.O14 

P=O.O18 

17/20 (85%) 
100.0% 
2/2 (100%) 
253 
P=0.030N 
P=O.540 

P=0.222N 

100 mg/kg 
(9-month exposure) 

18/20(90%) 
100.0% 
9/9 (100%) 
520 
P<0.001N 
P=0.610N 

P=0.444N 

8/20 (40%) 
65.7% 
5/9 (56%) 
619 
P=0.143N 
P=O.200 

P=0.007 

18/20 (90%) 
100.0% 
9/9 (100%) 
520 
P<0.001N 
P=0.610N 

P=0.444N 

Number of neoplasm-bearing animaldnumber o f  animals examined. Denominator is number o f  animals examined microscopically for adrenal 
gland, bone marrow, brain, epididymis, heart, kidney, larynx, liver, lung, nose, pancreas, parathyroid gland, pituitary gland, preputial gland, 
prostate gland, salivary gland, spleen, testes, thyroid gland, and urinary bladder; for other tissues,  denominator is number of animals necropsied, 
Kaplan-Meier estimated neoplasm incidence a t  the end o f  the study after  adjustment for intercurrent mortality 
Obsewed incidence at  terminal k i l l  
Beneath the control incidence are the P valuesassociated wi th  the trend test. Beneath the dosed group incidence are the P values 
corresponding to painvise comparisons between the controls and that dosed group. The life tableanalysis regards neoplasms in animals dying 
prior to terminal kill asbeing(directly or indirectly)thecauseofdeath.Thelogisticregressiontestsregardtheselesionsasnonfatal.The 
Cochran-Armitage and Fisher exact tests compare directly the overall incidence rates. For a l l  tests, a negative trend or a lower  incidence in a 
dose group i s  indicated by N. 

e 	 Not  applicable;noneoplasms in animalgroup 
Value of  statistic cannot be computed 
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Disposition Summary 
Animals initially in study 
9 - M d  sigdkplippa tm0kdml 

l S - E t 4 l & ~ ~  
Early deaths 

Accidental deaths 
Moribund 
Natural deaths 

survivors 
Died last week of study 
Terminal sacrifice 

Animalsexaminedmicroscopically 

9-MOMh I&%h E V d U & n  
Alimentary System 
Liver 

Clear cell focus 
Fatty change 
Inflammation, focal, chronic 
Necrosis, coagulative 
Necrosis, multifocal 
Bile duct, hyperplasia 

Mesentery 
Fat, inflammation, chronic 
Fat, necrosis,  coagulative 

Cardiovascular System 
Heart 

Cardiomyopathy 

Endocrine System 
Pituitary gland 

Pars distalis, hyperplasia 

General B d y  System 
None 

Genibl System 
Seminal vesicle 

Atrophy 
Testes 

Interstitial cell, hyperplasia 

Seminiferous tubule, atrophy 


80 
20 
10 

2 

14 

6 

28 

80 

(17)
1 (6%) 
4 (24%) 

7 (41%) 
(1) 

1 (100%) 

(17)
10  (59%) 

40 30 
20 

10 

1 3 
6 13 
4 2 

1 
8 2 

40 30 

(18)
2 (11%) 

1 (6%) 

11 (61%) 

6 (33%) 

17 (94%) 


(1) 

1 (100%) 

(18)
9 (50%) 
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TABLEE4 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 

in the 9-and 15-Month Stop-Exposure Gavage Study of Coumarin (continued) 


%Month hter i rn  Evaluation (continued) 
Hematopoietic System 
None 

Integumentary System 
None 

Musculoskeletal System 
None 

Nervous System 
None 

Respiratory System 
Lung 

Hemorrhage 
Inflammation, granulomatous 

Special Senses System 
None 

Urinary System 
Kidney 

Nephropathy 
Urinary bladder 

Calculus gross observation 

15-Month Interim Evaluation 
Alimentary System 
Liver 

Basophilic focus 
Clear c e l l  focus 
Fatty change 

Inflammation, chronic 

Necrosis, coagulative 

Bile duct, hyperplasia 

Hepatocyte, degeneration, granular 


Mesentery 
Fat, inflammation,  chronic 
Fat, necrosis,  coagulative 

Pancreas 
Inflammation, chronic 

Vehicle Control 100 mgntg- 100 mgkg 
(9-month exposure) (15-month exposure) 

~ ~~ ~~ 

(7)
1 (14%)
1 (14%) 
1 (14%) 9 (90%)
1 (14%) 

2 (20%) 
5 (71%) 10 (100%) 

8 (80%) 
(3) (1)
1 (33%) 
2 (67%) 1 (100%) 
(7) 



~ndcrcuinesysuem 
Pituitary gland 

Pars distalis, hyperplasia 
Pars distalis, hypertrophy 

General Body System 
None 

Genital System 
Preputial gland 

Inflammation, suppurative 
Testes 

Atrophy 

Wemmaopieaic SysaSm 
Spleen 

Ectopic tissue 

Integumentary System 
None 

Respiratory System 
NOX 

Inflammation, suppurative 

(7)
1 (14%)
1 (14%) 

(7)
1 (14%) 
(7) 

(7)
1 (14%) 
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TABLEE4 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 

in the 9- and 15-Month Stop-Exposure Gavage Study of Coumarin (continued) 


15-Mortth Interim Evaluation (continued) 
Urinary System 
Kidney 

Hydronephrosis 
Nephropathy 

%Year Studyb 
Alimentary System 
Intestine large, rectum 

Inflammation, suppurative 
Intestine small, duodenum 

Ulcer 
Intestine small, jejunum 

Necrosis, coagulative 
Liver 

Basophilic focus 
Clear ce l l  focus 
Developmental malformation 
Eosinophilic focus 
Fatty change 
Fibrosis 
Hyperplasia 
Infiltrationcellular,lymphocyte 
Inflammation, chronic 
Mixed c e l l  focus 
Necrosis, coagulative 
Bile duct, hyperplasia 
Hepatocyte, degeneration, granular 
Periductular, fibrosis 

Mesentery 
Fat, hemorrhage 
Fat, inflammation,  chronic 
Fat, inflammation,  suppurative 
Fat, necrosis,  coagulative 

Pancreas 
Atrophy 
Hyperplasia 
Acinar cell, hyperplasia 
Acinus, hyperplasia 

Stomach, forestomach 
Cyst epithelial inclusion 
Hyperkeratosis 
Hyperplasia
Inflammation, chronic 
Inflammation, suppurative 
Ulcer 

Stomach, glandular 
Dilatation 
Inflammation, chronic 
Mineralization 
Ulcer 

Vehicle Control 

(7) 

7 (100%) 

(45) 

(46)
1(2%) 

(45) 

(49)
16 (33%) 
5 (10%) 
2 (4%) 
5 (10%) 
4 (8%) 

2 (4%) 
3 (6%) 

4 (8%) 
1(2%) 

41 (84%) 

(19)
1 (5%) 
2 (11%) 

12 (63%) 
(47)

4 (9%) 

1 (2%) 
2 (4%) 

(9 ' 

2 (4%) 

7(15%) 
(47) 

2 (4%) 

100 mgntg 
(9-month exposure) 

(18) 

(18) 

(17) 

(20)
2(10%) 

2 (10%) 

2 (10%) 

1 (5%) 

1 (5%) 

2(10%) 
17 (85%) 

(7) 

2 (29%) 

2 (29%) 
(19)

1 (5%) 
1 (5%) 

(19)
1 (5%) 
2 (11%) 
1(5%) 
3 (16%) 
1 (5%) 
3 (16%) 

(18) 

1(6%) 
1(6%) 

100 mgntg 
(15-month exposure) 

(10)
1 (10%) 

10 (100%) 

(20)
1 (5%) 

(20) 

(20)
1 (5%) 

(20)
1 (5%) 

3 (15%)
2 (10%) 

1 (5%) 
3 (15%) 

14 (70%) 
1 (5%) 
1(5%) 

(4) 

1(25%) 
3 (75%) 

(20)
2(10%) 

(19) 

1 (5%)  
3 (16%) 
1 (5%)  
5 (26%) 

(20) 
1 (5%)  

2 (10%) 
2 (10%) 



2 - Y e ~$W& (continued) 
Cardiovascular System 
B l o o d  vessel 

Aorta, mineralization 
Mesenteric artery, mineralization 

H a r t  
Cardiomyopathy 
Fibrosis 
Thrombosis 

Endacrine System
Adrenal gland, cortex 

Congestion 
Adrenal gland, medulla 

Basophilic focus 
Congestion 

Parathyroid gland 
Hyperplasia 

Pituitary gland 
Pars distalis,  congestion 
Pars distalis, cyst 

Pars distalis, hyperplasia 
Pars intermedia,  hemorrhage 

Thyroid gland 
C e l l ,  hyperplasia 
Follicle, cyst 
Follicular cell, cyst  

General Body System 
None 

Genihl System
Preputial gland 

Dilatation 
Hemorrhage 
Hyperplasia 
Inflammation, chronic 
Inflammation, suppurative 
Duct, dilatation 

Prostate 
Hemorrhage 
Hyperplasia 
Inflammation, chronic 
Inflammation, suppurative 

T e s t e s  
Atrophy 
Infarct 
Seminiferous tubule, atrophy 

Vehicle Control 

(1) 

(49) 
27 (55%) 

(49) 

(49)
1 (2%) 
1 (2%) 

(41)
3 (7%) 

(48) 

1(2%) 

1 (2%) 
(47) 

5 (11%) 
1 (2%) 

(45) 

1 (2%) 
1 (2%) 
7 (16%) 
3 (7%) 

(45) 

1 (2%) 

4 (9%) 

(45) 

3 (7%) 

I W  m e  
(9-month exfp€nsuP@) 

(1)
1 (100%) 
1 (100%) 

(20)
11 (55%) 
1 (5%) 
1 (5%) 

(19) 
4 (21%) 

(20)
1 (5%) 
1 (5%) 
1 (5%) 

1 (5%) 

(19) 

1 (5%) 

1 (5%) 

(20) 

2 (10%) 

(20) 
1 (5%) 

I W  mghg 
(15-month exfp€nsem) 

(20)
1 (5%) 

2 (10%) 

(20)
1 (5%)
1 (5%) 
1 (5%) 

1 (5%) 
1 (5%) 
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TABLEE4 
Summary of the Incidence of Nonneoplastic Lesions in Male Rats 
in the 9- and 15-Month Stop-Exposure Gavage Study of Coumarin (continued) 

2-Year Study (continued) 
Hematopoietic System 
Bone marrow 

Hyperplasia, mononuclear c e l l  
Lymph node, mandibular 

Congestion 
Hyperplasia, lymphoid 
Hyperplasia, plasma c e l l  

Lymph node, mesenteric 
Congestion 

Spleen 
Congestion 
Developmentalmalformation 
Fibrosis 
Hypoplasia 
Necrosis 
Pigmentation, hemosiderin 

Integumentary System 
Mammary gland 

Galactocele 
Skin 

Cyst epithelial  inclusion 
Hemorrhage 
Inflammation. chronic 

Musculoskeletal System 
None 

Nervous System 
Brain 

Cerebellum, developmental malformation 
Cerebellum, hemorrhage 
Cerebrum, hemorrhage 
Cerebrum, infarct 
Hypothalamus, compression 

Respiratory System 
Lung 

Emphysema
Fibrosis 
Foreign body 
Hemorrhage 
Inflammation, suppurative 
Alveolar epithelium, hyperplasia 

Vehicle Control 100 mgntg 
(9-month exposure) 

(48)
1 (2%) 

(48)
1 (2%)

1 (2%)

1 (2%) 


(43) 

(48) 
2 (4%) 

2 (4%) 


1 (2%) 

1 (2%) 

(45) 

2 (4%) 


(49) 
3 (6%)

1 (2%) 

2 (4%) 

(47) 	 (19)

1 (2%) 


1 (2%) 

(49) 	 (20)
1 (5%)
1 (5%) 

1 (2%) 
5 (10%) 3 (15%) 

100 mgntg 
(15-month exposure) 

1 (5%)  

1 (5%) 

(20) 
1 (5%) 

1 (5%) 
1 (5%) 
1 (5%) 

3 (15%)
1 (5%) 
1 (5%) 
1 (5%) 



l l a s i ~ ~ ~  277inn S ~ p - E x p s u mGavage Study MaleMice 

2 - Y i t ~  (continued) 
R@spimton-ySystem (continued) 
Nose 

Necrosis, coagulative 
Metaplasia, squamous 
Inflammation, suppurative 
Fungus 

(49) 

13 (27%) 
4 (8%) 

(20)
1 (5%)
3 (15%) 

Metaplasia, squamous 
Trachea (49) (20) 

S p i a l  Senses System 
Eye (1)

Inflammation, suppurative 1 (100%) 
Posterior chamber, hemorrhage 

Urinary Sysbm 
Kidney (49) (20)

Congestion 1 (2%) 
Nephropathy 48(98%) 20 (100%) 
Cortex, cyst 1 (2%) 
Renal tubule, hyperplasia 1 (2%) 

Urinary bladder (45) (20)
Hyperplasia 1 (2%)
Inflammation, suppurative 1 (5%)
Lumen, hemorrhage 

l a Incidences are expressed as the ratio o f  animals wi th  lesions to  the number of  animalsexamined microscopically 
! Includes the 5 0  vehicle control animals from the 2-year core study.
I 

(201
2 (10%)
3 (15%) 
1 (5%) 
1 (5%) 

(20)
1 (5%) 

(1) 

1 (100%) 

(20) 

20 (100%)
1 (5%)
3 (15%) 

(20) 

1 (5%) 

a t  the site. 
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GENETICTOXICOLOGY 

SALMO~VELLA TEST PROTOCOL MUTAGENICITY 
Testing was performed as  reported by Haworth et al. (1983). Coumarin was sent to the laboratory as a 
coded aliquot from Radian Corporation (Austin, TX). It was incubated with the Salmonella fyphimuriurn 
tester strains (TA98, TA100, TA1535, and TA1537) either  in buffer or S9 mix (metabolic  activation 
enzymes and cofactors  from Aroclor 1254-induced male Sprague-Dawley rat or Syrian hamster liver) for 
20 minutes at 37" C. Top agar  supplemented with I-histidine and  d-biotin was added,  and the contents 
o f  the tubes  were mixed and  poured onto the surfaces of minimal glucose agar plates. Histidine-
independent mutant colonies  arising on these  plates were counted following incubation  for 2 days at 
37" c. 
Each trial consisted of triplicate plates of concurrent positive and negative controls  and at least five 
doses o f  coumarin. The high dose was limited by toxicity. All positive trials  wererepeatedunder the 
conditions that elicited the positive response. 

In this assay, a positive response is defined as  a reproducible, dose-related increase in histidine-
independent(revertant)colonies in any one straidactivation  combination. An equivocal response is 
defined as  an increase in revertants that is not  dose related, not reproducible, nor is o f  insufficient 
magnitude to support a determination o f  mutagenicity. A negative response is obtained  when no 
increaseinrevertantcolonies is observed following chemical treatment.  There was no minimum 
percentage or  fold increase required for a chemical t o  the judged positive (+) or weakly positive (+w). 

CHINESEHAMSTER OVARY CELL CYTOGENETICSPROTOCOLS 
Testing was performed  as reported by Galloway et al. (1987). Coumarin was sent to the laboratory as a 
coded aliquot by Radian Corporation. It was tested  inculturedChinesehamster ovary (CHO) cells for 
induction o f  sister chromatid exchanges (SCEs) and  chromosomal aberrations (Abs), both  in the 
presence and absence o f  Aroclor 1254-induced male Sprague-Dawley rat liver S9 and cofactor mix. 
Cultures were handled under gold lights to prevent photolysis o f  bromodeoxyuridine-substitutedDNA. 
Each test consisted of concurrent solvent and positive controls  and o f  at least three doses o f  coumarin; 
the high dose was limited by toxicity. A single flask per  dose was used, and tests yielding equivocal or  
positive results  were repeated. 

Siscer Chromatid Erchge Test: In the SCE test without S9, CHO cells were  incubated for 26 hours with 
coumarin in McCoy's 5A medium  supplemented with fetal  bovine serum, 1-glutamine, and antibiotics. 
Bromodeoxyuridine(BrdU) was added 2 hoursafterculture initiation.After 26 hours, the medium 
containing coumarin was removed and  replaced with fresh medium  plus BrdU  and Colcemid, and 
incubation was continued  for 2 hours. Cells were  then harvested by mitotic  shake-off, fixed, and  stained 
with Hoechst 33258 and  Giemsa. In the SCE test with S9, cells were  incubatedwithcoumarin, serum-
freemedium, and S9 for 2 hours. The medium was then removed and  replacedwithmediumcontaining 
serum and BrdU and no coumarin and incubation proceeded for an additional 26  hours, with Colcemid 
present for the final 2  hours.Harvestingandstainingwere the same as for cells treated  without S9. 
All slides were scored blind and  those from a  single test were read by the  same person. Fifty second- 
division metaphase cells were  scored for frequency o f  SCEs/cell from each dose level. 

Statistical analyses were  conducted on the slopes o f  the dose-response curves and the individual dose 
points (Galloway et al., 1987). An SCE frequency 20%  above the concurrent  solvent control value was 
chosen as a statistically conservative positive response. The probability o f  this level o f  difference 
occurring by chance at  one dose  point is less than 0.01; the probability for such a chance occurrence at 
two dose  points is less than 0.001. An increase o f  20% or greater at any single dose was considered 



weak evidence o f  activity (+w); increases at two or more  doses resulted in a  determination that the trial 
was positive (+). A statistically significant trend  (P10.05) in the absence of  any responses  reaching 20% 
above background led t o  a call o f  equivocal. 

CA~~m~oppasad In the Abs test  without McCoy's 5A medium Abemuzti~nsTest: S9, cells were  incubated in 
with coumarin  for 12 'hours; Colcemid was added and  incubationcontinuedfor2hours. The cells were 
then harvested by mitotic shake-off, fiied,  and stained with Giemsa. For the Abs test with S9, cells 
were treated with coumarin  and S9 for  2 hours, after which the treatment medium was removed and  the 
cells were  incubatedfor 12 hours in fresh medium, with Colcemid present  for the final 2  hours. Cells 
were harvested in the same  manner as for the treatment without S9. The harvest  time for the Abs  test 
was based on the cell cycle information  obtained in the SCE test: if cell cycle delay was anticipated,  the 
incubation period was extended. 

Cells were  selected for scoring on the basis o f  good morphology  and completeness o f  hlyotype 
(21 f 2chromosomes). All slides were  scored blind and  those from a  single testwereread by the  same 
person. One hundred first-division metaphase cells were  scored at each  dose level. Classes o f  
aberrations included simple  (breaks and terminal deletions), complex (rearrangements  and 
translocations), and  other (pulverized cells, despiralized chromosomes,  and cells containing 10 or  more 
aberrations). 

Chromosomalaberrationdata are presented  aspercentage o f  cells with aberrations.  Statistical analyses 
wereconducted on both the doseresponse curve and individual dose points. For a single trial, a 
statistically significant (P10.05)  difference for one dose  point and a significant trend  (P10.015) are 
considered weak evidence  for a positive response  (+w); significant differences for two or  more doses 
indicate the trial is positive (+). A positive trend  test in the absence o f  a statistically significant 
increase at any one dose results in an equivocal call  (Galloway et al., 1987). 

DROSOPHIU MErnOGMiTER TEST P R o T o c o L  
The assays for  induction o f  sex-linked recessive lethal  (SLRL) mutations were performed with adult flies 
as described by Valencia et al. (1989) and with larvae  as described by Zimmering et al. (1989).
Coumarin was supplied  asa coded aliquot by RadianCorporation. It was assayed in the  SLRL test by 
feeding for 3 days to adult  Canton-S wild-type males no more  than 24 hours old at the beginning o f  
treatment. Because no response was obtained,  coumarin was retested by injection into  adult males. 

To administer a chemical by injection,  a glass Pasteur  pipette is drawn out in a  flame to a microfine 
filament, and  the tip is broken off  t o  allow delivery o f  the test solution. Injection is performed either 
manually, by attaching  a rubber bulb to the other end of the pipette and forcing through sufficient 
solution (0.2 to 0.3 pL) to slightly distend the  abdomen o f  the fly, or  by attaching the pipette to a 
microinjector which automatically delivers a  calibrated volume. Flies are anesthetized with ether  and 
immobilized on a  strip o f  tape. Injection into the thorax,under the wing, is performed  with the aid o f  
a dissecting microscope. 

Toxicity tests  were performed to  set concentrations of  coumarin at  a level that would induce 30% 
mortality after 72 hours o f  feeding or 24 hours  after injection, while keeping  induced sterility at an 
acceptable level. For the SLRL test,  oralexposure was achieved by allowing Canton-S  males to feed for 
72 hours on a  solution o f  coumarin in 5% sucrose. In the injectionexperiments, 24- to 72-hour old 
Canton-S males were  treated with a  solution o f  coumarin dissolved in 0.7% saline or  peanut  oil and 
allowed to recover for 24 hours. A concurrentsaline or peanut  oil control group was also included. 
For the larval feeding experiment,  Canton-S females and males were  mated and eggs were exposed in 
vials with standard  cornmeal food containing  coumarin in solvent (5% ethanol) or  solvent alone 
(Valencia et al., 1989). Adult emergent males were  mated at approximately 24 hours of  age with two 
successive harems o f  three to five Basc females t o  establish two single-day broods. In the adult 
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exposures, treated males were  mated to three Busc females for 3 days and  given fresh  females at 2-day 
intervals to 'produce thrki: matings of 3, 2, and  2 days (in each case, sample. sperm.from successive 
matings were  treated at successively'earlier  post-meiotic stages). F, heterozygousfemalesweremated 
with their siblings and  then placed in  individual, vials. E, .daughters from,.the same: parental male were 
kept together to identify clusters. (A.cluster o&urs when a  number o f '  mutank f r o m  'a given male 
results from a single spontaneous premeiotic mutation event, and is identified  when the number o f  

, 

mutants from that male exceeds the  number predicted  by a Poisson distributioxij If a cluster was 
, . 

identified, all data .from the male in question were discarded. Presumptive lethal mutations were 
identified as vials containing fewer than 5% of the exp.ected number o f  wild-tylje males after 17 days; 
these were retested to confirm the response. 1 . .  

SLRL data were analyzed by simultaneous  comparison with the concurrent  and historical  controls, using 
a normal approximation to the binomial  test (Margolin et aL, 1983). A test result is considered positive 
if the P value is less than 0.01 and  the mutation frequency in the tested  group is greater  than 0.10%, or 
if the P value is less than 0.05 and the frequency in  the treatment group is greater  than 0.15%. A test 
is considered to  be inconclusive if (a) the P  value is between 0.05 and 0.01 but the frequency in  the 
treatment group is between 0.10% and 0.15% or  (b) the P  value is between 0.10 and 0.05 but the 
frequency in the treatment group is greater  than 0.10%. A test is considered  negative if the P  value is 
greater than 0.10 or if the frequency in the  treatment group is less than 0.10%. 

MOUSE PERIPHERAL BLOOD TEST PROTOCOL MICRONUCLEUS 
A detailed discussion o f  this assay can be found in MacGregor e? aL (1990). Peripheral blood samples 
were obtained from male and female B6C3F, mice at  the termination o f  the 13-week toxicity study. 
Smears were immediately prepared and fixed in absolute  methanol, stained with a chromatin-specific 
fluorescent dye mixture of  Hoechst 332Wpyronin Y (MacGregor e? aL, 1983), and coded. Slides were 
scanned to determine the frequency o f  micronuclei in 10,OOO normochromatic erythrocytes (NCEs) in 
each animal per dose group. The criteria of  Schmid (1976) were used to define  micronuclei, with the 
additional requirement that the micronuclei exhibit the characteristic  fluorescent emissions o f  DNA 
(blue with 360 nm and orange with 510 nm UV illumination); the minimum  size limit was 
approximately one-twentieth the diameter of  the NCE cell. 

Log transformation o f  the NCE data, and testing for normality by the Shapiro-Wilk  test, and for 
heterogeneity o f  variance by Cochran's test,  were performed before statistical analyses. The frequencies 
o f  micronucleated cells among  NCEs were analyzed by analysis o f  variance using the SAS GLM 
procedure. The NCE data for each dose group was compared with the  concurrent solvent control using 
Student's t-test. 

RESULTS 
Positive results were obtained with in vitro mutagenicity tests with coumarin, but no mutagenic responses 
were observed in vivo. Coumarin (33 to 3,333 puplate) was tested for induction o f  gene mutations in 
Salmonella fyphimurium strains TA98, TA100, TA1535, and  TA1537 using a  preincubation protocol with 
and without Aroclor 1254-induced male Sprague-Dawley rat  and Syrian hamster liver S9; a positive 
response was obtained only in TAlOO with S9  (Table F1; Haworth et al., 1983). 

In Chinese  hamster ovary cells, coumarin  induced sister chromatid exchanges in the absence, but  not the 
presence, o f  Aroclor 1254-induced male Sprague-Dawley rat liver S9; the lowest effective dose was 
100 pg/mL (Table F2, Galloway et al., 1987).In both SCE trials  without S9, the increases  insister 
chromatid exchanges were significant, but did not  correlate with dose.  Coumarin was also tested for 
induction o f  chromosomal aberrations in Chinese hamster ovary cells with and  without S9. A 
dose-related positive response was also observed, but only in the presence o f  S9 (Table F3; 



Galloway et tar., 1987). d significant increase in chromosomal aberrations was seen at the highest dose 
tested (1,600 pg/mL) G i h  SS; at this dose, 37% of  cells showed chromosomal damage. 

Coumarin did not induce sex-linked  recessive lethal mutations in germ  cells o f  male B ~ ~ ~ p h i f t ~  
mefaiaogastei- exposed either as adults, by feeding (70ppm) or by injection ( 5 0  ppm), or as lame,  
treated by feeding (194 and 2 0 ppm) (Table F4 Yoon et af.,1985; Valencia et af.,1989). 

Peripheral blood erythrocytes of  male and female mice administered coumarin at doses up to 3 0  mgkg, 
for 13 weeks by gavage were examined for frequencies of  micronuclei; no increases in micronucleated 
normochromatic erythrocytes were observed (Table F5). 
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TABLEF1 
Mutagenicity of Coumarin in Salmoneh typhimuriuma 

Strain D e  -s9 +lo% hamster S9 +lo% rat s9 
(&Plate) Trial 1 Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 

TATOO 0 112 f 9.1 108 f 9.1 1.2 k 121 f 12.784 f 114 6.9 106 f 5.5 
33 112 f 7.4 104 f 3.5 138 f 2.3 

100 130 f 115 f 10.7 116 f 9.8 f 11.6 152 f 7.0 123 f 5.411.0 120 
333 107 f 9.2 111 f 8.2 143 f 7.3 150 f 4.1 

1,Ooo 125 f 3.8 111 f 7.3 1% f 10.1 287 f 20.8 186 f 3.2 176 f 3.8 
2,Ooo 118 2 1.2 379 f 18.6 198 f 9.1 
2,150 122 f 11.1 
2,500 62 2 5.3' 364 f 12.7 1% f 4.9 
3.Ooo 286 f 16.5' 133 f 1.5' 
3,333 188 & 24.0' Toxic 

Trial summaryEquivocal Positive NegativePositive Positive Negative 
Positive controld 1,890 f 51.61,371 f 29.92,384 f 120.03,128 f 44.7859 f 51.21,547 f 31.0 

Revertants/plate 

Strain DOW -s9 +10% hamster S9 +lo%rat s9 

(&Plate) 


TAL535 0 17 f 1.2 11 2 2.0 11 f 0.7 
33 21 f 5.2 13 f 1.0 10 f 1.2 

100 18 f 2.5 8 f 0.7 11 f 1.0 
333 23 f 3.2 9 f 1.8 5 f 0.3 

1,Ooo 24 & 5.0 9 f 1.5 8 f 1.2 
2,150 23 f 4.3 
3,333 11 f 2.8 10 f 0.6' 

Trial summary Negative Negative Negative 
Positive control 1.212 f 35.3 145 f 4.8 51 f 5.0 

TAT537 0 5 f 1.3 11 f 1.2 9 f 3.2 
33 6 f 1.2 11 f 3.9 10 f 2.2 

100 6 f 0.7 9 2 2.3 8 2 2.3 
333 7 f 0.9 7 f 2.6 8 f 0.9 

1,Ooo 6 f 0.9 9 f 0.9 9 f 1.8 
2,150 3 +. 0.6' 
3,333 6 k 1.5' 9 f 2.5' 

Trial summary Negative Negative Negative 
Positive control 69 f 12.3 207 f 16.8 57 f 6.0 



TA98 0 14 f 2.5 22 f 2.9 30 f 2.7 
33 12 f 0.3 27 f 0.9 34 f 8.5 

1 0  15 f 1.2 27 ? 2.6 30 f 3.8 
333 16 f 2.3 36 f 0.7 27 f 2.9 

2,150 
1,o 12 & 3.5 

15 f 1.9 
23 f 1.8 24 f 1.5 

3,333 11 f r.2C 17 f 3.2‘ 

Positive control 
Trial summary 

1,433 f 23.6 
Negative 

1,754 f 118.2 
Negative 

477 f 29.1 
Negative 

a 	 Studyperformed at EG&G Mason ResearchInstitute.Thedetailedprotocol and these data arepresented in Haworth a aJ. 
(1983). 
Revertants are presented as mean f standard error from  three plates.’ Slighttoxicity 
The positive controls in the absence of  metabolic activation were sodium azide (TA1535 and TAloO), 9-aminoacridine (TA1537), 
4-nitros-phenylenediamine (TA98).  The positive control for metabolicactivationwith all strains was  2-aminoanthracene. 
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TABLEF2 
Induction of Sister Chromatid  Exchanges in Chinese Hamster Ovary Cells by (+marina 

Compound 
Dose 

(IrglmL) 
Total 
Cells 

No. of 
Chromo-

s o m a  
No. of 
SCES 

scw 
Chromo-

some 
S C W .  
Cell . .  

Hrs 
in BrdU 

Relative S C W  
Chromosome 

( W b  

-s9 

Trial 1 
Summary: Weak positive 

Dimethylsulfoxide 50 1,044 465 0.44 9.3 26.0 

Mitomycin-C 0.005 25 524 603 1.15 24.1 26.0 '158.37 

1,04750 
160 50 1,044 580 0.55 11.6 26.0 24.73. 
500 50 1,047 526 0.50 10.5 26.0 12.79 

P=0 . m c  

Trial 2 
Summary: Positive 

Coumarin 50 549 0.52 11.0 26.0 '17.73 

Dimethylsulfoxide 0.40 8.5 26.0 50 1,043 426 

1.39 29.3 250.005 523 26.0 242.68 

Coumarin 100 50 1,048 589 0.56 11.8 26.0 37.60. 

Mitomycin-C 732 

26.050.659.72. 
11.6582 

P<O.001 

+s9 

Trial 1 
Summary: Negative 

100 2,0941,029 0.49 10.3 26.0 

200683 
300 50 1,038 

50 1,047 13.7 
0.56 26.0 37.28. 

Dimethylsulfoxide 

Cyclophosphamide 1.o 100 2,0941,714 0.81 17.1 26.0 66.57 

Coumarin 160 50 1,044 580 0.55 11.6 26.0 13.05 
500 50 1,039 581 0.55 11.6 26.0 13.80 

1,600 50 1,043 503 0.48 10.1 26.0 -1.86 

P10.336 

. Positive (>m%increaseoversolventcontrol) 
a 	 Study performed at Columbia University. SCE=sisterchromatid exchange; BrdU=bromodeoxyuridine. 

SCWchromosome of culture exposed to  coumarin  relative t o  those o f  culture exposed to solvent 
Significance of  relative SCEskhromosome tested by the linear regression trend  test vs. log  of the  dose 



Trial 1 - Harvest time: 14.0 hours Trial 1 - Harvest time: 14.0 hours 
Summary: Negative Summary: Weak  positive 

Dimethylsulfoxide Dimethylsulfoxide 
1 0  4 0.04 4.0 1 0  5 0.05 5.0 

Mitomycin-C , Cyclophosphamide 
0.15 1 0  41 0.41 27.0 15 1 0  30 0.30 26.0 

Coumarin Coumarin 
5 0 . 0  1 0  8 0.08 8.0 160 1 0  11 0.11 10.0 
160.0 1 0  6 0.06 6.0 5 0  100 14 0.14 12.0 
5 0 . 0  1 0  8 0.08 7.0 1760 1 0  5 1  0.51 37.0° 

P~0.259~ P < O . 0 1  

Positive (PSO.05)
' Study performed at Columbia University. Abs = aberrations. 

Significance of percent c e l l s  with aberrations tested by the linear regression trend test  vs. log of the dose 
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TABLEF4 , . 

Induction of Sex-Linked Recessive Lethal Mutations in 'Drosophilamehwgmfer'by Coumarina 

Route of Incidence of Incidence of No. of Luthals/No. of X Chromosomes Tested 
Exposure Dose Deaths Sterility Mating 1 Mating 2 Mating3 Totalb 

(PPm) (percent)(percent) 

Feeding 70 11 0 213,073 2I3,114 0/2,909 4/9,096 (0.04%) 
0 113,280113,240 l/2,996 31'9,516(0.03%) 

Injection 500 0 0 uZ,115 24015 211,853 6/5,983(0.10%)
0 on,895 3/1,844 011,623 3/5,362 (0.06%) 

Larval feeding 200 51 2 
0 

613,532113,349 
313,4371/2,345 

010oo 7/6,881(0.10%) 
010oO 4/5,782 (0.07%) 

Larval feeding 194 44 0 1/2,593 0/2,548 0/0oO 115,141(0.02%)
0 2/2,660 5/2,659 010oO 7/5,319 (0.13%) 

a 	 The adult treatments and the 200 ppm larval feeding studieswereperformed at University o f  Wisconsin, Madison. The 
194 ppm larval feeding study was performed at Brown University. Detailed protocols and these data are presented in Yoon 
et al. (1985) and Valencia et al. (1989). Results were not significant at the 5% l eve l  (Margolin et al., 1983). 
Combined total number o f  lethal mutations/number of X chromosomes tested for three mating trials 



Males 
0 0.78 f 0.12 	 9 


75 0.83 f 0.13 9 

150 0.74 f 0.08 10 

30 0.67 f 0.09 7 


Females 
0 0.66 f 0.11 	 10 


75 0.59 f 0.07 9 

150 0.60 f 0.09 10 

30 0.65 f 0.09 9 


a 	 1 0 , O  normochromaticerythrocytesscored per an ima l .  Smearswerepreparedfromperipheralbloodsamplesobtained by 
cardiac puncture of dosed and control animals at  the termination of the 13-week study. 
Values are mean f standard error o f  themean.Micronucleusfrequencyofeachtreatedgroupcompared to the concurrent 
control by Student’s t-test. None o f  the dosed groups differedsignificantlyfromthecontrolvalues. 
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TABLEG1 

OrganWeightsandOrgan-Weight-to-Body-Weight Ratios'for Rats in the13-Week.GavageStudy . : 


. 	 . .  . ,of Coumarina 	 . .  , , 
, .L ,  

Vehicle Control 19 mg/kg 38 mg/kg 75 mg/kg 300mgkg150mg/kg 

Male 

n 	 10 10 10 10 10 7 

Necropsy body wt 318 f 8 321 f3165 k 7 299 f 6; 280 f 5;* 242 f 42' 

Brain 
Absolute 1.75 f 0.06 1.82 f 0.031.80 k 0.03 1.76 f 0.03 1.77 f 0.02 1.71 f 0.02 
Relative 5.51 f 0.21 5.66 f 0.085.70 & 0.10 5.91 f 0.12. 6.33 f 0.12.; 7.08 f 0.07.; 

Heart 
Absolute 1.018 f 0.034 1.052 f 0.042 1.060 & 0.029 1.037 f 0.036 1.024 f 0.031b0.912 f 0.021 
Relative 3.20 f 0.07 3.27 f 0.11 3.36 & 0.10 3.47 f 0.12 3.63 f 0.09;;b 3.77 f 0.07;; 

R. Kidney 
Absolute 1.10 f 0.04b 1.10 f 0.04 1.14 f 0.03 1.14 f 0.04 1.21 f 0.03 1.19 f 0.03 
Relative 3.43 f 0.06b 3.41 f 0.07 3.60 & 0.07 3.79 f 0.08'; 4.30 f 0.09.; 4.92 f 0.15;; 

Liver 
Absolute 10.55 f 0.40 11.16 f 0.31 11.00 f 0.36 11.16 f 0.27 11.96 f 0.35;. 11.86 f 0.22; 
Relative 33.2 f 1.0 34.8 f 0.8 34.8 f 0.7 37.3 f 0.8;; 42.6 f 0.9.; 49.0 f 0.8;. 

Lungs 
Absolute 1.32 f 0.03 1.36 f 0.04 1.33 f 0.05 1.29 f 0.03 1.25.2 0.03 1.25 f 0.03 
Relative 4.17 f 0.10 4.24 f 0.12 4.22 f 0.13 4.31 f 0.11 4.46 f 0.08 5.18 f 0.11;; 

R. Testis 
Absolute 1.40 f 0.03 1.44 f 0.021.45 f 0.02 1.43 f 0.03 1.41 f 0.03b 1.29 f 0.05; 
Relative 4.40 & 0.06 4.50 f 0.05 4.59 & 0.06 4.79 f 0.10;; 5.01 f 0.12;tb 5.34 f 0.16'; 

l-hymm
Absolute 0.251 f 0.017 0.287 f 0.023 0.261 f 0.018 0.232 & 0.013 0.211 f 0.013b 0.127 f 0.011*; 
Relative 0.787 f 0.042 0.892 f 0.062 0.826 f 0.056 0.777 f 0.044 0.759 f 0.044b 0.526 f 0.047;; 

Female 

n 	 10 10 10 10 10 6 

Necropsy body wt 191 f 2 190 f 3 186 2 3 182 f 3 183 f 2 164 f 5.' 

Brain 
Absolute 1.74 f 0.02 1.72 f 0.02 1.72 f 0.03 1.72 f 0.02 1.69 f 0.02 1.64 f 0.02; 
Relative 9.14 f 0.19 9.08 f 0.13 9.26 f 0.13 9.47 f 0.17 9.23 f 0.10 9.87 f 0.18;; 

Heart 
Absolute 0.701 f 0.019 0.708 f 0.022 0.695 f 0.021 0.734 f 0.021 0.722 f 0.023 0.673 f 0.028 
Relative 3.68 f 0.10 3.73 f 0.08 3.74 f 0.08 4.06 f 0.15; 3.93 f 0.10; 4.04 f 0.13; 

R. Kidney 
Absolute 0.673 f 0.013 0.668 f 0.015 0.674 f 0.022 0.719 f 0.037 0.732 f 0.012 0.812 f 0.031;; 
Relative 3.53 f 0.07 3.53 k 0.08 3.62 f 0.08 3.98 * 0.24* 3.99 k 0.05.; 4.87 k 0.09;; 

Liver 
Absolute 6.09 f 0.18 5.61 f 0.17 5.81 f 0.19 6.18 f 0.13 7.23 f 0.16;' 8.55 f 0.45;' 
Relative 32.0 f 0.9 29.6 f 0.8 31.2 f 0.6 34.1 f 0.8 39.5 f 0.8;; 51.2 f 1.8;. 

Lungs 
Absolute 1.068 f 0.019 1.008 f 0.022 0.989 f 0.044 1.039 f 0.027 1.049 f 0.021 1.OOO f 0.035 
Relative 5.61 f 0.13 5.31 f 0.18 5.74 f 0.18 5.71 f 0.11 f 0.215.31 f 0.06 	 6.02 

Thymus 
Absolute 0.245 f 0.012 0.231 f 0.008 0.235 f 0.013 0.243 f 0.028 0.219 & 0.008 0.121 f 0.012;. 
Relative 1.28 f 0.06 1.22 f 0.03 1.27 f 0.07 1.35 f 0.17 1.20 f 0.05 0.73 f 0.08.; 

Significantly different (PdO.05) fromthecontrolgroup by Williams' or  Dunnett's test..PSO.01 
a 	 Organweightsandbodyweightsaregiven i n  grams;organ-weight-to-body-weightratiosaregivenas mg organweight/g body 

weight(mean f standarderror). 
n=9 



n 

Necropsy body wt 

Brain 
Absolute 
Relative 

L. Kidney 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

17 

4 6 0 f 7  

2.194 f 0.022 
4.79 f 0.08 

1.524 f 0.022 
3.33 f 0.06 

1.453 f 0.024 
3.17 2 0.07 

16.841 f 0.364 
36.71 f 0.80 

18 


3% f 80° 


2.111 f 0.0290 
5.37 f 0.1500 

1.533 f 0.029 
3.88 2 0 . 0 6 0 "  

1.483 f 0.025 
3.75 2 0.0500 

17.100 I?: 0.392 
43.16 f 0.530° 

O o  Significantly different (PsO.01) from the control group by Williams' or Dunnett's test 
a 	 Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios are given as mg organ weight/g body 

weight (mean f standard error). 
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TABLE6 3  

OrganWeightsandOrgan-Weight-to-Body-WeightRatios for MaleRats ' .".. " .' I '
' 

at the 15-Month Interim Evaluation in the Stop-ExposureGavageStudy of Coumarina 

Vehicle Control 100 msntg 

n 7 10 

Necropsy body wt 529 f 3 4452 k 9.. 

Brain 
Absolute 2.086 * 0.026 2.090 k 0.023 
Relative 3.94 f 0.05 4.54 f 0.09.. 

L. Kidney I 

Absolute 1.786 f 0.040 1.900 It 0.065 

Relative 3.37 f 0.08 4.11 k 0.09.. 


R. Kidney 
Absolute 1.714 T 0.034 1.860 k 0.076 
Relative 3.24 f 0.07 4.02 k 0.12.. 

Liver 
Absolute 17.686 2 0.434 19.278 k 0.772b 
Relative 33.41 2 0.81 42.19 k 1.13**b 

Significantly different (PSO.01) from the  control group by Williams' or Dunnett's test 
Organ weights and body weights are given in grams; organ-weight-to-body-weight ratios  are given as mg organ weight/g body 
weight (mean -C standard error). 
n=9 



n 

Necropsy bodyw 

Brain 
Absolute 
Relative 

L. Kidney 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

n 

NecrnpsY body Wt 

Brain 
Absolute 
Relative 

L. Kidney 
Absolute 
Relative 

R. Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

10 10 

527 f 15 523 f 11 

2 . 1 0  f 0.037 2.030 f 0.045 
4.01 f 0.14 3.90 f 0.13 

1 . 7 0  f 0.037 1.900 f 0.056 
3.24 f 0.08 3.63 f 0.08* 

1 . 7 0  f 0.030 1.910 f 0.050° 
3.25 f 0.10 3.65 f 0.07* 

17.010 f 0.536 18.840 f 0.570 
32.28 f 0.61 36.01 f 0.71 

10 10 

302 f 3 314 f 9 

1.900 f 0.033 1.890 f 0.028 
6.31 f 0.12 6.07 f 0.19 

0.970 f 0.021 1.040 f 0.034 
3.22 f 0.07 3.32 f 0.09 

0.930 f 0.030 1 . 0  f 0.033 
3.08 f 0.09 3.20 f 0.11 

8.670 f 0.236 9.860 f 0 . 2 8 6 0  

28.76 f 0.75 31.61 f 1.11" 

9 


482 f 11° 


2.067 2 0.033b 
4.29 f 0.12b 

1.733 f 0.055 
3.59 f 0.05" 

1.767 f 0.044 
3.67 f 0.05* 

18.022 f 0.485 
37.42 f 0.44* 

10 


3 0 4 f 7  


1.950 f 0.022 
6.44 f 0.17 

1.060 f 0.031 
3.49 f 0 .080  

0.980 f 0.020 
3.23 f 0.073.58 

10.410 2 0.361°* 
34.19 f 0.75"*41.33 

10 


454 f 130° 


2 . 1 0  f 0.037 
4.64 f 0 . 1 0 0 0  

1.860 f 0.106 
4.08 f 0.160° 

1.860 f 0.112 
4.11 f 0.18** 

20.230 f 1.587* 
44.10 f 2.420° 

10 


285 f 9 


1.90 f 0.033 
6.72 f 0.18 

1.020 f 0.036 
3.59 f 0.1100 

1.020 f 0.044 
f O . l O u O  

11.810 f 0.5630° 
f 0.89** 

Significantly different (PSO.05) from the control group by Williams' or Dunnett's test 
PSO.01 

a 	 Organ weights and body weights a re  given in grams;  organ-weight-to-body-weight ratios are  given as  mg  organ weight/g body 
weight (mean * standard error). 
n = 8  
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TABLEG5 
Organ Weights and Organ-Weight-to-Body-Weight Ratios for Mice in  the 13-Week  Gavage Study 

. . I . , . . .of Coumarina 

Male 

n 10 10 10 10 10 8 
Necropsy body wt 29.7 f 0.8 28.8 f 0.8 29.6 f 0.729.0 f 0.7 28.5 f 0.525.9 f 0.6'. 

Brain 
Absolute 0.430 f 0.005 0.432 f 0.008 0.431 f 0.006 0.431 k 0.005 0.429 f 0.002 0.440 f 0.009 
Relative 14.5 f 0.3 15.1 f 0.5 14.6 f 0.2 14.9 f 0.3 15.1 f 0.2 17.1 f 0.5.. 

Heart , -

Absolute. 0.155 f 0.005 0.168 f 0.007 0.165 f 0.007 0.161 f 0.007 0.168 f 0.012 0.145 f 0.007 
Relative 5.23 f 0.14 5.83 f 0.23 5.56 f 0.17 5.54 f 0.17 5.87 f 0.35 5.61 f 0.25 

Absolute 
R. Kidney 

0.244 f 0.005 0.250 f 0.011 0.245 f O . W b  0.245 k 0.006 0.246 f 0.006 0.217 f 0.008. 
Relative 8.24 f 0.12 8.63 f 0.17 8.34 f 8.46 f 0.09 8.61 f 0.13 8.37 f 0.23 

Liver' 
Absolute , 1.08 f 0.03 1.14 f 0.05 1.17 f 0.03 1.21 f 0.04 1.24 f 0.04. 1.31 f 0.07'. 
Relative 36.5 f 0.83 39.3 f 0.89 39.6 f 0.85. 41.7 f 0.66** 43.5 f 0.76** 50.6 f 2.05.. 

Absolute 
Lungs 

0.208 f 0.004 0.210 f 0.008 0.194 f 0.006 0.195 f 0.009 0.210 f 0.009 0.202 f 0.009 
Relative 7.05 f 0.20 7.30 f 0.25 6.56 f 0.17 6.75 f 0.33 7.38 f 0.33 7.82 f 0.35 

R. Testis 
Absolute 0.120 f 0,004 0.120 f 0.0030.114 f 0.006 0.118 f 0.002 0.117 f 0.003 0.118 f 0.004 
Relative 4.05 f 0.16 4.18 k 0.133.87 f 0.214.09 f 0.10 4.10 f 0.10 4.56 f 0.15. 

Thymus 
Absolute 0.034 f 0.002 0.036 f 0.001 0.034 f 0.0020.035 f 0.002 0.031 f 0.002 0.032 f 0.002 
Relative 1.15 f 0.071.26 f 0.04 1.15 f 0.06 1.21 f 0.07 1.10 f 0.08 1.22 f 0.09 

Female 

n 10 9 10 9 10 10 
Necropsy body wt 22.4 f 0.622.4 f 0.622.4 f 0.623.4 f 0.8 22.6 f 0.723.3 f 0.8 

Brain 
Absolute 0.445 f 0.007 0.454 f 0.005 0.445 f 0.007 0.445 f 0.007 0.444 f 0.008 0.436 f 0.008 
Relative 20.00 f 0.79 20.3 f 0.51 20.00 f 0.52 19.1 f 0.48 19.8 f 0.5418.8 & 0.48 

Heart 
Absolute 0.122 f 0.004 0.132 f 0.008 0.126 f 0.004 0.138 f 0.010 0.124 f 0.008 0.117 f 0.004 
Relative 5.52 f 0.29 5.89 f 0.30 5.65 f 0.20 5.86 f 0.30 5.47 f 0.29 5.02 f 0.13 

Absolute 
R.Kidney 

0.156 f 0.003b 0.165 f 0.005 0.161 f 0.006 0.169 f 0.003 0.155 f 0.005 0.160 i'O.005 
Relative 7.08 f 0.22b 7.38 f 0.26 7.23 f . O . 2 8  ,726 f 0.21 6.88 f 0.186.87 f.O.08 

Liver' 
Absolute 0.884 f 0.0220.940 f 0.0310.919 f 0.0260.978 f 0.027 1.003 f 0.034* 1.210 & 0.070.' 
Relative 39.6 f 1.0 41.9 f 0.941.1 f 0.7 41.8 f 0.8 44.4 f 0.9" 51.8 f 2.3.. 

Absolute 
Lungs 

0.181 f 0.006 0.193 f 0.009 0.187 f 0.008 0.197 f 0.008 0.176 f 0.009 0.182 f 0.006 
Relative 8.11 f 0.29 8.63 f 0.37 8.36 f 0.33 8.47 f 0.44 7.79 f 0.33 7.84 f 0.23 

Thymus 
Absolute 0.040 f 0.002 0.042 f 0.003 0.044 f 0.003 0.040 f 0.002d 0.041 f 0.002b 0.040 2 0.003 
Relative 1.77 k 0.10 1.87 f 0.121.96 f 0.10 ' 1.68 f O M d  1.84 k 0.05b 1.68 f 0.10 

.* PSO.01 

. Significantlydifferent (P~0.05)from the control group by Williams' or  Dunnett's test 

a 	 Organweights are given i n  milligramsunlessotherwisenoted and bodyweights are given i n  grams;organ-weight-to-body-weight 
ratios are given  as mg organweight/gbodyweight(mean f standard error). 
n = 9' 	Liverweightisgiven in grams. 
n=8 



9 

Mane 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

L.Kidney 
Absolute 
Relative 

R. Kidney
Absolute 
Relative 

Liver 
Absolute 
Relative 

FemRlDBe 

n 

Necropsy body wt 

Brain 
Absolute 
Relative 

L. Kidney
Absolute 
Relative 

R.Kidney 
Absolute 
Relative 

Liver 
Absolute 
Relative 

10 10 10 

53.6 f 0.8 50.6 f 1.2 51.1 f 1.8 

0 . 5 0  f 0 . 0  0 . 5 0  f 0.015 0.5(#, f 0 . 0  
9.35 f 0.14 9.94 f 0.40 9.90 f 0.40 

0.430 f 0.021 0.40f 0.015 0.390 2 0.010 
8.01 f 0.37 7.93 f 0.30 7.71 f 0.35 

0 . 4 0  f 0.015 0.420 f 0.013 0.420 f 0.020 
7.45 f 0.22 8.33 f 0.27 8.20 f 0.23 

2.420 f 0.101 2.280 f 0.101 2.380 f 0.190 
45.08 f 1.59 44.97 f 1.34 46.23 f 2.73 

8 10 10 

49.9 f 1.7 44.3 f 1.4O 45.9 f 1.4O 

0.4882 0.013 0.480 f 0.013 0.480 f 0.013 
9.86 f 0.46 10.98 f 0.55 10.54 2 0.39 

0.288 f 0.030 0.250 f 0.017 0.260 f 0.016 
5.78 f 0.57 5.67 f 0.40 5.68 f 0.33 

0.250 f 0.019 0.250 f 0.017 0.290 f 0.023 
5.04 f 0.40 5.68 f 0.40 6.33 f 0.51 

1.688 f 0.069 1.660 * 0.050 1.720 * 0.055 
33.88 f 1.14 37.49 f 0.800 37.59 f 0.880 

47.2 f 1.6O" 

0.489 f 0.011 
10.50 f 0.510 

0.389 f 0.020 
8.35 f 0.56 

0 . 4 0  f 0.017b 
8.74 f 0.51°0b 

2.444 f 0.153b 
54.23 f 3.760b 

9 

41.2 f 1.40° 

0 . 5 0  & 0 . 0  
12.23 f 0.420° 

0.256 f 0.018 
6.29 f 0.55 

0.278 f 0.015 
6.78.f 0.40° 

1.756 * 0,044 
42.80 f 1.31°0 

Significantly different (PSO.05) from the control group by Williams' or Dunnett's tes t  
O 0  PSO.01 
a 	 Organ weights and body weights are given  in grams;organ-weight-to-body-weight ratios are given as mg organ  weight/g body 

weight (mean i: standard error). 
n=8 
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TABLE€I1 
Hematology Data for Rats in the 16-Day Gavage Study of Coumarina 

~ ~~ 

Vehicle Control 25 mgntg 100mgntg400mgntg50mgntg200mgntg 

Male 

n 5 5 4 5 5 1 

Platelets 
(I@/&) 612.2 f 43.2 676.5 f 26.7b f 81.8 774.6 f 21.7** 916.0'544.3 677.2 f 35.9 

Capillary clotting 

(min) 2.20 f 0.37 f 0.28 1.63 f 0.07 1.55 f 0.25 1.60 f 0.13 .
1.85 1.50' 

Fibrinogen 
(m"L)

Prothrombin 
170 f 5 158 f154Sb 6.151f 2.150f f 6. , 119' 

(=) 12.3 f O.lb 12.1 f O . l b  12.4 f 0.3 12.8 f 0.414.5 f 1.9d 14.2' 
Activated partial thromboplastin  time 


(set) 26.8 k 3.4 23.8 f 2.0 f 2.5 f 2.7 k 1.3
28.2 23.7 23.1 26.5' 

Female 

n 5 5 5 5 5 Oe 

. .Platelets 
594.4 f 83.0521.6 f 62.6 622.0 f 25.2 520.8 f 83.7 f 87.9( I@/PL)  592.4 

Capillary clotting 

(min) 1.75 f 0.19 1.15 f 0.20 1.70 f 0.38 1.40 f 1.700.17 f 0.17 


Fibrinogen 

(mg/") 136 f 5 141 f 4 139 f 8 130 f 13b 135 f 7 


Prothrombin 

(set> 12.3 f O . l b  12.2 f 0.2b 12.1 12.8 f O S b 
12.3 f 0.2b f 0.2b 

Activated partial thromboplastin time 
(=I 33.8 f27.37.5 f 2.1 f 1.3 26.9 f 2.2 21.4 f24.7 3.4* 

l Significantly different (PSO.05) from the control group by Dunn's or Shirley's test 
* *  PdO.01 
a Mean f standard error 

n=4' No standard error calculated due to high mortality 
n = 3  

e No data measurements due to 100% mortality 



Male 

n 
Hematology 

5 10 10 10 10 7 

Hematocrit (%) 
47.0 f 0.748.3 f 0.7 47.3 f 0.5 46.7 f 0.4 46.3 f 0.7 46.6 f 0.9 

Hemoglobin (g/dL) 
17.9 f 0.418.0 f 0.2 17.8 2 0.2 17.6 f 0.2 17.7 f 0.2 18.1 2 0.5 

Mean cell volume (a) 

Erythrocytes (106/pL) 

54.2 f 0.454.1 

8.66 f 0.168.95 

f 0.3 

f 0.10 

52.9 f 0.3O 

8.5'5 f 0.08 
,. . . 

51.0 f 0.20' 

9.16 f 0.07* 

48.6 f 0.20° 

9.46 f 0.13'" 

45.3 -c 0.4*' 

9.97 * 0.2100 

Mean cell hemoglobin (pg) 
20.6 f 0.1 20.1 f 0.'' 19.9 f O.lo*  19.2 f 0.1** 18.4 k 0.2O' 17.8 f O.lo* 

Mean cell hemoglobin concentration 
38.0 f 0.437.2 

(g/dL) 
f 0.4 37.6 f 0.2 37.7 f 0.1 38.2 f 0.2 39.2 f 0.3 

Platelets (I#/~L) 
612.8 f 14.7564.3 f 12.0 553.9 f 18.4 616.0 f 12.8 622.1 f 19.2 917.0 f 19.7' 

Leukocytes (l#/pL) 
6.64 f 0.636.29 f 0.28 6.31 f 0.22 5.81 f 0.19 6.27 f 0.26 8.34 f 0.51 

Segmented neutrophils (103/pL) 
1.69 f 0.06 1.87 f 0.20 1.52 f 0.12 1.50 f 0.13 1.47 f 0.09 3.06 f 0.52 

Lymphocytes (103/pL)
4.76 f 0.534.33 f 0.21 4.64 f 0.19 4.13 f 0.18 4.68 f 0.27 5.05 f 0.28 

Monocytes (I#/~L) 
0.10 f 0.030.07 f 0.02 0.10 f 0.02 0.14 f 0.03 0.05 5 0.02 0.12 f 0.04 

Eosinophils (103/pL) 
0.07 f 0.030.01 f 0.01 0.05 f 0.03 0.02 f 0.01 0.06 k 0.02 0.09 f 0.03 

Activated partial thromboplastin time 
11.8 % 0.2 

(sec). .  

11.8 f 0.2 11.3 f 0.2 11.3 f 0.2 11.1 f 0.2 13.3 f 0.8 

n 
Clinical Chemistry 

5 10 10 10 10 7 

Urea nitrogen (mg/dL) 
8.8 f 0.6 8.9 f 0.3 9.2 2 0.4 8.5 f 0.3 7.1 2 0.5 8.9 f 0.5 

Creatinine (mg/dL) 
0.86 f 0.04 0.74 f 0.03 0.68 f 0.0200 0.74 f 0.03 0.72 f 0.02 0.73 f 0.03 

Sodium (mEq/L) 
145 f 1 146 f 1 144 f 1 145 f 1 145 f 1 142 f 1 

Potassium (mEq/L) 
5.9 f 0.2 5.9 f 0.2 5.6 f 0.2 5.7 f 0.1 5.9 f 0.1 5.5 f 0.2 

Chloride (mQ/L) 
105 f 1 106 f 1 105 f 0 105 f 1 105 5 0 105 f 1 

Calcium (mg/dL) 
10.56 f 0.12 10.72 f 0.17 10.52 f 0.12 10.71 f 0.13 10.60 f 0.06 10.54 f 0.14 

Phosphorus (mg/dL) 
6.4 f 0.2 6.2 f 0.1 6.2 k 0.1 6.3 f 0.1 6.2 f 0.1 6.4 f 0.1 

Total protein (g/dL) 
6.5 f 0.1 6.7 f 0.1 6.5 f 0.1 6.6 f 0.1 6.4 f 0.1 6.1 f 0.1 
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TABLEHZ 
Hematology, Clinical Chemistry, 'and Urinalysis Data *forRats in the 13-Weik 'Gavage Study 
Of Coumarin (continued) 

Male (continued) 

Clinical Chemistry (continued) 

n 5 10 10 10 7
10. 

Albumin (g/dL) 	
, . 

3.5 f 0.0 3.6 f 0.0 3.5 f 0.0 3.6 f 0.0 3 . 6  f 0.1 3.2'f 0.1 
. .A/G ratio 

1.1 f 0.0 1.2 f 0.0 1.2.f 0.0 1:2 f 0.0 1.2,% 0.0 1.2 f 0.0 
Total bilirubin  (mg/dL) 

0.1 f 0.0 0.1 f 0.0 0.1 f 0.0 0.1 f 0.0 0.2 + 0.0.. 1.3 f 0.4.. 
Alanine aminotransferase ( I U L )  

42 f 3b 43 f 2 51 f 6 4 8 f 3  123 i24.' 2,209 f 750.. 
Aspartate aminotransferase ( IUL)  

67 f 7 55 f 1 57 f 3 56 f 2 8 O f 9  985 f 357. 
Lactate dehydrogenase ( I U L )  

452 f 54 371 f 25 417 f 32 391 f 27 357 f 25 443 f 47 
Ornithine carbamoyltransferase ( I U L )  

8 f 3  4 f 1  7 f 2  4 f 1  4 f 1c 104 f 35. 
Sorbitol dehydrogenase (IUL) 

8 + 1  8 f 1  11 f 2 8 f 1  27 f 6.. 370 f 116.. 
Cholinesterase (IUL) 

933 f 20 845 f 20. 763 f 15.. 723 f 17.. 683 f 13.' 853 f 30.. 
Urinalysis 
n 	 5 10 10 10 10 ' 7 

Specific gravity 
1.034 2 0.006 1.041 f 0.0021.045 f O.OO0 1.044 2 0.001 1.029 2 0.003 1.029 f 0.006 

Female 

Hematology 
n 5 10 10 9 10 7 

Hematocrit (%) 
46.2 f 0.3 47.8 f 0.3 48.0 f 0.3. 47.7 f 0.6 47.1 f 0.2 46.0 f 0.9 

Hemoglobin (g/dL) 	 . .. . .  
17.3 f 0.2 17.6,f 0.1 17.7 f 0.2 17.5 f 0.2 1716f 0:2 17.7 f . O . 5  

Erythrocytes (106/pL) 
. .  

7.87 f 0.04 8.11 f 0.07. 8.20 f 0.06.. 8.28 f 0.09'. 8.70 f 0.06.. 9.25 'f0.17'. 
Mean c e l l  volume (L) 

58.6 f 0.2 58.9 f 0.3 58.6 f 0.2 57.7 f 0.2 54.1 f 0.2.. 49.1 f 0.4.. 
Mean cell  hemoglobin (pg) 

22.0 f 0.1 21.7 f 0.1 21.6 f 0.1.. 21.2 f 0.2.. 20.3 f 0.1" 18.9 f 0.2.' 
Meancellhemoglobin concentration (g/dL) 

37.5 f 0.4 36.9 f 0.2 36.8 f 0.2 36.8 f 0.2 37.4 f 0.2 38.4 f 0.4 
Platelets 

638.4 f 26.2 583.9 f 17.0 550.5 f 15.7.. 536.4 f 20.9*. 566.4 f 24.5. 476.7 f 80.4 
Leukocytes 	(103/pL) 

. _  . 5.08 f 0.50 . 4.15 f 0.21 3.81 f 0.19 4.29 2 0.19 5.66 f 0.34 5.50 f 0.38 

\ 



Female (continued) 

Hematology (continued) 
n 5 

Segmented neutrophils (103/~L) 
1.01 f 0.15 

Lymphocytes (IObL), 
3.93 f 0.45 

Monocytes (lo3/FL) 
0.09 f 0.05 

Eosinophils (1dlyL) 
0.05 f 0.03 

Activated partial thromboplastin time 
11.6 f'0.2 

Clinical Chemistry 
n 5 

Urea nitrogen (mg/dL) 
8.3 f 1.0 

Creatinine (mg/dL) 
0.72 f 0.04 

Sodium (mEqL) 
144 f 1 

Potassium (mEqL) 
5.5 2 0.2 

Chloride (mEqL) 
107 f 1 

Calcium(mg/dL) 
10.42 f 0.18 

Phosphorus (mg/dL) 
5.7 f 0.3 

Total protein (g/dL) 
6.3 f 0.1 

Albumin (g/dL) 
3.5 f 0.0 

A/G ratio 
1.2 f 0.0 

Total bilirubin (mg/dL) 
0.1 f 0.0 

Alanine aminotransferase CIU/Ll 
59 + i o  ' 

Aspartate aminotransferase (IU/L) 

Lactate dehydrogenase ( I U L )  
371 f 26 

463f67 

Ornithine carbamoyltnnsferase (IU/L) 
7 f 3  4 2 1  

Sorbitol dehydrogenase ( IUL)  
9 f 1  8 f 1  

Cholinesterase (IUL) 
2,652 f 127 2,178 f 108' 

10 

0.94 f 0.10 

3.10 f 0.17 

0.07 f 0.02 

0.03 f 0.01 
(sec) 

10.9 f 0.4d 

10 

8.4 f 0.5 

0.76 f 0.04 

144 f 1 

5.6 f 0.2 

107 f 1 

10.38 f 0.08 

5.6 f 0.1 

6.5 f 0.1 

3.5 f 0.0 

1.2 f 0.0 

0.1 f 0.0 

40 f 3 

f 3 

337 f 26 

10 

0.77 f 0.07 

2.96 f 0.15 

0.06 f 0.01 

0.02 f 0.01 

11.0 f 0.3' 

9 

8.0 f 0.3 

0.76 f 0.03 

144 f 1 

5.6 f 0.1 

106 f 1 

10.38 f 0.09 

5.7 f 0.3 

6.5 f 0.1 

3.6 f 0.1 

1.2 f 0.0 

0.2 +. 0.1 

37 f 2 

59 k 2 

344 f 23 

5 f l d  

7 5 0  

1,795 f 71"* 

9 

0.78 f 0.13 

3.37 f 0.17 

0.07 f 0.02 

0.05 f 0.01 

11.2 f 0.2 

10 

8.0 f 0.5 

0.69 f 0.02 

144 f 1 

5.7 f 0.1 

106 f 1 

10.53 f 0.13 

5.9 f 0.1 

6.7 f 0.1 

3.6 f 0.1 

1.2 f 0.0 

0.1 f 0.0 

39 f 3 

61 f 5 

328 f 26 


4 f 1' 


8 2 1  


1,415 f 42** 


10 

1.16 f 0.13 

4.30 f 0.23 

0.11 f 0.03 

0.09 2 0.02 

11.1 f 0.4' 

10 

6.8 f 0.4 

0.72 f 0.02 

143 f 1 

5.6 f 0.1 

104 f 0"" 

10.74 f 0.09 

6.1 f 0.1 

6.8 f 0.1"" 

3.8 2 0.1** 

1.2 2 0.0 

0.2 +- 0.0"" 

50 2 5' 

72 & 10 

295 f 24 

4 f l  

12 f 2c 

1,137 f 2 0 ° 0  

7 

1.44 f 0.22 

3.91 f 0.28 

0.11 f 0.05 

0.02 f 0.01 

12.0 f 0.4e 

7 

7.7 f 1.0 

0.81 f 0.05 

142 +. 1 

5.5 f 0.2 

103 f 1"" 

11.03 f 0.12" 

6.5 f 0.1" 

6.6 f 0.1* 

3.6 f 0.1 

1.2 2 0.0 

1.1 f 0.5"" 

1,672 f 923 

360 f 169e 

328 f 53e 

78 f 36 

104 f 36"e 

1,044 f 37*" 
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TABLEH2 
Hematology,ClinicalChemistry,andUrinalysisData for Rats in the 13-WeekGavageStudy 
of Coumarin,(continued) 

Vehicle Control 19 mg& 38 mg& 75150mg/kgmg&300mg/kg 

Female (continued) 

Urinalysis 
n 5 10 10 10 10 7 

Specific gravity 
1.024 f 0.006 1.028 f 0.004 1.014 f 0.003 1.025 f 0.004 1.020 f 0.003 1.023 f 0.004 

l Significantly different (PSO.05) from thecontrol group by Dunn’s or Shirley’s test 
* *  PSO.01 
a Mean f standard error; A/G ratio = albumin/globulin ratio 

n=4 

n=9 
* n=8 

e n=6 



. . 

Hematology 

n 17 

Hematocrit (%) 38.4 f 0.4 

Hemoglobin(g/dL) 14.4 f 0.1 

Erythrocytes (106/yL) 8.14 2 0.09 

Mean cell volume (a) 47.2 f 0.2 

Mean cell  hemoglobin (pg) 17.7 f 0.1 

Mean c e l l  hernoglobin concentration 


37.4 f 0.2 
555.1 f 18.3 


ReticulGes (106/pL) 0.17 f 0.01 

Leukocytes (ld/yL) 3.81 f 0.31 


1.03 f 0.09 
2.62 f 0.22 
0.05 f 0.01 
0.01 f 0.01 
0.05 f 0.01 


Nucleated erythrocytes (ld/pL) 0.02 f 0.01 

Activated partial thromboplastin time (sec) 19 f 1 

Thromboplastin time (sec) 13 f 0 


ClinicalChemistry 

n 16 

Calcium(mg/dL) 11.44 f 0.13 

Alkaline phosphatase ( I U L )  205 f 4 

Alanine aminotransferase ( I U L )  81 f 9 

Sorbitol dehydrogenase (IUR.)  20 f 2b 

Gamma-glutamyltransferase ( I U L )  O f 0  


* Significantly different (PSO.05) from the control group by Dunn's or  Shirley'stest 
* *  PSO.01 
a Mean -c standard error 

n=17 

18 

35.3 f 0.4** 
13.2 f 0.1** 
8.28 2 0.10 
42.7 f 0.2** 
15.9 f 0.1** 

37.3 f 0.2 
620.1 f 14.3** 
0.26 f O.Ol** 
4.03 f 0.21 

1.07 f 0.08 

2.66 f 0.18 

0.15 f 0.04 

0.0 f 0.0 

0.08 f 0.01 

0.03 f 0.01 


18 f 1 

13 f 0 


18 

11.83 f 0.09* 
337 f lo** 
406 f 51** 
30 f 200 
1 f 1** 



TABLEH4 

Hematology and Clinical Chemistry Data for Male Rats at the 15-Month' 1nteri'm.Evaiuation 
I n  the Stop-Exposure GavageStudy of Coumarin' 

n 

Hematology 

Hematocrit (%)

Hemoglobin (g/dL) 

Elythrocytes (106/jtL)

Mean cell  volume (fL)

Mean cell  hemoglobin (pg)

Mean cell  hemoglobin concentration 


(g/dL)

Platelets (103/&~) 

Reticulocytes (106/bL) 

Leukocytes (103/bL) 


Nucleated erythrocytes (103/bL) 
Activated partial thromboplastin time 
Thromboplastin time (sec) 

Clinical Chemistry 

Calcium (mg/dL) 

Alkaline phosphatase ( I U L ) 

Alanine aminotransferase ( I U L )  

Sorbitol dehydrogenase ( I U L )  

Gamma-glutamyltransferase ( IUL)  


Vehicle Control 

7 

41.2 f 0.9 
14.6,f 0.3 
8.54 f 0.19 
48,6;f 0.3 
1711 f.O.2 

. . 

35.4 f 0.3 
561.9 f 26.8 
0.21 f 0.03 
3.40 & 0.66 
1.30 f 0.39 
1.79 f 0.15 
0.09 f 0.03 
0.01 f 0.01 
0.04 f 0.02 
0.06 f 0.04 

(sec) 20.4 f 0.9 
14.1 f 0.2 

11.29 f 0.18 
165 	f 20 
56 2 4 
18 * 1 
O f 0  

. Significantlydifferent (P~0.05) from the control group by Dunn's or Shirley's test 
*. PSO.01 
a Mean f standarderror 

. . ,,, , . . . .  . , 

100 mg/kg 

9 

37.6 f 0.9. 
13.2 f 0.2.. 
8.54 f 0.27 -

44.1 f 0.6.. , 

, 

.' 
15.6 f O S *  .' 

.	 . 

35.3 f 0:s. '' 

873.4 f 31.3'.. 
0.25 f 0.02 
3.42 f 0.33 
1.38 f 0.19 
1.80 +: 0.23 
0.11 f 0.04 
0.01 f 0.01 
0.05 f 0.02 
0.03 f 0.01 
18.1 f 0.6 
13.3 f 0.2. 

11.22 f 0.15 
246 f 17. 
105 f 19;. 
31 	f 2.' 

4 f 1** 




Mole 

Hematology 

n 
. .  

Hematocrit (%) 

Hemoglobin (g/dL) ’ 
 I .  

Erythrocytes (106/&L)

Mean cell volume (fL)

Mean cell hemoglobin (pg) 

Mean cell hemoglobin concentration 

(“L)

Platelets ( I ~ / I L )  
Reticulocytes (106/&L). , . 
Leukocytes (103/pL) 
Segmented neutrophils (103/bL) 
Lymphocytes (103/bL)
Atypical lymphocytes (103/bL) 
Monocytes ( 1 0 3 , p ~ )  
Eosinophils (10/bL) 
Nucleated erythrocytes (103/bL) 
Activated partial thromboplastin 

time (sec) 
Thromboplastin time (sec) 

Clinical Chemistry 

n 

Calcium (mg/dL) 

Alkalinephosphatase (IUR) . 

Alanine aminotransferase ( I U R )  

Sorbitol dehydrogenase (IUR) 

Gamma-glutamyltransferase ( IUR)  


10 

40.5 f 1.6 
14.4 & 0.6 
8.16 f 0.37 
49.9 f 0.7 
17.7 f 0.2 

35.5 f 0.3 
503.7 f 24.4b 
0.19 f 0.02b 
3.07 f 0.34 
0.94 k 0.09 
1.86 f 0.28 
0.09 k 0.04 
0.0 2 0 . 0  
0.03 f 0.01 
0.08 f 0.05 

20.8 f 0.4 
14.2 f 0.3 

10 

11.10 f 0.18 
165 k 11 
62 f 10 
2 3 f 2  
O f 0  

10 

40.0 * 0.5 
14.3 f 0.1 
8.27 * 0.13 
48.3 f 0.3 
17.4 f 0.2 

35.9 f 0.4 
559.3 f 26.5 
0.20 f 0.01 
3.02 f 0.09 
0.87 f 0.08 
1.95 f 0.12 
0.08 f 0.02 
0.03 2 0.01 
0.03 f 0.01 
0.02 2 0.01 

19.8 f 0.6 
13.9 +- 0.2 

10 

11.20 f 0.20 
152 f 8 
81 f 11 
2 6 f 2  

O k O  

8 

39.7 f 0.7 
14.1 f 0.4O 
8.62 f 0.20 
46.3 f 0.40° 
16.3 f 0.20° 

35.4 f 0.4 
671.3 f 26.60° 
0.19 f 0.02 
3.64 f 0.35 
1.61 f 0.23O 
1.71 f 0.16 
0.19 f 0.05 
0.04 2 0.02 
0.02 f 0.01 
0.04 f 0.01 

18.7 f 0.40° 
13.5 2 0.3 

10 

11.60 f 0.16 
247 f 19O 
131 f moo 
31 f 20° 
6 f l o o  

10 

37.1 f 0.80° 
13.3 f 0.20° 
8.27 f 0.33 
45.4 f 1.70° 
16.3 2 0.70° 

36.1 f 1.0 
712.3 & 81.40° 
0.24 f 0.03 
3.48 f 0.30b 
2.12 f 0.600 
1.86 f 0.19 
0.45 k 0.34 
0.02 f 0.01b 
0.02 f 0.01 
0.05 f O.0lb 

18.8 f 0.60° 
13.6 f 0.3 

8 

11.63 f 0.18 
175 f 21 
75 f 1 1 0  

2 6 f 3  
1 f 1 0 0  
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TABLEHS 
Hematology and Clinical Chemistry Data’ for Rats at.the 15-Month  Interim:..Eiialuation 
in the 2-YearGavage Study of Coumarin (continued) . .  . 

50 mg/kg 

10 

38.8 f 0.5 
13.8 f 0.3 
7.58 f 0.10 
51.2 f 0.5.. 
18.2 f 0.3.. 

35.6 f 0.4 
528.4 f 30.9 
0.18 f 0.01 
1.91 f 0.22 
0.73 2 0.20 
1.08 f 0.07 
0.05 f 0.01 
0.01 f 0.00 
0.03 f 0.01 
0.02 2 0.01 

16.6 f 0.4 
13.6 f 0.2 

11.00 f 0.00 

287 f 38 

47 f zb 

16 f 1 


1 f ob 

100 mgkg 

10 

38.7 f 0.6 
13.6 f 0.2. 
7.82 f 0.16.. 
49.6 f 0.5.. 
17.3 f 0.2** 

35.0 f 0.2 
564.0 f 35.3 
0.18 f 0.02 
1.75 f 0.11. 
0.59 f 0.08 
1.08 f 0.07 
0.04 f 0.01 
0.00 f 0.00 
0.02 f 0.01 
0.01 f 0.00 

16.3 f 0.3 
13.3 f 0.1 

10.60 f 0.31 
264 f 13 
62 f , 4 * *  
21 f 2* 
6 f 1’. 

Female 

n 

Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Erythrocytes (106/bL) 

Mean cell volume (fL)

Mean cell hemoglobin (pg)

Mean c e l l  hemoglobin concentration 

(“L)


Platelets ( ~ d / p ~ )  

Reticulocytes (106/bL) 

Leukocytes (1dlbL) 

Segmented neutrophils (103/&L) 

Lymphocytes (ld/bL) 


Nucleated erythrocytes (ld/&L) 
Activatd, partial thromboplastin
time (sec)

Thromboplastin time (sec) 

Clinical Chemistly 

Calcium (mg/dL) 

Alkaline phosphatase ( I U L ) 

Alanine aminotransferase ( I U L ) 

Sorbitol dehydrogenase (IUL) 

Gamma-glutamyltransferase ( I U L )  


Vehicle Control 

9 

38.7 f 1.2 
13.8 f 0.5 
6.98 f 0.33 
56.2 f 1.5 
19.9 f 0.4 

35.6 f 0.4 
523.3 f 24.2 
0.20 f 0.02c 
1.43 2 0.09’ 
0.80 f 0.46 
2.14 f 1.13 
0.09 f 0.06 
0.02 f 0.02 
0.09 f 0.08 
0.01 f 0.00c 

17.0 f 0.4 
13.6 f 0.1 

10.89 f 0.20 
2 3 0 2 9  

47 f 3 
16 f 1 
0 f oc 

25 

10 

39.6 f 0.6 
14.0 f 0.2 
7.34 f 0.16 
54.1 f 0.6. 
19.1 f 0.3 

35.3 f 0.4 
445.3 f 14.1. 
0.21 f 0.02 
1.65 f 0.16 
0.45 f 0.06 
1.09 f 0.10 
0.04 f 0.01 
0.01 f 0.01 
0.03 f 0.01 
0.02 f 0.01 

16.4 f 0.1 
13.4 f 0.2 

10.60 -C 0.16 

257 2 13 

4 8 f 2  

16 f 1 

2 2 1  


l Significantlydifferent (P~0.05) from the control group by Dunn’s o r  Shirley’s test 
*. PSO.01 
a Mean f standard error 

n=9 
n=8 



n 5 5 4 5 4 Ob 

Capillary clotting 

Platelets 
(I@/@-) 

(min) 1.6 f 0.3 

278.0 f 115.0' 

1.8 f 0.3 

242.0 f 104.0' 

2.0 f 0.2 

191.3 f 103.0d 

1.4 f 0.3 

247.4 f 45.5 

2.2 & 0.5 

289.8 f 53.7 

n 5 5 5 5 4 Ob 

Capillary clotting 

Platelets 
(I@/@-) 

(min) 

255.0 f 74.3' 

1.9 f 0.4 

233.8 f 69.2 

2.1 f 0.4 

289.5 +. ~3.8~ 

2.5 f 0.4 1.8 f 0.2 

310.5 f 42.8' 

2.1 f 0.3 

m.3 f 64.5 

' 
a 

n = 3  
n=4 
No data measurements due 
Mean f standard error 

to 1 0 %  mortality 
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TABLEH7 
Hematology Data for Mice inthe 

. . 

Vehicle Control 

Male 

n 10 

Hematocrit (%) 
32.4 f 1.0 

Hemoglobin (g/dL) 
12.6 f 0.4 

Erythrocytes (106/pL) 
6.15 f 0.19 

Mean cell  volume (fL) 
52.7 f 0.2 

Mean cell  hemoglobin (pg) 
20.5 f 0.1 

, . 

19 mg/kg 

10 

32.7. f 0.9 

12.8 f 0.3 

6.26 f 0.16 

52.1 f 0.2 

20.4 f 0.1 
Mean c e l l  hemoglobin concentration (g/dL) 

39.0 f 0.2' 
Platelets ( ~ d / p ~ )  

417.7 f 60.8 
Leukocytes (ld/pL) 

3.83 f 0.57 
Segmented neutrophils (103/pL) 

0.50 f 0.09 
Lymphocytes (ld/pL) 

3.25 f 0.50 
Monocytes (103/pL) 

0.05 f 0.01 
Eosinophils (l#/pL) 

0.02 f 0.01 
Activated partial thromboplastin time 

8.4 f 1.p 

39.1 f 0.4 

477.3 f 63.8 

3.22 f 0.30 

0.58 .f0.10 

2.51 f 0.23 

0.07 f 0.02 

0.06 f 0.01. 
(sec) 

9.7 f 0.2b. 

13-Week GavageStudy of Coumarin' 

=wz& 

10 

31.4 * 0.7 

12.3 f 0.3 

6.07 f 0.15 

51.6 f 0.3.. 

20.3 f 0.1 

39.3 f 0.2 

478.3 f 70.2 

4.00 f 0.37 

0.68 f 0.14 

3.15 f 0.23 

0.07 f 0.02 

0.05 f 0.02b 

9.0 f l.lb 

75mgntg 

10 

30.6 f 0.5 

12.1 * 0.2 

6.08 f O.llb 

50.6 f 0.4.. 

19.9 f 0.2. 

39.4 f 0.2 

468.0 f 62.9 

3.62 f 0.33b 

0.58 * 0.08: 

2.% f 0.25b 

0.03 f O.Olb 

0.05 f o.02b 

8.9 f l .Zb 

, 

150mgntg 

10 

29.1 f 1.0. 

11.2 f.0.5. 

5.86. f 0.20 

49.6 f 0.3.. 

19.1 5 0.4.. 

38.5 -c 0.8 

499.0 f 80.7 

4.16 f 0.55 

0.73 f 0.20 

3.24 f 0.34 

0.08 f 0.04 

0.10 f 0.05 

8.8 f l.Zb 

300m& 

8 

28.7 f 0.9.. 

11.3 f 0.4. 

5.97 f 0.20 

47.9 f 0.3.. 

19.0 f 0.1.. 

39.4 f 0.3 

576.1 f 90.5 

3.59 f 0.55 

0.79 f 0.19 

2.66 f 0.41 

0.05 f 0.01 
. , 

0.09 f 0.02. 

9.8 f 0.2 



Female 

n 10 9 10 9 

Hematocrit (%) 
32.3 f 0.9 32.2 f 0.9 30.5 f 0.8 31.0 k 1.0 

Hemoglobin (g/dL) 
12.5 f 0.3 12.5 f 0.4 11.9 f 0.3 12.0 f 0.4 

Erythrocytes (106/lrL) 
6.08 f 0.15 6.08 f 0.18 5.85 f 0.15 6.02 f 0.20 

Mean cell volume (L) 
53.2 2 0.3 53.0 2 0.3 52.2 -t 0.4 51.6 f 0.3O" 

Mean cell hemoglobin (pg) 
20.6 f 0.2 20.5 f 0.2 20.3 f 0.1 20.0 f 0.10 

Mean cell hemoglobin concentration (g/dL) 
. 38.8 f 0.3 38.7 f 0.5 39.0 * 0.3 38.7 f 0.2 

Platelets ( I O ~ / ~ L )  
4 0 . 9  f 56.3419.9 f 65.7 394.4 389.8 f 74.232.7 

Leukocytes (IdlyL) 
3.19 f 0.39 3.77 f 0.41 3.40 -t 0.49 2.91 f 0.33 

Segmented neutrophils (103/bL) 
0.50 2 0.10 0.74 2 0.09 0.40 i: 0.07 0.43 2 0.06 

Lymphocytes (103/lrL) 
2.55 2 0.30 2.92 2 0.33 2.86 i: 0.40 2.41 f 0.28 

Monocytes ( I O ~ / ~ L )  
0.07 f 0.01 0.07 f 0.02 0.10 -c 0.03 0.03 f O.O1° 

Eosinophils (ld/pL) 
0.06 f 0.01 0.02 f 0.01 0.05 f 0.02 0.04 f 0.01 

Activated partial thromboplastin time (sec) 
9.5 f 1.1 10.2 f 0.2 9.3 f 1.2b 10.2 f 0.3d 

~ ~~ ~ ~~ 

Significantly different (PSO.05) from  the control group by Dunn's or Shirley's test 
O 0  PSO.01 
a Mean f standard error 

n=9 

n=6 

n=7 


10 

32.6 f 0.4b 

12.8 f 0.2b 

6.40 f O.Wb 

50.8 f 0.40° 

20.0 f 0.10 

39.5 f 0.3 

489.5 f 81.2 

3.39 f 0.36 

0.52 f 0.06 

2.75 2 0.33 

0.03 f 0.01 

0.08 f 0.03 

9.4 2 l .Zb 

10 

29.2 f 1.2 

11.1 f 0.5 

5.71 & 0.28 

49.3 f 0.40° 

19.5 f O . l Q O  

39.5 f 0.3O 

523.5 f 98.5 

2.87 & 0.46 

0.43 f 0.09 

2.32 f 0.36 

0.04 f 0.010 

0.05 f 0.01 

10.2 f O . l b  
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Male 
. i 

Hematology 

n 5 5 5 4 

Erythrocytes (106/pL) 
Hemoglobin (g/dL) 
Hematocrit (%) 

, , 

40.9 & 0.338.6 

8.73 f 0.07 

. .  

13.9 f 0.1 , -

f 1.5 . 

8.38 f 0.46 
13.1 f 0.413.6 

. I 

39.6 f 0.3 
f 0.2 

8,34 f 0.08 8.58 f'0.34 
12.8 f 0:5* ,  
37.3 -C 1.4:. 

- , 

Mean cell volume (L) 
Mean cell hemoglobin (pg) 

1.0 f 0.346.2f47.0 44.8 
0.4 f 0.215.7f16.0 15.4 

f 0.4. 43.5 rt 0.3** 
0.1* 15.0 f 0.1"f 

Mean cell  hemoglobin concentration 
(g") ~ . .  

Platelets (~'/IL> 

Leukocytes (103/gL) 

Reticulocytes '(106/pL) 

Segmented neutrophils (103/pL) 

Lymphocytes (103hL) 

Atypical lymphocytes (103/pL) 

Monocytes (lo3 L 


s " )Eosinophils (10 /BL) 

Nucleated erythrocytes (103/pL) 


Clinical Chemistly 

n 

Alkaline phosphatase ( I U L )
Alanine aminotransferase ( IUL)  
Sorbitol dehydrogenase ( I U L )  
Gamma-glutamyltransferase ( I U L )  

34.1 f 0.3 
842.8 f 9.9 
1.72 f 0.35 

..0.18 & 0.03 
0.38 f 0.07 
1.29 f 0.28 
0.01 f 0.01 
0.00 f 0.00 
0.02 f 0.01 
0.02 f 0.01 

8 

48 f 3 
49 f 5 
40 f 1 
O f 0  

33.8 f 0.3 
901.4 f 33.6 

_ .  	 1.36 f 0.19 
, 0.24 f 0.05 

0.31 f 0.05 
1.02 f 0.14 
0.00 f 0.00 
0.00 f 0.00 
0.01 f 0.01 
0.01 f 0.00 

9 

42 f 1 
5 0  f 8 
4 O f 1  
O f 0  

_. 34.3 rf: 0.5 
885.0 f 40.0 
1.18 f 0.16 
0.15 f 0.04 
0.27 f 0.05 

I , 0.90 f 0.11 
0.00 f 0.00 
0.00 f 0.00 
0.01 f 0.00 
0.00 f 0.00 

10 

, - 45 f 1 
68 rf: 17 

- 3 9 f 3 ,  
O f 0  

34.4 * 0.2 
1,188.0 * 53,6** 

1.45 * 0.38' 
0.24 2 0.05 
0.39 f 0.12 
1.03 f 0.25 
0.00 2 0.00, 
.0.00 2 0.00 
0.03 * 0.02 
0.01 -c 0.01 

. . 9  

39 f 2** 
83 rf: 22 

" 37 re_ 4 
1 f 1  

', 

I 



Female 

n 

Hematology 

Hematocrit (%) 

Hemoglobin (g/dL) 

Erythrocytes (106/pL)

Mean cell  volume (fL)

Mean c e l l  hemoglobin (pg)

Mean cell hemoglobin concentration 


R e t i c u l G e s  (106/yL) 

Leukocytes (ld/yL)

Segmented neutrophils (103/yL) 

Lymphocytes (10%)

Atypical lymphocytes (103/pL) 

Monocytes ( I # ~ L ) 

Eosinophils (10 /yL) 

Nucleated erythrocytes (103/pL) 


ClinicalChemistry 

Alkaline phosphatase (IUL)
Alanine aminotransferase (IUL) 
Sorbitol dehydrogenase ( I U L )  
Gamma-glutamyltransferase (IUL) 

-~~ 

8 

39.3 f 0.7 
13.8 f 0.2 
8.620.16 
45.8 f 0.3 
16.0 f 0.2 

35.1 f 0.3 
723.1 f 16.1 
0.19 f 0.02 
0.93 f 0.15 
0.21 k 0.07 
0.71 f 0.10 
0 .0  f 0.0  
0 . 0  f 0 .0  
0 .0  f 0 . 0  
0 . 0  f 0 . 0  

110 * 10 
31 2 3 
37 f 2 
1 * 0  

~~~ 

10 

37.8 f 0.3 
13.4 f 0.1 
8.39 f 0 . a  
45.1 f 0.4 
16.0 f 0.1 

35.5 f 0.2 
792.1 2 29.7 
0.18 2 0.02 
1.13 f 0.15 
0.34 * 0.M 
0.77 f 0.10 
0 .0  * 0.0  
0 .0  '' 0 .0  
0.01 * 0.0  
0 .0  '' 0 . 0  

118 f 10 
35 f 5 
37 f 2 
I f 1  

10 

38.6 f 0.5 
13.6 f 0.1 
8.60 f 0.10 
45.0 f 0.2 
15.8 f 0.1 

35.2 f 0.3 
790.3 f 39.94 
0.21 * 0.02b 
1.17 f 0.17b 
0.30 f 0.05b 
0.85 f 0.13b 
0 . 0  * o.mb 
0 . 0  2 o.mb 
0.01 f 0.0b 
0 .0  * omb 

102 f 6 

41 f 7 

3 8 f 1  

O f 0  

9 

38.1 f 0.5 
13.6 f 0.1 
8.62 f 0.12 
44.1 f 0.240 
15.8 f 0.2 

35.6 2 0.3 
859.0 f 28.604 
0.17 f 0.01 
0.88 f 0.12 
0.22 f 0.05 
0.64 f 0.07 
0.01 f 0 . 0  
0 .0  f 0 . 0  
0 . 0  k 0 . 0  
0 . 0  f 0.0  

1 0  f 6' 
44fV 
39 f 1 

0 f OC 

Significantly different (PSO.05) from  the control group by Dunn's or Shirley's test 
0 0  PSO.01 
a Mean errorstandard 


n=9 

n=8 
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CHEMICAL CHARACTERIZATION AND 
DOSE FORMULATIONS 

PROCUREMENT AND CHARACTERIZATION OF COUMARIN 
Coumarin was obtained  from Rhone Poulenc, Incorporated (Monmouth Junction, NJ) in two lots 
(lot7971 and  lot 5H2003). L o t  7971 was used throughout the 16-day and 13-week studies  in rats and 
mice and  lot 5H2003 was used throughout the 2-year studies  in rats and mice. Identity, purity, and 
stability analyses were  conducted by the analytical chemistry laboratory, Midwest Research  Institute 
(MRI; Kansas City, MO). MRI reports on analyses performed  in support o f  the coumarin studies are 
on file at  the National  Institute o f  Environmental Health Sciences. 

Both lots o f  the chemical, a white crystalline powder, were  identified as coumarin by infrared, 
ultraviolethisible, and nuclear magnetic resonance spectroscopy. All spectra were consistent with the 
literature spectra o f  coumarin (SudtZer Standard Spectra), as shown in  Figures I1 and 12. 

The purity o f  both lots was determined by elemental analyses, Karl  Fischer water analysis, titration ,of 
free acid, lactone hydrolysis and back titration, thin-layer chromatography (TLC), and gas 
chromatography. Titration o f  free acid was performed by dissolving a 5 g sample in methanol and 
titrating with standardized 0.1 N aqueoussodium hydroxide to the phenolphthaleinendpoint. Lactone 
hydrolysis was performed with alcoholic  potassium hydroxide and  back-titration with sulfuric acid. ; . .  i 

Thin-layer chromatography was performed on Silica Gel 60 F-254 plates with two solvent systems: 
1) to1uene:acetone (90.10) and2)petroleum ether:ethyl acetate  (5545).Plateswereexaminedunder 
shortwave (254 nm) and longwave (366 nm) ultraviolet light and  a spray o f  0.5% (w/v) potassium 
permanganate dissolved in 1 Nsodium hydroxide. Gas chromatographic analysis was performed  witha 
flame ionization detector (FID) with a nitrogen gas carrier  at a flow rate o f  70 cdminute. Two systems
were used for  each lot: 

A) 1%SP-lo00 on 100/120 Supelcoport, with an oven temperature  program of  50" C for 
5 minutes, then 50" t o  250" C at 10" C per minute 
B) 20% SP-2100/0.1% Carbowax 1500 on 100/120 Supelcoport, with an  oven temperature 
program o f  50" C for 5 minutes, then 50" to 170" C at 10" C per minute. 

Elemental analyses o f  both lots for  carbon and hydrogen were  in agreement with the  theoretical values 
forcoumarin.KarlFischerwater analysis o f  lot 7971 indicated 0.020 f 0.003% water  and 
0.15 2 0.01% water  for lot 5H2003. For lot 7971 titration o f  the free acid indicated 
0.298 f 0.014 mEq o f  acid per  g of  sample. For lot 5H2003  free acid titration  indicated 
0.008 f 0.001 mEq o f  acid per g o f  sample. Lactone hydrolysis for  lot7971indicatedapurity o f  
100.1 2 0.3%, and  a purity of 97.2 f 0.4% for  lot 5H2003. Thin-layer chromatography for both lots 
indicated only a  major spot in each system. Gas chromatography o f  both lots indicated only a  major
peak and no impurities with a  total area o f  20.1% relative to the major  peak area. The overall  purity 
o f  lot 7971 was determined t o  be greater than 99%, and the overall  purity of  lot 5H2003 was 
determined to  be 97%. 

Stabilitystudieswereperformed by the analytical chemistry laboratory. Gas chromatography was 
performed using System A described above except with an oven temperature o f  170" C and 
0.5% docosane added as an internal  standard.Thesestudies indicated the coumarin was stable  as a bulk 
chemical for  at least  2 weeks when stored at temperatures  up to 60" C. The stability o f  the bulk 
chemical was monitored periodically at the study laboratory with gas chromatography  and free acid 
titration methods similar to those described above. No degradation o f  the bulk chemical was observed. 



~EdEIP'ARA"IKDNANI0 hL4lLYSlIS OF DOSE ~OrWrmrUJlLATIONS 
The dose formulation suspensions were prepared by mixing coumarin in Mazola@ corn  oil to give the 
required concentrations (Table 11). The dose formulations  werestored in the  dark at room 
temperature. Dose formulations were prepared once for the 16-day studies,  and every 2 weeks for  the 
13-week and 2-year studies. Formulations were discarded 21 days after the date of  preparation. 

Dose formulation stability analyses at  the 5 mg/mL concentration  were performed by the analytical 
chemistry laboratory.  Aliquotswere extracted with methanol, then decyl alcohol (1.9 mg/mL in 
methylenechloride) was added  as an internal standard.  Afterdilution with methylene  chloride, gas 
chromatographic analysis was performed using System B described above, except with a  carrier gas flow 
rate o f  30 muminute and an oven temperature o f  160" C. The stability o f  the dose formulations was 
confirmed for at least 3 weeks at room  temperature when stored in the dark, as well as  for at least 
3 hours when exposed to  air and light. The study laboratory  also conducted and confirmed the stability 
o f  dose formulations. 

Periodic analyses o f  the dose formulations of coumarin were conducted at the study  laboratory and 
analytical chemistry  laboratory using ultraviolet spectroscopy. In this  procedure the sampleswere 
extracted with methanol;  then after centrifugation the extracts  were diluted with methanol,  and the 
absorbance determined at 274 nm. During the 16-day studies  allformulationswere analyzed (Table 12). 
During the 13-week studies, the doseformulationswere analyzed every 6 weeks (Table 13). During the 
2-year studies, the dose  formulations were analyzed every 6 to 10 weeks (Table 14). In the 2-year
studiesall dose formulations (154/154) were within 10% o f  the targetconcentrations.Periodic peroxide 
analyses o f  the corn oil vehicle by the study laboratory indicated. that peroxide levels were  within the 
acceptable limit o f  10 mEq/ag. Results o f  the periodic  referee analyses performed by the analytical
chemistry laboratory  were in agreement with the results obtained by the study laboratory (Table 15). 
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TABLEI1 
Preparation and Storage of Dose Formulations in the Gavage Studies of Coumarin 

l d D a y  Studies 

Preparation 
Coumarin mixed corn oilwas with 


stirring.
whilewhilestirring;homogeneity 

Chemical Lot Number 
7971 

Maximum Storage Time 
14 days 

Storage Conditions 
Stored at morn temperature in the 
dark. 

Study Laboratory 
International Research and 
Development Corporation,
Mattawan, M I  

Referee Laboratory 
Midwest Research Institute, 
Kansas City, MO 

13-Week Studies 

Coumarin was withmixed corn oil 
was 

maintainedwith a magnetic stir plate 
on day 1and a Polytron
homogenizer for the remainder o f  
the studies. 

7971 

Same as 16day studies 

Same as 16day studies 

Same as 16day studies 

Same as 16day studies 

2-Year Studies 

Coumarin was withmixed corn oil 
using a magnetic stir bar and stirrer, 
all doses were homogenized for 30 
to 60 seconds before stirring with an 
homogenizer. 

5H2QO3 

21 days 

Stored at m m  temperature in teflon 
sealed, amber serum bottles. 

American Biogenics Corporation,
Woburn, MA 

Same as 16day studies 



. .Ratsb 
5 January 1981 19 January 1981 2.5 	 2.40 -4 

5.0 . ' 5.09 	 +2 
10.0 	 11.4 +14 
20.0 20.0 	 0 
40.0 43.0 	 +8 

M i C - P C  

5 January 1981 29 January 1981 4.0 	 4.05 +1 
7.5 	 7.55 +1 

15.0 15.0 	 0 
30.0 32.5 	 +8 
60.0 57.4 	 -4 

a 	 Results o f  duplicateanalyses 
Rats: 2.5mg/mL = 25 mgkg, 5.0 mg/mL = 50 mgkg, 10.0 mg/mL = 100 mgjkg, 20.0 mg/mL = 200 mgkg,and 
40.0mg/mL = 400 mgkg; dosing volume = 10 mL/kg. 

Mice: 4.0mg/mL = 40 mgkg, 7.5 mg/mL = 75 mgkg, 15.0 mg/mL = 150 mgkg, 30.0mg/mL = 300 mgkg, and 

60.0 mg/mL = 60mgkg; dosing volume = 10 m m g .  
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TABLEI3 

Results off Analysis of DoseFormulationsAdministered to RatsandMice . ' . .  


in the 13-Week Gavage Studies of Coumarin * . 


Target Determined % Difference 
Date Prepared Date Analyzed  Concentrationb,:Concentration' from .Target 

( W b L )  (mg/mL) 

Rats 
3 April 1981 6 April 1981 1.9 1.93 +2 :1 

3.8 3.87 +2 
7.5 7.61 +1 
15.0 15.1 +1 
30.0 ' , . , 3 0 4 , .. . +1 

15 May 1981 22 May 1981 1.9 , 1.91 : +1 
3.8 3.89 +2 
7.5 7.68 +2 
15.0 15.6 .+4 
30.0 29.2 -3 

Mice 
6 April 1981 7 April 1981 1.9 1.84 -3 

3.8 3.65 -4 
7.5 7.65 +2 
15.0 15.2 +1 
30.0 29.7 -1 

18 May 1981 22 May 1981 1.9 1.95 +3 
3.8 3.83 +1 . 
7.5 7.76 +3 
15.0 15.1 +1 
30.0 29.7 -1 

' Mg/mLvalues: 1.9 mg/mL = 19 mg/kg, 3.8 mg/mL = 38 mg/kg, 7.5 mg/mL = 75 mg/kg, 15.0 mg/mL = 150 mg/kg, and 
30.0 mg/mL = 300 mg/kg; dosing volume = 10 mUkg. 

Results o f  duplicate analyses 
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wsnhb 
4 September 1984 

22 October 1964 

17 December 1984 

11 February 1985 

8 April 1985 

3 June 1985 

5 September 1984 

14 September 1984' 

17 September 1984' 

24 October 1984 

18, 19
December 1984 

20,21December 1984 

12,13 February 1985 


28 February 1985' 

9 April 1985 

25 April 1985' 

4 June 1985 

5 

10 

20 


20 


5 

10 


5 

10 

20 


5 

5 


10 

10 

20 

20 


5 

5 

10 

10 

20 

20 


5 

10 

20 


5 

5 

10 

10 

20 

20 


5 

10 

20 


5 

5 

10 

10 

20 

20 19.8 -1 

5.16 
10.7 
19.9 

19.6 

5.14 
9.94 

5.14 
10.1 
19.3 

5.22 
5.32 

9.99 
9.78 
20.4 
20.9 

5.04 
4.94 
10.1 
10.1 
19.6 
19.8 

4.85 
9.77 
19.8 

4.88 
4.87 
10.0 
10.0 
19.8 
19.6 

5.33 
10.9 
21.4 

5 . 0  
5 . 0  
10.0 
10.2 
19.9 

+3 . 
+7 
-1 

-2 

+3 
-1 

+3 

+1 

4 


+4 
+6 

0 
-2 
+2 
+5 

+1 
-1 
+1 
+1 
-2 
-1 

-3 
-2 
-1 

-2 
-3 
0 
0 

-1 
-2 

+7 
+9 
+7 

0 
0 
0 

+2 
-1 
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TABLEI4 
Results of Analysis of Dose Formulations Administered to Rats and Mice in the 2-Year Gavage Studies 
of Coumarin (continued) 

.. . . .  

Date Prepared Date Analyzed 

Rats (continued) 
29 July 1985 30 J u l ~1985 

16 August 1985' 

7 October 1985 8 October 1985 

2 December 1985 3 December 1985 

19 December 1985c 

TargetDetermined 
ConcentrationConcentration 

(mg/mL) 

5 

5 


10 

10 

?o 
20 


5 

10 

20 


5 

5 

10 

10 

20 

20 


5 

5 

5 

10 

10 

20 

20 


5 

10 

20 


(mg/mL) 

4.90 
4.89 
10.0 
9." 
19.4 
i9.5 

5.07 
10.3 
21.3 

5.02 
5.03 
9.99 
9.92 
19.9 
19.8 

4.75 
4.79 
4.71 
9.52 
9.49 
19.6 
19.0 

5.09 
9.63 
19.2 

% Difference 
Rom Target 

-2 
-2 
0 

-1 
-3 
-3 

+1 
+3 
+7 

0 
+1 
0 

-1 
-1 
-1 

-5 
-4 
4 

-5 
-5 
-2 
-5 

+2 
-4 
-4 

4.7827 J a n e l y  1986 
 28 January 1986 5 . -4 .: 4.98.. ; ... 5 
 0 
10 9.39 4 

10 9.16 4 

20 20.0 0 

20 19.9 -1 


31 March 1986 1 April 1986 5 4.56 -9 . .  . . ... . . 5 4.72 -6 ..' 

10 9.72 -3
io 9.80 -2 
20 19.0 -5 
u, 19.4 -3 

17 April 1986' 5 4.81 -4 
10 9.43 -6 
20 19.5 -3 



bts (continued) 
12 May 1986 

7 July 1986 

18 August 1986 

Mic@d 
5 November 1984 

6 November 1984 

17 December 1984 

11 February 1985 

13 May 1986 

8 July 1986 

19 August 1986 

7 November 1984 

15 November 1984' 

7 NovemFr 1984 

18, 19 December 1984 

20, 21 December 1984 

12, 13 February 1985 

28 February 1985' 

5 
5 

10 
10 
20 
20 

5 
5' 

10 
10 
20 
20 

5 
5 

10 
20 

5 
10 

5 
10 
20 

20 

5 
5 

10 
10 
20 
20 

5 
5 '  

10 
10 
20 
20 

5 
10 
20 

5.13 
5.14 

10.0 
9.87 

19.2 
19.7 

4.94 
4.96 

10.0 
10.1 
20.8 
20.8 

5.02 
5.06 
9.48 

19.3 

5.06 
10.1 

4.91 
10.2 
19.5 

20.0 

5.22 
5.32 

9.99 
9.78 

20.4 
20.9 

5.04 
4.94 

10.1 
10.1 
19.6 
19.8 

4.85 
9.77 

19.8 

+3 
+3 

0 
-1 
-4 
-2 

-1 
-1 

0 
+1 
+4 
+4 

0 
+1 
-5 
-4 

+1 
+1 

-2 
+2 
-3 

0 

+4 
+6 

0 
-2 
+ 2  
+5 

+1 
-1 
+1 
+1 
-2 
-1 

-3 
-2 
-1 
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Date Prepared Date Analyzed 

Mice (continued) 
8 April 1985 9 April 1985 

25 April 1985' 

3 June 1985 4 June i985 

29 July 1985 30 July 1985 

16 August 1985' 

7 October 1985 8 October 1985 

. . .  
' . 3 


24 October 1985' 

, . 

2 December 1985 3 December 1985 

Target 
Concentration 

(mglmL) 

5 

5 

10 

.lo 

20 

20 


' 5  

10 

20 


' 5  

5 

10 

10 

20 

20 


5 

5 

10 

10 

20 

20 


5 

10 

20 


.5 

5 

10 

10 

20 

20 


5 

10 


' 2 0  

5 

5 

10 

10 

20 


Determined 
Concentration 

(mglmL) 

4.88 
4.87 
10.0 
10.0 
19.8 
19.6 

5.33 ' 

10.9 
21.4 

5.00 
5.00 
10.0 
10.2 
19.9 
19.8 

4.90 
4.89 
10.0 
9.88 
19.4 
19.5 

5.07 
10.3 
21.3 

5.02 
5.03 
9.99 
9.92 
19.9 
19.8 

4.75 
4.79 
9.52 
9.49 
19.6 

96 Difference 
h m  Target 

-2 
-3 
0 
0 

-1 
-2 

+7 
+9 
+7 

0 
0 
0 

+2 
-1 
-1 

-2 
-2 
0 

-1 
-3 
-3 

+1 
+3 
+7 

0 
+1 
0 

-1 
-1 
-1 

-5 
4 

-5 
-5 
-2 

20 19.0 -5 



~ ~~~ 

Mice (continued) 

27 January 1986 28 January 1986 5 


5 

10 

10 

20 

20 


31 March 1986 1 April 1986 	 5 
5 

10 

10 

20 

20 


17 April 1986' 5 

10 

20 


12 May 1986 13 May 1986 	 5 
5 

10 

10 

20 

20 


7 July 1986 8 July 1986 	 5 

5 

10 

10 

20 

20 


18 August 1986 19 August 1986 	 5 
5 

10 

20 


14 October 1986 15 October 1986 5 

10 

20 


30 October 1986' 5 
10 

20 


a Mean of  duplicate a n a m  
Rats: 5 mg/mL = 25 mgikg, 10 mg/mL = 50 mgkg, and 20 mg/mL' Animal m m  samples 
Mice: 5 mg/mL= 50 mgikg, 10 mg/mL = 1 0  mgikg, and 20 mg/mL 

4.78 
4.98 
9.39 
9.16 
20.0 
19.9 

4.56 
4.72 
9.72 
9.80 
19.0 
19.4 

4.74 
9.50 
19.3 

5.13 
5.14 
10.0 
9.87 
19.2 
19.7 

4.94 
4.% 
10.0 
10.1 
20.8 
20.8 

5.02 
5.06 
9.48 
19.3 

5.09 
10.2 
19.9 

5.09 
9.81 
18.8 

= 1 0  mgikg; dosing  volume 

= u#) mgikg; dosing  volume 

4 

0 
4 

-8 
0 

-1 

-9 
-6 
-3 
-2 
-5 
-3 

-5 
-5 
-4 

+3 
+3 
0 

-1 
-4 
-2 

-1 
-1 
0 

+1 
+4 
+4 

0 
+1 
-5 
-4 

+2 
+2 
-1 

+2 
-2 
-6 

= 5 m u g .  

= 10 m u g .  
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TABLEI5 
Results of Referee Analysis of Dose Formulations Administered to Rats and Mice 
in the 2-Year Gavage Studies of Coumarin 

DeterminedConcentration (mdmL) 
Target Concentration Study Referee 

Date Repared (w"L) Laboratorya Laboratoryb 

18 August 1986 
31 March 1986 
7 October 1985 
8 Apri l  1985 
4 September 1984 

5 
10 
5 
10 
20 

10.0 
19.9 

5.02 
9.72 
5.03 

. 

19.9 

4.97 

5.26 
9.% 

10.2 

, 

a 
Results o f  triplicate analyses 
Results o f  duplicate analyses 

. , .. 
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TABLEJ1 

Ingredients of NIH-07 RatandMouseRationa .
, 

Ingredientsb 	 Percent by Weight 

Ground #2 yellow shelled corn 24.50 

Ground hard winter  wheat 23.00 

Soybean meal (49%protein) 12.00 

Fish meal (60% protein) 10.00 

Wheat middlings 10.00 

Dried skim milk 5.00 

Alfalfa meal (dehydrated, 17%protein) 4.00 

Corn gluten meal (60% protein) 3.00 


. .  . . I..Soy oil 	
. I 

2.50 
) I . .: . p*cv. . . IDried brewer's yeast 	 2.00 

., .. .:. - 	 ..: 3 . ;molassesDry :: 	 1.50 
;-; , ,. : . . .  . , .  .
Dicalcium phosphate . ' .  

1.25 

) .Ground limestone 0.50 


Salt 0.50 

Premixes (vitamin and mineral) 0.25 


a 	 NCI, 19776;NIH, 1978 

Ingredients were ground to pass  through a U.S. Standard Screen No.16 before being  mixed. 


TABLEJ2 

Vitamins and Minerals in NIH-07 Rad and  Mouse Ration' 


' Amount 	 Source 

Vitamins 

A 5,500,OooI U  Stabilized vitaminA palmitate or acetate 


4,600,Ooo I U  D-activated animal sterol 
D3 
2.8 g MenadioneK3

d-a-Tocopheryl acetate u),Ooo IU 

Choline 560.0 g Choline chloride 

Folic acid 2.2 g 

Niacin 30.0 g 

&Pantothenic acid 18.0 g . d-Calcium pantothenate 
' 

Riboflavin 3.4 g 

Thiamine 10.0 g Thiamine mononitrate 


' '_  ' 4,Ooo pg
B12 	
- , 

Pyndoxine ' 1 .. .1.7 g ' 'F'yriddne hydrochloride 

..: - r4()01mg ..' &Bibtin.'
Biotin 

, .. ~. . , ,I * .  .~ .., . . :.<. I . .. I . "' 

' , .r S LMinerals 1 . a  

Iron ' ,lu).Og Iron sulfate 

Manganese 60.0 g Manganous oxide
. .  

Zinc 	 16.0 g . Zinc oxide 
4.0 g Copper sulfate Copper

Iodine 1.4 g Calcium iodate 

Cobalt 0.4 g Cobalt carbonate 


a 	 Per ton (2,OOO Ib) of finished product 



Protein (% by weight)
Crude fat (% by weight) 
Crude fiber ( I  by weight) 
Ash (% by weight) 

h h 0  k i d 5  (% Of bw dlk3t) 
Arginine 
Cystine 
Glycine
Histidine 
Isoleucine 
Leucine 
Lysine
Methionine 
Phenylalanine
Threonine 
Tryptophan
m i n e  
Valine 

h n a a i a l  F ~ O Qk i b  (% OP t o m  diet) 
Linoleic 

Linolenic 


Vihnrim 
Vitamin A (ILJ/ag) 
Vitamin D ( IUkg)  
a-Tocopherol (ppm) 
Thiamine (ppm) 
Riboflavin (ppm) 
Niacin (ppm) 
Pantothenic acid (ppm) 
Pyridoxine (ppm)
Folic acid (ppm) 
Biotin (ppm) 
Vitamin BIZ (ppb) 
Choline (ppm) 

Mlnnemcoh 
Calcium (%) 
Phosphorus (%) 
Potassium (%) 
Chloride (%) 
Sodium (%) 
Magnesium (%) 
Sulfur (%) 
Iron (PPm) 

Manganese (ppm) 

Zinc (ppm) 

Copper (PPm) 

Iodine (ppm)

Chromium (ppm) 

Cobalt (ppm) 


22.11 f 0.49 
5.58 f 0.48 
3.46 f 0.48 
6.45 f 0.25 

1.308 f 0.050 
0.305 f 0.084 
1.150 f 0.047 
0.576 f 0.024 
0.917 f 0.029 
1.946 f 0.055 
1.270 f 0.058 
0.448 2 0.128 
0.987 f 0.140 
0.877 2 0.042 
0.236 f 0.176 
0.676 f 0.105 
1.103 f 0.040 

2.393 f 0.258 
0.280 f 0.040 

9,091 f 2,401 
4,450 f 1,382 
37.95 f 9.41 
20.30 f 1.58 
7.92 f 0.87 

103.4 f 26.59 
29.54 f 3.60 
9.55 f 3.48 
2.25 f 0.73 

0.254 f 0.042 
38.45 2 22.01 
3,089 f 328.69 

1.14 k 0.10 
0.92 -20.05 

0.883 f 0.078 
0.526 f 0.092 
0.313 f 0.390 
0.168 f 0.010 
0.280 f 0.054 
360.5 f 1 0  

92.0 2 6.01 

54.72 f 5.67 
11.05 f 2.50 
3.37 f 0.92 
1.79 f 0.36 

0.681 It 0.14 

21.1 -
4.7 -
2.7 -
6.1 -

1.210 -
0.181 -
1.051)-
0.531 -
0.881 -
1.850 -
1.20 -
0.305-
0.665 -
0.824 -
0.107 -
0.564 -
1.050 -

1.830 -
0.210 -

5,600 -
3 , 0  -
22.5 -
17.0 -
6.10 -
65.0 -
23.0 -
5.60 -
1.80 -
0.19 -
10.6 -

2 , m  -

0.95 -
0.73 -

0.772 -
0.380 -
0.258 -
0.151 -
0.208 -
255.0 -
81.70 -
46.10 -
8.090 -
1.52 -
1.04 -

0.490 -

23.1 
6.5 
5.4 
6.8 

1.390 
0 . m  
1.210 
0.607 
0.944 
2.040 
1.370 
0.699 
1.110 
0.940 
0.671 
0.794 
1.170 

2.570 
0.320 

1 5 , O  
6,300 
48.9 
23.0 
9.0 
150.0 
34.0 
14.0 
3.70 
0.32 
65.0 
3,430 

1.41 
0.99 
0.971 
0.635 
0.371 
0.181 
0.420 
523.0 
99.40 
64.50 
15.39 
4.13 
2.09 
0.780 

23 

23 

23 

23 


8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 


7 

7 


23 

4 

8 


23 

8 

8 

8 

8 

8 

8 

8 

8 


23 

23 

6 

8 

8 

8 

8 

8 

8 

8 

8 

6 

8 

4 
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TABLE54 . , ,. ;r . '* . 

. , . .  , .  . 
. . , .ContaminantLevels in NIH-07 Ratand Mouse Ration . . 

Mean f Standard 

Contaminants Deviationa 


. .  

Arsenic (ppm) 0.76 f 0.17 0.32 - 1.07 23 ; . . , .' 

Cadmium (ppm) , < O . l  . 23. 
(PP@ 0.53 f 0.26 0.05 - 1.32 ,,, . .  ' 2  

2 .Mercury ( P P 4  <0.05 
, . 

3 . I 

Selenium (ppm) 0.35 * 0.09 0.17 - 0.48 , _  . . .  23 .. . 
Anatoxins (ppb) , , .,<!.(! .- , I a , ,  - ;.:. 

, 

, - .a. 
, '  

, . , . .  . 

, , x I I 
L ' e..>'


Nitrate nitrogen (ppm ' ' 141% f 4.73 ' 2.80'- 220 " 
 ' 2 3 '  

Nitrite n i t 7 e n  0.29 * 0.58 <0.10 - 2.60 23 

BHA (PPrn), 2.61 f 1.08 <2.00 - 5.00 23 

BHT (PP@ 1.91 * 1.08 c1.00- 4.00 23 

Aerobic plate count (CFW/g)e 38,337 f 42,308 7,770 - 130,OOO 23 


, , Ib l i f o m  ( M P N / ~ ) ~  16.22 & 49.50 c3.00 - 240 23 
E. coli (MPN/g)g 6.04 f 8.57 <3.00- 43.0 2 3 . 

'E. coli (MPN/g)h ' , ' 3.04 f 0.21 c3.00- 4.00 23 

Total nitrosoarnines (ppb)' 7.47 f 3.14 3.80 - 16.0 23 

N-Nitrosodimethylamine (ppb)i 6.31 f 2.93 2.80 - 15.0 23 

N-Nitrosopjwolidine (ppb)' 1.16 f 0.56 c1.00- 3.40 23 


Pesucides , , 

o - ~ ~ d  CO.01 23 

&BHC <0.02 23 

Y-BHC co.01 23 

6-BHC CO.01 23 

Heptachlor <0.01 23 

Aldrin CO.01 23 

Heptachlor epoxide , <0.01 23 

DDE <0.01 23 

DDD . . <0.01 23 

DDT eo.01 23 

HCB <0.01 23 

Mirex <0.01 23 

Methoxychlor , <0.05 23 

Dieldrin <0.01 23 

Endrin <0.01 23
, ' 

Telodrin <0.01 23 

Chlordane eo.05 23 

Toxaphene co.1 23 , , 


Estimated PCBs <0.2 23 

Ronnel <0.01 23 

Ethion <0.02 23 

Trithion <o.os 23 

Diazinon <os 23 

Methyl parathion <0.02 23 

Ethyl parathion <0.02 23 

Malathion' 0.24 f 0.66 0.05 - 3.20 23 

Endosulfan 1 co.01 23 

Endosulfan 2 <0.01 23 

Endosulfan sulfate cO.03 23 


, .  



For values less than the limit  of detection, the detection limit is given for  the mean. . 
Source  of  contamination:  alfalfa, grains, and Fsh meal I . 

' Includes one large value of 7.20 ppm obtained from thelot milled on  17 August 1,983. 

Sourcesof say oilfish . . . 
contamination: andmeal I 

CFU = coIony forming unit 
MNP = most probable number 

g'	Excludes one high  value of240 MPN/g obtained from the lot milled on14 September 1984. 
Includes one value  of 4.0 MPN/g obtained from the lot milled on17 October 1984. 
AII values were corrected for percent recovery. 

1'	BHC = hexachlorqclohexane or benzene hexachloride 
Nine lo ts  contained more than 0.05 ppm, including one lot milled on  7May,1985:that contained 3.20 ppm. , ' , . 
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. I . . I :SENTINEL ANIMAL PROGRAM 
METHODS . .  . ) . - 1  . .  r 

Rodents used in the Carcinogenesis Program o f  the National Toxicology Program are produced  in ':. :. 

optimally clean facilities to eliminate  potential pathogens that may affect study  results. .The. Sentinel 
Animal Program is part o f  .the periodic  monitoring o f  animal health that occurs  during the toxicologic. .
evaluation o f  chemical compounds. Under this  program, the disease state o f  the rodents  is monitored 
via serology on  sera.from extra  (sentinel)animals in the study rooms. These animals and the study
animals are subject to identical  environmental conditions. The sentinel animals come from the same 
production source and weanling groups  as the animals used for the studies o f  'chemical compounds. 

. .  . . , .  

. .  
, , . . .  ' ,  . rRats . . . " ,~ 

During the 2-year study,,.l5  F344/Nrats.of-,each sex were  maintained with the .study:animals 4o-serve  as 
sentinel animals. At 6, 12, and 18 months into the study, blood was drawn  from five rats o f  each sex. 
Additional analyses were  conducted at the final sacrifice (24 months) on samples  collectedjfrom-vehicle
control animals. Blood .collected  from each animal was allowed to clot and  the serum was separated. 
The serum was cooled on ice  andshipped to Microbiological Associates (Bethesda, MD)  for ' 

determination o f  antibodytiters. The following tests  wereperformed: 

Method o f  Analvsis Time o f  Analysis 
HemagglutinationInhibition 

KRV (Kilham rat virus) 6, 12,18, and 24 months 
H-1 (Toolan's H-1  virus) 6, 12, 18, and 24 months 

r 

ELISA 
Mycoplasmaarthritidis . . 6, 12, and 18 months .' 

Mycoplasma pulmonis 6, 12,18,and 24 months 

PVM '(pneumonia 'virus of  mice) 6, 12, 18,  and 24 months 

Sendai 6, 12, 18, and 24 months 

RCV/SDA (rat coronavirus/sialodacryoadenitis virus) 


6, 12,and 18 months 

RCV (rat coronavirus) 24 months 

CARB (cilia-associated respiratory bacillus) 24 months 


Mice 
During the 2-year study, 15 F344/N rats o f  each sex were  maintained with the study animals to serve as 
sentinel animals. At,6,  12, and 18 months into the .study, blood was drawn  from five rats  of.,!ch sex. 
Additional analyses were  conducted at the final sacrifice (24 months) on samples  collected from vehicle 
control animals. Blood collected from each animal was allowed to clot and the serum was separated. 
The serum was cooled on ice and  shipped to Microbiological Associates  (Bethesda, MD)  for . .  

determination o f  antibody titers. The following tests  wereperformed: 

Method o f  Analvsis Time o f  Analysis 
HemagglutinationInhibition 

K (papovirus) 6, 12,18, and 24 months 
Polyoma virus 6, 12, 18, and  24months. -, 

MVM (minute virus o f  mice) 6, 12, 18, and 24 months 

Complement Fixation 
LCM (lymphocytic choriomeningitis virus) 6, 12, 18 months 



Method of  halvs is  
ELISA 

M.aPehdi& 
M.@BYOF%h' 

P W  
Sendlrai 
MWV ( m o w  hepatitis vim) 
Ectromelia virus 
G D W  (mouse encephalomyelitis virus) 
weoadm 3 
M o w  adenoma virus 

Immunofluorescent Assay 
EDIM (Epizootic diarrhea of  infant mice) 
LCM 

bas 6 months 1ono 
1no 

12 months lono 

18 months lono 
1no 

24 months 

Mice 6 months on0 

12 months on0 

18 months O B  

24 months on0 

Time of Analvsis 

6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18,and 24 months 
4, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
6, 12, 18, and 24 months 
4, 12, 18, and 24 months 

6, 12, 18, and 24 months 
24 months 

PVWI 

Possible M.&ti& 


P W  

P W  
KRV 

PVM 

None positive 

None positive 

None positive 

None positive 
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NATIONAL TOXICOLOGY PROGRAM TECHNICAL REPORTS 
PRINTED AS OF SEPTEMBER 1993 

. . I  

."I .TR No. CHEMICAL 	 "TR No. CHEMICAL 
, . 

201 2,3,7,8-Tetrachlorodibem-pdioxin(Dermal) 
206 1,2-Dibromo-3-chloropropane 
207Cytembena 
208 FD & C Yellow No. 6 
209 2,3,7,8-Tetrachlorodibenm-p-dioxin(Gavage) 
2101,2-Dibromoethane 

211C.I.AcidOrange 10 

212
Di(2ethylhexyl)adipate 

213ButylBenzylPhthalate 

214
Caprolactam 

215Bisphenol A 

21611-AminoundecanoicAcid 

217 Di(2-Ethy1hexyl)phthalate

219 2,6-Dichloro-p-phenylenediamine 

220C.I.AcidRed14 

221LocustBeanGum 

222C.I.DisperseYellow 3 

223
Eugenol 

224 Tara Gum 

225 D & C Red No. 9 

226C.I.SolventYellow 14 

227GumArabic 

228VinylideneChloride 

229 Guar Gum 

230 Agar 

231 StannousChloride 

232Pentachloroethane 

2332-BiphenylamineHydrochloride 

234 A l l y l  Isothiocyanate 

235 Zmralenone 

236D-Mannitol 

237 1,1,1,2-Tetrachloroethane 

238 Ziram 

239 Bis(2-chloro-1-Methy1ethyl)ether 

240PropylGallate 

242Diallyl Phthalate (Mice) 

243Trichlorethylene(RatsandMice) 

244PolybrominatedBiphenylMixture 

245
Melamine 

246 ChrysotileAsbestos(Hamsters) 

247L-AscorbicAcid 

2484,4'-MethylenedianilineDihydrochloride 

249Amosite A s b e s t o s  (Hamsters) 

250BenzylAcetate 

2512,4- & 2,6-TolueneDiisocyanate 

252GeranylAcetate 

253 A l l y l  Isovalerate 
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254Dichloromethane(MethyleneChloride) 

255 1,2-Dichlorobenzene 

257DiglycidylResorcinol Ether 

259EthylAcrylate 

261
Chlorobenzene 

263 1,ZDichloropropane 

266 Monuron 

2671,2-PropyleneOxide 

269Telone II@(1,3-Dichloropropene) 

271HCBlue No. 1 

272
Propylene 

. , 	

273 Trichloroethylene (Four Rat Strains) 
274 Tris(2ethylhexyl)phosphate ." , ,I . .  ,

275 2-Chloroethanol 
276 8-Hydroxyquinoline

277 Tremolite 

278 2,6-Xylidine

279 Amosite Asbestos 

280 Crocidolite Asbestos 

281 HC Red No. 3 

282 Chlorodibromomethane 

284 Diallylphthalate (Rats)

285 C.I. Basic Red 9 Monohydrochloride 
287 Dimethyl Hydrogen Phosphite 
288 19Butadiene 
289 Benzene 

291 Isophorone

293 HC Blue No. 2 

294 Chlorinated Trisodium Phosphate 

295 Chrysotile Asbestos (Rats) 

2% Tetrakis(hydroxymethy1) phosphonium Sulfate & 

Tetrakis(hydroxymethy1) phosponium Chloride 
298Dimethyl Morpholinophosphoramidate 
299 C.I. DisperseBlue 1 
300 3-Chloro-2-methylpropene 
301o-Phenylphenol 
303 4-Vinylcyclohexene 
304 ChlorendicAcid 
305 ChlorinatedParaffins (Q, 43%chlorine) 
306 Dichloromethane(MethyleneChloride) 
307EphedrineSulfate 
308 ChlorinatedPariffins(C,,, 60% chlorine) 
309 Decabromdiphenyl Oxide 
310MarineDieselFueland JP-5 Navy Fuel 
311Tetrachloroethylene(Inhalation) 
312n-ButylChloride 
313Mirex 

314MethylMethacrylate 

315OxytetracyclineHydrochloride 

316 1-Chloro-2-methylpropene 

317ChlorpheniramineMaleate 

318AmpicillinTrihydrate 

319
1,4-Dichlorobenzene 

320
Rotenone 

321
Bromodichloromethane 

322PhenylephrineHydrochloride 

323DimethylMethylphosphonate 

324BoricAcid 

325
Pentachloronitrobenzene 

326EthyleneOxide 

327Xylenes(Mixed) 

328MethylCarbamate 

329
1,2-Epoxybutane 

330
4-Hexylresorcinol 

331 Malonaldehyde,SodiumSalt 

3322-Mercaptobenzothiazole 

333 N-Phenyl-2-naphthylamine

334
2-Amino-5-nitrophenol 

335C.I.AcidOrange 3 
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kWdllde6lyde 
2-CRlomcetophenone 
Epinephrine Hydrachloride 
dQwone 
Fu~ural 
Methyl Bromide 
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Amphetamine Sulfate 
Ethylene aAi0uee-a 
W i u m  Azide 
33' -Dimethylknzidine Dihwhlodde 
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Titanacme Dichloride 
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Furan 
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C.I. Acid W e d  114 
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Mmuric Chloride 
Quercetin 
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Ethylene Glycol 
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