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AB S T RACT 
The sodium pentobarbital sleeping time in mice was 

studied after pretreatment with coumarins (coumarin, 4- 
hydroxycoumarin, 7-hydroxycoumarin, acenocoumarol, bis- 

hydroxycoumarin, phenprocoumon and warfarin). All 

coumarins except bishydroxycoumarin cause a statistical 

significant reduction of barbiturate sleeping time, 

hence, have to be considered as enzyme-inducers. The 

largest enzyme'inducing effect was observed with warfar- 

in. 
INTRODUCTION AND PURPOSE OF STUDY 

The interest in coumarins is founded in an observa- 

tion during the early twenties that cattle fed with 

decomposed sweet clover developed bleedings due to 

increased coagulation time (1). Smith (2) was able to 

find the cause of the bleeding disease: the coumarin 

present in sweet clover is converted by fermentation to 

bis- [4-hydroxy-coumarinyl-3-lmethane (Dicumarol) . 
Based on an extraction procedure by Roberts ( 3 )  Link (4) 

was able to isolate in 1940 the active compound in 

crystallized form. Since then many coumarin derivatives 

were synthesized. According to Fugik (5) the hydroxyl 

group in the 4-position seems to be of primary impor- 

401 

Copyright @ 1977 by Marcel Dekker, Inc. All Rights Reserved. Neither this work nor any part 
may be reproduced or transmitted in any form or by any meahs. electronic or mechanical, including 
photocopying, microfilming, and recording, or by any information storage and retrieval system, 
without permission in writing from the publisher. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



RITSCHEL AND LEE 

tance. In general substitution in the benzene ring 

results in decreased anticoagulant activity, whereas 

substitution in the pyran ring results in varying 

activity. Reviews on the structure-activity relation- 

ships of coumarin derivatives are found in the litera- 

ture ( 6 , 7 ) .  

The coumarin anticoagulants inhibit the synthesis 

of vitamin K dependent clotting factors 11, VII, IX and 

X. Many drugs can modify the anticoagulant action of 

coumarins by various mechanisms. These include altera- 

tion of bioavailability of vitamin K, change in absorp- 

tion, distribution, protein binding, metabolism and 

excretion of coumarins and change in prothrombin- 

complex concentration by direct effect on synthesis or 

catabolism of clotting factors or receptor affinity for 

coumarins or non-prothrombin-complex-dependent hemosta- 

tic mechanisms ( 8 ) .  The possible sites of interaction 

are shown schematically in F I G U R E  1 (9). Koch-Weser 

and Sellers ( 8 )  gave an excellent review on the present 

status of drug interactions with coumarins. 

Coumarins are metabolized by mixed-function oxidase 

enzymes in hepatic microsomes (10-12). Therefore, any 

drug which increases or decreases the activity of the 

enzymes responsible for biotransformation of the 

coumarins may also induce or inhibit the metabolism of 

coumarins and their hypoprothrombinemic effect. And 

indeed many drugs have been reported to interact with 

coumarins by enzyme induction or inhibition. These and 

other drug interactions with coumarins have been subject 

of several review articles (8, 13-16). After the first 

reports that phenobarbital decreases bishydroxycoumarin 

plasma levels and anticoagulant activity (17-21) and 

the classical animal experiment for demonstration of 

this drug interaction (22) it became clear that barbi- 

turates cause induction of hepatic microsomal enzymes 
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ENZYME INDUCTION BY COUMARINS 403 
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FIGURE 1: Pharmacodynamic and pharmacokinetic drug interactions with 
coumarin anticoagulants. 
of pharmacodynamic interactions; i.e. pharmacological actions of cou- 
marins which may be altered by other drugs affecting clotting factor 
synthesis or the haemostatic process. 
1B indicates schematically the mechanisms of pharmacokinetic inter- 
actions; i.e. interactions in which absorption, biotransformation or 
disposition of coumarin anticoagulants may be altered. 
MacLeod and E.M. Sellers, Drug 11: 461-470 (1976) (with permission 
from the copyright owner). 

1A indicates schematically the mechanisms 

From S.M. 
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RITSCHEL AND LEE 4 04 

which metabolize coumarins. However, it has been stated 

that coumarins themselves apparently do not act as 

enzyme inducers ( 8 ) .  Based on this statement and the 

opposite observation in our laboratories that the 

pentobarbital sleeping time in mice was reduced in those 

animals pretreated with coumarin (1,2-benzopyrone) a 

study was undertaken to investigate the influence of 

various coumarin derivatives on the pentobarbital sleep- 

ing time as indicator of possible enzyme induction. 

METABOLISM OF COUMARINS 

Coumarins are metabolized by mixed-function oxidase 

enzymes in hepatic microsomes (10-12) resulting in vari- 

ous hydroxylated compounds. 

C o  uma r i n 

The coumarin hydroxylating activity was found to 

be predominantly in the microsomal fraction ( > g o % )  ( 2 3 ) .  

The activity was low in the mitochondria1 fraction 

(<lo%) and nil in cytoplasma (23). Several compounds 

were identified to more or less completely inhibit 

enzymatic synthesis of umbelliferone from coumarin: 

diethyldithiocarbonate, p-chlormercuribenzoate, menadion 

and Na-desoxycholate (2 3) . 
The major place of hydroxylation seems to be the 

liver, although brain, kidney, adrenal and small intes- 

tines have low but measurable levels of drug-metaboliz- 

ing enzymes which metabolize, among others, coumarin and 

hexobarbital (24). However, pretreatment with enzyme 

inducers (phenobarbital, 3-methylcholanthrene, 4-methyl- 

coumarin) increases the hydroxylase activity only in the 

rat liver but not in the other tissues tested (24). 

Kergkjirto ( 2 5 )  studied the microsomal hydroxylation 

of coumarin in vitro using liver microsomes from rats, 

guinea pigs and rabbits. 

Schilling et al. ( 2 6 )  found upon P.O. administra- 

tion of coumarin in man that approximately 80% of the 
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ENZYME INDUCTION BY COUMARINS 405 

dose is excreted in urine as umbelliferone dnd between 

1 to 6% as o-hydroxyphenylacetic acid, showing the 

difference of the major metabolic route for coumarin 

between man and rabbit or rat. The pharmacokinetics of 

coumarin and umbelliferone upon I.V. administration of 

coumarin in man was reported by Ritschel et al. (27). 

The biotransformation of coumarin to umbelliferone is 

extremely fast. Practically all of umbelliferone is 

present in blood as glucuronide (27). 

Pekker and Schsfer (28) identified upon P.O. and 

topical administration of coumarin in rabbits in urine 

unchanged coumarin, umbelliferone, 4-hydroxycoumarin, 

o-hydroxyphenylacetic acid, 6,7-hydroxycoumarin and 

3-hydroxycoumarin. Kaighen and Williams (29) found 

additionally o-hydroxyphenyllactic acid in urine. 

Williams et al. (30) found that in biliary cannulated 

rats approximately 50% of P.O. or I.V. administered 

coumarin appears in the bile as metabolites in which 

the heterocyclic ring has been opened. Only traces of 

the 7-hydroxycoumarin (0.02%) and only 5 %  of 7-hydroxy- 

coumarin glucuronide are excreted in the bile. 

Mead et al. (31, 32) identified umbelliferone in 

animal urine after administration of coumarin and proved 

that coumarin derivatives are trace-metabolites of 

phenylalanine. Sumere et al. (33) identified umbelli- 

ferone in normal urine in man. Some of the coumarin 

derivatives seem to be potent inhibitors of enzyme 

hydroxylations of phenylalanine and tryptophan (34, 35). 

Hattori et al. (36) found that phenylketonuria, a 

hereditary metabolic disorder, characterized by a fail- 

ure of hydroxylation of phenylalanine to tyrosine in the 

liver, results in increased phenylalanine blood levels 

and umbelliferone is excreted in excessive amounts in 

the urine among other compounds (i.e., phenylpyruvic, 
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406 RITSCHEL mn LEE 

phenylacetic, phenyllactic, o-hydroxyphenylacetic acids, 

phenethylamine and phenylacetyl-glutamine) . 
Scheline (37) found that coumarin was metabolized 

by the rat caecal microflora to melilotic acid by ring 

fission. 

4-Hydroxycoumarin 

4-hydroxycoumarin has been identified as one of the 

metabolites of coumarin in rabbit urine (28). Upon 

administration of 4-hydroxycoumarin to rabbits and dogs 

the drug was primarily excreted in urine in form of con- 

jugates with glucuronic acid and sulfuric acid, yet not 

as ethereal sulfate (31). 

7 -Hydro xyco umar in 

7-Hydroxycoumarin or umbelliferone is excreted 

largely unchanged and as conjugates of glucuronic and/ 

or sulfuric acid in the rat. However, upon I . P .  admin- 

istration in rats hydroxylation was found (38). 

Upon incubation with rat caecal microflora umbelli- 

ferone is converted to 2,4-dihydroxyphenylpropionic acid 

( 3 8 )  - 
Umbelliferone is the major metabolite of coumarin 

in man (26, 27). Most of the compound is present as 

glucuronide and only traces of free umbelliferone are 

found in plasma (27). 

Acenocoumarol 

Acenocoumarol is largely excreted by the kidneys in 

unchanged form (39, 40). 

Bi s hydroxyco umarin 

Bishydroxycoumarin is hydroxylated to inactive com- 

pounds. The metabolites and traces of the parent drug 
are excreted into urine (39). The extent of metabolism 

is more than 99% (41). 

Ethyl Biscoumacetate 

Approximately 15% of ethyl biscoumacetate is metab- 

olized in the liver to the hydroxy form, which is 
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ENZYME INDUCTION BY COUMARINS 407 

s e c r e t e d  i n t o  t h e  b i l e ,  r e a b s o r b e d  from t h e  G I  t r a c t ,  

t h e n  f u r t h e r  m e t a b o l i z e d  and f i n a l l y  e x c r e t e d  i n t o  u r i n e  

( 4 2 ) .  

Phenprocoumon 

Phenprocoumon i s  t h e  l o n g e s t  a c t i n g  o f  t h e  p e r o r a l  

a n t i c o a g u l a n t s .  I t  i s  a p p a r e n t l y  S l o w l y  m e t a b o l i z e d  

t o  t h e  hydroxy  fo rm.  

W a r f a r i n  

W a r f a r i n  u n d e r g o e s  r i n g  h y d r o x y l a t i o n  t o  a n  i n a c -  

t i v e  m e t a b o l i t e  7 - h y d r o x y w a r f a r i n  and r e d u c t i o n  o f  t h e  

a c e t o n y l  c h a i n  t o  an a l c o h o l  which g i v e s  f o u r  o p t i c a l l y  

a c t i v e  e n a n t i o m e r s ,  some o f  t h e s e  h a v i n g  a n t i c o a g u l a n t  

a c t i v i t y  ( 4 3 ) .  I t  i s  b e l i e v e d  t h a t  t h e  w a r f a r i n  

a l c o h o l s ,  o r  some o f  them, may have  a n t i c o a g u l a n t  

a c t i v i t y .  However, i t  seems t h a t  h i g h  p l a sma  l e v e l s  

a r e  r e q u i r e d .  The m e t a b o l i t e s  a r e  n o t  a f f e c t e d  by 

enzyme i n d u c t i o n  o r  enzyme i n h i b i t i o n .  

DRUGS I N F L U E N C I N G  BIOTRANSFORMATION O F  C O U M A R I N S  

S i n c e  c o u m a r i n s  a r e  m e t a b o l i z e d  by m i x e d - f u n c t i o n  

o x i d a s e  enzymes i n  h e p a t i c  microsornes a r a t h e r  l a r g e  

g r o u p  o f  d r u g s  have  b e e n  f o u n d  t o  e i t h e r  c a u s e  enzyme 

i n d u c t i o n  o r  enzyme i n h i b i t i o n  o f  c o u m a r i n s .  Koch-Weser 

a n d  S e l l e r s  ( 8 ,  1 3 )  r e v i e w e d  t h e  l i t e r a t u r e  f o r  r e p o r t e d  

o b s e r v a t i o n s  i n  man. I n  TABLE 1 a l i s t  o f  d r u g s  c a u s i n g  

enzyme i n d u c t i o n  o f  c o u m a r i n s  i n  miin and i n  T A B L E  2 o f  

d r u g s  c a u s i n g  enzyme i n h i b i t i o n  i n  man i s  g i v e n .  

Conney ( 4 4 )  r e p o r t e d  t h a t  t h e  b a s a l  and  p h e n o b a r -  

b i t a l - i n d u c e d  l e v e l s  o f  a mic rosomal  m i x e d - f u n c t i o n  

o x i d a s e  t h a t  h y d r o x y l a t e s  coumar in  i s  u n d e r  g e n e t i c  con-  

t r o l .  3 - m e t h y l c h o l a n t h r e n e  was n o t  a b l e  i n  mice t o  

i n d u c e  coumar in  h y d r o x y l a s e  a c t i v i t y .  A l s o  t h e  l e v e l s  

o f  t o t a l  mic rosomal  c y t o c h r o m e  P-450 and  c y t o c h r o m e  c 

r e d u c t a s e  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  among t h e  d i f f e r -  

e n t  s t r a i n s  o f  mice. I t  i s  h y p o t h a s i z e d  t h a t ,  i f  t h e r e  

a r e  s e v e r a l  t y p e s  o f  cy tochrome  P-450 m o l e c u l e s ,  a p r e -  
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4 08 RITSCHEL AND LEE 

TABLE 1: Drugs Actually or Possibly Causing 
Enzyme Induction of Coumarins in Man 

Drug 
Barbital 
Amoba rb i t a 1 
Aprobarbital 
Butabarbital 
Heptabarbital 
Phenobarbital 
Pentobarbital 
Secobarbital 
Vinbarbital 
Ethchlorvynol 
Glutethimide 
Griseof ulvin 

Coumar i ns 

Acenocoumarol, Bishydroxy- 
coumarin, Ethyl Biscouma- 
cetate, Phenprocoumon, 
Warfarin 

Bishydroxycoumarin, Warfarin 
Ethyl Biscoumacetate,Warfarin 
Warfarin 

Meprobamate Warfarin 

TABLE 2: Drugs Actually or Possibly Causing 
Enzyme Inhibition of Coumarins in Man 

Drug Coumarins 
Allopurinol Bishydroxycoumarin 
Chloramphenicol Bishydroxycoumarin 
Clofibrate Bishydroxycoumarin,Warfarin 
Me rcap topurine Ethyl Biscoumacetate, 

Methylphenidate Ethyl Biscoumacetate 
Nortriptyline Bishydroxycoumarin 
Phenyramidol Bishydroxycoumarin, 

Warfarin 

Warfarin 

ferential synthesis of a type with increased ability to 

hydroxylate coumarin might explain the differences 

among different strains. 

Phenobarbital decreased the anticoagulant activity 

of bishydroxycoumarin by lowering its plasma levels in 

most persons studied, however, occasionally a subject 

did not respond to phenobarbital ( 1 7 ) ,  which has been 

attributed to genetic variation within a species ( 4 5 ) .  

The most prominent group of drugs inducing metabo- 

lism f o r  coumarins are the barbiturates. Reduction of 

coumarin activity has been reported for barbital (21, 
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ENZYME INDUCTION BY COUMARINS 409 

2 2 ,  4 6 ,  4 7 1 ,  a m o b a r b i t a l  ( 1 8 ,  20,  4 8 ,  4 9 ) ,  a p r o b a r b i t a l  

( 5 0 ) ,  b u t a b a r b i t a l  ( 5 1 ) ,  h e p t a b a r b i t a l  ( 2 1 ,  5 2 - 5 4 ) ,  

p e n t o b a r b i t a l  ( 2 0 ,  4 7 ) ,  p h e n o b a r b i t a l  117, 1 8 ,  2 2 ,  55- 

6 3 ) ,  s e c o b a r b i t a l  ( 1 8 ,  20,  4 8 ,  4 9 )  and  v i n b a r b i t a l  ( 5 0 ) .  

EXPERIMENTAL 

T e s t  P r e p a r a t i o n s :  T e s t  s o l u t i o n s  w e r e  p r e p a r e d  o f  

coumar in  , 4 - h y d r o x y c o ~ m a r i n ~ ,  and  7 - h y d r o x y c ~ u m a r i n ~  

w i t h  1 . 5  mg/ml i n  50% p r o p h y l e n e  g l y c o l - d i s t i l l e d  w a t e r .  

The s o l u t i o n s  were s t o r e d  i n  a r e f r i g e r a t o r .  

T e s t  s u s p e n s i o n s  o f  b i s h y d r o x y c o u m a r i n 3 ,  

acenocoumaro l  , and p h e n p r o c o ~ m o n ~  were p r e p a r e d  by 

c r u s h i n g  and  p o w d e r i n g  t a b l e t s  i n  a m o r t a r  and a d d i n g  

d i s t i l l e d  w a t e r  q.s. t o  o b t a i n  a p s t e n c y  o f  1 . 5  mg/ml. 

A l l  s u s p e n s i o n s  were f r e s h l y  p r e p a r e d  e v e r y  day .  

The w a r f a r i n  sod ium6 s o l u t i o n  was f r e s h l y  p r e p a r e d  

e v e r y  day from w a r f a r i n  sod ium powder v i a l s  w i t h  a 

p o t e n c y  o f  1 . 5  mg/ml. 

Animals:  A d u l t  ma le  S w i s s  a l b i n o  mice  k e p t  u n d e r  i d e n -  

t i c a l  c o n d i t i o n s  i n  a c l i m a t i z e d  room w i t h  1 2  h o u r s  

d a r k - a r t i f i c i a l  l i g h t  c y c l e  on  p e l l e t i z e d  f o o d  w i t h  

f e e d i n g  i n  t h e  morn ing  and wa te r  ad  l i b i t u m  were u s e d  

f o r  t h e  e x p e r i m e n t s .  

P r o c e d u r e s :  

C o n t r o l  Group: A 1 . 2 5 %  s o l u t i o n  o f  sod ium p e n t o -  

b a r b i t a l 7  w a s  i n j e c t e d  d a i l y  i n t r a p e r i t o n e a l l y  i n  a 
- 

' S c h a p e r  & B r i i m m e r ,  S a l z g i t t e r - R i n q e l h e i m ,  Germany 

' F l u k a  A G ,  Buchs,  S w i t z e r l a n d  

3Dicumaro l  1 0 0  mg, A b b o t t  P h a r m a c e u t i c a l s ,  I n c .  N o r t h  

' S i n t r o m  4 mg, Geigy P h a r m a c e u t i c a l s ,  A r d s l e y ,  N . Y .  

' ~ i q u a m a r  3 mg, Organon I n c .  , W .  Orange ,  N .  J .  

6Coumadin 75  mg, Endo L a b o r a t o r i e s  I n c . ,  Garden C i t y ,  

7Nembutal Sodium, A b b o t t  P h a r m a c e u t i c a l s ,  I n c . ,  N o r t h  

C h i c a g o  

N . Y .  

C h i c a g o  
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4 10 RITSCHEL AND LEE 

d o s e  s i z e  o f  60  m g / k g .  1 7 n s e t  a n d  d u r a t i o n  o f  s l e e p i n g  

t i m e  L R R  ( l o s s  o f  r i g h t i n g  r e f l e x )  were d e t e r m i n e d  o n  

t h e  f i r s t  a n d  s i x t h  d a y .  T h e  m i c e  were f a s t e d  o v e r n i g h t  

p r i o r  t o  t h e  f i r s t  a n d  s i x t h  d o s i n g .  

T e s t  G r o u p s :  T h e  a n i m a l s  o f  t h e  t e s t  g r o u p s  r e -  

c e i v e d  o n c e  p e r  d a y  f o r  f i v e  c o n s e c u t i v e  d a y s  a n  i n t r a -  

p e r i t o n e a l  i n j e c t i o n  o f  a c o u m a r i n  t e s t  p r e p a r a t i o n  i n  a 

d o s e  s i z e  o f  1 0  mg/kg e x c e p t  o f  p h e n p r o c o u m o n  w h i c h  w a s  

g i v e n  i n  a d o s e  s i z e  o f  2 . 5  mg/kg .  A f t e r  o v e r n i g h t  f a s t -  

i n g  s o d i u m  p e n t o b a r b i t a l  6 0  mg/kg w a s  a d m i n i s t e r e d  I . P .  

o n  t h e  s i x t h  d a y .  F o r  p h e n p r o c o u m o n  t h e  e x p e r i m e n t  w a s  

r e p e a t e d  w i t h  a g r o u p  of  n o n - f a s t i n g  m i c e  p r i o r  t o  

d o s i n g  w i t h  s o d i u m  p e n t o b a r b i t a l .  O n s e t  a n d  d u r a t i o n  o f  

s l e e p i n g  t i m e  ( l o s s  o f  r i g h t i n g  r e f l e x )  were  d e t e r m i n e d  

a f t e r  b a r b i t u r a t e  a d m i n i s t r a t i o n .  

RESULTS A N D  DISCUSSION 

T h e  d a t a  f o r  o n s e t  a n d  d u r a t i o n  of  s l e e p i n g  t i m e  

a n d  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  a r e  l i s t e d  i n  TABLE 3 .  

FIGURE 2 s h o w s  t h e  a v e r a g e  d u r a t i o n  o f  s l e e p i n g  t i m e s  f 

S . D .  o f  s o d i u m  p e n t o b a r b i t a l  a f t e r  s i n g l e  a n d  m u l t i p l e  

d o s i n g  a n d  a f t e r  p r e t r e a t m e n t  w i t h  c o u m a r i n  d e r i v a t i v e s .  

A s  s e e n  f r o m  TABLE 3 a l l  c o u m a r i n  d e r i v a t i v e s  e x c e p t  

b i s h y d r o x y c o u m a r i n  c a u s e  a s t a t i s t i c a l  s i g n i f i c a n t  re-  

d u c t i o n  o f  b a r b i t u r a t e  s l e e p i n g  t i m e .  T h e  s l e e p i n g  t i m e  

a f t e r  b i s h y d r o x y c o u m a r i n  w a s  s l i g h t l y  r e d u c e d  y e t  n o t  

s h o w i n g  s t a t i s t i c a l  s i g n i f i c a n t  d i f f e r e n c e  when c o m p a r e d  

t o  s i n g l e  d o s e  p e n t o b a r b i t a l  s l e e p i n g  t i m e ,  b u t  s h o w i n g  

a s t a t i s t i c a l  s i g n i f i c a n t  d i f f e r e n c e  when c o m p a r e d  t o  

t h e  m u l t i p l e  d o s e  p e n t o b a r b i t a l  s l e e p i n g  t i m e .  The 

l e a s t  y e t  s i g n i f i c a n t  r e d u c t i o n  w a s  f o u n d  w i t h  c o u m a r i n ,  

f o l l o w e d  b y  4 - h y d r o x y c o u m a r i n .  I t  i s  i n t e r e s t i n g  t o  

n o t e  t h a t  a l s o  a c e n o c o u m a r o l  c a u s e d  r e d u c t i o n  i n  s l e e p -  

i n g  t i m e ,  o r  a p p a r e n t  e n z y m e  i n d u c t i o n  a l t h o u g h  t h i s  

c o m p o u n d  i s  h a r d l y  m e t a b o l i z e d  b u t  p r i m a r i l y  e x c r e t e d  

i n  u r i n e  i n  u n c h a n g e d  f o r m  (39). T h e  g r e a t e s t  r e d u c t i o n  

i n  s l e e p i n g  t i m e  was o b s e r v e d  w i t h  w a r f a r i n .  
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4 12 RITSCHEL AND LEE 

i! 
3 Control Pretreatment with Coumarinr for 5 days 

I 

I 

I T  
T i I 1 

T 

F I G U R E  2 :  Sleeping time in mice after single and 

multiple dose I . P .  administration of sodium 

pentobarbital 60 mg/kg (mean - + S.D.1 and 

after multiple dose pretreatment with 

various coumarins. 

In all experiments the animals survived with the 

dose size of 10 mg/kg of coumarin derivative for 5 days 

except with phenprocournon. When the dose was reduced 

to 2.5 mg/kg only 13 out of 3 3  animals survived. How- 

ever, when the experimental procedure was changed by 

omitting the overnight fasting all animals survived. 

The onset of L R R  after pretreatment with bishydroxy 

coumarin and phenprocoumon was statistically significant 

different from that of the controls after a single dose 

of Na pentobarbital. Except for coumarin no other 
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ENZYME INDUCTION BY COUMARINS 413 

c o u m a r i n  d e r i v a t i v e  h a d  s i g n i f i c a n t  d i f f e r e n c e s  i n  o n s e t  

o f  L R R  when compared  t o  t h a t  a f t e r  m u l t i p l e  d o s i n g  w i t h  

Na p e n t o b a r b i t a l .  

A l t h o u g h  a n i m a l  e x p e r i m e n t s  c a n  n o t  n e c e s s a r i l y  be 

t r a n s l a t e d  t o  human d a t a  it c a n  b e  e x p e c t e d  t h a t  b a r b i t -  

u r a t e  metabol i sm may b e  i n d u c e d  by  some c o u m a r i n  d e r i v a -  

t i v e s .  

The s t u d y  d e m o n s t r a t e d  t h a t  t : i e  f o r m e r  b e l i e f  t h a t  

c o u m a r i n s  t h e m s e l v e s  a p p a r e n t l y  d o  n o t  a c t  as  enzyme 

i n d u c e r s  ( 8 )  m u s t  b e  r e v i s e d ,  a t  l e a s t  i n  mice.  

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8. 

9 .  

1 0 .  
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