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ana lo g o u s  m a n n e r  to t h a t  descr ibed  for ( I I I a ) t h e n  
fu rn i sh ed  (IVb) (DMPD) as  a c rys ta l l ine  male ic  ac id  sa l t  
[mp 131-132] 14. 
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Summary. A ne w  t r icycl ic  a g e n t  w i t h  an  a l lenyl  s ide 
c ha in  e x p e r i m e n t a l l y  show s  a n t i d e p r e s s a n t  a c t i v i t y  
s imi la r  to a m i t r i p t y l i n e  a n d  i m i p r a m i n e  b u t  a ls0~exer ts  
m a r k e d  CNS depress ion .  Such  dua l  a c t i v i t y  shoufd  be 
of clinical  i n t e r e s t  for t r e a t m e n t  of m i x e d  a n x i e t y  a n d  
depress ion .  
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Inhib i t ion  of D r u g  M e t a b o l i z i n g  E n z y m e s  by D i a z e p a m  in Rat  Liver  

H y p n o t i c s  a n d  s eda t i ve s  are  k n o w n  to s t i m u l a t e  or 
inh ib i t  t h e  d r u g - m e t a b o l i z i n g  e n z y m e s  in l iver I, 2. 
Benzod iazep ines  are wide ly  used  a n d  are f r e q u e n t l y  
prescr ibed  in c o m b i n a t i o n  w i th  o the r  d rugs .  Chlordiazep-  
oxide  h a s  been  su gges t ed  to  be an  e n z y m e  induce r  3-e. i n  
one s t u d y  7 i t  was  s h o w n  t h a t  d i a z e p a m  decreased  t he  
p e n t o b a r b i t a l  s leeping t i m e  a n d  s e r u m  concen t r a t ion ,  b u t  
t he  i n d u c in g  effect  could n o t  be conf i rmed  in a n o t h e r  
s t u d y  6. Chlord iazepoxide  ha s  been  s h o w n  to  s t i m u l a t e  its 
own m e t a b o l i s m  in r a t  3, a n d  a to le rance  to d i a z e p a m  ha s  
been  descr ibed  in ca t  s . E t h a n o l  s eems  to e n h a n c e  t he  
ac t ion  of d i a z e p a m  ~ b u t  t he  m e c h a n i s m s  of t hese  effects  
of d i a z e p a m  are n o t  known .  W e  i n v e s t i g a t e d  m i c r o s o m a l  
m e t a b o l i s m  of h exoba rb i t a l ,  N - m e t h y l a n i l i n e  a n d  p- 
n i t robenzo ic  acid as well as t he  c o n t e n t  of c y t o c h r o m e  
P-450 in r a t  l iver a f te r  d i a z e p a m  t r e a t m e n t .  F u r t h e r  we 
s tud ied  w h e t h e r  d i a z e p a m  can  s t i m u l a t e  its own  m e t a b -  
o l i sm a n d  t h u s  exp la in  t h e  deve lop ing  to lerance .  W e  
also c o m p a r e d  d i a z e p a m  to  two wel l -known s t i m u l a t o r s  
of m i c r o s o m a l  m e t a b o l i s m ,  p h e n o b a r b i t a l  a n d  3,4- 
ben zp y ren e .  

Materials and methods. 4 g roups  of 6 ma le  Sprague-  
Dawley  ra t s  we igh ing  a b o u t  200 g were kep t  on a s t a n d a r d  
diet .  1 g roup  (controls) rece ived  vehicle  so lvent ,  2nd 
g roup  d i a z e p a m  100 mg,  3rd g roup  p h e n o b a r b i t a l  80 m g  
a n d  4 th  g ro u p  3, 4 -benzpy rene  20 m g / k g  of b o d y  weight .  
All d ru g s  were g iven  b y  m o u t h  once a d a y  for 6 d a y s  in a 
vehicle  so lven t  cons i s t ing  of t w e e n  20 and  c a r b o x y m e t h y l  
cellulose (1 : 4). 

Preparation o/ livers. A n i m a l s  were d e c a p i t a t e d  24 h 
a f te r  t h e  las t  dose. The  l ivers  were r e m o v e d  a n d  r insed  
w i th  ice-cold 0.1 M p h o s p h a t e  buf fe r  (pH 7.4). All sub-  
s e q u e n t  m a n i p u l a t i o n s  were  carr ied o u t  a t  2-4~ The  
20% liver h o m o g e n a t e s  were p r epa red  in t he  s a m e  phos-  

p h a t e  buf fe r  w i th  a P o t t e r - E l v e h j e m  t y p e  homogen ize r .  
T h e  h o m o g e n a t e  was  cen t r i fuged  a t  12,000 g for 20 min .  
P a r t  of t h e  s u p e r n a t a n t  was  t h e n  cen t r i fuged  a t  105,000 g 
for 1 h. T h e  m i c r o s o m a l  pel le t  was  s u s p e n d e d  in the  
p h o s p h a t e  buf fe r  so t h a t  2.5 ml  s u s p e n s i o n  cor responded  
to  1 g of l iver t i ssue.  

Enzyme assays. The  12,000 g s u p e r n a t a n t  was  used  to  
a s s a y  t he  h e x o b a r b i t a l  h y d r o x y l a t i o n ,  p -n i t robenzo ic  
acid reduc t ion ,  N - m e t h y l a n i t i n e  d e m e t h y l a t i o n  a nd  diaze- 
p a m  me ta bo l i sm .  T h e  m i c r o s o m a l  s u s p e n s i o n  was  u sed  to  
m e a s u r e  t he  c y t o c h r o m e  P-450 con ten t .  The  i n c u b a t i o n  
cond i t ions  for a s s a y s  of t he  m e t a b o l i s m  of hexoba rb i t a l ,  
N - m e t h y l a n i l i n e  a nd  p -n i t robenzo ic  acid h a v e  been  
descr ibed  b y  VORNE a n d  ARVELA 10, a n d  t h a t  of d i a z e p a m  
b y  SCHWARTZ a nd  POSTMA n . The  a m o u n t s  of the  sub-  
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Table I. Effect of diazepam (DZP), phenobarbital (PB) and 3,4-benzpyrene (BP) treatment on cytochrome P-450 content and the rates 
of metabolism of hexobarbital, p-nitrobenzoic acid and N-methylaniline in rat liver mierosomes 

Group Cytochrome P-450 content 
(nmol/g liver) ( % ) 

Rate of metabolism of substrates (nmol/g liver/h) 

Hexobarbital (%) p-Nitrobenzoic acid (%) N-methylaniline (%) 

Control 8.3 -4- 1.6 

DZP 7.5 ~ 0.8 
PB 19.1 4- 3.4 b 

BP 10.6 ~ 3.6 

100 6.95=t=0.70 100 2.514-0.72 100 1.57-4-0.29 100 
90 4.60-t-0.93 b 67 1.49=t=0.23 �9 59 1.50=[=0.34 95 

230 11.10=t=0.67 b 160 5.794-2.30 . 230 4.49::[=0.58 b 285 

128 5.07• 73 2.44=[=0.43 97 1.43-4-0.34 91 

Mean value :t: SD of 6 rats. ~p < 0.01; bp < 0.001. 
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Table II. Effect of diazepam (DZP), phenobarbital (PB) and 3,4-benzpyrene (BP) treatment on the metabolism of diazepam in rat liver 
microsomes 

Group Substrate and metabolites recovered after incubation (nmol) 

Diazepam N-methyloxazepanl N-demethyldiazepam 

Control 28.10 ~- 0.62 2.89 • 0.62 2.83 i 0.62 

DZP 28.31 J_ 0.73 2.92 • 0.53 2.46 =1= 0.28 
PB 14.92 + 1.53 a 10.35 J_ 2.19~ 8.25 ~ i.89 ~ 

BP 29.62 ~ 0.72 2.84 ~- 0.39 2.30 ~- 0.34 

Mean value :L SD of 6 rats. ~p < 0.001. 

s t r a t e s ,  t h e  a m o u n t s  of l iver t i s sues  a n d  t he  i n c u b a t i o n  
t i m e s  were as fol lows:  H e x o b a r t i t a l  2 ~xmol, 400 rag, 15 
min ,  N - m e t h y l a n i l i n e  5 ~zmol, 400 mg,  30 min ,  d i a z e p a m -  
C 14 35 nmol ,  60 mg,  60 rain,  and  p -n i t robenzo ic  acid 
3 ~mol,  400 rag, 60 min .  

T h e  r a t e  of m e t a b o l i s m  of s u b s t r a t e s  and  t he  c o n t e n t  of 
c y t o c h r o m e  P-450 were m e a s u r e d  as descr ibed  p rev ious -  
ly 13-1s. S t u d e n t ' s  t - tes t  was  used  in s t a t i s t i c a l  ana lys is .  

Results. Effect o/ diazepam on some drug-metabolizing 
microsomal enzymes. T h e  c o n t e n t  of c y t o c h r o m e  P-450 
a n d  t h e  ac t iv i t ies  of hexoba rb i t a l ,  p -n i t robenzo ic  acid 
a n d  N - m e t h y l a n i l i n e - m e t a b o l i z i n g  e n z y m e s  in r a t  l iver 
are s h o w n  in Tab le  I. D i a z e p a m  had  no s ign i f i can t  effect  
on t h e  c o n t e n t  of c y t o c h r o m e  P-450 or N - d e m e t h y l a t i o n  
on m e th y l an i l i n e .  On t he  o the r  hand ,  t he  ox ida t ion  of 
h e x o b a r b i t a l  a n d  r educ t i on  of p -n i t robenzo ic  acid were 
s ign i f i can t ly  inh ib i t ed  by  d i azepam.  

Lack o/ diazepam to change its own metabolism. T h e  
a m o u n t s  of d i a z e p a m  and  its me t abo l i t e s  a f te r  i n c u b a t i o n  
can  be seen in Tab le  II.  D i a z e p a m  h a d  no effect  on its 
own m e t a b o l i s m  as c o m p a r e d  wi th  controls .  I t  is conspic-  
uou s  t h a t  ne i the r  3 , 4 -benzpy rene  h a d  a n y  effect  on t h e  
d i a z e p a m  m e tab o l i sm .  O x a z e p a m ,  one of the  m e t a b o l i t e s  
of d i azepam,  was  no t  f o u n d  a l t h o u g h  p h e n o b a r b i t a l  
increased  m a r k e d l y  the  ra te  of m e t a b o l i s m  of d i az e pa m.  

Discussion. I n  t he  p r e sen t  s t udy ,  d i a z e p a m  de layed  t he  
ra tes  of m e t a b o l i s m  of h e x o b a r b i t a l  and  p -n i t robenzo ic  
acid, whe reas  it  h a d  ne i t he r  inh ib i t ing  nor  s t i m u l a t i n g  
effect  on its own m e t a b o l i s m .  The  cause  of to le rance  to  
d i a z e p a m  r e m a i n e d  unso lved  in our  s t u d y .  However ,  one 
poss ib i l i ty  is t h a t  some  me tabo l i t e  of d i a z e p a m  ac ts  as a 
c o m p e t i t i v e  inh ib i to r  of d i azepam,  poss ib ly  N - d e s m e t h y l -  
d i a z e p a m  as su g g es t ed  earl ier  s. A n o t h e r  possibi l i ty ,  no t  

e x c l u d e d  in our  s t udy ,  is t h a t  t he re  m a y  be c h a n g e s  in t he  
m i n o r  p a t h w a y s  of d i a z e p a m  me tabo l i sm ,  no t  de tec ted  in 
our  m e t h o d s .  

P h e n o b a r b i t a l  s t r o n g l y  induced  t he  ra te  of m e t a b o l i s m  
of d i azep am ,  wh ich  is in good a g r e e m e n t  w i t h  o the r  
s t u d i e s n ,  lL No o x a z e p a m  was  no t ed  even  a f te r  phe no -  
ba rb i t a l  t r e a t m e n t .  Th i s  agrees  well w i th  t he  s t u d y  of 
MARCUCCI et  al. ~7 m a d e  b y  t he  s a m e  s t r a i n  of r a t s  as 
ours ,  whe reas  it  differs  f rom the  s t u d y  of SCHWARTZ a n d  
POSTMAn who  used  a n o t h e r  s t r a i n  of r a t s  in the i r  s t u d y .  
T h i s  s u g g e s t s  t h a t  t h e  me t abo l i c  p a t h w a y s  of d i a z e p a m  
dif fer  in d i f fe rent  s t r a i n s  of ra ts .  

T h e  effects  of d i a z e p a m  on d rug  m e t a b o l i s m  differed 
en t i re ly  f r o m  those  of phenoba rb i t a l ,  b u t  t h e y  were to 
s om e  e x t e n t  s imi la r  to  t he  polycycl ic  h y d r o c a r b o n  3, 4- 
benzpyrene .  

D i a z e p a m  inh ib i t ed  some  e n z y m e  ac t iv i t i es  b u t  h a d  no 
effect  on some  o the r  enzymes .  Th i s  f ind ing  agrees  well  
w i th  some  earlier r e su l t s  6. Chlord iazepoxide  ha s  been  

sugge s t e d  to be a n  e n z y m e - i n d u c e r  in r a t  3, 6, is a n d  m a n  4, 
w he re a s  n i t r a z e p a m  in r a t  a a n d  t h e  effect  of p r a z e p a m  is 
s imi la r  to d i a z e pa n  19. In  t he  p r e s e n t  s t u d y ,  d i a z e p a m  h a d  
no effect  on i ts  own  m e t a b o l i s m ,  w h i c h  is s imi la r  to  t he  
f ind ing  wi th  p r a z e p a m  2~ b u t  di f fers  t r o m  t h a t  of chlor-  
d iazepoxide  w h ic h  h a s  been  s u g g e s t e d  to  s t i m u l a t e  its 
own  m e t a b o l i s m  3. There fo re  i t  is l ike ly  t h a t  t he  benzo-  
d iazepines  differ f rom each  o t h e r  in r ega rd  to the i r  effect  
on d r u g  me ta bo l i z i ng  enzymes .  

Zusammen/assung. Nachweis ,  dass  V o r b e h a n d l u n g  von  
R a t t e n  m i t  D i a z e p a m  den  Stof fwechse l  y o n  H e x o b a r b i t a l  
u n d  p-Nit robenzoes/~ure  in der  R a t t e n l e b e r  in v i t ro  
h e m m t ,  o h n e  de n  G e h a l t  des  C y t o c h r o m s  P-450 oder  den  
e igenen  M e t a b o l i s m u s  zu verXndern .  

MARTTI VORNE a nd  
JUHANA IDANPAXN-HEIKKILA 21 

Department o/ Pharmacology, University of Oulu, 
Oulu (Finland), 20 February 7975. 

12 j.  R. COOPER and B. B. BRODIE, J. Pharmac. exp. Ther. 114, 409 
(1955). 

lz B. B. BRODIE and J. AXELROO, J. Pharmac. exp. Ther. 94, 22 
(1948). 

14 j.  R. FonTs and B. B. BRODIE, J. Pharmac. exp. Ther. llg, 197 
(1957). 

is j .  E. ID~,NP~N-HEIKKtL~, P. I. JOUPPILA, J. O. PUOLAKKA and 
M. S. VORNE, Am. J. Obstet, Gynee. 109, 1011 (1971). 

is T. OMURA and R. SATO, J. biol. Chem. 239, 2370 (1964). 
17 V. MAR~UCCI, R. FANELLI, n. MUSSINI and E. S. GARATTINI, 

Biochem. Pharmae. 79, 1771 (1970).. 
18 B. BALLINGER, K. O'MALLEY, I. H. STEVENSON and M. J. TURN- 

BULL, Br. J. Pharmac. 41,383 P (1971). 
19 E. S. VESELL, G. T. PASSANANTI, J. P. VIAU, J. E. EPPS and 

F. J. DI CARLO, Pharmacology 7, 197 (1972). 
2o j.  p. VIAU, J. E. EPPs and F. J. oI CARLO, Xenobiotica 3, 581 

(1973). 
~1 Present address: National Board of Health, Siltasaarenkatu 18 A, 

SF-00530 Helsinki 53, Finland. 


