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In p rev ious  invest igat ions [3-5] the dis tr ibut ion of [14C ]phenazepam among the o rgans  and t i s sues  of  
albino r a t s  and excre t ion  of rae tabol i tes  of the drug a f t e r  admin is t ra t ion  by single and r epea t ed  doses  were  
studied and the pharmacokine t ic  p a r a m e t e r s  of  these  p r o c e s s e s  were  ca lcula ted .  

This  pape r  gives the r e s u l t s  of a study of  the s t ruc tu ra l  se lec t iv i ty  of action of the hydroxylat ing coraplex 
of the l i ve r ,  which depends on the spec ies  of the exper imenta l  animal ,  on the phenazepam molecu le .  

E X P E R I M E N T A L  M E T H O D  

Male Wis ta r  r a t s  weighing 180-200 g and B A L B / c  ra ice  weighing 18-20 g were  used. The  an imals  were  
kept on a r e s t r i c t e d  diet for  24 h b e f o r e  decapitat ion.  To obtain r a i c roso raes  the l i v e r  of  the  an ima l s  were  
pe r insed  in 1.15% KC1 solution, then homogenized in 3 volumes  of this s ame  solution containing 40 ram T r i s -  
HC1 buffer ,  pH 7.4, and 100 m_M EDTA, in a Waring b lender  and centr i fuged at  9000g for  20 main. The su p e r -  
natant  was centr i fuged at 105,000g for  60 rain in a Beckman  centr i fuge.  The resul t ing  r a i c r o s o m e s  were  
suspended in the isolat ion raedium.  The pro te in  concentra t ion  was de te rmined  by L o w r y ' s  method and cyto-  
ch rome  P-450  in the tu rb id  s am p l e s  was m e a s u r e d  on a Hitachi-356 spec t rophotorae te r  by a different ial  
scheme [6]. 

L i v e r  r a i c r o s o m e s ,  in an amount  of  1-1.5 rag prote in ,  were  added to the incubation raedium in a total  
volume of 2 ml ,  containing 50 ram Tr i s -HC1 buffer ,  pH 7.4, 16 mM MgC12, and a s e r i e s  of concentra t ions  of  
[14C ]phenazepam or  a definite concentra t ion  of [3H]phenazepara. The reac t ion  was s t a r t ed  by the addition of 
1 mM NADPH to the medium.  At  the end of incubation at  37~ which was accompanied  by oxygenation for  
30 rain, the s amp l e s  we re  t r e a t e d  with 4 volumes of ch loroform.  The phenazepam and i ts  me tabo l i t e s  were  
ex t r ac t ed  by intensive shaking. To obtain be t t e r  separa t ion  of the phases  the s amp le s  we re  centr i fuged at  
6000g fo r  ] 5 rain. The ch lo ro form ex t r ac t  was col lec ted  and the aqueous prote in  phase  was r eex t r ac t ed .  The 
ch lo ro fo rm phases  we re  pooled and concentra ted .  Phenazepam and its  rae tabol i tes  we re  f rac t iona ted  by thin-  
l a y e r  ch romatography  in a c h l o r o f o r m - a c e t o n e - a r a r a o n i a  (3 : 1 : 0.01) sys tera  on Silufol UF-254 pla ten  In 
some  c a s e s  a rad iochroraa tograph ic  ana lys i s  was made  of the ch lo ro fo rm ex t r ac t s ,  us ing  the method in [3]. 

The  ch lo ro fo rm exLracts obta ined f rom the incubation med ium to which [~I]phenazepam was added were  
evapora t ed  and hydro lyzed  in 6:N HC1 on a boiling wa te r  bath for  30 rain. The digests  were  neu t ra l i zed  with 
1N NaOH and ex t r ac t ed  with ch lo ro fo rm.  The benzophenones thus f o r m e d  were  chroraa tographed  in a ch lo ro -  
f o r m - c a r b o n  t e t r ach lo r ide  (2: 1) s y s t e m .  The rae tabol i t es  w e r e  identified by the method  desc r ibed  prev ious ly  
[1]. A type SL-30  scint i l la t ion photorae ter  (France} was used  for  the quanti tat ive ana lys i s  of  the subs tances .  

The r e su l t s  took into account  the degree  of ex t rac tab i l i ty  of  the rae tabol i tes  f rom the  incubation med ium 
and also the  fact  that ,dur ing acid  hydro lys i s  of  [~tI]phenazepam, 60% of the rad ioac t iv i ty  was p r e s e r v e d  in the 
benzophenone molecu le .  
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Fig.  1. Radiochromatograxns  of 
ch lo ro form ex t r ac t s  of  m e t a b o -  
l i tes  of [~I]phenazepam af te r  i ts  
incubation with l i v e r  m i c r o s o m e s  
of mice  (a) and r a t s  (b), and also 
of  the i r  acid hydro lys i s  products  
(c and d , respec t ive ly) .  
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Fig.  2. Velocity of a romat i c  hydroxylat ion (Eft) and oxidation of the he te rocyc l i c  r ing (II) in 
the phenazepam molecule  as a function of  i ts  concentra t ion in r a t  l i v e r  m i c r o s o m e s ,  plotted 
between d i rec t  coordina tes  (a) and L i n e w e a v e r - B u r k  coordina tes  (b). 

Fig .  3. Velocity of  a romat i c  hydroxylat ion (HI) and of oxidation of the he te rocyc l ic  r ing (II) 
in the phenazepam molecu le  as a function of i ts  concentra t ion in mouse  l i v e r  m i c r o s o m e s ,  
plotted between d i rec t  coordinates  (a) and L i n e w e a v e r - B u r k  coordinates  (b). 

E X P E R I M E N T A L  R E S U L T S  

Analys i s  of  the ch lo ro fo rm ex t r ac t s  by the r ad iochromatograph ic  method showed (Fig. 1) that  a f t e r  ad-  
dition of [3H]phenazepum to the incubation meditwn th ree  peaks  of  radioac t iv i ty  a r e  found in mouse  l i v e r  m i c r o -  
somes  ( r ig .  la ) ,and four  peaks  in albino r a t  l i v e r  m i c r o s o m e s  (Fig. lb).  It  was shown by phys icochemica l  
me thods  that  rad ioac t iv i ty  peak  I co r r e sponds  to the or iginal  compound [~H]phenazepam, peak  II to the 3-hy-  
droxy der ivat ive ,  and peaks  HI and IV in this case  were  not identified. The r a d i o c h r o m a t o g r a m s  of the digests  
of the ch lo ro form ex t r ac t s  showed that  an identical  benzophenone - VI (5 -b romo-2-ch lo ro -2 -aminobenzophenone)  
was f o r m e d  f rom compounds I and II, and this  was c h a r a c t e r i s t i c  of  l i ve r  m i c r o s o m e s  of both m i c e  and r a t s  
(Fig. lc ,  d). In both c a s e s , p e a k s  of  radioact iv i ty  also were  o b s e r v e d  at the s t a r t  of  the c h r o m a t o g r a m s .  Since, 
a f t e r  acid hydro lys i s  of  [3H]phenazepam d l r ec t ly ,pa r t  of the radioact iv i ty  r e m a i n s  at the s t a r t  of the c h r o m a t o -  
graphic  plates ,  i t  was concluded that  this  peak  is of s i m i l a r  or igin.  Radioact ivi ty  obse rved  on the c h r o m a t o -  
g r a m s  as peaks  VII and VIII  belonged to the cor responding  benzophenones with an oxidized chlorobenzene r ing.  
I t  is evident f rom the color  in UV light  and the Rf value that  metabol i t e  VI~  is  a benzophenone with a hydroxyl  
group in the bromine-conta in ing  a rom a t i c  r ing,  as the w r i t e r s  p roved  prev ious ly  by var ious  phys icochemica l  
methods  [2]. 
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TABLE 1. Kinetic P a r a m e t e r s  of React ions  
of  Aroma t i c  Hydroxylat ion (I11) and Oxidation 
of the Hete rocyc l ic  Ring (]I) of the Phenaze -  
pare Molecule in L iver  M i e r o s o m e s  of Rats  
and Mice 

Oxida- 
tion 
reac- 
tion 

I I I  
II  

K m, M 

ra t  mouse 

3,75.10 -~ 3,03.10-' 
7,7.10 -'i 2>5.10 -~ 

V m a x ,  moles" ra in  -1, yg-, 
ra[ mous~ 

5,5.10 -6 7,9.10 -7 
3,03.10 -6 8.3.10 -6 

On the bas i s  of  these  r e s u l t s ,  the m e t a b o l i s m  of [~TI]phenazepam in vi tro can be r e p r e s e n t e d  as  follows: 

NK ~ 0 NH O 

rcSr- ~ S~Y ~ 

Rats, mice ~ /  z k Rats, mice 

Rats Rats 

Meanwhile,  the pr inc ipa l  me tabo l i t e s  of  [eIIlphenazepam in expe r imen t s  in vi t ro  a r e  the 3-hydroxy d e r i v a -  
t ive  (ID and the a rom a t i c  hydroxyla t ion products  of  phenazepam 0II) .  

The addition of [14C ]phenazeparn to the incubation med ium led to s i m i l a r  r e su l t s .  Since [14C ]phenazepam 
has  higher  specif ic  rad ioac t iv i ty  (4 C i /mo le ) ,  subsequent  invest igat ions were  c a r r i e d  out with this  p repa ra t ion .  

Addition of var ious  concent ra t ions  of [i4C ]phenazepam to incubation media  containing mouse  l i ve r  
m i c r o s o m e s  led  to p redominance  of hydroxylat ion Of the he te rocyc l i c  r ing (Fig. 2a), whe reas  for  r a t  l i v e r  
m i c r o s o m e s ,  se lec t ive  oxidation of a rom a t i c  r ings  was obse rved  to a g r e a t e r  degree  (Fig. 3a). 

Plot t ing the exper imen ta l  data between L i n e w e a v e r - B u r k  coordinates  (Figs,  2b and 3b; Table  1) r ev ea l ed  
d i f fe rences  in the af~ni ty  of  the subs t ra t e  fo r  enzymes  cata lyzing oxidation and isola ted f rom the l i ve r  of  
d i f ferent  an imals .  One of the f a c t o r s  explaining this  phenomenon m a y  be the cy tochrome  P-450  level  in the 
l i ve r  of the exper imen ta l  an imals .  The cy tochrome P-450  content in mouse  l i ve r  m i c r o s o m e s  is 1.1 �9 0.3 
n m o l e / m g  pro te in  and in ra t  l iver ,  0.64~ 0.05 n m o l e / m g  prote in .  This hypothesis  was t es ted  in addition- 
al expe r imen t s .  The cy tochrome P-450  content in rat  l ive r  m i c r o s o m e s  inc reased  to 1.38 + 0.03 n m o l e / m g  
prote in  a f t e r  induction by phenobarbi ta l  (100 m g / k g  for  4 days). T h e r e  was a para l le l  i n c r e a s e  in the kinetic 
p a r a m e t e r s  of  these  reac t ions .  F o r  instance,  for  C3-hydroxylat ion (II) the values  of K m and Vma x in this  case  
were  1.42" 10- 3M and 5.0" 10 -S m o l e -  rain -~.  m g  -1 , r e spec t ive ly .  F o r  a roma t i c  hydroxylat ion ( l id ,  these  values  
were  3.03" 10-GM and 1 .25 .10  -4 mole  "rain -1 �9  -1, r e spec t ive ly .  An i nc r ea se  in the cy tochrome P-450 content 
in r a t  l i v e r  m i c r o s o m e s  thus leads  to a change in the d i rec t ion of hydroxylat ion of phenazepam.  This  fact ,  
toge ther  with the different  kinetic p a r a m e t e r s  in the fo rmat ion  of p roducts  II and III in the s ame  animal ,  a re  
evidence that  the two p r o c e s s e s  a r e  ca ta lyzed  not by one, but by at l eas t  two enzymes .  

I .  

2.  

3o 

4. 
5. 
6. 

L I T E R A T U R E  C I T E D  

N. Ya. Golovenko and V. G. Zin'kovsldi, Khirn. Farmats. Zh., No. I, 3 (1978). 
N. Ya. Golovenko and V. G. Zin'kovskii, in: Abstracts of Proceedings of the 3rd All-Union Symposium 
on the Oriented Search for New Physiologically Active Substances [in Russian], Riga (1979), p. 37. 
N. Ya. Golovenko, V. G. Zin'kovskii, A. V. Bogatskii, et am., Khirn. Farmats. Zh., No. 1, 21 (1979). 
V. G. Zin'kovsldi, A. V. Bogatskii, N. Ya. Golovenko, es al., Byull. ]~ksp. Biol. Med., No. 6, 561 (1979). 
S. B. Seredenin, N. Ya. Golovenko, Yu. A. Blednov, et al., Khim. Fannats. Zh., No. 10, 22 (1978). 
T. Omura and R. Sato, J. Biol. Chem., 239, 2370 (1964). 

791 


