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The act ion of e s t r ad io l  dipropionate (250 pg/kg)  and phenobarb i ta l  (80 mg/kg) ,  both sepa ra t e ly  
and in combinat ion (a single injection of e s t r ad io l  dipropionate a f t e r  admin is t ra t ion  of pheno-  
barb i ta l  for  4 days),  was studied on ova r i ec tomized  r a t s .  Adminis t ra t ion  of phenobarbi ta l  o r  
e s t r a d i o l  dipropionate was shown to i nc rea se  the incorpora t ion  of  phenyla lanine-H 3 in a ce l l -  
f ree  p ro te in - syn thes i z ing  sys t em f rom l ive r  m i c r o s o m e s  of ova r i ec tomized  r a t s  by 86 and 53% 
re spec t ive ly .  Combined admin is t ra t ion  of the e s t rogen  and ba rb i tu ra te  was not followed by 
summat ion  of  that  effect .  Cor re la t ion  was found between the inc rease  in the ra te  of  i n c o r p o r a -  
t ion of phenyla lan ine-H 3 in v i t ro  and the inc rease  in the concentra t ion of ey tochrome P450 in 
vivo in the m i c r o s o m e s  of the l i ve r  cel ls  a f t e r  both sepa ra t e  and combined admin is t ra t ion  of 
the p r e p a r a t i o n s .  The role  of  phenobarb i ta l  as an ac t iva to r  of e s t r ad io l  me tabo l i sm in the 
l i ve r  cel ls  is d i scussed .  
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The role  of  the sex ho rmones  in the induction of enzyme s y s t e m s  of l ive r  cel ls  by ba rb i tu ra t e s  has 
so fa r  r ece ived  li t t le study. It  is c la imed that  the action of these  subs tances  involves common m e c h a n i s m s  
linked with the regulat ion of prote in  synthes is  [2]. 

This p a p e r  de sc r ibe s  a compara t ive  ana lys i s  of the s ta te  of the ce l l - f r ee  p ro te in - syn thes i z ing  s y s -  
t e m  of the l i ve r  of ova r i e c t om i zed  r a t s  and the content of  ey tochromes  b 5 and P4s0 (components  of  the 
NADP.  H2-dependent e l ec t ron  t r a n s p o r t  chain, induced by ba rb i tu ra t e s )  following the sepa ra t e  and c o m -  
bined admin is t ra t ion  of phenobarbi ta l  and e s t r ad io l  dipropionate .  

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

Noninbred female  albino r a t s  weighing 150-200 g, ova r i e c tomized  3-4 weeks before  the exper iment ,  
were  used.  Phenobarbi ta l  ( sodium salt ,  Merck,  West  Germany) ,  d issolved in water ,  was injected in t r a -  
pe r i tonea l ly  in a dose of 80 m g / k g  daily for  4 days .  This  t ime  was chosen on the bas i s  of the observa t ions  
of Welch et al .  [10], who showed that  admin is t ra t ion  of phenobarbi ta l  for  this per iod is followed by a m a x -  
imal  inc rease  in hydroxylat ion of e s t rogens ,  with the format ion  of m o r e  s t rongly  po l a r  me tabo l i t e s .  An 
oily solution of e s t r ad io l  dipropionate in a dose of 250 #g /kg  was injected 24 h a f t e r  the las t  injection of 
the ba rb i tu ra te ,  and the an imals  were  decapi ta ted 15 h la te r .  The ra t s  were  s t a rved  for  48 h before  s a c -  
r i f i ce .  The ra te  of  prote in  synthes is  was de te rmined  f rom the incorpora t ion  of phenyla lan ine-H 3 in a ce l l -  
f ree  p ro t e in - syn thes i z ing  s y s t e m  by Hoagland~s method with slight modif icat ions [4]. The content of cyto-  
ch romes  b5 and P4s0 was de te rmined  on the DSF-1M dif ferent ia l  spec t ropho tome te r  by the method of Omura  
and Sato [8]~ Sta t is t ical  ana lys is  of  the expe r imen ta l  r e su l t s  was c a r r i e d  out by Student 's  method.  
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T A B L E  1. E f f ec t  o f  P h e n o b a r b i t a l  and  E s t r a d i o l  D i p r o p i o n a t e  on  

W e i g h t  o f  t h e  U t e r u s ,  I n c o r p o r a t i o n  of  P h e n y l a l a n i n e - H  3, and  
C y t o c h r o m e  C o n t e n t  in  M i c r o s o m e s  o f  O v a r i e c t o m i z e d  R a t s  (M •  

Substance 

Estradiol di- 
propionate 

Phenobarbital 
Estradiol di- 

propionate + 
phenobarbital 

Control 

Wt. of 
uterus (~ 
of control) 

182,3--+9,4 * 
97,4~6,4 

137,8+8,5 * 

100,0-++-4,8 

Incorpora- Cytochrome bs Cytochrome P450 
nmoles/rng 

% protein 

tion of 
phenylalan- nmoles/mg 
ine.H s (% protein 
of control) 

153,4-+ 12,3" 0,418-+0,031 
186,2-+ 17,9" 0,620-----0,045* 

108 4 0,758--+0,054 * 
160,6 1,163---+0,083 * 

I 

1 172,5 i 1,201-+0,042" 

100,0 0,540+ 0,028 

208,9• 13,1" 0,666----- 0,68* 

100,0• 0,386+0,015 

% 

! 

140,4 
215,3 

222,4 

100,0 

* P < 0.05 ( r e l a t i v e  to  c o n t r o l ) .  

E X P E R I M E N T A L  RESULTS 

A single injection of estradiol dipropionate into ovariectomized rats caused a marked increase in 
weight of the uterus. Administration of phenobarbital for 4 days had no effect on the weight of the uterus 
but reduced the effect of estradiol dipropionate, when both substances were given, on the average by 44%. 

This phenomenon is due to induction by barbiturates of xenobiotic-metabolizing enzyme systems in 
the liver, the physiological substrates of which are the steroid hormones [6]. It was shown previously 
that administration of barbiturates leads to a decrease in the quantity of biologically active steroid and 
to an increase in the number of its metabolltes. In particular, the negative uterotropic effect of barbit- 
urates as a result of increased estrogen metabolism has been demonstrated by several workers [3, 6, I0]. 

Experimental data indicating that estrogens [I] and barbiturates [5] can stimulate RNA and protein 
synthesis in the liver of animals and that the latter activate predominantly the biosynthesis of specific 
proteins which are components of NADP. H2-dependent electron transport chain [2] have recently been 
obtained. The qualitative characteristics of proteins inducible by estrogen administration have received 
inadequate study. 

As Table 1 shows, incorporation of phenylalanine-H 3 in the cell-free microsomal protein-synthesiz- 
ing system from the liver of the ovariectomized rats increased by 53%on the average compared with the 
control after injection of estradiol dipropionate. Phenobarbital also stimulated protein synthesis in the 
microsomes of the rats' liver. Induction of protein synthesis thus took place at a time when the estrogen 
level was lowered by castration. Meanwhile it has been shown that the activity of microsomal enzymes 
which metabolize therapeutic compounds and poisons is controlled by the circulating blood sex hormone 
level [9]. In Marshall's opinion [7] a steroid hormone deficiency in the body leads principally to a dis- 
turbance of the conformation of the liver microsomal enzymes. 

Another important aspect of interaction between xermbiotics and hormones is the possibility of com- 
petition, which has been found in model experiments in vitro between the substrate (hexobarbital) and the 
various steroids when incubated together with liver microsomes. Competition of this sort may also take 
place in vivo. In that case no increase in the induction of protein synthesis would be expected following 
the combined administration of phenobarbital and estradiol. 

This hypothesis is confirmed by the results of the present experiments. Estradiol dipropionate and 
phenobarbital, when injected separately, stimulated the incorporation of phenylalanine-H 3 by the liver 
microsomes of the ovarieetomized rats. However, combined administration of the substances did not lead 
to summation of the effects and the incorporation of the labeled amino acid into protein corresponded to 
the level observed when phenobarbital only had been given. 

A similar picture was found during investigation of the content of eytoehromes b 5 and P450, compon- 
ents of the NADP. H2-dependent electron transport chain. The data in Table I show that administration 
of phenobarbital caused the cytochrome b~ and P4s0 levels to rise on the average by 60 and 115%, whereas 
injection of estradiol dipropionate led to increases of 8 and 40% respectively compared with the control 
ovariectomized rats. When estradiol dipropionate was injected after the preliminary injection of pheno- 
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barbital, the concentrations of cytochromes b~ and P450 corresponded to their levels following administra- 
tion of phenobarbital alone. This observation correlates with the results of the analysis of phenylalanine- 
H 3 incorporation in vitro. 

Combined administration of estradiol and phenobarbital thus led to an increase in the quantity of 
metabolites of the hormone and to a corresponding decrease in the number of its biologically active mole- 
cules [3]. It is principally the latter that have the property of stimulating protein synthesis in the liver and 
this fact can be regarded as one condition determining the decrease in the estradiol effect in the presence 
of phenobarbital. 
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