
It is thus c lear  that the increase  in brain ACE activity after in t raventr icular  injection of adrenalin and 
dibutyryl -cycl ic  AMP is the resul t  of inductive synthesis of the enzyme. The effects of adrenalin and of cyclic 
AMP are s imi la r  in direct ion and are mediated through f i -adrenerg lc  receptors .  The potentiation of ACE ac-  
tivity after blocking of the ~ recep to r s  can be explained by elimination of their inhibi[ory effect on the 
/3-adrenergic receptors .  
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A M U L T I C O M P O N E N T  S Y S T E M  OF E S T R A D I O L -  

B I N D I N G  P R O T E I N S  tN R A T  L I V E R  C Y T O S O L  

AND ITS DEPENDENCE ON SEX STEROIDS 
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and V. B. Rozen 
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The marked  sex differences in the rat io between the hormonal capacity of estradiot-binding 
components with Stokes' radii  (a) of 7.0 and 2.5 nm observed in sexually mature animals are 
somewhat reduced but do not disappear completely after gonadectomy. Prolonged adminis t ra-  
tion of es t radiol  (50 ~tg, 8 days) to gonadectomized rats  leads to depress ion of the es t rad io l -  
binding activity of all components of liver eytosol of females and males. Injection of testos- 

terone propionate (2 mg, 8 days) into gonadectomized animals leads to selective stimulation 

of a special estrogen-binding protein with a = 2.5 n m, normally characteristic of males alone, 
in both males and females. It is postulated that sex differences in the system of ~$tradiol- 

binding proteins of the rat liver cytosol are due to sexual differentiation of the System in the 

early stages of development, on the one hand, and to the active regulatory influence of andro- 

gens and estrogens in the late stages of development, on the other hand. 

KEY WORDS: estrogens; estradiol-binding proteins; liver; sex steroids. 

The l iver of fishes, amphibians, and birds,  under the influence of es t rogens,  can produce the egg proteins 
llpovitellin and phosphitin and can thus play a direct part in the reproductive process [7, I0]. In mammals, the 
effects of estrogens on the reproductive function mediated through the liver are not so clearly defined and they 
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Fig. 1. Elution of complexes of estradlol-3H with liver cytosol proteins of male (A) and 
female (B) sexually mature  ra t s  f rom Sepharose-6B columns: 1) intact ra t s ;  2) gonadec- 
tomized ra t s ;  3) gonadectomized ra ts  receiving estradiol ;  4) gonadectomized ra ts  r e -  
ceiving testosterone propionate. Arrows indicate maxima of evolution of blue dextran 
(b.d.) and ovalbumin (or.). Abscissa,  rat io between elution volume (Ve) and dead volume 
of column (V0) ; ordinate, radioactivi ty (in c p m / m l / m g  protein), measured  in 25-30 aliquots 
of fract ions of eluate. 

are more  complex and var ied 1 8, 121. At the same time, the very fact that the liver cells of mammals  are 
sensitive to es t rogens ,  i r respec t ive  of the charac te r  of the hormonal effects,  is very  interest ing in connection 
with the search  for models  with which to study the mechanisms of action of s teroid  hormones.  Protein com-  
ponents capable of binding estradiol  specifically have been found in the cytoplasm and nuclei of ra t  liver ceils 
[ 3,.5]. Significant sex differences were discovered by the wr i te rs  previously in the sys tem of estrogen-binding 
proteins in the cytosol of r a t  l iver cells [ 3]. 

The object of this investigation was to discover  the factors  determining these differences.  

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

Experiments were carried out on sexually mature female and male rats of a mixed population. The fol- 

lowing groups of animals were used: intact, gonadectomized (males, 2-3 weeks before the beginning of the ex- 
periment; females, 4-5 weeks before), gonadectomized and receiving 50 pg estradiol or 2 mg testosterone 
propionate in 0.4 ml propylene glycol intramuscularly daily for 8-9 days. The animals were killed 2 and 1 day, 
respectively, after the last injection of estradiol and testosterone propionate. The liver was perfused with cold 
0.9% NaCl, minced, and washed two or three times with i0 mM Tris-HClbuffer (pH 7.5 at 17~ containing 
I0 mM KCI and 1 mM EDTA. The tissue was homogenized at 4~C in the same buffer, with the addition of 6 mM 
dithiothreitol. All subsequent procedures were carried out at 0-4~ The supernatant fraction (cytosol) was 
obtained by centrifugation of the homogenate for 1 h on a Spineo (model E, rotor "I n) centrifuge at 140,000g. 
The cytosol, containing 20-30 mg protein/ml, was incubated with 1-2 ng estradiol-17fl-6,7-3H (specific activity 
41 Ci/mmole; Radioehemical Centre, A mersham, England). The samples were then applied to Sepharose-6B 
(Pharmacia, Sweden) columns, calibrated against standard proteins and equilibrated with I0 mM Tr[s-HCl-~10 
mM KCI-I mM EDTA buffer (pH 7.5, 17~ and eluted with the same buffer. The conditions of incubation of 
the samples with the hormone and of elution from the columns were described previously [ 3J. In individual 
experiments, in order to study the kinetics of dissociation of the hormone--protein complexes, after incubation 
with estradiol-3H the samples were further incubated with an excess of unlabeled estradiol (400 ng) at 4~ for 
45 rain. The quantity of radioactivity in the fractions of eluate was determined by the method described earlier 
[4]. The protein concentration in the samples was determined by Lowry's method [Ii]. 
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T A B L E  1. E f f e c t  of G o n a d e c t o m y  and 
In j ec t ion  of T e s t o s t e r o n e  P r o p i o n a t e  into 
A n i m a l s  on D i s t r i b u t i o n  of Bound E s t r a -  
d io l -3H b e t w e e n  F r a c t i o n s  of E s t r o g e n -  
Bind ing  P r o t e i n s  with S tokes '  R a d i i  of 7.0 
and 2.5 nm in Ra t  L i v e r  Cy to so l  (M ~: m) 

Sex 

Females 

Males 

Group 

Intact 
Ovariectomized 
Ovariectomized, receiving 

testosterone 
Intact 
Castrated 
Castrated, receiving 

testosterone 

Estradiol-SH, 
bound with pro- 
tein fraction 
with a= 2.5 nm, % 

36,7= 1.4 (8) 
51,4-"- 1,7 (7) 

74,4~6,0 (3) 
90,7~ 1,8 (5) 
81,8-'-2,5 (4) 

93,5-~ 1,9 (3) 

L e g e n d :  1) T o t a l  quan t i t y  of  r a d i o a c t i v i t y  
in p r o t e i n  f r a c t i o n s  wi th  a = 7 o0 and 2.5 n m  
t a k e n  as  100%; 2) n u m b e r  of  d e t e r m i n a t i o n s  
in p a r e n t h e s e s .  

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

S y s t e m s  of s p e c i f i c  p r o t e i n s  b ind ing  e s t r a d i o l  in the l i v e r  c y t o s o l  of m a l e  and f e m a l e  r a t s  show s o m e  
w e l l - d e f i n e d s e x  d i f f e r e n c e s :  1) B e s i d e s  e s t r o g e n - b i n d i n g  c o m p o n e n t s  wi th  S t o k e s '  r a d i i  (a) of about  7.0 and 
2.5 am,  which  a r e  p r e s e n t  in both m a l e  and f e m a l e  l i v e r ,  the m a l e  l i v e r  a l s o  c o n t a i n s  an add i t i ona l  e s t r a d i o l -  
b ind ing  c o m p o n e n t  wi th  a va lue  of a be low 2.0 tam (Fig .  1); 2) the r a t i o  be tw e e n  the h o r m o n a l  c a p a c i t y  of the 
e s t r a d i o l - b i n d i n g  c o m p o n e n t s  wi th  v a l u e s  of a of 7.0 and 2.5 nm d i f f e r s  s h a r p l y  in f e m a l e s  and m a l e s  (Table  1); 
3) the e s t r a d i o l - b i n d i n g  p r o t e i n  of m a l e s  wi th  a about  2.5 nm d i f f e r s  q u a l i t a t i v e l y  f r o m  the f e m a l e - c o m p o n e n t  
with the s a m e  va lue  of a and a l s o  f rom the o t h e r  e s t r a d i o l - b i n d i n g  c o m p o n e n t s  of the l i v e r  c y t o s o l  of m a l e s  
and f e m a l e s .  

The r e s u l t s  g iven  in Tab le  2 show that  only  with th is  p r o t e i n  does  e s t r a d i o l - ~ H  f o r m  l a b i l e  c o m p l e x e s  
c a p a b l e  of d i s s o c i a t i n g  v i r t u a l l y  c o m p l e t e l y  d u r i n g  incuba t ion  for  45 ra in  with u n l a b e l e d  e s t r a d i o l . *  

O v a r i e c t o m y  on f e m a l e s  had no s i g n i f i c a n t  e f f ec t  on the to ta l  con ten t  of  e s t r a d i o l - b i n d i n g  c o m p o n e n t s  of 
the l i v e r  c y t o s o l  {Fig. 1), but  the r a t i o  be tween  the h o r m o n a l  c a p a c i t y  of c o m p o n e n t s  with a = 7.0 and 2.5 a m  
was  sh i f t ed  a l i t t l e  t oward  the l a t t e r  (Table  1). C a s t r a t i o n  of the m a l e s  gave  the o p p o s i t e  e f fec t :  The h o r m o n a l  
c a p a c i t y  of the c o m p o n e n t  wi th  a ~ 2.5 nm fe l l  s i g n i f i c a n t l y ,  w h e r e a s  that  of  the c o m p o n e n t  with a ~ 7.0 nm was  
not  n o t i c e a b l y  changed  (Fig .  1). As a r e s u l t  the r a t i o  be tween  the h o r m o n a l  c a p a c i t y  of c o m p o n e n t s  wi th  
a ~ 7.0 and 2.5 nm was  sh i f ted  in the c h a r a c t e r i s t i c  d i r e c t i o n  for  f e m a l e s  (Table  1). Howeve r ,  i t  m u s t  be 
e m p h a s i z e d  that  a l though g o n a d e c t o m y  on the r a t s  r e d u c e s  the d i f f e r e n c e  be tw e e n  f e m a l e s  and m a l e s  as  r e -  
g a r d s  the h o r m o n a l  c a p a c i t y  of the e s t r a d i o l - b i n d i n g  c o m p o n e n t s  of the l i v e r ,  it  d o e s  not  c o m p l e t e l y  a b o l i s h  a l l  
the s e x  d i f f e r e n c e s  m e n t i o n e d  above.  E v i d e n t l y  i t  is  not  e s t r o g e n s  a lone  tha t  d e t e r m i n e  s e x  d i f f e r e n c e s  in the 
h o r m o n a l  c a p a c i t y  of the e s t r a d i o l - b i n d i n g  c o m p o n e n t s  of the l i v e r .  In j ec t ion  of e s t r a d i o l  into g o n a d e c t o m i z e d  
a n i m a l s  l ed  to a s h a r p  d e c r e a s e  in the h o r m o n a l  c a p a c i t y  of a l l  c o m p o n e n t s  of the l i v e r  c y t o s o l  in both f e m a l e s  
and m a l e s .  The i n h i b i t o r y  e f f ec t  of the e s t r o g e n  was  e v i d e n t l y  not the r e s u l t  of c o m p e t i t i o n  be tween  u n l a b e l e d  
e s t r a d i o l ,  i n t r o d u c e d  in v ivo ,  and e s t r a d i o l - 3 H  for  the b ind ing  s i t e s  on the p r o t e i n s  d u r i n g  incuba t ion  of  the c y -  
toso l  in v i t r o :  In the p r e s e n t  e x p e r i m e n t s  2 d a y s  e l a p s e d  be tween  the t i m e  of the l a s t  i n j ec t ion  of the h o r m o n e  
and s a c r i f i c e  of the a n i m a l s ,  a t i m e  e v i d e n t l y  su f f i c i en t  fo r  v i r t u a l l y  c o m p l e t e  r e m o v a l  of e s t r o g e n s  f r o m  the 
body [ 9].  

In a c e r t a i n  r e s p e c t  t e s t o s t e r o n e  has  the o p p o s i t e  ac t ion  to e s t r a d i o l  on the s y s t e m  of e s t r a d i o l - b i n d i n g  
p r o t e i n s  of the l i v e r .  P r o l o n g e d  a d m i n i s t r a t i o n  of  t e s t o s t e r o n e  to g o n a d e c t o m i z e d  a n i m a l s  led  to a s h a r p  in -  
c r e a s e  in the h o r m o n a l  c a p a c i t y  of the c y t o p l a s m i c  c o m p o n e n t  with a ~ 2.5 rim in the l i v e r  of the f e m a l e s  and 

*The e s t r a d i o l - b i n d i n g  p r o t e i n  of the l i v e r  cy toso l ,  of m a l e s  wi th  a ~ 2.5 rim wi l l  s u b s e q u e n t l y  be  d e s c r i b e d  as  
S E B P  ( s p e c i a l  e s t r o g e n - b i n d i n g  p ro t e in ) .  
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TABLE 2. Kinetic Analysis of Various Frac t ions  of Estrogen-Binding Proteins  of Liver  
Cytosol of Intact Rats and Rats Receiving Testosterone Propionate 

Sex 

Males 
Females 

Group 

Intact 
Intact 
Ovariectomized, 

receiving 

Bound cstradLol-3H, cpm 
7.0- ran fraction 2.5-nm fraction 5-nm fraction 

1 2 I 2 1 

18 195 
37 824 

15 ?55 
31 220 

76 945 
20001 

7588 
21 383 

34 279 34358 

test~teroae 33 g38 43 390 140 546 19 $79 -- --  

Legend. 1) Control;  2) af ter  incubation with estxadioI-3It, samples  were  additionally 
incubated with an excess  o f  unlabeled es t radiol ,  

to a small  increase  in the capacity of this component in the liver of the males  (Fig. 1). The capacity of com-  
ponents with it ~ 7.0 nm, however, did not change substantially in either males  or  females after administrat ion 
of the androgen. As a resu l t  the rat io of the hormonal  capaci ty  of components with a ~ 7.0 and 2.5 nm was 
shifted in the direct ion charac te r i s t i c  of males  (Table 1). Investigation of the kinetics of dissociation of the 
es t radiol-3H-protein  complexes showed (Table 2) that tes tosterone st imulates the appearance of the es t radiol -  
binding component charac te r i s t i c  of males ,  i.e., of SEBP, in females.  As r ega rds  the regulation of the e s t r a -  
diol-binding component with a value of a below 2.0 nm, no definite r e su l t s  have yet been obtained because of 
incomplete separat ion on gel fi l tration of a complex of e s t r a d i o l J H  with that protein and unbound estradiol-3H. 

Four protein components capable of binding estradiol  specifically were thus found in the Soluble fraction 
of r a t  l iver ceils. The assor tment  of these components in the sys tem of estrogen-binding proteins and their 
relat ive hormonal capacity depend on sex. The resul ts  of the study of the effect of gonadectomy on the e s t r a -  
diol-binding proteins of the liver indicate that the sex s teroid level is not the only factor  determining the 
various sex differences discovered.  It is tempting to suppose that sys tems of es t rogen-binding proteins in the 
liver are formed in the ear ly  postnatal period of life as a resul t  of "imprinting" by androgens, as takes place 
in the case of the sex differentiation of the functions of the hypothalamus and the sys tem of enzymes of steroid 
metabol ism in the liver [ 1, 10]. The determinacy of the type of sys tem of estrogen-binding proteins does not 
by any means exclude, however, an active r o l e  of es t rogens  and androgens in the regulation of the content of 
estradiol-binding proteins in sexually mature animals .  Es t rogens  act on these liver proteins unselectively, 
depress ing their  ability to interact  with estradiol  in both females and males.  Evidence now accumulated on the 
proper t ies  of estrogen-binding liver proteins [ 3, 6] suggests  that these proteins are responsible for the recep-  
tion of the estrogenic signal by the l iver ceils. In the light of this interpretation the inhibitory action of e s t r a -  
diol on the hormonal  capacity of the recep to r s  of this hormone is physiologically rational. During mass action 
of es t rogens  on the liver ceils the sensitivity of the hormone-rece iv ing  system is lowered because of a de-  
c rease  in the hormonal capacity of the recep tors  by the negative feedback principle. This response of the e s -  
tradiol recep tors  to es t rogens  is evidently common to severa l  sys tems which have been studied [2]. By con- 
t ras t  with es t rogens,  androgens stimulate binding activity in the liver of gonadectomized animals. Under these 
c i rcumstances  stimulation is selective and aimed at the estradiol-binding component, which is charac ter i s t ic  
of the male l iver only (SEBP). The sensit ivity of this protein to the action of androgens is yet  another of its 
unusual propert ies ,  the physiological  significance of which will be made clear  only as a resul t  of further inves- 
tigations. 
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