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Expe r imen t s  on the human and guinea pig u te rus  showed that the act ivi ty  of s t e r o i d - r e c e p t o r  
in terac t ion  of es t r io l  in vi t ro  is 9.4% for  the guinea pig and 17% for  the human u te rus  r e l a -  
t ive to the act ivi ty of es t radio l .  Injection of es t r io l  into guinea pigs in vivo in a dose  of 0.25- 
5 mg sharp ly  reduced the es t r io l -b inding  capaci ty  of the u ter ine  r e c e p t o r  sys t em.  The ex i s -  
tence of compet i t ion  between es t rad io l  and es t r io l  for  binding with the ac t ive  c e n t e r s  of the 
r e c e p t o r  p ro te ins  of the u te rus  is postulated.  

KEY WORDS: es t rogenic  r e c e p t o r s  of the u terus ;  es t r io l  (biological r o l e ) ; b i n d i n g o f s t e r o i d s  
with r e c e p t o r s  (mechanism).  

The effect  of s te ro id  ho rmones  is known to take p lace  through complex  format ion  with the r e c e p t o r  
s y s t e m s  of t a rge t  o rgans  [6, 10, 14]. 

Es t rad io l  has  the g r e a t e s t  affinity for  the es t rogenic  r e c e p t o r  s y s t e m  of the u terus ,  and at the s a m e  
t ime  it  is the m o s t  ac t ive  na tura l  es t rogen  [9, 11]. Es t r io l ,  the o ther  na tura l  es t rogen,  can also bind in ap-  
p r ec i ab l e  amounts  with the r e c e p t o r s  of the u te rus  [9, 11]. However ,  it has  no biological  action, and it can 
accordingly  be r ega rded  as an inact ive  metabol i t e  of es t rad io l  [2]. In this c a s e  the biological  s ignif icance 
of changes  in the ra t io  between es t radio l  and es t r io l  toward accumulat ion of the l a t t e r  during pregnancy  r e -  
mains  obscure  [1, 5, 12, 15]. 

In this invest igat ion an a t tempt  was made  to d i scove r  the biological  ro le  of es t r io l  by studying the 
c h a r a c t e r  of i ts  in terac t ion  with the u te r ine  r e c e p t o r s .  

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

F e m a l e  guinea pigs weighing 100-130 g w e r e  decapi ta ted  and the u terus  was  r emoved  and t rea ted  in 
the cold.  Ute r ine  t i s sue  f rom women obtained at h y s t e r e c t o m y  for  comple te  p ro l apse  a lso  was used. It was  
cons ide red  that the p r o p e r t i e s  of the es t radto l -b inding  s y s t e m  of the human u te rus  r e m a i n  unchanged with 
age [7]. The es t rad io l -b inding  s y s t e m  was  i so la ted  f rom the u te rus  by the method desc r ibed  p rev ious ly  [4]. 
17f i -Es t rad io l -6 ,7-H ~ (specific acti~rity 56 C i / m m o l e ;  Radiochemical  Centre ,  A m e r s h a m ,  England), p r e -  
l imina r i ly  pur i f i edby  ch roma tog raphy  on p a p e r  in the B~ s y s t e m  of Bush, and a number  of na tura l  and syn -  
thetic s t e ro ids  (Table 1) w e r e  used. The specif ic i ty  of s t e ro id  binding was  de te rmined  by the method de -  
sc r ibed  p rev ious ly  [4] and exp re s sed  as a pe rcen tage  re la t ive  to the binding of es t radio l .  In s o m e  ex p e r i -  
ments  the an imals  r ece ived  two inject ions (20 h and 1 h before  sacr i f ice)  of es t r io l  in dose s  of 0.25, 0.5 1, 
and 5 mg in0 .1  ml  p ropy lene  glycol o r  0.2 ml  peach oil. The binding s y s t e m  was incubated with inc reas ing  
quantit ies (from 100 to 450 pg) of labeled es t radio l .  
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TABLE 1. Affinity of Steroids of the Estrone Series to the 
Estradiol-Binding System of the Human and Guinea-Pig Uterus 

Name of steroids Formula 

Binding (relative af- 
finity (in %) 

human guinea pig 
uterus uterus 

OH 

HO ~ ~  
Es~adiol 100 100 

~ OH 
O OH 91,7 Efl'Rnylestradiol "" - 

HO 

81,{) 

OH 

Estti ol lI0 ~ ' ' O H  17,0 9,4 

O 

Estrone HO ~ 12,4 24,8 

17-Deoxyestradiol ~ 33,3 

HO 

1,3T 

~ OH 
-3-Deoxyestradiol 3,66 

3-Deoxyesttone 1,66 0,2 

3-Meth0xyestradiol 

3-Methoxyethinyl- 
esl~adiol 

O 

MeO 

�9 ~e~ ~ ~ ~ 

1,35 

1,3 

0,45 

0,45 

0,9 

17-Deoxy-3-methoxy- 
extradiol 1,1 0,016 
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TABLE 2. Change in Binding of 
Labeled  Es t rad io l  by Recep to r  
Sys tem of Guinea-P ig  Uterus  
a f t e r  Injection of Different  Doses  
of E s t r io l  in Vivo 

Character of ex- 
periment 

Control 
Injection of estriol (in 

mg) 
0,25 
0.5 
1 
5. 

Binding of labeled 
estradlol) (in %) 

injection 
injec- ofpropyl- 
tion in erie 
oil glycol 

100 100 
32,4 
28,8 18,1 
23,4 16,4 

- -  1 5 , 8  

iAnimals  of control  groaps  r e -  
ceived injections of oil o r  p ropy l -  
erie glycol and binding of Iabeied 
es t rad io l  by r e c e p t o r  s y s t e m  of 
u terus  of these  an imals  was taken 
as 100%. 

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

As Table  1 shows, 17~-Est radio l ,  17{~-ethinylestradiol, 
e s t rone ,  es t r io l ,  and 17-deoxyes t rad io l  had the g r ea t e s t  affinity 
for  the u ter ine  es t rad io l -b ind ing  sy s t em.  All  these  es t rogens  
have an unsubsti tuted hydroxyl  group in the th i rd  posi t ion of the 
A phenol r ing of the s te ro id  moIecule ,  which is evidently dec is ive  
for  in te rac t ion  with the es t rogenic  r e cep to r  of the u te rus .  A 
s i m i l a r  pa t te rn  was found by H~hnel et al. [9]. Remova l  or  subs -  
t i tution of the phenolic hydroxyl  group a lmos t  comple te ly  abolished 
binding, as was obse rved  in the case  of 3 -deoxy-  and 3 - m e t h o x y -  
s t e ro ids  (Table 1). However,  modificat ion of posit ion 17 also plays  
an impor tan t  ro le .  Es t rone ,  17-deoxyes t radio l ,  and es t r io[ ,  in 
which the hydroxyl  group at Ctr f o r m s  a cycl ic  a r r a n g e m e n t  with 
the hydroxyl  group at Ct6 , p o s s e s s e d  much less  affinity for  the 
binding sy s t em.  At tachment  of the s t e ro id  molecule  to the act ive 
cen te r  of the r ecep to r  evidently takes  place init ial ly through the 
phenolic hydroxyl  group.  This  may  perhaps  faci l i ta te  a t tachment  
of the hydroxyl  group in the f l-posit ion of the 17th carbon a tom 
of the s t e ro id  D r ing  to the r e c e p t o r .  Only in terac t ion  with two 
points of the ac t ive  cen te r  of the r e cep to r  can lead u l t imate ly  to 
the mani fes ta t ion  of biological  act ivi ty of the es t rogen .  

It can accordingly  be postulated that  s t e ro ids  with modified 
oxygen function in posi t ion 17 bind with the act ive  cen te r  of the 
r e c e p t o r  only through the phenolic hydroxyl  group and, with no 

biological  effect  t hemse lves ,  prevent  the binding of o ther  s te ro ids ,  A s i m i l a r  blocking effect  has been pos -  
tulated for  1 7 e - e s t r a d i o l  which, as a biologically inact ive es t rogen,  can f o r m  complexes  with the u ter ine  
r e c e p t o r s  [13]. Es t rad io l  also,  which binds with only one point of the act ive cen te r  of the r ecep to r ,  may 
perhaps  also have a blocking action and p reven t  binding of es t rad io l  and the manifes ta t ion  of i ts  b iological  
effect .  

The exper iments  actual ly  showed that  es t r io l ,  if  injected into guinea pigs in doses  of 0.25-5 nag, 
sharp ly  inhibits binding of labeled es t rad io l  with the r e c e p t o r  s y s t e m  of the u te rus  of these  an imals  (Table 
2). These  r e su l t s  sugges t  that  es t rad io l  and es t r io l  compete  for  binding with the act ive cen te r s  of the r e c e p -  

�9 t o t  p ro te ins  of the u te rus .  

The resu l t s  to some  extent explain cl inical  obse rva t ions  indicating changes in the ra t io  between e s -  
t r ad io l  and es t r io l  toward accumulat ion of the l a t t e r  during pregnancy ,  a d e c r e a s e  in the es t r io l  level  with 
the development  of threatened abort ion,  and the use  of es t rad io l  and o the r  act ive  es t rogens  for  the induction 
of labor  in ca se s  of delayed onset  of l abor  and pos tma tu r i t y  [3, 8, 15]. 

The biological  ro le  of es t r io l  can be cons ide red  to be the pro tec t ion  of pregnancy  by l imit ing o r  a -  
bolishing the action of es t rad io l  on the u te rus  through its  blocking effect  on the es t rogenic  r e c e p t o r s  of the 
u terus .  
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