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The kinetic and the rmodynamic  p a r a m e t e r s  of e s t r a d i o l - r e c e p t o r  (E~-R) in teract ion in the 
cytosol  of guinea pig oviducts were  invest igated.  Specifici ty of in teract ion of 14 compounds 
with the t es t  s y s t em  was cha rac t e r i z ed .  The R - s y s t e m  of the cytosol  of the guinea pig oviduct 
was shown to have high affinity for  E 2 and l imited capaci ty .  The change in the f ree  binding en-  
e r g y  of 52 k J / m o l e  is evidence of the s tabi l i ty  of the resu l t ing  E2-R complex.  Activi ty of f o r -  
mat ion of the s t e r o i d - r e c e p t o r  (S-R) complex  is a t t r ibutable  to in tegr i ty  of the hydroxyl  groups 
in posi t ions  3 (phenolic) an~i 17fl of the s te ro id  molecule ,  as shown by changes in the degree  of 
S-R in terac t ion  af ter  d i f ferent  types of modif ica t ions  of the s te ro ids  in var ious  posi t ions.  S-R 
in teract ion is a lso  affected by the i m m e d i a t e  env i ronment  of the hydroxyl  groups in posi t ions 
3 and 17. The p r o p e r t i e s  of the nons te ro id  es t rogen  d ie thy ls t i lbes t ro l  are  noteworthy.  
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The re  is a wealth of evidence in the l i t e ra tu re  on the p rope r t i e s  of the e s t r ad io l  r e cep to r  (E~-R) s y s t e m s  
of a number  of t a rge t  organs  [4, 6, 7, 12, 13]. However ,  it is difficult  to compare  these data because of d i f f e r -  
ences  in the spec ies  of an imals  and the methods used, although such a compar i son  is e x t r e m e l y  n e c e s s a r y  for  
the unders tanding of the m e c h a n i s m  of regula t ion of the reproduc t ive  function and the sea rch  for  ways of goal-  
d i rec ted  synthes is  of subs tances  with a se lec t ive  action on a pa r t i cu la r  s tage of the reproduc t ive  sys t em.  

The object  of this invest igat ion was to study the kinetic and thermodynamic  p a r a m e t e r s  de te rmin ing  E2-R 
in terac t ion  in guinea pig oviducts.  

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

2,4 ,6 ,7-3H-es t radiol -17f l  with a specif ic  act ivi ty  of 100 C i / m m o l e  was f r o m  the Radiochemica l  Centre ,  
A m e r s h a m .  Es t rad io l -17f l  (E~), d ie thyls t i lbes t ro l ,  synes t ro l  (dihydrost i lbes t rol ) ,  e s t rone ,  es t r io l ,  and 
17~-e th iny les t rad io l  were  f r o m  Calbiochem, and e s t r ad io l  3-benzoate,  e s t r a d i o l - 1 7 f l - v a l e r a t e ,  2- and 4 - B r -  
e s t r ad io l s ,  L -e s t r ad io l ,  17- and 3-deoxyes t rad io l s ,  and 3-deoxyes t rone  were  provided by Candidates of Chem-  
ical  Sciences G. S. Grinenko and K. K. Pivni tski i .  0.01 M T r i s - H C l  buffer ,  pH 7.4, containing 1 mM EDTA, 
0.25 M sucrose ,  act ivated charcoa l  Nori t  A, r epea ted ly  washed with water  and dried for  24 h at 100~ as a 
0.25% suspension in buffer containing 0.1% gelatin, and 0.5 g POPOP and 5 g PPO in 1 l i ter  toluene as the sc in-  
t i l la tor ,  were  used. Sexually i m m a t u re  f emale  guinea pigs weighing 150-200 g were  decapi tated,  the tubes were  
r e m o v e d  on ice,  cut into sma l l  p ieces ,  andthen  homogenized  in a g lass  homogenize r  in 10 volumes  of buffer ,  
a f te r  which the homogenate  was f i l t e red  through a Kapron  f i l te r  and centr i fuged for  1 h at 105,000g. The 
r e s idue  was used for  de te rmina t ion  of DNA [3] .  Aliquots of cytosol  were  kept  for  1 month a t - -30~ The d i s -  
sociat ion veloci ty  constant  (k_ l) was de te rmined  by the method of Mes t e r  and Rober t son  [19], using a cha rcoa l  
suspens ion and exc es s  of unlabeled hormone .  The hal f - l i fe  of the complex  was de te rmined  by the equation 
T1/~ = ln2/R_ i for  r eac t ions  of the second o rder  [2].  To  de te rmine  the equi l ibr ium assoc ia t ion  constant  (Kas s) 
of E 2 with the isola ted R s y s t em  the principle of sa tura t ion  analys is  was used. Kas  s and the concentra t ion of 
combining s i tes  were  calcula ted by Sca tcha rd ' s  method [15].  The range  of concent ra t ions  of labeled E 2 was 
0.05-1.5 pM. The f r ee  and bound f rac t ions  of s t e ro ids  were  sepa ra t ed  by means  of the charcoa l  suspension.  
To calcula te  nonspecff ic  binding, pa ra l l e l  with sa tura t ion  with E~-3H only, a hundredfold excess  of unlabeled E~ 
was used [8] .  The assoc ia t ion  veloci ty  constants  (k+ l) were  calculated by the usual  f o rmu la  for  r e v e r s i b l e  
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Fig. 1. Dissocia t ion  of e s t r ad io l  f r o m  e s t r a d i o l - r e c e p t o r  complex at 30~ in the p re sence  of c h a r -  
coal  (a) and an exces s  of unlabeled e s t r a d i o l  (b). B) Bound 3H-estradiol-17fl ;  r)  coeff icient  of c o r -  
re la t ion .  Ordinate,  log B x 104 cpm; a b s c i s s a ,  t ime (in min). 

Fig,  2. Kinet ics  of fo rmat ion  of e s t r a d i o l - r e c e p t o r  complex.  Ordinate,  r e l a t ive  percen tage  (C) of 
binding of 3H-est radiol  r e c e p t o r  s y s t e m  (in %); absc i s sa ,  t ime (in h). 

r eac t ions  Kas  s = k+l/k_ i. The change in the f r ee  binding ene rgy  of E2-R was calculated on the bas i s  of the 
second law of t he rmodynamics  AG = AH - TAS and the consequence f r o m  it AG = - R T l n K a s  s. The re la t ive  
affinity of the s t e ro ids  for  tes t ing [1] was de te rmined  by the use of curves  of d i sp lacement  of E 2 and of two 
concent ra t ions  of the test  substance.  Fo r  s ta t i s t i ca l  ana lys is  of the r e s u l t s  and calculat ion of the phys ieoehem-  
ical  p a r a m e t e r s  the Wang 720C p r o g r a m m e d  ca lcu la tor  was used. A spec ia l  p r o g r a m  was devised for  d e t e r -  
mining the p a r a m e t e r s  of the Scatchard plot and the number  of r e c e p t o r s  per  cell,  with s imul taneous  s ta t i s t ica l  
ana lys is  based on r e g r e s s i o n  analys is .  This  p r o g r a m  r equ i r e s  no p r e l i m i n a r y  p roces s ing  of the r e su l t s ,  and 
the scint i l la t ion count, specif ic  act ivi ty of the labeled component,  counting eff iciency,  volume of the reac t ion  
mix ture ,  and DNA concentra t ion were  used as the init ial  data.* Equi l ibr ium values of Kas  s of the p roce s s  of 
binding of the tes t  subs tances  with the E~-R s ys t em were  calculated by Ekins '  method [5],  using a p r o g r a m  
drawn up in the w r i t e r s '  l abora tory ,  with Kas s of E2, the dose of labeled E2 added, and the quantity of bound 
E~-3H r e m a i n i n g  af ter  d i sp lacemen t  by the tes t  substance,  and the mola r  percen tage  affinity of the tes t  sub-  
s tance as the initial data. To calculate  k_ i by r e g r e s s i o n  analys is  and for  the usual  s ta t i s t i ca l  analysis ,  a 
modif icat ion of the cor responding  s tandard p r o g r a m s  for  the Wang 720C ca lcu la tor  was used. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Kinetics of Interaction between E 2 and the R System of Cytosol of the Oviducts. Breakdown of the E2-R 
complex of the cytosol of the guinea pig oviducts at 30~ is plotted between semilogarithmic coordinates in 
Fig. i. Clearly in a typical experiment, during incubation of the E2-3H-R complex at 30~ with charcoal, curve 

a consists of two regions, corresponding to fast and slow dissociation (I and II respectively). The rapidly dis- 
sociating component of the reaction mixture was a nonspecific complex, which was not further analyzed. The 
value of k_ I for the nonspecific component was analogous to that given for other tissues [2, I0]. Curve b char- 
acterizes dissociation of the complex during incubation with an excess of unlabeled E 2 at 30~ The value of 
k_ i calculated from this curve agrees well with the constant calculated from the "charcoal" curve [k_ i = (0.167 + 
0.005). 10 -3 see-Z]. To verify the dependence of the dissociation of the E~-R complex (formed at 30~ on 
temperature, its behavior at 0~ was analyzed. No appreciable dissociation was found under these conditions. 

Thermodynamic Characteristics of E2-R Interaction. As Fig. 2 shows, equilibrium was established in 
the E2-R system of the guinea pig oviduct cytosol in 20 min. The E2-R complex was stable under equilibrium 
conditions for 5 h at 30~ and only after that did degradation of the complex begin; the mean value of degrada- 
tion after 7 h was 3%: 

To study the E2-3H-S-R system (in which S is the substance being tested) under conditions approximating 
to equilibrium, and because of the unknown rate of interaction between S and R, an incubation period of 5 h was 
chosen as the longest possible on account of the stability of the complex. 

*To calculate  the m o l a r  pe rcen tages  of affinity with r e s p e c t  to es t rad io l ,  the r e sponse  to the added dose of the 
tes t  compound was found f r o m  the l inear ized  s tandard curve plotted between logar i thmic  coordinates  [14]. 
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T A B L E  1. P h y s i c o c h e m i c a l  C h a r a c t e r i s t i c s  of E s t r a d i o l - l R e e e p t e r  I n t e r a c t i o n  in 
C y t o s o l  of G u i n e a  P i g  Ov iduc t s  

AG. kl / l Q, thousands 
Binding t~__sxec-x ra G min Kass /~-i sec-lxM--xk+l mole iof sites percell 

I 

.145X l0 s Specific 

Nouspecific 

(. 160+.004) X 10 -8 
(n=4) 

(.124+0015) • 10 -2 

72 

9 

(.905:!=.221) X 100 
(n=8) 

- -52  27,3-4-3,4 
(n=a) 

Legend .  n) N u m b e r  of e x p e r i m e n t s  (in each  e x p e r i m e n t  poo l ed  c y t o s o l  f r o m  50 a n i m a l s  
was  u sed ) .  A G  and k+i w e r e  c a l c u l a t e d  f r o m  m e a n  v a l u e s  of K a s  s and k_ t. 

T A B L E  2. C h a r a c t e r i s t i c s  of Aff in i ty  of a 
S e r i e s  of S t e r o i d s  fo r  E s t r a d i o l - - B i n d i n g  
S y s t e m  of G u i n e a  P i g  Oviduc t  (M 4- m) 

Chemical 
compound 

1 Diethylstil- 
bestrdl 

2 Ethinylestradiol- 
17a 

3 Synestrol 
4 Estradiol 178 
5 Estradiol- 3- 
be/2zoate 

6 Estradiol-17~ - 
valerate 

7 Estrone 
8 Estriot 
9 2-Br- estradiol 

10 4- Br-estradiol 
11 L-estradiol 
12 17-deoxy- 

estradioi 
t3 3-deoxyestradiol 
14 3-deoxyestrone 

Molar percent- 
age of affinity 
(relative to 
estradiol) 

189,58• 
153,91 =t=11,11 
94,29:!=8,48 

100 

48,94+3,2 

12,07=t=0,86 
8,42+0,91 
6,53+0,65 
2,36=[:0,10 
2,04+0,13 
1,41 ::1=0,09 

0,62=1=0,03 

0,41 =t=0,03 
0,042i-0,003 

t~ass~ -a 

(0,206+0,017) x 10 l~ 

(0,157+0,014)• 1010 
(0,8714-0,089) x 10 ~ 
(0,905:L-0,221) x 10 D 

(0,424+0,032)x 10' 
i 
! (0,987+0,063) x I 0 s 
(0,710:!=0,072) • l0 s 
(0,509+0,048) x l0 s 
(0,173:L-0,006) x 10 s 
(0,146+0,009) x 108 
(0,S69=t=0,165) • 107 

(0,411+0,017)• 10~ 

(0,266-t-.0,019) X 107 
(0,122+0,023) X I07- 

*Va lues  of M 4- m c a l c u l a t e d  f r o m  r e s u l t s  
of s ix  e x p e r i m e n t s .  

The  va lue  of K a s  s and of i n d i c e s  r e f l e c t i n g  c ha nge s  in the f r e e  b ind ing  e n e r g y  and the n u m b e r  of c o m b i n -  
ing s i t e s  p e r  c e l l  a r e  g iven  in T a b l e  1. The  va lue  of K a s  s fo r  E~ with  the R - s y s t e m  of the gu inea  p ig  ov iduc t s  
was  s i m i l a r  to K a s  s fo r  E 2 with the R - s y s t e m  of the u t e r u s  of the  gu inea  pig,  r a t ,  and m a n  [1, 11, 13] .  

S ince  the c o n c e n t r a t i o n  of r e c e p t o r s  in the r e a c t i o n  m i x t u r e  does  not  r e f l e c t  t h e i r  n u m b e r  in the c e l l ,  the 
n u m b e r  of r e c e p t o r s  p e r  c e l l  was  c a l c u l a t e d  fo r  the t e s t  t i s s u e  f r o m  i t s  DNA conten t .  T h i s  va lue  fo r  the t i s -  
s u e s  of the ov iduc t  a g r e e d  in o r d e r  of m a g n i t u d e  with d a t a  in the l i t e r a t u r e  fo r  the h u m a n  f a l l o p i a n  tubes  [13] 
and fo r  the r a t  u t e r u s  [11] .  

The  change  in the f r e e  b ind ing  e n e r g y  of E2 with the r e c e p t o r s  of the ov iduc t  c y t o s o l  c a l c u l a t e d  f r o m  the 
e x p e r i m e n t a l  v a l u e s  of K a s  s i n d i c a t e s  tha t  the d e c i s i v e  f a c t o r  in the f o r m a t i o n  of the c o m p l e x  i s  the h y d r o g e n  
bond,  in a g r e e m e n t  wi th  d a t a  in the l i t e r a t u r e  [9, 16] .  

S p e c i f i c i t y  of R e c e p t o r s  of Guinea  P ig  Oviduc t  C y t o s o l .  C h a r a c t e r i s t i c s  of the a f f in i ty  of 14 compounds ,  
e x p r e s s e d  a s  m o l a r  p e r c e n t a g e s  r e l a t i v e  to e s t r a d i o l  and as  v a l u e s  of K a s  s fo r  i n t e r a c t i o n  be tween  the t e s t  
c o m p o u n d s  and the r e c e p t o r  s y s t e m  w e r e  ob ta ined  and a r e  g iven  in T a b l e  2o T h e s e  c o m p o u n d s ,  a s  the m o s t  
a c t i v e ,  w e r e  s e l e c t e d  d u r i n g  i n v e s t i g a t i o n s  of the a f f in i ty  of a wide  r a n g e  of s u b s t a n c e s  in the r e c e p t o r  s y s t e m  
of the gu inea  p ig  u t e r u s .  

On the b a s i s  of t h e s e  r e s u l t s  c e r t a i n  o b s e r v a t i o n s  can  be m a d e  on the p r i n c i p l e s  of i n t e r a c t i o n  of e s t r o -  
gens  with the E2-R s y s t e m  of the gu inea  p ig  ov iduc t .  
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The activity of formation of the steroid-R complex is mainly attributable to integrity of the hydroxyl 
groups in positions 3 (phenolic) and 17. Transformation of the hydroxyl groups in these positions modifies 
steroid-R interaction; the degree of change is evidently determined by the nature of the transformation. For  
instance, removal of the 17fi-OHt-group (compound 12) sharply reduces the activity of complex formation, 
whereas oxidation (compound 7) or esterifieation with valerie acid (compound 6) reduces the degree of 
steroid-R interaction much less. Removal of the 3-OH-group (compound 13) reduces steroid-R interaction 
much more than esterification of that hydroxyl group with benzoic acid, and under these circumstances the 
possibility of hydrolysis of steroid esters to estradiol must be remembered. Moreover, the immediate en- 
vironment is not without its effect on the hydroxyl groups in positions 3 (phenolic) and 17: introduction of an 
ethinyl group in position 17o~ (compound 2) increases the percentage of affinity of the steroid for the test sys- 
tem, whereas introduction of a hydroxyl group in position 16 (compound 8) reduces it. The marked decrease 
in the activity of steroid-R interaction after introduction of bromine in positions 2 and 4 (compounds 9 and 10) 
may perhaps be due to the formation of intramolecular hydrogen bonds between the halogen and the OH group 
or with steric screening of that group by the bromine atom. 

The mirror isomer of estradiol (compound Ii) is characterized by low binding ability with the R system. 

Nonsteroid compounds showed high affinity for the receptor system studied: in the case of synestrol 
(dihydrostilbestrol) the affinity was almost equal to that of estradiol, whereas for diethylstilbestrol it was twice 
as high (compounds 1 and 3)~ 
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