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The uptake of t r i t i a ted  s t e ro id  ho rm one s  and their  passage  through the dense layer  of the 
p l a s m a  m e m b r a n e s  of r a t  hepa tocy tes  and r abb i t  ghost  e r y t h r o c y t e s  was inves t igated.  The de -  
gree  of uptake of s t e ro id  ho rm ones  by the p l a s m a  m e m b r a n e s  d imin i shes  in the following order :  
p roges t e rone  > t e s tos t e rone  > e s t rone  > prednisolone > es t r io l .  The degree  of uptake of the 
h o r m o n e s  c o r r e l a t e s  with their  solubil i ty in lipids and with the r e su l t ing  r e l e a s e  of enzymes  
f rom the l y sosomes .  Meanwhile it shows negat ive co r r e l a t i on  with the r a t e  of passage  through 
the dense layer  of the m e m b r a n e s .  The c h a r a c t e r  of uptake of s te ro id  ho rmones  is independent 
of the ro le  of the p l a s m a  m e m b r a n e s .  
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T h e r e  a re  isola ted i t ems  of informat ion in the l i t e r a tu re  on the action of s te ro id  h o r m o n e s  on biological  
m e m b r a n e s  [1-3] ,  but the c h a r a c t e r  of their  act ion on the p l a s m a  m e m b r a n e  r e m a i n s  unexplained. 

The object  of this invest igat ion was to study the c h a r a c t e r  of uptake of s te ro id  ho rmones  by m e m b r a n e s  
of e r y t h r o c y t e s  and hepatocytes  on the compara t ive  plane. Unlike other w o r k e r s  [3, 4] who studied the binding 
of individual s t e ro id  h o r m o n e s  by m e m b r a n e s ,  and whose r e s u l t s  a re  comparab le ,  the p r e sen t  author studied 
the action of s e v e r a l  ho rm ones  on m e m b r a n e s  of hepa tocy tes  and a lso  on ghost  e ry th rocy t e s ,  by means  of a 
new technique. 

EXPERIMENTAL METHOD 

Membranes of rat liver cells and rabbit erythrecyte ghosts were used. The erythrocytes were obtained 
by washing rabbits' blood with isotonic saline and subsequent centrifugation (at 4~ The erythrocyte ghosts 
and the plasma membranes of the liver cells were isolated and their purity verified by the methods described 
elsewhere [ 5, 6] with certain modifications. The protein concentration, determined by Lowry's method, was 
5 mg/ml in Tris-HCl buffer solution. The buffer solution with the membranes was used later to prepare spe- 
cial filters. Solutions were made up in distilled water, additionally deionizcd on a column with ion-exchange 
r e s i n s .  

A r e c t a n g u l a r  cuvette  with open top, divided in the middle by a ve r t i c a l  par t i t ion  made  f r o m  a spec ia l  
f i l t e r  into two c o m p a r t m e n t s  each  with a working volume of 15 ml  was used for  the expe r imen t s .  The spec ia l  
f i l t e r  was made  by pass ing  2 ml  of the buffer  solution containing biological  m e m b r a n e s  through a "Synpor" 
No. 6 f i l te r  under a p r e s s u r e  of about 1 a tm.  The m e m b r a n e s  blocked the po res  of the f i l ter  to such a degree  
that  the buffer  solution a l m os t  ceased  to pass  through the f i l te r .  The a r e a  of the f i l t e r  was about 5 cm ~. The 
number  of cuvet tes  co r r e sponded  to the number  of ho rmones  used. Tr i s -HC1 buffer solution with human s e r u m  
albumin in a concentra t ion  of 6 m g / m l  was poured into each  c o m p a r t m e n t  of the cuvet tes ,  Labeled hormdne  
was added to one c o m p a r t m e n t  until the concentra t ion  in the c o m p a r t m e n t  was about 10 -9 M. The cuvet tes  thus 
p r e p a r e d  had a lmo s t  identical  p r o p e r t i e s  (for m e m b r a n e s  of the same  type). This  was tes ted by adding the 
s ame  hormone  to d i f ferent  cuvet tes .  Samples  taken af ter  a ce r t a in  t ime f rom other pa r t s  of these cuvet tes  con- 
tained equal  amounts  of hormone .  

T r i t i a t ed  s t e ro id  h o r m o n e s  used in the work were  obtained f rom J .  R. E. (Belgium) and the Radiochemica l  
Centre ,  Amer  sham (England): [ 1,2-3H] t e s tos te rone ,  [ 2,4-3H(n)] oes t r io l ,  [ 2, 4, 6, 7-3H] oes t rone ,  
[1 ~ 2 ~ 3H(n)] p roges t e rone ,  and [6, 7(n)-3H] prednise lone .  
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TABLE 1 

Hormone 

Progesterone 
Testosterone 
Estrone 
Prednisolone 
Estriol 

co- ~=-. ~ - - I P  h~ 
~ ~ t '" Q t" [P$1phatase 

89,0 ] 36,7 
21,4 114,2 
20,6 I 6,4 
4,981 4,1 
3,51 I 1,8 

99 
41,6 
33,6 
15,5"* ' 

486 
260 
125 

533 
224 
155 

153 

Legend. One a s t e r i s k  denotes  coeff ic ient  
of solubil i ty of s te ro id  ho rmones  in l ipids 
(nmoles/ tz  mole  lipid) [7] ; one andtwo 
daggers  denote coeff ic ients  of l ibera t ion  
of l y s o s o m a l  enzymes  of r abb i t  l iver  by 
s te ro id  h o r m o n e s  [8] ,  t=37~ two a s -  
t e r i s k s  denote data for  cor t i so l  [7] .  
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Fig.  1. Degree  of passage  of s t e ro id  ho rmones  through par t i t ion containing p l a s m a  m e m b r a n e s  of 
e r y t h r o c y t e s  as a function of t ime.  t = 37~ pH 7,3. R) Coeff ic ient  of passage ,  equal  to r a t i o  (in %): 

concentra t ion  of hormone  pass ing  through 
init ial  concentra t ion  of hormone  added 

1) Es t r io l ;  2) prednisolone;  3) es t rone ;  4) t es tos te rone ;  5) p roges te rone .  

Fig.  2. Degree  of passage  of s te ro id  ho rmones  through part i t ion with p l a s m a  m e m b r a n e s  of 
hep~tocytes  as a function of t ime.  Legend as  in Fig.  ! .  

Samples  were  added to scint i l la t ion fluid containing POPOP,  naphthalene,  toluene, dioxan, and ethanol.  
Radioact iv i ty  was counted with an Inter technique 8L30 appara tus  (France) .  

E x p e r i m e n t s  were  c a r r i e d  out in an incubator  at 38~ T h e  pH of the buffer  solut ions was 7.3. 

EXPERIMENTAL RESULTS 

The s te ro id  hormone ,  added to one half  of the cuvette f i l led with buffer  solution containing s e r u m  albumin, 
was able to diffuse into the other  half  by pass ing  through the par t i t ion containing dense ly  packed p l a s m a  m e m -  
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branes .  Under these c i r c u m s t a n c e s  one pa r t  of the added hormone passed  through the m e m b r a n e s ,  another 
pa r t  passed  through the gaps between them, whereas  the third pa r t  was absorbed  by the m e m b r a n e s .  Mea-  
s u r e m e n t o f t h e  act ivi ty  of the specia l  f i l te r  of the par t i t ion enabled the degree  of binding of the ho rmones  by 
the m e m b r a n e s  to be judged without the need for  s epa ra t i ng  the m e m b r a n e s  f r o m  the solut ion containing the 
hormone ,  which might  have d is tor ted  the true r e su l t s .  Binding of the ho rmones  by the m e m b r a n e s  was d e t e r -  
mined by the r a t io  Cf/C s = F, where Cf is the eonsentra t ion  of the hormone  in the m e m b r a n e s  (with a c o r r e c -  
tion for  the volume of cel lulose in the f i l ter)  for  the given t ime in terval  (2 h); C s is the initial concentrat ion of 
the hormone  in the buffer solution. 

As Table 1 shows, the degree  of uptake of ho rmones  by the p l a sma  m e m b r a n e s  dec rea sed  in the following 
order :  p roges te rone  > t es tos te rone  > es t rone  > prednisolone > es t r io l .  

Changes with t ime in the r a t io  between the quantity of hormone pass ing  through the dense layer  of the 
hepatoeyte  and e ry th rocy te  m e m b r a n e s  and the quantity added init ially are  i l lus t ra ted  in Figs .  1 and 2. 

These  cu rves  can be used to de te rmine  the r a t e  at which the hormones  pass  through the part i t ion with 
m e m b r a n e s ,  by dif ferent ia t ing with r e s p e c t  to t ime.  The cu rves  in Figs .  1 and 2 are  a lmos t  l inear  in cha rac t e r  
over  the time in terval  f rom 0 to 2 h, a r e s u l t  which can be at t r ibuted to s imul taneous  diffusion and absorpt ion.  

The expe r imen ta l  r e s u l t s  showed that binding of s te ro id  ho rmones  by the hepatoeyte m e m b r a n e s  took 
place to a somewhat  g r e a t e r  degree  than by e ry th rocy te  ghosts;  the degree  of binding, m o r e o v e r ,  c o r r e l a t e s  
with the solubil i ty of the s te ro id  ho rm ones  in l ipids [7] and is identical  in cha rac t e r  both for  hepatocyte  m e m -  
b r anes  and for  e ry th rocy te  ghosts .  Cor re la t ion  between the coefficient  F and the degree  of r e l e a s e  [8~ of 
l y sosomal  enzymes  by s te ro id  h o r m o n e s  a lso  is in teres t ing.  

When the data in Table  l a r e  comparedwi th  the graphs  in Figs.  1 and 2 it will be noted that the tangent of 
the angle of slope of the s t ra igh t  lines (the r a t e  of passage  of the hormones)  d e c r e a s e s  with an inc rease  in F. 
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